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RADIATION EFFECTS 

INTRODUCTION 

Sandia Corporation's Radiation Effects  organizat ion has j u s t  
completed a search of the l i t e r a t u r e  on r ad ia t ion  e f f e c t s ,  dosimetry, 
nuclear t e s t  f a c i l i t i e s ,  and o ther  r e l a t e d  areas .  This search was 
made a s  p a r t  of the. preparat ion fo r  an expanded rad ia t ion  e f f e c t s  
program Sandia w i l l  conduct next year upon completion of i t s  engineer- 
ing t e s t  reac tor  and pulse r eac to r .  It was thought t h a t  the r e s u l t s  
of t h i s  search would be of general  value to  o ther  organizat ions and, 
therefore ,  the at tached unclassLfied bibliography was prepared. Since 
Sandia 's  main concern was background knowledge p r i o r  t o  going in to  
an expanded program, i t  i s  n o t  intended t h a t  any fu ture  ed i t ions  o r  
rev is ions  of t h i s  bibliography w i l l  be made. 

I n  the attached bibliography, abs t r ac t s  a r e  presented i n  nine 
ca tegor ies .  These a re :  dosimetry, hea l th  physics,  and associated 
topics ;  e l ec t ron ic  mater ia l s ,  components and systems; metals,  a l loys  
and ceramics ; nuclear f a c i l i t i e s  and associated topics  ; organic chemi- 
c a l s ,  including f u e l s ,  lubr icants ,  and o ther  petroleum products ; 
polymeric mater ia l s  , including elastomers , p l a s t i c s  , and adhesives ; 
propel lan ts ,  explosives,  and associated topics ;  sh ie ld ing;  and a 
miscellaneous sec t ion .  This document supersedes Sandia Corporation 
documents SC-4046A(M) and SC-4046B (M) . 





DOSIMETRY, HEALTH PHYSICS, AND ASSOCIATED TOPICS 

Schuler R H 
ABSOLUTE DOSIMETRY O F  IRRADIATIONS WITH CHARGED PARTICLES, 
Paper  presented at the 2nd United' Nations International Conference on the Peaceful Uses of 
Atomic Energy, June (1958), 9 pp. ( 2 7  re fs ) .  

Much of the thinking of radiation chemists today i s  based on the interpretation of re la -  
tively smal l  effects which accompany changes in controllable variables,  a very high 
degree of accuracy is required for many of the experimental measurements .  Methods 
are 'avai lable  for making these measurements under certairi idealized cuaditiot~s.  It is 
the purpose of this presentation to summar-i8e some of the work w.hich has been done to 
make thls pusslble. 

Schulman J H 
SOLID STATE DOSIMETERS FOR RADIATION MEASUREMENTS, 
Pape r  presented at the 2nd United Nations International Conference on the Peaceful u s e s  of 
Atomic Energy, US Naval Research Laboratory, June (1958), 16 pp. (26 re fs ) .  

The past decade has seen a revival of interest  in the application of radiation-induced 
changes of optical propert ies  of solids to the problems of dosimetry. A number of 
practical dosimetric sys tems have already evolved from these studies, and still.other-s 
show a high degree of promise.  There is little question that extension of these r e -  
searches  will provide more  new and useful, devices for low-level and casualty personnel 
dosimetry, for in vivo dosimetry, and for  the measurement of massive doses involved 
in radiation synthesis, food and driig sterlllzatlon, and radiatiuri effecls sludies.  

'Specific topics discussed in this report  a r e  general theory of operation, dosimeters 
using coloration effects, radiophotoluminescent dosimeters,  luminescence, degradation 
dosimeters ,  thermoluminescent, dosimeters,  and stimulated luminescence dosimeters.  

Ardashnihov S W and Chetverikov W S 
ON THE PROBLEM O F  THE DEFINITION O F  ROENTGEN IN THE RECOMMENDATION 
O F  THE INTERNATIONAL COMMISSION 'FOR RADIOLOGICAL UNITS, 
Commission for Radiological Units, Atomnaya Energiya, Vol. 3, pp. 238-244 (1957). 

The definition of roentgen (r), which was worked out a t  Stockholm in 1928 and a t  
Chicago in 1937, was examined again in 1953, and a new definition was decided upon. 
This new definition s t i l l  has the disadvantage that one roentgen i s  measured by the 
"amount of x o r  gamma radiation." This "amount" i s  open to various interpretations 



In order  to eliminate any ambiguity, it was suggested that a new international definition 
which takes the following into account should be decided upon: (1) -What i s  being meas -  

, ured by a roentgen: the ionizing effect of radiation the ionizing amount, o r  the amount 
of energy? (2) If the amount of energy is to be measured, then what energy is meant; 
incident energy, o r  the energy that must be used for  corpuscular emission, o r  the 
energy that i s  absorbed in the course of ionization and excitation? (3) Is the absolute 
amount measured o r  is it re fe r red  to the mass ,  the volume, o r  the surface? and 
(4) If reference is made to mass  of a volume in which the corpuscular emission is 
caused, o r  the ionized volume in which ionization o r  excitation took place? 

Campbell E C, Wyly L D and Howell E I 
MEASUREMENTS ON THE ORSORT URANIUM-GRAPHITE EXPONENTIAL PILE, 
Oak Ridge School of Reactor Technology, Oak Ridge National. Laboratory, Oak Ridge, 
Tennessee, Contract No. W-7405-.Eng-26, October 30, 1950, 38 pp. (11 refs) .  

. The purpose of this report  is to describe the ORSORT uranium -graphite exponential 
pile and to present information obtained from measurements  made on the neutron flux 
distribution in the pile,. 

Trice J B, et  al .  
TWO NEUTRON ENERGY MEASUREMENTS IN THE BULK SHIELDING FACILITY USING 
RADIOAC TIVANTS, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. Contract No. W -7405 -Rng-26, 
October 29, 1953, 28 pp. 

This report  discusses two neutron energy measurements  made in the Bulk Shielding 
Facility. 

F i r s t  Test :  Experimental Measurements in the Bulk Shielding Facility 
with General Species of Radioactivants. 

A se r i e s  of measurements  h e r e  made in the Bulk Shielding Facility in order  to corn- 
pare resu l t s  from nuclear threshold measurements.  At present i t  can be stated that 
both measurements,  made adjacent to the reactor ,  show the general shape of a fission 
spectrum over the energy region where comparison is possible. 

Second Test:  T rave r se  Measurement of High Energy Neutrons Through a 
Bulk Shielding Facility Lattice Element. 

A project to measure  the 016 (N, P ) N , ~ ~  and 017 (N, P)N" c ros s  sections for  fission ' ' 

neutrons was initiated because of the importance of these two reactions to the sub- 
'marine shielding program. Since, in a circulating water o r  steam reactor  system, 
the water passes  through both a high intensity neutron field and a region where person- 
nel may be required to work, most of the biologically dangerous radiation must resul t  
from the induced activities in the circulating water.  

The experiment was simulated in the Bulk Shielding Reactor by circulating water up- 
ward through a special fuel element and through a pipe leading to a neutron counter 
for  one measurement and a gamma counter for  the other measurement.  



Cochran Robert  G and Henry Keith M 
FAST NEUTRON SPECTRA O F  THE BSF REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, Contract No. W-7405-Eng-26, 
May 29, 1953, ,11 pp. 

The proton recoil  fast  neutron spectrometer  has  been used to measure  the .spectra a t  
the north face of the Bulk Shielding Facility ~ e a c t o r  and at s'everal positions in the 
water nearby. In reporting the data, each spectrum is  identified by the distance be- 
tween the end of the collimator and the nearest  fuel (i. e .  , measurements  ,were made 
against the fuel and at varying distances from the fuel). In a l l  measurements,  the 
collimator was pointed directly toward the center of the reac tor .  

It has been assumed for  this experiment that a collln-lator with a 1til .g~ i.iltio of iength 
to diameter  does not distort  the neutron spectrum. 

Cochx-a11 R G and IIenry K M 
FAST NEUTRON SPECTRUM O F  THE LITR, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, Contract No. W-7405-Eng-26, 
December 31,1953, 7 pp. 

The Bulk Shielding Facility fast-neutron spectrometer has been used to measure  the 
neutron spectrum of the Low'Intensity Training Redctor (LITR). 

The HB-2 hold, which penetrates the reactor  shield to the aclive core, was chosen for 
the measurement .  Since a high flux of neutrons and gamma rays  would s t ream out of 
the col.l.imator hole during reac tor  operation, an external shield a s  shown in Figure 2 
was needed for personnel protection. The shield surrounded the spectrometer ,  in te r -  
cepting both direct  and scat tered radiation, and was found to be more  than adequate 
for  reducing radiations below laboratory tolerance in the east  experimental room of 
.the LiTR building. . 

The resulting spectrum i s  plotted in  Figure 3. This data shows the outward-directed 
fast-neutron current  a t  the face of the reactor  since corrections have been made for 
the 12 f t  collimator.  

Uecker D F- 
TRAVELING PROBE FOR ZPR-I  I, 
Remote Control Engineering Division, Argonne National Laboratory, Lemont, Illinois, . , 

Contract No. W-31-109-Eng-38, August (1953), 21 pp; 

The ZPR-I1 facility made provisions for  probing along both horizontal and vertical 
axes.  Separate but functionally s imi la r  probes were used for  each axis :  an ion 
chamber a t  one end of a length of rigid aluminum tubing was connected to i t s  galvanom- 
e t e r  tube and amplifier a t  the other end by a coaxial cable passing through the bore.  
This ent i re  assembly was inserted to the desired depth in air-fi l led sleeves passing 
through the fuel lattice. Six fixed s leeves were provided in the horizontal direction, 
while two vertical s leeves were capable of installation in any of a multiplicity of 
locations. 



F o r  the Savannah River facility, i t  was requested that the probe not be limited to dis-  
c re te  axes but be capable of t ravel  anywhere in a plane between rows of fuel. 

Briefly, this equipment consists of a trolley-mounted chamber which can be moved 
horizontally along a track, o r  vertically, a s  the entire track is raised o r  lowered. A 
third power unit keeps a proper length of e lectr ical  cable paid out, the ent i re  process  
being controlled and recorded a t  a remote location. 

This report  consists of a detailed description of the traveling probe and associated 
electr ical  and mechanical mechanisms. 

An appendix is included which discusses  neutron probe construction. 

AECU- 1020 KAPL-P-484 

Whitt1,esay Eunice and Givcns Eloise 
RADIATION PROTECTION O F  PERSONNEL AND RADIOCHEMICAL LABORATORIES, 
THEIR DESIGN AND OPERATION, 
A Bibliography, General .Electric Company, Knolls Atomic Power Laboratory, Schenec tady, 
New York,' Contract No. W-3 1-109-Eng-52, July (1950), 23 pp. (188 re fs ) .  

This bibliography was compiled to fulfill the request  for sources of information on the 
special problems in the field of radiochemistry-radiation protection of personnel and 
radiochemical laboratories,  their design and operation. The mater ial  is arranged by 
general background, radiation protection of personnel, and radiochemical laboratories,  
their design and operation. 

Hamill William H, e t  al. 
HOT RADICAL REACTIONS, 
A Review of Principles and a Critical Discussion of Experiments,  University of Notre Dame, 
Notre Dame, Indiana, Contract No. AT(l1-1)-38, March 1, 1951, 49 pp. (44 ' refs) .  

This report  is a copy from rough draft  of the basic principles of hot radical reactions. 
It has a thorough discussion of experiments on hot radical reactions involving basically 
the holides. 

- - - -  
THE INDUSTRIAL UTILIZATION O F  FISSION PRODUCTS; (GROSS, MIXED AND SEPA - 
RATED); A PROSPECTUS FOR MANAGEMENT, '. 

Stanford Research Institution, stanford, California, March (1951), 45 pp. (24 refs) .  

The purpose of this prospectus is to provide preliminary, advance information to 
industry concerning the possible availability of large quantities of fission pro'ducts. 
The study is being sponsored a s  a se rv ice  to industry by the USAEC, under contract 
to the Division of Reactor Development. 

The uses  described a r e  intended only a s  a guide to show how the properties of these 
mater ials  might be, used to advantage in industry. Little actual experience has been 
gained using fission products in industry and, therefore, suggested potential uses must 



be'speculative in nature, based on experience gained from the use of pure isotopes and 
on technical calculations using available data. 

In general this repor t  covers  description of fission products, possible industrial uses 
f o r  fission products, availability and cost of fission.products, general considerations 
in the use  of fission products, and a glossary of te rms .  

AECU- 1344 

Burton Milton 
AN INTRODUCTION TO RADIATION CHEMISTRY, 
Work done a t  University of Notre Dame, Notre Dame, Indiana, Contract No. AT( l1-  1)-38, 
Journal of Chemical Education, August (195 11, 16 pp. (69 refs) .  

.Radiation chemistry is the chemistry of the effects of high-energy particles and radi-  
ations, including both radioactive emanations and the energetic products of high-voltage 
machines and nuclear reac tors .  

The ea r ly  days of radiation chemistry a r e  discussed. The photochemical analogue is 
discussed with respect  to the Grotthus-Draper law and the Stark-Einstein law. Also 
included is a section on radiation particles,  sources,  employment, and pr imary  effects, 
a section of theory and illustrations, and a section on r e sea rch  possibilities. 

- - - -  
BASIC RADIATION DAMAGE STUDIES WITH CHARGED PARTICLES, 
Final Technical Report, July 1,.1950 - June 30,195 1, Purdue Research Foundation, 
Lafayette, Indiana, Contract No. AT(l1-1)-117, 22 pp. 

The work under this contract was concerned with effects of irradiation with natural 
radioactive mater ial  (polonium) on thin films, with the investigation of s t ructure changes 
due to irradiation both with natural alpha part ic les  of polonium a s  weli a s  deuterons 
from the cyciotrod and neutrorls f r u r n  the Oak Ridge reactor ,  the investigation of the 
thermal  properties of i r radiated mater ials ,  and.finally the development of pulse heating 
eq~.li.pment to study the healing process  in  i r radiated specimens. 

Preirradiat ion work has been performed on the specific heat of sil icon and germanium. 

The thin film experiments were undertaken primari ly  to be able to use alpha particles 
of polonium and to observe the Hall-effect a s  a function of irradiation. A method was 
developed to determine the s t ruc ture  of mater ial  before and af ter  irradiation with 
nuclear particles in the cyclotron o r  with neutrons. Radiation damage to high polymers 
is also discussed. 

As part  of the program on the bombardment of germanium single crystals ,  various 
c rys ta l s  were tested before irradiation by taking back reflection Laue patterns.  The 
electron diffraction studies were accomplished using a single c rys ta l  of N-type , 

germanium. Etched and reflection electron diffraction pictures were taken. 



Clark Herbert  M and Neil Donald E 
A TABLE O F  RADIONUC.LIDES ARRANGED ACCORDING TO HALF-LIFE, 
Rennselaer Polytechnic Institute, Troy, New York, December (1955), 223 pp. (5 re fs ) .  

This table is a revision of US Atomic Energy Commission Report, MonC-400, "A 
Table of Radioactive Isotopes Arranged According to Half Lives. " MonC-400 was issued 
in 1947 a s  an  aid in radioactivation analysis and in the identification of radionuclides 
produced in activated mater ials  in general. The table was based on unclassified infor- 
mation published up to July 1, 1947. The revised table includes information tabulated 
in the 1953 "Table of Isotopes" by Hollander, ~ e r l m a i ,  and Seaborg, and in Nuclear 
Science Abstracts through the 1954 Annual Cumulated List  of "New ' ~ u c l e a r  Data. !' 

Alpha emit ters ,  excluded a s  a c lass  f r o m ' ~ o n ~ - 4 0 0 ,  a r e  included in the new table. 
In addition, there a r e  severa l  minor changes in format and in the type of information 
given. As f o r  the f i r s t  edition, thear rangement  of data makes the table useful a lso 
in connection with the selection of nuclides according to type and energy'of radiation. 
By scanning the appropriate radiation column, one can find . ra ther  rapidly those 
nuclides having approximately the desired energy. 

Z immer  Lawrence T 
DOSIME,TRY O F  KILOCURIE ~ 0 ~ '  SOURCES, 
Argonne Cancer Research Hospital, University of Chicago, Chicago, Illinois, October (195fi), 
20 pp. ( 1 6  refs).  

In an effort to determine the Y-ray  intensity from severa l  co60 sburces,  some p r i -  
mary  and secondary dosimeters  were constructed. (Methods of calorimetry,,  fe r rous  
sulphate oxidation, ionization chambers,  and photographic film were  studied and 
radiation intensity evaluated. Results from the absolute determinations were com- 
paredwi th  those from a Victoreen condenser-type r -me te r  calibrated by the National 
Bureau of Standards for  co60 , and the ionic yield of fe r rous  sulphate measured. 

The sources  used were hollow cylinders of co60 supplied by Brookhaven National 
Laboratory in an apparatus described by Baarli  and Shaggs and smal l  solid rods of 
co60  from Argonne National Laboratory in a medical teletherapy unit described.by 
Lanzel, et a l .  All resu l t s  a r e  given for  a standard position in the BNL sources and 
for  a standard distance from the ANL sources.  

Car ro l l  J G.. 
MONITORING THE MTR CANAL GAMMA SOURCE - A TREATMENT O F  RELIABILITY, 
California Research Corporation, Richmond, California, Contract No. AT( l1-  1)- 174, 
August 31, 19.57, 15 pp. (6  re l s ) .  

Spent fuel elements from nuclear reac tors  a r e  used extensively a s  gamma radiation 
sources.  Such a source has been in operation since 1952 a t  the National Reactor Test-  
ing Station in Idaho. Fuel  from the Materials Testing keac tor  i s  utilized. These MTR 
fuel elements a r e  arranged in an  angle-iron grid work which is placed under 18 feet of 



water  in the MTR canal. California Resea rchhas  been exposing samples  in this 
source  s ince 1953. This discussion pertains to exposures made between October 1955 
and April  1956. J 
Radiation flux gradients exis t  i n  both the horizontal and vertical directions in the sub- 
merged location. Such gradients pose measuring problems in obtaining reliable values 
for  dosages received by samples .  This report  pertains to this treatment of these 
problems. . 

- - - -  
AEC ISSUES EFFECTIVE REGULATION ON STANDARDS FOR PROTECTION AGAINST 
RADIATION, 
US Atomic Energy Commission, Washington 25, D. C. ,  January 25, 1957, 33 pp. 

This is a regulation, 'effective February 28, 195'1, establishing standards f u r  1l1e p1.u- 
tection of atomic energy workers  and the public against radiation hazards a r i s ing  from 
activities licensed by the Commission. Principal changes since the regulationlwas 
f i r s t  published (July 1955) a s  a proposed rule a r e  listed. 

The following a r e  discussed: permissible  doses, levels, and concentrations; precau- 
tionary procedures; waste disposal; records,  reports ,  and notification; exceptions and 
additional requirements;  enforcement; and general provisions. 

Clarke R W 
SELECTED ABSTRACTS O F  ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT 
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY, AND BIBLIOGRAPHY O F  THE 
PUBLISHED LITERATURE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, March (1957), 209 pp. 

This bibliography is the 1957 Supplement to the documents AERE-C/W-15'15, P a r t s  i 
to 6. F o r  convenience, separa te  supplements a r e  not being published to each of the 
6 par t s  of the A ~ ~ ~ - c / R - 1 5 7 5 ;  one supplement per  year  will be issued to cover a l l  
these parts .  These supplements w i l l ,  however, be sectionalized to correspond with 
the separa te  par t s  of AERE-C/R-1575, thus: 

Section 1. , Theory, Interpretations, Water and Aqiieous Inorganic Systems 
Section 2. Organic Compounds (including polyrrlerization reactions) 
Section 3. Gaseous Systems (excluding organic compounds) 
Section 4. Solid Systems (excluding organic compounds) 
Section 5. Biochemistry and Radiobiology (excluding animal studies) 
Section 6. Miscellaneous (including colloids, corrosion, industrial 

applications of radiation, irradiation equipment, general 
reviews, etc. ). 

In the individual sections, repor t  abs t rac ts  a r e  given f i rs t ,  followed by annotated "open 
l i terature"  references.  The repor t  references a r e  arranged alphabetically and ser ia l -  
ly  by repor t  reference number, and the "open li terature" references by "first  named 
author. I '  Author and subject indexes a r e  provided. The opportunity is being taken to 
include recently declassified American repor t s  and a few older l i terature references 
not included in the ea r l i e r  parent review. 



Clarke R W 
SELECTED ABSTRACTS O F  ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT 
LITERATURE IN THE FIELD O F  RADIATION CHEMISTRY AND BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE (ORGANIC COMPOUNDS), 
Atomic Energy Research Establishment, Harwell, ~ e r k s h i r e ;  England, March (1956), 225 pp. 

Section 1 consists of a collection of abs t rac ts  relating to American, Canadian and 
British unclassified and declassified Atomic Energy Project  reports ,  noted up to 
March 1956. The abstracts  a r e  arranged alphabetically and ser ial ly  by report  r e f e r -  
ence numb-er. 

Section 2 consists of published l i terature references (1900-March 1956) arranged alpha- 
betically by "f i rs t  named author. " 

' 

Author and subject indexes a r e  provided. 

AERE -C /R - 1575 (Suppl 2)  

Clarke R W 
SELECTED ABSTRACTS O F  ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT 
LITERATURE IN THE FIELD O F  RADIATION CHEMISTRY AND' BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, (1958), 326 pp. 

This bibliography i s  the 1958 Supplement to the documents AERE-C/R-1575, P a r t s  1 
to 6. The supplement is sectionalized to correspond with. the separate  par t s  of 
AERE-C/R-1575, thus: 

Section 1. Theory, Interpretations, Water and Aqueous Inorganic Systems 
Section 2. Organic Compounds (including polymerization reactions) 
Section 3. Gaseous Systems (excluding organic compounds) 
Section 4. Solid Systems (excluding organic compounds) 
Section 5. Biochemistry and Radiobiology (excluding animal studies, 

including irradiation of foodstuffs, etc. ) .  
Section 6. Miscellaneous (including colloids, corrosion, industrial  

applications of radiation, irradiation equipment, general reviews 
and reports ,  etc. ). 

In the individual sections, project report  abstracts  a r e  given f i rs t ,  followed by anno- 
tated "open li terature" references.  The report  references a r e  arranged alphabetically 
and ser ial ly  by report  reference number, and the "open li terature" references by 
"first  named author. I '  Author and subject indexes a r e  provided. The opportunity is 
being taken to include recently declassified American and British reports ,  and a few 
older l i terature references not included in ea r l i e r  issues.  

The scope of Section 5 has been enlarged by inclusion of references to the irradiation 
of foodstuffs, bacteria, insects,  e tc . ,  and Section 6 has been enlarged by inclusion of 
fuller references on the industrial  utilization of radiation--a separate  document on the 
la t ter  subject will not be issued, although such was mentioned in ea r l i e r  issues.  



Use has been made of the USAEC Abstract Card service and Nuclear Science Abstracts 
in compiling this survey, and very grateful thanks a r e  expressed to the USAEC for  
pe'rmission given. Grateful thanks a r e  also due to Chemical Abstracts.  Abstracts 
Journal references a r e  given where available (CA = Chemical Abstracts,  

. . 
NSA = Nuclear Science Abstracts) .  

Clarke  R W 
SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED. REPORT 
LITERATURE IN THE FIELD O F  RADLATION CHEMISTRY AND BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE (GASEOUS SYSTEMS), 
Atomic Energy Research Establishment, Harw ell, Berkshire ,  England, March (1956), 59 pp. 

Section 1 consists of a collection of abstracts  relating to American, Canadian and 
Rri t ish unclassified and declassified Atomic Energy Project  reports ,  noted up to 
March 1956. The abs t rac ts  a r e  arranged aiphabetically and ser ial ly  by r t t p u ~ . l  reler-  
ence number. 

Section 2 consists UP publisheel l i t c ra turs  references Il9On-March 1956) arranged 
alphabetically Qy "f i rs t  namcd author. " 

Author and subject indexes a r e  provided. 

Clarke  R W 
SELECTED ABSTRACTS O F  ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT 
LITERATURE IN THE FIELD O F  RADIATION CHEMISTRY AND BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE (SOLID SYSTEMS), 
Atomic Energy Research Establishment, Harwell, Berkshire ,  England, May (1956), 135 pp. 

Section 1 consists of a collection of, abstracts  relating to American, Canadian and 
Bri t ish unclassified and declassified Atomic Energy Project  reports ,  noted up to May, 
1956. The abs t rac ts  a r e  arranged alphabetically and ser ial ly  by report  reference 
number. 

Section 2 consists of published literatui-e references (1900-May 1956) arranged 
alphabetically ,by "first  named author. 

Author and subject indexes a r e  provided. 

Clarke R W 
SELECTED ABSTRACTS O F  ATOMIC ENEXGY PROJECT UNCLASSIFIED REPORT 
LITERATURE IN THE FIELD O F  RADIATION CHEMISTRY AND BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE (BIOCHEMISTRY AND RADIOBIOLOGY), 
Atomic Energy Establishment, Harwell, Berkshire,  England, May (19561, 9 1 pp. 

Section 1 consists of a collection of abs t rac ts  relating .to American, Canadian and 
Bri t ish unclassified and declassified Atomic Energy Pro jec t  reports ,  noted up to May 
1956. The abs t rac ts  a r e  arranged alphabetically and ser ial ly  by report  reference 
number. 



Section 2 consists of published l i terature references (19 00-May 1956) arranged alpha- 
betically by "f i rs t  named author. " 

Author and subject indexes a r e  provided. 

Clarke R W 
SELECTED ABSTRACTS' OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT . 

LITERATURE IN THE FIELD O F  RADIATION CHEMISTRY AND BIBLIOGRAPHY O F  
THE PUBLISHED LITERATURE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, May (1956), 54 pp. 

. I 

This par t  of AERE-C/R-1575 is divided into sections a s  follows: 

Section 1. Industrial Apgli cations of Radiation ' , , i  

Section 2. Colloidal Systems 
Section 3 .  Corrosion Effects 
Section 4. Irradiation Equipment 
Section 5. Miscellaneous Systems ' 

Section 6. . Miscellaneous Review Papers  
. , 

It contains mater ial  for  which no "home" was'found in P a r t s  1 to 5. In each section, 
abs t rac ts  relating to American, Canadian and ~ri t ish"unc1assif ied and declassified 
Atomic Energy project  reports  noted up to May 1956 a r e  given f i r s t ,  and arranged 
alphabetically and ser ial ly  by report  reference number; these a r e  followed by published 
l i terature references arranged alphabetically by "first  named author. I '  

Author and subject indexes a r e  provided. 

White A G 
A RAPID DIF.FERENTIAL THERMOMETRIC METHOD FOR DETERMINING THE ENERGY 
OUTPUT OF RADIOACTIVE  MATERIAL;^, 
Atomic Energy Research  Establishment, Harwell, Berkshire ,  England, October5 ,  1955, 
12 pp. (2 re fs? .  . . 

A method is described for  obtaining a direct measurement of the"rate of change of 
temperature with time, using a large capacity condenser and a galvanometer to differ- 
entiate the potential changes in a thermistor  circuit .  A description of two calor imeters  
embodying this principle, with which the energy outputs of radioactive samples  may be 
determined, is given. The theoretical basis  of the method is examined and means of 
estimating correc'tion t e rms  a r e  suggested. , . 

. . . . 

~ a r n e s  R K 
LECTURE ON ERROR AND CORRECTION IN COUNTER WORK, COUNTER-'EFFICIENCY, 
AND SOURCE GEOMETRY, 
Atomic Energy Research Establishment, Harw ell, Berkshire,  England, 10 pp. 

This paper discusses statistical distribution losses  and other topics relative to e r r o r  
and correction in counter work, counter efficiency, and source geometry. 



Owen R B 
SOME NOTES ON SCINTILLATION COUNTING, 
Atomic  E n e r g y  R e s e a r c h  Establ ishment ,  Harwell ,  B e r k s h i r e ,  England, March 16, 1954, 
10  pp. (9 r e f s ) .  

T h e s e  no tes  d i s c u s s  the e s s e n t i a l s  of a scinti l lat ion counting s y s t e m ,  mul t ip l ier  photo- 
c e l l s ,  phosphor m a t e r i a l s ,  and scinti l lat ion a s s a y  and s p e c t r o m e t e r  equipment.  

I r eda le  P and Hurnphreys D L 0 
THE ANAL.YSIS O F  LOW IAEVJiL GAMIVLA-RAY ACTIVITY I311 SCINTILLATION S P E C -  
TROMETRY, 
Atomic  E n e r g y  R e s e a r c h  Establ ishment ,  Harwell ,  B e r k s h i r e ,  England, August (195 11, 
6 pp.  (6  r e f s ) .  

A 3 x 3 in.  sodium iodide c r y s t a l  and r ~ ~ u l t i c h a n n c l  pulse amplitude anal.y.ser have been 
used  to m e a s u r e  the ac t iv i l ies  u the gamma . r a y  e m i t t e r s  p r e s e n t  i n  s o u r c e s  of low 
act iv i ty .  The s a m p l e s  used to i l lus t ra te  the application of the method w e r e  f i l t e r  
p a p e r s  containing s m a l l  amounts  of nuc lea r  explosion debr i s  collected a t  high al t i tude 
f o r  radiological  investigations.  It is .shown that it i s  poss ible  to m e a s u r e  the gamma-  
r a y  a'ctivity of s k v e r a l  i sotopes  p r e s e n t  in  one s a m p l e  when.the activity of each is 10-11 
c u r i e s  o r  l e s s .  , . 

Cocking S J, Delafield H J and Smith J W 
A LOW BACKGROUND COUXTING EQUIPMENT WITH ANTICOINCIDENCE ARRAY, 
Atomic  E n e r g y  R e s e a r c h  Establ ishment ,  Harwell ,  B e r k s h i r e ,  England, January  (19551, 
12 pp. ( 1 2  r e f s ) .  

A complete  equipment h a s  been designed for  a c c u r a t e  a s s a y  of ?-act ive  gas  of up to 
350 c c  volume and disintegration r a t e s  of 10 to 500 p e r  minute.  L a r g e  Geiger-Miil ler  
coun te r s  (volume 730 c c )  a r e  desc r ibed  and a l s o  the a r r a n g e m e n t  of a n  anticoincidence 
a r r a y  f o r  reduction of backzround. The res idua l  background r a t e  obtained (5  counts p e r  
minute)  i s  d i scussed .  

X E R E - ~ I / ~ T - ~ O ~  

L e C l a i r  A D 
THE AUTORADIOGRAPHlS DETERMINATION O F  SELF-DIFFUSION COEFFICIENTS, 
Atomic  E n e r g y  R e s e a r c h  Establ ishment ,  Harwell ,  Ber-kshire,  England, August 29, 1955, 
4 pp. (4  r e f s ) .  

A s i m p l e  mathemat ica l  express ion  is der ived for  the calculat ion of Diffusion Coefficients 
f r o m  data obtained by the autoradiographic  method.  



AERE-M/M-202 . . 

Tho~npsor l  M W 
THE INFLUENCE O F  NEUTRON ENERGY SPECTRUM ON THE PRODUCTION O F  IRRA- 
DIATION DAMAGE, 
Atomic  Energy R e s e a r c h  Establ ishment ,  Harw ell,  Berksh i re ,  England, August (1958), 4 pp. 

A compar ison 'of  the damage produced by ep i the rmal  and f iss ion neutrons  demons t ra tes  
the influence of neutron energy spec t rum on the r a t e  of production of i r r ad ia t ion .  
damage.  Heavy e lements  a r e  shown to be m o r e  sensi t ive  to a change in spec t rum than 
light e l ements .  

Thewlis J and Derbyshire  R T P 
NEUTRON RADIOGRAFI-IY, 
Atomic Energy  R e s e a r c h  Establ ishment ,  'Harwell,  Berksh i re ,  England, July  (19561, 18 pp. 

The absorpt ion of neutrons  by m a t t e r  is considered and the r a i s o n  dl$tre of neu t ron ,  
radiography explained.  .The production and detection of neutrons  a r e  ,described and 
deta i ls  a r e  given of the techniques used f o r  neutron radiography a t  Harwel l .  Some 
examples  of neutron rad iographs  a r e  reproduced and d i scussed .  

Allen W D and Ferguson  A T G 
THE MEASUREMENT O F  FAST NEUTRON FLUX OVER THE NEUTRON ENERGY RANGE 
0.030 MEV TO 3.0 MEV, 
Atomic Energy  R e s e a r c h  Establ ishment ,  Harwell ,  B e r k s h i r e ,  England, October  3, 1956, 
21 pp. (19 r e f s ) .  

k Ieasurements  of neutron flux in the neutron energy  region 0.030 Mev to 3.0 Mev have 
been made u s i n s  a proton reco i l  counter  and a  ans son-~cKibben-type long counter .  
Severa l  proton reco i l  coun te r s  f i l led with different  gases  a t  different  p r e s s u r e s  have 
given flux m e a s u r e m e n t s  se l f -consis tent  to 2 p e r  cent .  The long counter  h a s  been 
cal ibra ted  agains t  photoneutron s o u r c e s  a t  a  number  of ene rg ies  and a l s o  agains t  the 
reco i l  coun te r .  The var ia t ion of i t s  efficiency a s  determined by the two methods is in 
sa t i s fac to ry  agreement .  The absolute  ca l ibra t ion of the long counter  with r e s p e c t  to a 
RdTh, D20 s o u r c e  whose s t r eng th  was  known to f 2-  1/20/0 a g r e e d  with the ca l ibra t ion 
with r e s p e c t  to the reco i l  counter  of 1%. A s i m i l a r  c r o s s  check with a n  Ra-Be  s o u r c e  
gave an init ial  d iscrepancy of 1570, but this  was  t r aced  to a n  e r r o r  i n  the s o u r c e  
s t r e n z t h  and var ia t ion wi th ,energy in the response  of the long counter .  These  c r o s s  
checks  a r e  sa t i s fac to ry ,  and o v e r  the m a j o r  port ion of the energy  range  the s t andard  
e r r o r  i s  not m o r e  than f370. 

AERE-TM- 108 

L o m e r  W 
THE DIRECT CONVERSION O F  BETA-IRRADIATION ENERGY INTO LOW-VOLTAGE 
ELECTRICAL ENERGY, 
Atomic Energy  R e s e a r c h  Establ ishment ,  Harwell ,  Berksh i re ,  England, Apr i l  (1954): 



A theory is presen ted  that accounts f o r  observat ions  on the emf produced by a s e m i -  
conductor junction under i r radia t ion.  It is shown that, fo r  high efficiency, a s e m i -  
conductor with a l a r g e  energy  gap, and with both p and n m a t e r i a l  a s  heavily doped 
as is pract icable ,  should be placed in  a v e r y  high i r rad ia t ion  density.  The mos t  
effective conditions under which to u s e  a semiconductor  under i r rad ia t ion  a s  a ba t t e ry  
a r e  presented.  

Mandl M E ( M r s .  ) 
A METHOD O F  MEASURING THE. AVERAGE ENERGY O F  A NEUTRON SPECTRUM IN 
THE RANGE 0.3 TO 3.0 MCV, 
Atomic Energy  R e s e a r c h  Establ ishment ,  Harwell, Berksh i re ,  England, August (1952), 
12 pp. (1 r e f ) .  

F o r  biological i r rad ia t ion  exper iments ,  i t  is usually n e c e s s a r y  to krluw the average  
energy  of the neutron flux to calculate the re la t ive  biological efficiency faclula. This 
average  energy can,  of course ,  be m e a s u r e d  very  accura te ly  by a photographic plate 
technique, but th is  is a v e r y  laboi-ious method and this d ~ g r c ~  nf accuracy  is not 
usually n e c e s s a r y .  

In th is  r e p o r t  is desc r ibed  a s imple  method of es t imat ing the average  energy  of a 
s p e c t r u m  of Mev neutrons  with an accuracy  of about 20%. 

~ h k  average  energy is deduced f rom the shape of the induced the rmal  neutrons spatial  
distr ibution in a s p h e r e  of paraffin. 

Where  t ime  and s p a c e  allow, and where  v e r y  g rea t  accuracy  is nut necessa ry ,  e .  g . ,  
in an imal  i r rad ia t ion  exper iments  with Mev neutrons,  this  method has  considerable  
advantages with i t  s impl ic i ty .  The method has  been checked exper imental ly  a t  energ ies  
of 0.6 Mev and 2.9 Mev where  i t  is in good agreement .  

Slgoloff Sanford C,  l / L t .  (USAF) 
A HALOGENATED HYUKOCARBON-DYE WATER EQUIVALENT METHOD FOR .MEASUR- 
ING - AND GAMMA RADIATION, 
Depar tment  of Radiobiology, School of Aviation Medicine, USAF, Randolph AFB, Texas ,  
March  (19561, 4 pp. (8  re f s ) .  

Chemica l  dos imet ry  of ionizing radiation h a s  been a n  important  phase of recen t  r a d i -  
at ion r e s e a r c h .  F r e e  rad ica l s  and molecular  products formed by the action of rad i -  
at ion on wate r  e n t e r  readi ly  into many chemical  react ions .  F e r r o u s  ions a r e  oxidized 
to f e r r i c  ions, c e r i c  ions a r e  reduced to ce rous  ions,  prote ins  a r e  denatured,  and 
enzymes  a r e  inactivated when they a r e  i r rad ia ted  in a,qiieous solutions.  

Wate r  is used as the b a s i c  medium for  this chemical  dos imete r  because  of the possible 
cor re la t ion  between chemical  effects and biologic effects.  

Th i s  papkr  deals with the preparat ion and u s e s  of a wate r  equivalent method of 
dos imet ry .  



Sigoloff Sanford C, 1 / ~ t .  (USAP(MSC)) 
CHEMICAL .SYSTEMS FOR THE MEASUREMENT O F  PENETRATING RADIATIONS, 
Department of Radiobiology, School of Aviation Medicine,, USAF,, Randolph AFB, Texas, 
May (1957), 38 pp. 

\ 

This report  outlines techniques for the production of chlorinated hydrocarbon dosimeter 
sys tems that have application in the Aircraft  Nuclear Propulsion Program.  Some of 
the sys tems discussed a r e  the tetrachloroethylene two-phase dosimeter and the single- 
phase water dosimeter.  Included a r e  instructions for  evaluation a s  well a s  a discussion 
of the ranges and properties of each system. 

Casseii, Bel~eclicl, ,Pti. D, e t  al .  
DEVELOPMENT OF A GERMANIUM CRYSTAL DOSIMETER, 
School of Aviation Medicine, USAF, Randolph AFB, Texas, May (1957), 8 pp. (2 re fs ) .  

The most satisfactory mater ial  found for use a s  a fast  neutron dosimeter has been 
made by purifying and crystall izing 30 ohm-cm germanium three times with three 
zones of a zone-melt furdace and adding 0.026 mg of indium per  kilogram of germanium. 
Good crystal  s t ructure i s  important and requires  a good seed crys ta l  and zone widths 
between 1 and 1-1/2 inches. Close temperature control appears  to be required to 
make reliable cold-bath resis tance measurements with the consequent accuracy of A C 
calculations. 

Dick James  L, Major (USAF), Hurdlow William R, 1/Lt .  (USAF) and 
Hippeli Ellen M, 1 /Lt .  (USAF) 
SAFE LEVELS O F  CONTAMINATION FROM FISSION PRODUCTS, 
Research Directorate,  Air Force  Special Weapons Center,  Kirtland AFB, New Mexico, 
April  27, 1956, 26 pp. (18 refs) .  

The radiation hazard resulting from fission product contamination of a i rc raf t ,  a i rc raf t  
par ts ,  and a i r  base facilities can be classified a s  being an external and/or  an internal 
hazard. The external hazard can  be determined using a gamma survey instrument and 
film badges. However, the internal hazard constitutes a more  complex problem, in 
that the measurements  must be interpreted in t e rms  of the age of the mixed fission 
products to establish the true magnitude of the hazard. As a resul t  of this approach, 
higher contamination levels than those given in present USAF publications a r e  proposed 
within the l imits of current  adopted. national standards of radiation tolerance. Air 
sampling i s  the recommended method for  determining the existence of an internal 
hazard. 

Limits of external and internal radiation levels a r e  recommended for  those items of 
mater iel  which may be released for  general usage. Also recommended a r e  l imits for 
i tems kept in a controlled area,  dosage limits for personnel working in such an a rea ,  
and limits applicable to emergency situations. 



Stevens  A J, Dr. 
RADIOISOTOPE USE EXPERIENCE WITH COMMERCIALLY AVAILABLE INSTRUMENTS, 
Budd Company, Philadelphia 32, Pennsylvania.  Published by Atomic Indust r ia l  Foruni, Inc . ,  
3 E a s t  54th S t . ,  New York 22, New York,  October  (1957), 9 pp. 

The  author  gives a br ief  descr ip t ion of Budd Company 's  facil i ty f o r  handling radioact ive  
m a t e r i a l s .  He d i s c u s s e s  moni tor ing equipmerit, C U S ~ U T Y ~ ~ I ~ S '  i l ~ s ~ ~ . u ~ l ~ e ~ l l a t i m  p i - o b l c ~ m ~ ,  
types  of ins t rumenta t ion needed, geiger  counter l imi ta t ions ,  ca l ibra t ion p rob lems ,  
d o s i m e t e r s  and f i lm badges,  and c u r r e n t  s u r v e y  ins t rumenta t ion.  

Morgan K a r l  Z 
MEASUREMEN.T PROBLEMS O F  RADIOISOTOPE USERS, 
Oak Ridge National Labora to ry ,  Oak Ridge, Tennessee .  Published by Atomic Indust r ia l  
F o r u m ,  Inc . ,  3 ~ ' a s t  54th St .  , New York 22, New York,  October  (1957), 10 pp.  

Th i s  paper  is of a genera l  na tu re  and d i scusses  the p ~ ~ u b l e r ~ l s  uf the i-adioisotopc ucerE 
in  th; m e a s u r e m e n t  of ionizing radiat ion and points uul lllal p ~ e s c l i l  problem:, a r c  muoh 
s i m p l e r  than those  which faced the d i r e c t o r s  of the Manhattan P r o j e c t ,  the Metal lurgical  
Labora to ry ,  the Clinton Laboratory ,  and the o the r  e a r l y  c o n t r a c t o r s  in the field of 
a t o m i c  energy .  

Specific topics d i scussed  a r e  genera l  improvement  in s t andards  and equipment;  pocket  
m e t e r s ;  f i lm badges;  neutron monitoring and s u r v e y  ins t ruments ;  X - r a y  s u r v e y  m e t e r s ;  
value of health physics ;  and radia t ion ins t rument  r e q u i r e m e n t s .  

Morgan B W 
INSTRUMENTATION REQUIREMENTS O F  RADIOISOTOPE USERS, 
Division of C iv i l i an  Application, US Atomic Energy  Commiss iun.  Published by Atomic 
Indust r ia l  F o r u m ,  Inc . ,  3 ~ a s 1 . 5 4 t h  S t . ,  New Yorlr 22, New York,  October  (1957), 12 pp 

Th i s  paper  is d i rec ted  p r i m a r i l y  toward indust r ia l  management  and does not deal  with 
the technical  a s p e c t s  of radia t ion detection and m e a s u r e m e n t .  Specific topics d i s -  
c u s s e d  a r e  l icensing,  radia t ion s tandards ,  evaluation of radioisotope p rogram safety,  
and types of radia t ion ins t ruments .  

Aeberso ld  Pau l  C 
REWARDS AND REQUBI'I'ES O F  ACCELERATING RADIOISOTOPE UTILIZATION, 
A s s i s t a n t  Di rec to r ,  Division of Civil ian Application, USAEC. Published by Atomic ~ n d u s t r i a l  
F o r u m ,  Inc. ,  3 E a s t  54th S t . ,  New York 22, New York,  October  (19571, 7 pp. 

Th i s  paper  d i s c u s s e s  the extensive ber~ef i t s  to o u r  national we l fa re  and economy which 
have resu l t ed  due to a n  acce le ra ted  radioisolope p r o g r a m .  Specific topics d iscussed 
a r e  isotope training,  isotope demonstra t ions ,  and isotope production.  



Low ens  teiri R o b e r t  
DOMESTIC LICENSING AND REGULATIONS, 
Office of General  Counsel ,  USAEC. Published by Atomic Indust r ia l  Forum,  Inc . ,  3 E a s t  
54th S t . ,  New York 22, New York,  October  (1957) 11 pp. 

This  paper  d i s c u s s e s  the changes  in A E C ' s  l icensing p rocedures  under amendment  to 
the Atomic Energy  Act enacted a t  the l a s t  s e s s i o n  of Congress ,  a  few prob lems  re la ted  
to the l icensing p r o g r a m ,  and a number  of amendments  to AEC regula t ions  i ssued dur ing 
the pas t  y e a r .  

McDonell William R 
RADIATION CHEMISTRY O F  NORMAL ANU HEAVY WATER SOLUTIONS - I. RADIATION- 
INDUCED OXIDATION O F  FERROUS SULFATE, 
Chemis t ry  Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  Illinois, Con t rac t  
No. W-3 1-109-Eng-38, January  12, 1954, 6 pp. (6 r e f s ) .  

The c o 6 0  gamma-ray- induced oxidation of f e r r o u s  sulfate in 0.8 N sul fur ic  acdid-heavy 
wa te r  solutions p roceeds  with a speci f ic  yield, GF,+++, of 17.5, compared to 15.6 fo r  
normal  wa te r  solutions.  .P i le  i r r ad ia t ion  yie lds  stlow a s i m i l a r  but s m a l l e r  enhancement 
of f e r r i c  ion yields in heavy wa te r  solutions, the difference probably due to g r e a t e r  flux 
of capture  gamma radia t ion in  the normal  w a t e r  than in heavy w a t e r   solution,^. 

ANL- 5743 

Aver  J E l  Davis D A and Mayfield .R M 
GLOVES FOR PROTECTIVE ENCLOSURES, 
Xrgonne National Laboratory ,  P. 0. Box 299, Lemont, Illinois, Con t rac t  No. W-31-109-Eng-38, 
May (1957), 22 pp. (4  r e f s ) .  

A study of the glove problem has  been made by the ANL Glove Commi t tee  a s  a n e c e s s a r y  
p re requ i s i t e  to any a t tempt  a t  coordination o r  s tandardizat ion.  Th i s  r e p o r t  cons i s t s  of 
a compilat ion of the findings of the Commit tee  and the resul t ing c o m p r o m i s e s  which a r e  

- .  
fel t  n e c e s s a r y  to the resolut ion of the p rob lems .  

Mate r i a l s ,  methods of manufacturing and genera l  p roper t i e s  of gloves a r e  desc r ibed .  
Glove des ign has  been analyzed and suggestions a r e  m a d e  ln  r e g a r d  to a n  acceptab1.e 
s t andard .  Pe rmeab i l i ty  c h a r a c t e r i s t i c s  of var ious  gioire compounds a r e  r6viewed and 
the effect of m o i s t u r e  contam ination upon hypothetical s y s t e m s  i s  tabulated. - A n  e iec -  
t r i ca l  t e s t  i s  proposed f o r  the determinat ion of glove soundness .  . . . ! : . .  , 

. . . , . . .. . . . . 
ANL-5819 . . , . . . .  . , 

. . 

Swope Gladys H . . 
DOSIMETRY IN THE ARGONNE HIGH-LEVEL GAMMA-IRRADIATION FACILITY, 
Chemica l  Engineering Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  
I l l inois,  Con t rac t  No. W-31-109-Eng-38, January  (1958), 12 pp. 



This  r e p o r t  d i s c u s s e s  chemica l  dosimetry ,  utilizing the oxidation of f e r r o u s  sul fa te ,  
a s  used to m e a s u r e  radia t ion intensity of the Argonne National Labo ' ra toryls  High-Level 
G a m m a  Ir radia t ion Faci l i ty .  

The  p repara t ion  of f e r r o u s  sul fa te  solution is desc r ibed .  F e r r o u s  ' dos imet ry  ca lcula-  
t ions a r e  p resen ted .  Photographs  a r e  included showing a polys tyrene dos imete r  c e l l  
holder ,  a n  i r r ad ia t ion  urn ,  and i r r ad ia t ion  rack .  

. , ,  

Moteff John 
FISSION PRODUC+ DECAY GAMMA ENERGY SPEC'I'RUM, 
A i r c r a f t  Nuc lea r  Propuls ion P r o j e c t ,  General  E l e c t r i c  Company, Cincinnati,  Ohio, 
June  (19531, 78  pp. (15 r e f s ) .  

A study h a s  been made to de te rmine  the g a m m a  energy spec t rum of the the rmal - f i s s ion  
p roduc t s  of u"' a t  var ious  t imes  a f t e r  shutdown of a r e a c t o r .  The r e s u l t s  yield the 
e n e r g y  s p e c t r u m  fo r  1000 hours  of r e a c t o r  opera t ion and 1, 5, 10, 60, 120, and 240 
days  a f t e r  shutdown. The s p e c t r u m  was divided i111:u seven convcnicnt energy groups 
and e a c h  gamma w a s  ass igned  the m e a n  el iergy ul the group in which i t  o c c u r s .  

The energy  group dis t r ibut ions  of the gamma decay r a t e s  a l s o  a r e  included f o r  var ious  
t i m e s  of opera t ion and shutdown. The opera t ing t i m e s  considered w e r e  10 minutes ,  
1 ,  10, 100, 1000 hours ,  and infinite operation.  The after-shutdown t i m e s  w e r e  f rom 
4 h o u r s  to 10 days  except fo r  the 8 months after-shuldown t ime  f o r  1000-hour opera t ion 

The  total  decay r a t e s  check v e r y  we l l  with the , / - W ~ g n e r  express ion :  

I'(Mev sec-'/fission) = 1 . 2 6 ~ - " ~ '  10 c I!: 7 

w h e r e  T is the t ime  a f t e r  f i ss ion in  second5 

Al l  the r e s u l t s  of this  s tudy w e r e  made  applicable to any the:mal r e a c t o r  usirly' u~~~ 
by express ing  the ac t iv i t ies  a s  percentages  of sa tu ra t ion  activity and by normal iz ing 
the r e s u l t s  to 1 watt  o f ' r e a c t o r  power.  

- - - -  
RADIOLOGICAL EDUCATION AND 'I'RAINING PROGRAM, . , 

Indust r ia l  Hygiene, A i r c r a f t  Nuclear  Propuls ion Depar tment ,  Genera l  E l e c t r i c  Company, 
(1955), 28  pp. . 

This  publication explains the methods and m a t e r i a l s  employed by the Indust r ia l  Hygiene 
unit i n  the education and t ra in ing of ANP depar tment  employees .  This  r c p o r t  outl ines 
the seven  genera l  phases  of this  t ra in ing p rogram.  These  phases  a r e  orientat ion,  
P -approved  contact ,  Q-c lea red  contact ,  periodic follow -up discuss ions ,  visual  educa-  
tion, d is t r ibut ion of pr in ted  m a t e r i a l ,  and spec ia l  education and training.  



ASAE -5 

Nowak M J 
EFFECTIVENESS O F  REACTOR CONTROL ABSORBERS SENSITIVE .TO NEUTRONS O F  
A L L  ENERGIES, 
A m e r i c a n  Radiation and Standard Sani tary  Corporat ion,  Redwood City, California,  
F e b r u a r y  1,1957, 3 1 'pp. 

A c r i t e r ion  i s  es tabl ished f o r  the effectiveness of a r e a c t o r  control  a b s o r b e r  sens i t ive  
to neutrons  of a l l  e n e r g i e s  f rom f i s s ion  to the rmal .  Th i s  c r i t e r i o n  can  be used to 
de te rmine  a n  opt imum alloy of a b s o r b e r  ma te r i a l ,  dependent on the absorpt ion p a r a m  - 
e t e r s  of the e lements  andsthe  slowing-down proper t i e s 'o f  the medium i n  which the 
a b s o r b e r  is used.  

The ana lys i s  is based on mult igroup diffusion theory.  The effect iveness  of a n  a b s o r b e r  
is defined a s  the change in power output ( a s  m e a s u r e d  by the rmal  neutron content)  
produced by inse r t ion  of the a b s o r b e r  into a n  infinite uniform s o u r c e  medium having 
the s a m e  flux s p e c t r u m  a s  the r e a c t o r  in  which the a b s o r b e r  is used.  The s a m e  
c r i t e r i o n  can a l s o  be  der ived f rom per turbat ion theory.  

This ef fec t iveness  c r i t e r ion  d e s c r i b e s  the in termedia te  c a s e  between the l imiting con-  
dit ions of weak a b s o r b e r s  and black a b s o r b e r s ,  which a r e  known f r o m  s i m p l e r  theory.  

. . 
Diethorn W S, e t  a l .  
NEUTRON DOSIMETRY RESEARCH, . . 

Firs1 Q u a r t e r l y  (IViarch 15 to June 14, 1957) P r o g r e s s  Repor t  to US A r m y  Signal Engineer ing 
Labora to r i es ,  B e l m a r ,  New J e r s e y ,  Bat te l le  M e m o r i a l  Inst i tute,  505 King Ave . ,  Columbus 1, 
Ohio, June 30, 1957, 16 pp. (15 r e f s ) .  

This r e p o r t  p r e s e n t s  a s u r v e y  of neutron dos imete r  s y s t e m s  (semiconductor ,  t i s sue -  
equivalent ionization c h a m b e r s ,  and chemical  reco.i l-proton s y s t e m s ) ,  d i s c u s s e s  fu ture  
plans fo r  work on ionization chamber  and chemica l  s y s t e m s ,  and outl ines a r e s e a r c h  
p rogram on semiconduc to r s .  

Diethorn W S, e t  a l .  
SECOND QUARTERLY PROGRESS R E P O R T  ON NEUTRON DOSIMETRY RESEARCH, 
US A r m y  Signal Engineering Labora to r i es ,  Be lmar ,  New J e r s e y ,  Battel le Memor ia l  
~ n s t i t u t e ,  505 .King Ave. ,  Columbus 1, Ohio, Contract  No. DA-36-.039-SC-73174, 
October  2 ,  1957, 16 pp. (14 r e f s ) .  . . 

. .  . .  

During this  q u a r t e r ,  the examination of important  semiconductor  l i t e ra tu re  w a s  con- 
tinued and the theoret ica l  analys is  of l i fet ime phenomena in .silicon and germanium 
extended. Exper imenta l  work was  initiated to de te rmine  the re la t ionship  between 
neutron dose  and l ifet ime changes in these  m a t e r i a l s .  P r e l i m i n a r y  exper iments  w e r e  
completed on s ingle  c r y s t a l s  of AlSb, CdTe, and InP, a s  p a r t  of the s tudy to de te rmine  
the  a p p l i ~ a t i o n  of these  high-energy-gap compound semiconduc to r s  to neutron dos imet ry  

,. based on conductivity changes.  Although the spec imens  used in these  l a t t e r  e x p e r i -  
men ts  w e r e  not optimum, the exper imenta l  r e s u l t s  indicate that these  m a t e r i a l s  have 
p r o m i s e  f o r  the Signal C o r p s  d o s i m e t e r  application. 



The  paper  study of ionization-chamber theory and performance is under way. Second- 
q u a r t e r  ac t iv i t ies  in  th is  a r e a  w e r e  concentra ted on the l i t e ra tu re  a s p e c t s  of this s u b -  
ject. The m a j o r  effort  in the init ial  s tage of th is  study will be an  analys is  of ion r e -  
combina'tion and the effect of th is  phenomenon on ionization-chamber performance.  

Some effor t  dur ing this q u a r t e r  was  devoted to a s e a r c h  f o r  new approaches  to neutron 
dos imet ry .  

Smith C h a r l e s  K, e t  a l .  
THE DEVELOPMENT O F  A THERMAL-NEUTRON-FLUX MEASURING INSTRUMENT, 
Bat te l le  Memor ia l  Institute, 505 King Ave. ,  Columbus 1, Ohio, Contract  No. W-7405-Eng-92, 
Apr i l  12, 1956, 15 pp. 

An ins t rument  w a s  developed to  m e a s u r e  t h e r m a l  neutron' flux d i rec t ly  and automatically 
0 

in the range  f rom 1013 to 1014 n e u t r o n s / ( c m 2 ) ( s e c )  a t  ambient  t e m p e r a t u r e s  up to 600 F. 
Two prototype t e s t s  were  conducted. Measurements  made  with th is  ins t rument  a r e  in- 
dependent of gamma flux and, within a s m a l l  e r r o r ,  irldependent of ambicnt t e m p e r a t u r e ,  
The method depends on balancing the fempe~.a lu~ .es  of an electrically heated ba.l_anrine , 

e lement  and a f ission-heated uranium-fueled s e l l s i ~ ~ g  e l t i i ~ e n t .  Thuo, the i n s t s i i m ~ n t  
gives  a d i r e c t  measurement  of f ission-product power, produced by a known amount of 
uranium.  

The  flux-detector a s s e m b l y  m e a s u r e s  3116-in. in OD by about 4 in.  in length and is 
fit.ted with a n  extension s o  that i t  is movable o v e r  a 20-ft length inside a 0.210-in. ID 
tubular well  in the r e a c t o r .  

Two t e s t s  of the prototype ins t rument  were  conducted by making ver t i ca l  t r a v e r s e s  of ' 

the flux field in the beryll ium re f lec to r  of the MTR. Measurements  w e r e  made in 1-in. 
i n c r e m e n t s  f rom 16 in. above to 5 in. below the cen te r  line of the c o r e .  Ins t rument  
r e s p o n s e  t ime w a s  about 1 minute f o r  each measurement .  The rrlaximum deviation of 
a s ingle  ins t rument  reading from] the average rcadings  a t  a given point was  about 2.570 
a t  a flux of lo1" neu t rons / (cm") ( sec ) .  

An appendix is incliided which outl ines the method used to fabr ica te  the balancing and 
sens ing  e lements  in this ins t rument .  

Klickman Alton E,  e t  a l .  
A WIRE -ACTIVATED TECHNIQUE FOR REACTOR -FLUX-PROFILE MEASUREMENTS, 
Bat te l le  Memor ia l  Institute, 505 King Ave.,  Columbus 1, Ohio, Contract  No. W-7405 -Eng-92, 
Apri l  25, 1956, 14 pp. (8  rc f s ) .  

The application of the wire-activation technique was  extended s o  that flux profi les could 
be obtained in a r e a c t o r  c o r e  where  the flux is of the o r d e r  of 1014 neutrons/ (cm2 )(set) 

0 
and the ambient t empera tu re  is about 600 F. 

A magnesium-0.01 a / o  indium w i r e  0.010 in .  in d iamete r  was  investigated.  The wi re  
is i r rad ia ted  f i r s t  in a 0.170-in. OD by 0.110-in. ID magnesium tube and then in a 
magnesium-33 a / o  cadmium tube of the s a m e  s ize .  Thus, i t  is possible to obtain both 
the t h e r m a l  and slowing-down flux profi les quite rapidly.  



To prove  the feasibil i ty of the method, in-pile t e s t s  w e r e  conducted a t  C P - 5 .  Ten 
10-in. w i r e s  w e r e  i r r ad ia ted  in magnesium tubes and ten 10-in. w i r e s  in magnesium-33 
a / o  cadmium tubes.. The i r r ad ia t ion  t ime  was  30 minutes .  Af ter  a 1-hour per iod to 
allow the decay of ext raneous  ac t iv i t ies ,  the w i r e  was  r u n  pas t  a col l imated scinti l lat ion 
counter .  The counter s e e s  1-in.  sec t ions  of the w i r e  which i t  counts f o r  15 seconds  
each.  A mechanism r e c o r d s  the counts and then moves  the w i r e  1-in.  f o r  the next 
counting period.  

T e s t s  with the magnesium-0.01 a / o  indium w i r e  showed that  the method was  feas ible  
and the counting r a t e s  w e r e  high enough to give re l i ab le  r e s u l t s .  Some spec imens  of 
cobalt  and magnesium-0.1  a / o  manganese  w e r e  a l s o  exposed i n  the C P - 5 .  It was  hoped 
that m a t e r i a l s  with different  r e sonance  absorpt ion peaks  could be used  to give an  e n e r g y  
s p e c t r u m .  However, the cobalt  w i r e  proved unsat is fac tory  because  of impur i t i e s  and 
the magnesium -0.1 a / o  man.ganese gave counting r a t e s  which w e r e  too low. 

BNL-  171 ATI-156000 

- - - - 
CONFERENCE ON FISSION PRODUCT UTILIZATION, 
F e b r u a r y  18-19, 1952, Brookhaven National Laboratory ,  Associa ted  Univers i t ies ,  Inc . ,  
Upton, New York,  45 pp. 

This document contains p a p e r s  cover ing two topics:  (1) Dos imet ry  in Intense Radiation 
Fie lds ,  and (2) P r o g r e s s  in F i s s ion  Produc t  Application. 

Under topic (1) the following papers  w e r e  given: 

A. Some P r o b l e m s  in Chemical  Dos imet ry  
B. A C a l o r i m e t r i c  Cal ibra t ion of Gamma-Ray Ac t inomete r s  
C .  A Methylene Blue Dos imete r  
D. Development of a Polyvinyl F i l m  Dos imete r  
E .  Radiation Dos imet ry  with C r y s t a l  Conduction D o s i m e t e r s  

Under topic (2) the following p a p e r s  w e r e  given: 

I r r ad ia t ion  of Bac te r i a ,  Yeasts ,  and Molds 
Food P r e s e r v a t i o n  by I r radia t ion and Associa ted  Studies 
Initiation of Chemica l  React ions  
The Effects of Gamma Radiation on Bac te r i a ,  Molds, Yeas t s ,  Vitamins and 
Enzymes  
I r radia t ion of Food and Initiation of Chemical  React ions  
Initiation of Chemica l  React ions  
P r o g r e s s  a t  BNL on Indust r ia l  Applications of Intense G a m m a  Radiation 
P r o g r e s s  a t  Stanford R e s e a r c h  Inst i tute 
P r o g r e s s  a t  GE Engineer ing Labora to ry  

Weiss  Max.M 
AREA SURVEY MANUAL, ' 

Brookhaven ~ a t i o n a l  ' ~ a b o r a t o r ~ ,  Upton, New York, June 15, 1955, 148 pp. 



T h i s  r e p o r t  was  p r e p a r e d  to desc r ibe  the ins t rumenta t ion f o r  the a r e a  radia t ion 
moni tor ing s ta t ions  es tabl ished by Brookhaven National Laboratory .  It a l s o  s e r v e s  a s  
a n  ins t ruct ion book f o r  the opera t ion and maintenance of these  s t a t ions .  These  s ta t ions  
provide the legal  protect ion n e c e s s a r y  to a n  opera t ion of this  na tu re .  

The  equipment contained i n  e a c h  s ta t ion includes:  a photographic a s s e m b l y  f o r  p e r m a -  
nent r e c o r d s ,  s e v e r a l  Ge ige r -Muel le r  counter  a s s e m b l i e s ,  a b a t t e r y  opera ted  r a t e -  
m e t e r  a s sembly ,  a dynamic condensor  e lec t rometer- ionizat ion c h a m b e r ,  a n  a i r  s a m -  
p le r ,  s e v e r a l  in tegra t ing ionization c h a m b e r s ,  nafura l  r a c l l a l l u ~ ~  Lackg1 uullsl fiic&3urc 
ments ,  and effects  upon background of pile opera t ions .  

Bloom S D, Rei l ly  E and Toppel B J 
A HIGH PRESSURE PROPORTIONAL COUNTER FOR FAST NEUTKON SPECTROSCOPY, 
Brookhaven National  Labora to ry ,  Upton, New York,  June (1955), 11 pp. 

A high p r e s s u r e  propor t ional  counter  has  been built f o r  use  as a f a s t  neutron s p e c  - 
. 

t r o m e t e r .  The sens i t ive  cyl indr ica l  volume defined by field tubes is 10 c m  i1.1 d iamete r  - 
by 14 c m  long. The counter  is normal ly  opera ted at vultages 01 6000-0000 volts with 
p r e s s u r e s  of f r o m  6 to 10 a tmospheres .  Yillfngs of am-gun, I.~eliulr-I, and krypton have 
been success fu l ly  used.  The u s e  of a graphite l ine r  on the cathode improves  the r e s o -  
lution by a f a c t o r  of th ree  and e l imina tes  the need f o r  counter  degass ing.  The 
~ e ~ ( n ,  p ) T  reac t ion  using t h e r m a l  neutrons  y ie lds  a . resolut ion of 4.570. The counter  
h a s  been used to study the ~ ~ ~ ( n ,  a ) ~ ~ ~  reac t ion  and to detect  ~e~ in  n o r m a l  tank 
hel ium.  . . 

Handloser  J S and Delihas N 
GAMMA-RAY NEUTRON DOSIMETRY O F  THE BIOLOGY NEUTRON IRRADIATION 
FACILITY, 
Brookhaven National Labora to ry ,  Upton, New York, November (1955), 10 pp. (13 r e f s )  

Measurements  of neutron flux and energy  distr ibution and g a m m a - r a y  in tens i t ies  we're 
m a d e  in  the t h e r m a l  column of the Brooktlaven reactor. '  'The thcr inal  n e u t r u r ~  flux was 
m e a s u r e d  with gold fo i ls ;  r e sonance  neutrons  with copper  w i r e ;  f a s t  neutrons  with Pu ,  
U, and S threshold  de tec to r s ;  and gamma intensity with a carbon ionization chamber .  
Measurements  w e r e  m a d e  f o r  the empty t h e r m a l  column, the t h e r m a l  column with a 
u~~~ c o n v e r t e r  plate,  and the ins t rument  tunnel. Resu l t s  of a l l  m e a s u r e m e n t s  and 
exper imenta l  deta i l s  a r e  presented.  

ENL-433 (C-24)-1  

S h e r  R and Kouts H J 
THE E F F E C T  O F  EPITHERMAL FISSIONS ON THE NEUTRON CYCLE, 
P a p e r  given a t  Brookhaven Conference  on Resonance Absorption of Neutrons  in Nuc lea r  
R e a c t o r s ,  Brookhaven National Labora to ry ,  Upton, New York, Sep tember  24-25, 1956, 
4 pp. ( 6  r e f s ) .  

The  usual  formulat ions  of the neutron cycle and the c r i t i c a l  equation in  a t h e r m a l  
r e a c t o r  neglect  the contribution to the neutron economy of ep i the rmal  f i s s ions  in u ~ ~ ~ ,  
although s e v e r a l  methods  of accounting f o r  these  exis t  in the l i t e r a t u r e .  The 



group-diffusion equations a r e  examined f rom the point of view of absorpt ion p roba-  
b i l i t ies ,  r a t h e r  than e s c a p e  probabi l i t ies ,  and a c r i t i c a l  equation is der ived in  t e r m s  
of f ,  q , and s e v e r a l  exper i r~ len ta l ly  measurab le  quanti t ies.  Then E and p can  be  
somewhat  a r b i t r a r i l y  defined s o  a s  to make o u r  c r i t i c a l  equation have the f o r m  of the 
four  - fac tor  formula .  

Niemuth W E . 
MEASUREMENTS O F  RESONANCE ESCAPE PROBABILITY IN HANFORD LATTICES, 
Hanford Atomic Produc t s  Operation,  Richland, Washington. P a p e r  given a t  Brookhaven 
Conference  on Resonance Absorption of Neutrons  in Nuclear  R e a c t o r s ,  Sep tember  24-25,1956, 
9 pp. (11 r e f s ) .  

Techniques of g a m m a - r a y  scinti l lat ion spec t roscopy  have been used to de te rmine  r a d i a l  
d is t r ibut ions  of "thermal" ncutrons  and p l u l u l l i u ~ ~ ~  build-up in  na tu ra l  uranium fuel  
e l ements  i n  Hanford la t t ices .  P i n  de tec to r s  of u~~~ and u~~~ of approximate ly  
0.060-in. d iamete r  and 0.250-in. length w e r e  f i t ted into a sec t ion  of fuel  e l ement  and 
into the graphi te  and i r r a d i a t e d  in  the Hanford pi les .  Cadmium r a t i o s  s e r v e d  to 
s e p a r a t e  the d is t r ibut ions  into t h e r m a l  and epicadmium components.  In terpre ta t ion 
of these  d is t r ibut ions  in  light of the fo rmula  

which m a y  be der ived f r o m  a b a s i c  definition of r e sonance  e s c a p e  probabil i ty y ie lds  the 
d e s i r e d  r e s u l t s .  H e r e  R is the m e a s u r e d  r a t i o  of r e sonance  to t h e r m a l  cap tu res  in  
u ~ ~ ~ ,  f is the m e a s u r e d  la t t ice  t h e r m a l  utilization, 2, ,, and C,, , a r e  macroscop ic  
absorpt ion c r o s s  sec t ions  f o r  u~~~ and u~~~ respect ively ,  and p is the resonance  
e s c a p e  probabil i ty.  Compar i sons  of exper imenta l  r e s u l t s  with calculat ions based on 
handbook f o r m u l a s  indicate  that m e a s u r e d  values of p a r e  approximate ly  3% s m a l l e r  
than calcula ted  values .  The techniques employed to obtain and analyze  the data  a r e  
d i scussed .  

Hansen G E and Roach W H 
INTERPRETATION OF NEUTRON RESONANCE' DETECTOR ACTIVATIONS IN CRITICAL 
URANYL FLUORIDE - HEAVY WATER SOLUTIONS, 
~ o s ' ~ l a m 6 s  Scientif ic Laboratory ,  L o s  Alamos,  New Mexido. P a p e r  given a t  Brookhaven 
Conference  on Resonance Absorption of Neutrons in  Nuclear  R e a c t o r s ,  September  24-25,1956, 
13 pp. (5 r e f s ) .  

Activation m e a s u r e m e n t s  with In, Au, Co, and Mn in a s e r i e s  of c r i t i c a l  u " ~ ~ o , F ,  
heavy w a t e r  solutions indicate flux s p e c t r a  marked ly  influenced hy the resonance  
c h a r a c t e r  of the u~~~ absorpt ion c r o s s  s e c t i o r ~  in the  2 to 200-ev energy  range .  T h e s e  
s p e c t r a  appear  to be consis tent  with the u~~~ resonance  p a r a m e t e r  data  given in  
BNL-325. 



Hel l s t rand  E 
MEASUREMENTS O F  NEPTUNIUM ACTIVITY IN IRRADIATED URANIUM RODS, 
Aktiebolaget Atomenergi,  s tockholm, Sweden. P a p e r  given a t  Brookhaven Conference on 
Resonance Absorption of Neutrons in  Nuclear  Reac to rs ,  September  24-25,1956, 1 p. 

The  spa t i a l  distr ibution of the resonance absorption of neutrons  in uranium r o d s  has  
been determined by peeling off success ive  l a y e r s  of i r rad ia ted  r o d s  and measur ing  
the neptunium activity.  ~ t l e  r o d s  ranged f r o m  8 to 50 m m  in d iamete r .  ( J . C . )  

MIMillari D E ,  el: ol. 
MEASUREMENTS OF ALPHA UE' URANIUM-233, 
Knolls Atomic Power  Laboratory ,  Schenectady, New York.  P a p e r  given a t  Brookhaven 
Conference on  Resonance Absorption of Neutrons in Nuclear  Reac to rs ,  September  24-25,1956, 
5 pp. (3 refs). 

Alpha of u~~~ h a s  been m e a s u r e d  by Hanford pile exposures  of s a m p l e s  surrounded by 
var ious  shie lds  to cut  out the low energy neutrons a t  var ious  energ ies .  The f i s s i u t ~ s  
induced in the s a m p l e s  w e r e  determined f rom m e a s u r e m e n t  of the activit ies PI-uducecl 
by f iss ion products  cs13' and ~e lg4. The radia t ive  cap tures  w e r e  determined f rom 
m a s s  s p e c t r o m e t e r  m e a s u r e m e n t s  of the u~~~ to u~~~ ra t io .  The following r e s u l t s  
w e r e  obtained: ' 

Cutoff Energy  o f .  Shield 

No Shield 
, 0.2 e v  

0.5 e v  
30.0 e v  

Alpha of u~~~ 
0.10 
0.15 
0.18 
0.14 

Spinrad B I 
1NTER.PR.ETATIQN O F  EXPERIMENTS ON RESONANCE INTEGRALS, 
Argonne National Labor-atory, Lemont,  Illinois. P a p e r  given a.t Hrookhaven Cofifer-er~ce u n  
Resonance Absorption of Neutrons i n  Nuclear  Reac to rs ,  September  24-25, 1956, 3 pp. (9 r e f s ) .  

The  theory and analys is  of in tegral 'exper imental  methods fo r  evaluating resonance 
in tegra l s  a r e  presented.  The re la t ive  precis ions  of la t t ice  fitting activation and d i rec t  
m e a s u r e m e n t  of resonance escape  a r e  compared and the cor rec t ions  which m u s t  be 
made  to data der ived f r o m  the var ious  methods a r e  i l lus t ra ted.  Severa l  se l f -consis tent  
models  of the neutron conservat ion p r o c e s s e s  a r e  compared with r e g a r d  to the appli-  
cabil i ty of resonance da ta  obtained by the var ious  methods.  

Klein D, e t  a l .  
MEASTJREMENTS O F  RESONANCE ESCAPE PROBABILITY IN 1,.3 PERCENT ENRICHED 
URANIUM AND URANIUM OXIDE FUELED LATTICES, 
Westinghouse E lec t r i c  Corporat ion,  Bett is  Plant,  Pit tsburgh,  Pennsylvania.  P a p e r  given a t  
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear  ~ e a c t o r s ,  
Sep tember  24-25,1956, 5 pp. 



Resonance escape  probabil i ty m e a s u r e m e n t s  have been m a d e  in s l ight ly  enr iched  u r a n i -  
um and uranium oxide, light wa te r  moderated l a t t i ces .  These  m e a s u r e m e n t s  have been 
made  a t  s e v e r a l  wa te r - to -meta l  r a t i o s  and two.rod s i z e s .  Exper imenta l  r e s u l t s  wi l l  be  
p resen ted  and compared  with theoret ica l  calculat ions.  

Mummery  P W 
CORRELATION O F  INTEGRAL EXPERIMENTS WITH LATTICE CALCULATIONS, 
Atomic Energy  R e s e a r c h  Establ ishment ,  Harw ell ,  B e r k s h i r e ,  England. P a p e r  given a t  
Brookhaven Conference  on Resonance ~ b s o r ~ t i o n  of Neutrons in ~ u c l e a r  Reac to r s ,  
September  24-25, 1956, 3 pp. (3 r e f s ) .  

Systemat ic  in tegra l  exper iments  c a n  be  c o r r e l a t e d  with a method of la t t ice  calculat ions 
in  o r d e r  to deduce slowing-down a r e a ,  f a s t  f i ss ion f a c t o r s ,  effective resonance  in tegra l ,  
and neutrnn yield f r o m  f i ~ ~ i l e  material. Resu l l s  a r e  r epor ted  f o r  exper iments  in  
graphite,  na tura l  w a t e r ,  and heavy w a t e r  m o d e r a t o r s .  Sat is fac tory  a g r e e m e n t  can  be  
obtained between the graphi te  and na tu ra l  w a t e r  r e s u l t s ,  and the u~~~ neutron yield 
deduced is in  sa t i s fac to ry  agreement  with the accepted value.  

Corngold N 
THE EFFECT OF FINITE FUEL MASS ON RESONANCE ABSORPTION IN SLAB LATTICES, 
Brookhaven National Laboratory ,  Upton, New York.  P a p e r  given a t  Brookhaven Conference  
on Resonance Absorption of Neutrons  in Nuclear  ~ e a c t o r s ,  'September  24-25, 1956, 
5 pp.  (2 r e f s ) .  

A compar i son  of the absorpt ion a t  var ious  resonances  in  a typical u ran ium-wate r  la t t ice  
h a s  been made  f o r  the c a s e s  BZU = 238 and RIU + oo. The slowing-down equations used 
a r e  those  previously  given by Chern ick  and by Corngold.  Analysis  y ie lds  a s i m p l e  
c r i t e r i o n  f o r  the determinat ion of the accuracy  o f ' the  inf in i te-mass  formula  f o r  any  
pa r t i cu la r  r e sonance .  

Oleksa  S 
THE E F F E C T S  O F  THE FLUCTUATIONS, O F  NUCLEAR REACTION WIDTHS .ON 
a ( n , y ) ,  a ( n ,  f )  and a ,  
Brookhaven National Labora to ry ,  Upton, New York.  P a p e r  given a t  Brookhaven Conference  

I .  

on Resonance Absorption of Neutrons  in Nuclear  R e a c t o r s ,  ~ e p t e m b e r  24-25, 1956, . 

9 pp. ( 1 3 ' r e f s ) .  

It has  been shown by Wigner that i t  is possible to ca lcula te  the va r i a t ion  of a ( n ,  y ), . - 
a(nl, f), and c as a function of ene rgy  in the range  100 ev to 10,000 e v  by consider ing 
the fluctuat.ions of the neutron ' sca t ter ing widths and f iss ion widths of the resonance  
levels  below 100 ev.  Th i s  h a s  been done f o r  u ~ ~ ~ .  The effects  of fitting the e x p e r i -  
men ta l  data with s e v e r a l  different  distr ibutions will be  shown. 



Wigner  E P 1 

REVIEW O F  RESONANCE CAPTURE BY LUMPS, 
P r i n c e t o n  U.niversity, p r ince ton ,  New J e r s e y .  P a p e r  given a t  Brookhaven Conference on 
Resonance  Absorption of Neutrons  in Nuc lea r  Reac to r s ,  September  24-25, 1956, 6 pp. (13 refs). 

In th is  a d d r e s s ,  given a t  the invitation of the conference ,  Wigner r ev iews  the United 
S t a t e s  and Russ ian  work on resonance  absorpt ion of uranium in  bulk. The c lose  a g r e e -  
m e n t  between the US and USSR f o r m u l a s  f o r  the effective resonance  in tegra l  of mc ta l l i c  
uranium o v e r  the range  of p rac t i ca l  i n t e r e s t  is demonstra ted .  The di f ferences  in the 
theore t i ca l  formulat ions  a r e  d i s c u s s e d  a s  well  as thei r  effect  on calculat ions of r e s o -  
nance .cap tu re  in uranium oxide la t t ices .  The impor tance  of r e a s s e s s i n g  the effect of 
the l a t e s t  r e sonance  constants  or1 the var ious  energy  regions  of the resonance  absorption 
is pointed out . .  (J. C .  ) 

Tr.iylt.11 J R 
TI-IE E F F E C T  O F  EPITHFR,MAL AND RESONANCE CAPTURE IN HETEROGENEOUS 
3'1'STElMS, 
Hanford Atomic  Produc t s  Operation,  Richland, Washington. P a p e r  given a t  Brookhaven 
Confe rence  on Resonance Absorption of Neutrons  in Nuclear  R e a c t o r s ,  September  24-25,1956, 
2 pp. (2 r e f s ) .  

Calcula t ion r e s u l t s  a r e  p resen ted  which i l lus t ra te  the ef fects  of extended i r r ad ia t ion  
upon ep i the rmal  absorpt ion and f iss ion in  a heterogeneous  la t t ice ,  a s  well  a s  upon the 
t h e r m a l  p a r a m e t e r s .  The Goer tze l -Greul ing slowing-down kerne l  is employed.  Ab- 
so rp t ion  in  the fuel  is t r ea ted  by the b lackness  theory which neglects  slowing down in 
u ran ium.  Nine heavy isotopes  and one f iss ion product group a r e  r e p r e s e n t e d  in the 
calculat ion,  although c r o s s  sec t ions  a r e  not adequately known f o r  m o s t  of lhese .  Chief 
e m p h a s i s  h a s  been placed on development of a f lexible IBM p r o g r a m ,  which can be used 
to c o m p a r e  c r o s s - s e c t i o n  informat ion di rec t ly  with the r e s u l t s  of high-exposure in tegra l  
expcr imenls .  

Safonov G 
RESONANCE ESCAPE PROBABILITY IN NATURAL URANIUM AND LIGHT AND HEAVY 
WATER MIXTURES, 
Rand Corporat ion,  Santa Monica, Cal i fornia .  P a p e r  given a t  Brookhaven Conference  on 
Resonance Absorption of Neutrons i n  Nuclear  Reac to r s ,  Sep tember  24-25,1956, 3 pp. 

T h e  resonance  escape  probabil i ty f o r  natura l  uranium in  aqueous m i x t u r e s  h a s  been 
obtained a s  pa r t  of a b road  theoret ica l  s u r v e y  of homogeneous wa te r -u ran ium r e a c t o r s .  
Resu l t s  of mult igroup calcula t ions  a r e  p resen ted  f o r  var ious  m i x t u r e s  of H,O and 
D20 and f o r  water- to-uranium m o l a r  r a t ios  ranging f rom loe2 to l o 4 .  (J. C .  ) 

D r e s n e r  Lawrence 
THE E F F E C T  O F  GEOMETRY ON RESONANCE NEUTRON ABSORPTION IN URANIUM, 



Oak Ridge National ' ~ a b o r a t o r y ,  Oak Ridge, Tennessee .  P a p e r  given a t  Brookhaven Con- 
fe rence  on Resonance Absorption of Neutrons  in Nuclear  Reac to rs ,  September  24-25, 1956, 
6 pp. (11 r e f s ) .  

A s imple  theoret ica l  express ion  h a s  been der ived f o r  the geomet r ic  dependence of the 
effective resonance  in tegral  of uranium which is independent of the dekails of resonance 
s t r u c t u r e .  Compar i son  with exper iment  yields good agreement  when the surfac,e ab,- 
sorpt ion is reduced a r b i t r a r i l y  to 60% of i t s  theoret ica l  value. 

Spinney K T 
RESONANCE ABSORPTION IN HOMOGENEOUS MIXTURES, 
Atomic Energy R e s e a r c h  Establ ishment ,  Harwell, Berksh i re ,  England. P a p e r  given a t  
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear  Reac to rs ,  
September  24-25, 1956, 7 pp. ( I  ref ) .  

The problem of calculating resonance absorption probabil i t ies in homogeneous mix tures  
of U and H is discussed.  Quantitative r e s u l t s  a r e  presented of the absorpt ion in indi- 
vidual U resonances  made  with two approximate  methods (the na r row resonance  and 
the narrow resonance with infinitely heavy absorber ) ,  and these a r e  compared  with 
numer ica l  solutions of the exact  express ion.  The calculations,  which a r e  fo r  a 1 : l  
a tomic ra t io ,  make use  of exper imental  data now available f o r  the f i r s t  18 resonances  
in U and include the effect  of Doppler-broadened c r o s s  sect ions .  Other  tables  a r e  
shown f o r  a 10:l  H to U ra t io  and a l s o  the r e s u l t s  of a new "modified" narrow r e s o -  
nance approximation which is found to give considerably  g r e a t e r  a c c u r a c y  o v e r  m o s t  of 
the e n e r , ~  range.  \ 

Neumann H 
RESONANCE ESCAPE PROBABILITY IN REACTOR LATTICES, 
Hanford Atomic Produc t s  Operation, Richland, Washington. P a p e r  given a t  Brookhaven 
Conference on Resonance Absorption of Neutrons in Nuclear  Reac to rs ,  September  24-25,1956, 
6 pp. (17 r e f s ) .  

F o r  a lumped-fuel  lat t ice reac to r ,  the probabil i ty that a neutron escape  cap ture  during 
the slowing-down p r o c e s s  by an isotope with isola ted resonances  m a y  be shown to be 
approximately 

where  S = lump sur face  a r e a ,  & = mean  logar i thmic  energy decrement  fo r  modera to r  
coll isions,  2 = modera to r  macroscop ic  sca t t e r ing  c r o s s  section,  V = modera to r  

S m 
volume p e r  fuel lump, u = neutron lethargy,  and p(u)  = lump blackness  (capture  
probability for  neutrons  enter ing t11e lump).  The blackness  i s  a function only of lump 
mate r ia l s ,  t empera tu re ,  and geometry.  

Temperature-broadened absorption and sca t t e r ing  c r o s s  sect ions ,  including sca t t e r ing  
238 in terference a s y m m e t r y  t e r m s ,  have been generated fo r  18 known resonances  of U 

Assuming that uranium does not moderate ,  p has  been calculated f o r  14 
graphi te-natural  uranium rod  la t t ices  fo r  which exponential pile exper imenta l  data exis t .  



It is concluded that, for fuel rods 1.36 inches in diameter,  these 18 resonances account ' 

fo r  a t  l eas t  60% of the total resonance capture, over a factor of four ranges in Vm . 
The resu l t s  further suggest that the spatial  distribution of the collision density in the . 
moderator  is. fairly flat a t  resonance energies.  

SLk!lll 3 
RESONANCE ABSORPTION BY URANIUM - 23 8 IN SLIGHTLY I3NRICHEU UKklVIUM -WATER 
SYSTEMS - THEORETICAL METHODS IN USE AT BETTIS, 
W e s  tinghouse Electr ic  Corporation, Bettis Plant, Pittsburgh, Pennsylvania. Paper  given a t  
Brookhaven Conference on Resonance A b s o r p t i ~ n  of Neutrons in ~ b c l e a r  Reactors ,  
September. 24-25, 1956, 3 pp. 

A model i s  described for calculation of resonance escape probability in a variety of - 
light water  moderated metal  fuel reac tor  latt ices.  The resu l t s  a r e  cor rec t  tu f i r s t  
o rde r  in the resonance width. By means of additional approximations, a simple 
analytic scheme i s  obtained exhibiting the main features of the problem, and in good 
agreement  with the resu l t s  of Monte Carlu calculations. 

Chernick J 
STUDIES O F  NEUTRON CAPTURE IN URANIUM-238 RESONANCES, 
Brookhaven National Laboratory, Upton, New York. Paper  given a t  Brookhaven Conference 
on Resonance Absorption of Neutrons in Nuclear Reactors,  September 24-25, 1956, 
6 pp. (8 refs) .  

General formulas a r e  obtained for resonance absorption in a lattice cell  in t e rms  of 
escape probabilities. The formulas a r e  discussed for widely spaced resonances in  
t.he limit. where the 'practical width of the resonance i s  either much smal le r  o r  much 
l a rge r  than the maximum energy loss  in uranium collisiurls. The irtlportancc of inter-  
action effects in tight latt ices is shown by Monte Carlo calculations. Other Monte 
Carlo resu l t s  yield the differential effects of uranium and oxygen moderation irl water 
moderated uranium and uranium oxide rod latt ices.  The resul ts  a r e  compared with 
those obtained fo r  s labs and honiogeneous mixtur~es.  

Weinberg Alvin M and Wigner E P 
A SECOND-ORDER CORRECTION TO THE USUAL RESONANCE ESCAPE FORMULA 
Oak Ridge National Laboratory, Oak Ridge, Tennessee: Princeton University, Princeton, 
New Jersey .  Paper  given a t  Brookhaven Conference un Resonance Absorption of Nel~trons 
in Nuclear Reactors ,  September 24-25, 1956, 2 pp.  (1 ref) .  

The slowing-down equation for  the neutron flux in a homogeneous, absorbing moderator 
i s  transformed into an integral equation involving the so-called Placzek function.. To a 
f i r s t  o rde r ,  the solution i's given by the usual approximation. By iteration, a second- 
o rde r  correction to the resorlatlce escape formula i s  obtained. 



Daniels Ela ine  
TABLE O F  RADIOISOTOPES ARRANGED ACCORDING TO HALF-LIFE,  
Brookhaven National Laboratory ,  Associa ted  Universi t ies,  Inc . ,  Upton, New York, 
December  (1957), 55 pp. 

, The data  (on half- l ife of radioisotopes)  in  this  table w e r e  taken d i rec t ly  f rom the Gen- 
e r a l  E l e c t r i c  Char t  of the Nuclides, Fifth Edit ion.  G r e a t  c a r e  w a s  taken in copying 
the table data  and in  proof - reading the copy to e l iminate  e r r o r s  in  t ranscr ip t ion.  

Compton A H ( P r o j e c t  Di rec to r )  
CHEMICAL RESEARCH - RADIATION CHEMISTRY - R E P O R T  FOR MONTH' ENDING 
MAY 15, 1943, 
Metal lurgical  Laboratory ,  May 15, 1943, 2 1 pp. 

Information h a s  been obtained on the effect of $ and y radia t ion on the e lec t r i ca l  r e -  
s i s t a n c e  of insulat ing m a t e r i a l s .  The r e s u l t s  a r e  s u m m a r i z e d .  The recovery  to 
or ig inal  r e s i s t a n c e  values  h a s  been m e a s u r e d .  In genera l ,  the in i t ia l  r a t e  is rapid  
f o r  the f i r s t  few hours ;  the r a t e  then d e c r e a s e s  sha rp ly .  . Cer ta in  s a m p l e s  show evidencc 
of complete  r ecovery .  Effects  on mechanical  p roper t i e s  of s e v e r a l  p las t i c s  have a l s o  
been studied. .  

Data on gas  evolution f r o m  s e v e r a l  organic  m a t e r i a l s  includinq those  suggested by the 
physiological shie ld  have been extended to include both P and deuteron bombardments .  
Saimples s f  "Press-wsrud" are  beir~g evaluated.  

, 
The effect of c u r r e n t  on ' the  H2 0,. production in  wa te r  containing I- has  been studied a t  
s e v e r a l  I-  concentrat ions.  Wate r  contain-dissolved C Q  shows the p r e s e n c e  of oxidant 
(p resumably  H, 0, ) .  

H 2 0 2  h a s  been produced by reco i l  protons  f rom the sca t t e r ing  of f a s t  neutrons  in de-  
oxygenated wa te r .  

Radioactive solutions do not great ly  affect  the applicabil i ty of the g l a s s  e lec t rode p r o -  
viding the e lec t rode  is thoroughly washed with dist i l led wa te r  before  i m m e r s i o n  in the 
s t andard  buffer  solution. 

Henley E J, e t  a l .  
SCALE. .  . O F  RADIATION EFFECTS,  
Chemical  Engineer ing P r o g r e s s ,  Vol. 54, No. 6, pp. 69-72, June (1958), (12 re f s ) .  

The effects  of a tomic  radiat ion on chemica l  s y s t e m s  a r e  a function of the r a t e  and mode 
of ene rgy  t r a n s f e r .  Some important  investigations have been m a d e  to de te rmine  the 
re la t ionship  between radia t ion effects  and r a t e  of ene rgy  t r a n s f e r .  Some of these  a r e  
d i scussed  in  this  paper .  



C o c h r a n  R G and  Hungerford H E 
FAST NEUTRON DOSIMETER MEASUREMENTS FOR EXPERIMENT #1 IN THE BULK 
SHIELDING FACILITY, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  May 7, 1951, 6 pp. ( 3  r e f s ) .  

Th i s  document d i s c u s s e s  f a s t  neutron dosage m e a s u r e m e n t s  taken in wa te r  to nea r ly  
170 c m  with the Bulk Shie lding Faci l i ty  d o s i m e t e r .  Also  d i scussed  a r e  s e v e r a l  ex -  
p e r i m e n t a l  difficulties encountered dur ing the exper iment .  A c u r v e  is included showlng 
f a s t  neutron d o s i m e t e r  cen te r l ine  m e a s u r e m e n t s  f o r  the Bulk Shielding Faci l i ty .  

Hil l  John W, Jr. 
NEUTRON FLUX MEASUREMENTS IN THE BULK SHIELDING FACILITY REACTOR, 
Oak Ridge National Laboratory ,  P. 0. Box P, Oak Ridge, Tennessee ,  Con t rac t  No. 
W-7405-Eng-26, May 15, 1951, 33 pp. 

Neutron flux dis t r ibut ions  have been m e a s u r e d  in the BSF Reac to r  with goid fo i ls  to 
provide data  for  a calculat ion of the r e a c t o r  power level .  Only the location of fuel  
and re f l ec to r  p ieces  a r e  shown. T h r e e  different  la t t ice  a r r a n g e m e n t s  w e r e  ~ n v e s t l -  
gated and a r e  shown in th ree  f igures .  Horizontal  and ve r t i ca l  t r a v e r s e s  w e r e  m a d e  
through the la t t ice  in  r epresen ta t ive  posit ions.  All  the data  taken a r e  shown i n  tables,  
while r epresen ta t ive  t r a v e r s e s  a r e  plotted a s  s a t u r a t e d  activity v e r s u s  d is tance .  

NIuckenthaler F J and Henry Keith M, Jr. 
NEGTRON ENERGY SPECTROMETER, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  ~ u l y  16, 1951, 3 pp. 

Th i s  is a brief  document which p resen t s  data taken with the coincidence counter  f o r  the 
proton reco i l - type  neutron spect rometers  i r ~  the theruia l  column of the X-10 ORNL pile, 
without a lead shie ld  su r round ing  the counter.  

E i s t e r  W K 
THE TREATMENT O F  RADIOACTIVE WASTES, 
C h e m i c a l  Technology Division, Oak Ridge National Laboratory ,  P. 0. Box P, Oak Ridge, 
Tennessee ,  August (19511, 9 pp. 

The  p r o p e r  t r ea tment  and disposal  of radioact ive  was tes  r e p r e s e n t s  a problem of m a j o r  
concern  to the AEC p r o g r a m .  These  radioact ive  w a s t e s  r e s u l t  f r o m  raw m a t e r i a l s  
p rocess ing ,  isotopic separa t ions ,  nuc lea r  r e a c t o r  opera t ions ,  r e a c t o r  product p r o -  
cess ing ,  and development objectives of the AEC f o r  the p roper  t r ea tment  and disposal  
of radioact ive  was te  i s  personnel  safe ty .  

Th i s  paper  d i s c u s s e s  control  of radioactive was te  d isposal  and genera l  was te  d isposal  
p r o c e d u r e s  f o r  liquid waste ,  gaseous  wastes ,  and solid was tes .  . 



Hungerford H E and Cochran R G 
FAST NEUTRON MEASUREMENTS A T  THE BULK SHIELDING FACILITY, 
Oak Ridge National Laboratory ,  Oak  Ridge,  Tennessee ,  December  10, 1951, 11 pp. 

I 

This  r e p o r t  p r e s e n t s  and d i s c u s s e s  data obtained a s  a r e s u l t  of two independent s e t s  of 
m e a s u r e m e n t s  of f a s t  neutrons;  the f i r s t  by m e a n s  of a radioact ive  threshold  detector  
and the second by m e a n s  of a u"" f a s t  f i ss ion chamber .  The data  w e r e  obtained along 
the center l ine  in wa te r  a t  va r ious  d is tances  f r o m  the BSF. 

CF-52-3-219 , 

Bl iza rd  E P 
TRANSFORMATION FROM DISC TO POINT SOURCE GEOMETRY, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  March  27, 1952, 2 pp. 

It is often useful  to t r ans fo rm f r o m  data taken along the a x i s  of a uniform c i r c u l a r  
s o u r c e  to what would be  expected f r o m  a point source: The usual  method h a s  been to 
apply a Hurwitz t r ans fo rmat ion  followed by differentiation. An analogous method is 
h e r e  p resen ted  in which the convergence should be somewhat  be t t e r .  F u r t h e r  the 
differentiat ion is applied d i rec t ly  to the data, r a t h e r  than to the t r a n s f o r m e d  data, 
'affording somewhat  b e t t e r  a c c u r a c y  to the use  of the method. 

CF-53-6-1  (Rev) 

B l o s s e r  T V and Hullings M K 
UECAY GAMMA-RAY DOSE RATE MEASUREMENTS A T  THE BSF, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  Apr i l  12,1955, 6 pp. (3 r e f s ) .  

Measurements  of decay g a m m a s  f r o m  the Bulk Shielding Reac to r  have been made  to 
de te rmine  the exposure  to which the opera t ing personnel  wil l  be subjected with s e v e r a l  
depths of w a t e r  o v e r  the r e a c t o r .  Exper imenta l  p rocedure  and re ' su l ts  a r e  d iscussed.  
The conclusions reached  a r e  that a n  ana lys i s  of the data  will enable a determinat ion of 
the n e c e s s a r y  wa te r  shie ld  f o r  this  r eac to r ,  f o r  a given radia t ion level  a t  var ious  t i m e s  
a f t e r  shutdown. 

T r i c e  J B 
A SERIES O F  THERMAL, EPITHER'MAL AND FAST NEUTRON- MEASUREMENTS IN THE 
MTR, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  Con t rac t  No. W-7405-Eng-26, 
October  28,1955, 88 pp. 

A s e r i e s  of n e u t r o ~ l  l lux rrleasur~ernents using resonance  reac t ions ,  np and n a  r e -  
ac t ions ,  and threshold  energy  f iss ion react ions ,  w e r e  pe r fo rmed  in  one of the horizontal  
bekm holes  (HB-3) in the MTR. It was  shown that the maximum flux above t h e r m a l  
energy  is (3.1 * 0.6) x 1013 neutrons  cm" . sec", and that  the t h e r m a l  flux maxi -  
m u m  is (2.3 * 0.4) x 1014 neutrons  * ~ m ' ~  . sec" . 



Two s e p a r a t e  ins t rument  development p r o g r a m s  a r e  descr ibed.  One is the design con-  
s t ruc t ion  and opera t ion of a pneumatic facil i ty f o r  v e r y  rapid  and sa fe  t r a n s f e r  of m a -  
t e r i a l s  into and out of the high level  neutron field,  and the o the r  is the development of a 
s e r i e s  of v e r y  s m a l l  f i s s ion  c h a m b e r  probes  using threshold  f i ss ion reac t ions  in  v e r y  
in tense  radia t ion fields.  At tempts  to e x p r e s s  r e s u l t s  a s  c r u d e  neutron s p e c t r a  a r e  
desc r ibed .  

The  threshold  react ion ~ i " ' ( n ~ ) ~ o ~ ~  was  investigated f o r  u s e  a s  a radia t ion damage 
moni to r  f o r  me ta l s .  . It w a s  concluded that m o r e  information is needed in  r e g a r d  to the 
reac t ion  c r o s s  sec t ion  before it can be  approved f o r  such  s e r v i c e .  

Binford F T, Bet t i s  E S and Howe J , T  
GAMMA HEATING MEASUREMENTS IN THE BULK SHIELDING REACTOR, 
Oak  Ridge National Laboratory ,  Oak Ridge, Tennessee ,  M a r c h  7, 1956, 20 pp. (6 r e f s ) .  

A s e r i e s  of exper iments  to de te rmine  the r a t e  u l  garrlrila heating i n  const ruct ion m a -  
t e r i a l s  in  the vicinity of a r e a c t o r  c o r e  of the MTR type w e r e  c a r r i e d  out in the Bulk 
Shielding Reac to r  a t  the Oak Ridge National Laboratory .  The method used employed 
m e a s u r e m e n t  of the t r ans ien t  t e m p e r a t u r e  of the s a m p l e s  dur ing heating in  the gamma 
f ie ld  and cooling a f t e r  r e m o v a l  f rom the gamma field. Resu l t s  sui table  f o r  u s e  in 
connection with the eng ineer ins  design of r e a c t o r  s t r u c t u r e s  w e r e  obtained using 
a luminum,  lead, iron,  and copper  s a m p l e s .  

Nlurray R B and Schenck J 
SCINTILLATION RESPONSE O F  LiI (Eu)  CRYSTALS TO MONOENERGETIC FAST 
NEUTRONS, 
Oak Ridge National Laboratory ,  P .  0. Box P, Oak Ridge, Tennessee ,  May 11, 1956, 12 pp. 

The scinti l lat ion response  of LiI(Eu) c r y s t a l s  to monoenerget ic  f a s t  neutrons  h a s  been 
inves t igated in the c o u r s e  of a study di rec ted toward the d e v e l u p ~ r ~ e r ~ l  u l  a 111ur.e vel.,sa- 
t i le  and efficient fas t -neutron s p e c t r o m e t e r .  The sc int i l la t ion r e s p o n s e  has  been 
de te rmined  a s  a function of neutron energy  (in the range  0.63 to 14.9 Mev); E u  con- 
centra t ion,  L i  isotope concentrat ion,  and cr.ystal l empera tu re .  'l'he pulse  height 
s p e c t r a  of those c r y s t a l s  containing ~i~ demons t ra te  a peak f r o m  the f a s t  neutron 
induced ~ i ' ( n ,  a ) t  react ion.  At  r o o m  tempera tu re  the peak f r o m  f a s t  neutrons  of 
e n e r g i e s  l e s s  than 6 Mev is broad and roughly rec tangu la r  in shape.  A substant ia l  
improvement  i n  the shape  and resolut ion of the fas t -neutron peak is found, however, on 

0 
cooling the c r y s t a l s  to about - 140 C. 

Ashkin J and Feld  B 
ACTIVATION O F  FAST NEUTRON DETECTORS BY CYCLOTRON AND BY FISSION 
NEUTRONS, 
IVIetallurgical Laboratory ,  Oak  Ridge National Laboratory ,  Oak Ridge, Tennessee ,  
A p r i l  1, 1943, 8 pp. 



The (n, a), (n, p)  and (n, y )  r eac t ions  in  Al, P and I  have been studied a s  f a s t  
neutron de tec to r s ,  by investigating thei r  activation in  a pile of U meta l .  The cyclo-  
t ron was  used a s  a s o u r c e  of f a s t  neutrons.  Two ca tegor ies  of neutrons  w e r e  con-  
s ide red :  "fast ,  " o r  those  capable of excit ing ( n , a )  and (n, p)  r eac t ions ,  and "slow, " 

o r  those excit ing (n, Y) act iv i t ies .  

( a )  The re la t ive  activations of these  react ions  w e r e  studied in  different  p a r t s  of the 
pile.  F o r  "fission" neutrons ,  the ra t io  of ac t iv i t ies  was  found to be:  

These  r e s u l t s  suggest  a method of compar ing  the f i s s ion  spec t rum with the e n e r g y  
s p e c t r u m  of o t h e r  s o u r c e s  by compar ing  activations of f a s t  neutron de tec to r s .  

(b)  Information,  on the way in  which cyclotron neutrons  c o m e  into equil ibrium in the 
meta l ,  is galned by cons ide r ing  the var ia t ion in re la l ive  activation f o r  different  
posit ions in the pile.  

( c )  The exper imenta l  "slow" to "fast" r a t i o s  a r e  d i rec t ly  compared  with the cap tu re  
to f i s s ion  r a t i o s  obse rved  by Snell  and repor ted  in CF-589.  It is shown that the 
( ~ ( n , y ) / ~ ( n ,  p)) r a t i o  behaves in  somewhat the s a m e  fashion a s  uranium 
cap tu re l f i s s ion .  

COO- 104 

- - - -  
RADIATION DAMAGE RESEARCH 
Second Quar te r ly  Repor t  - October  1 to December  3 1, 1952, Purdue  Universi ty,  Lafayette,  
Indiana, Contract  No. AT-(1  l-1)-125,  March  31, 1953. 

This document contains four  r epor t s .  These  a r e :  

1. Goff, J a m e s ,  "The ' ~ h e r m a l  Conductivity of Germanium Semiconductors  
a t  Low T e m p e r a t u r e s "  

2. Klontz, E E,  "Resis tance  Changes in  Germanium Single C r y s t a l s  During 
E lec t ron  Bombardment"  

3. Harman,  T C, e t  a l . ,  "Hardness  of Deutron I r rad ia ted  Molybdenum" 

4. Binnie, W P and Liebschutz, A M, "An X-Ray Study of Radiation Damage 
in Single C r y s t a l s t t  

S tu rm W J and Dabbs J 
A SENSITIVE PARTICLE IONIZATION CHAMBER FOR NEUTRON DETECTION, 
Oak Ridge National Laboratory ,  Oak Ridge, Tennessee ,  Con t rac t  No. W-7401-Eng-37, 
November 21, 1944, 19 pp. 

A pa r t i c l e  ionization c h a m b e r  of sens i t iv i ty  sufficient  to detect  a s o u r c e  of one neutron 
p e r  second h a s  been used to m e a s u r e  the neutron yield f rom a thick t a rge t  of su l fu r  
upon bombardment  with polonium alpha pa r t i c l e s .  The h igh lgeomet ry  boron t r i f luor ide  



c h a m b e r  used had a n  efficiency of 1.9% for  f iss ion neutrons .  The neutron yield f rom a 
thick t a rge t  of su l fu r  was  m e a s u r e d  by this ins t rument  and found to be  0.0035 f .0013 
neutrons  p e r  mill ion incident polonium alpha par t i c les .  

Nedzel V Alexander 
A METHOD FOR NEUTRON ENERGY MEASUREMENT, 
Metal lurgical  Laboratory ,  Clinton Laborator ies ,  Octobcr 18, 1944, 10 pp. 

This  r e p o r t  d i scusses  a method proposed to m e a s u r e  neutron energ ies  by accurate ly  
de te rmin ing  the momenta  of r e c o i l  protons in a magnetic s p e c t r o m e t e r  specia l ly  de-  
s igned fo r  this purpose .  The main  consideration in  the design of the s p e c t r o m e t e r  is 
the shielding of the detector  f r o m  the high radiation background assoc ia ted  with intense 
neutron beams.  

H e s s e e  E V 
GTR DOSE RA'l'E UlSTRIBUTIOI'\T MEASUREMENTS IN WA TFR,,  
Convair ,  Division of Genera l  Dynamics Corporation,  Fort. Worth, Texas,  Apr i l  20, 1955, 
101 pp. (9 r e f s ) .  

Radia l  f a s t  neutron and gamma dose  r a t e  mapping of a single octant of the Convair  
Ground T e s t  Reac to r  in w a t e r  h a s  been performed with constant detector  orientation.  
Data w e r e  taken a t  50, 70, 90, and 110 cen t imete r s  f rom the cen te r  of fuel  along 18 
r a d i a l  l ines  and f rom these plots i sodose  c u r v e s  have been const ructed.  These  plots 
indicate that the isodose  s u r f a c e s  a r e  not spher ica l  fo r  the region investigated, but 
have m o r e  of a n  ell ipsoidal  appearance.  In the horizontal  plane, a t  a rad ia l  distance 
of 50 cen t imete r s  the gamma dose r a t e s  va ry  by a fac to r  of 1.5 and the f a s t  neutron 
dose  r a t e s  by a factor  of 3.  A compar i son  of the rad ia l s  corresponding to the nor th  
and wes t  center l ines  with r e s p e c t  to distance Irom the r e a c t o r  face  shows that the 
difference in fuel  distr ibution m a k e s  l i t t le  difference in the dose  rate'  values.  F o r  
o ther  rad ia l s  not normal  to a r e a c t o r  face l he  differcncco a r e  appreciphle .  The effect 
of the fuel  e lement  g r id  pla te  displacing water  below the c o r e  i s  evident f rom a com-  . 

par i son  of fas t  neutron and gamma isodose plots.  

S y m m e t r y  checks  show that the GTR is approximately s y m m e t r i c a l  about the east-west, 
and north-south planes and sl ightly a s y m m e t r i c a l  about the horizontal  midplane.  

Compar i son  of BSR-GTR center l ine  f a s t  neutron dose r a t e  data shows the l a t t e r  to he 
higher  by approximately 1570; agreement  between the two c u r v e s  on the b a s i s  of r e -  
laxation lengths is good. 

Comparison o f ' cen te r l ine  gamma dose r a t e s  f o r  the two r e a c t o r s  is not a s  favorable.  
GTH gamma data  is approximately 2070 lower c lose  to the r e a c t o r  nor th  face  and 
c r o s s e s  over  a t  about 80 cen t imete r s  becoming sl ightly higher f u r t h e r  out.  GTR 
g a m m a  data w e r e  taken with th ree  different gamma ins t ruments  with consistently good 
agreement  in regions  of overlapping sensit ivity.  

GTH and BSR center l ine  the rmal  neutron flux values a g r e e  within approximately 5% 
f rom 15 to 150 cen t imete r s  separa t ion  distance f r o m  the r e a c t o r  face .  The the rmal  
flux a t  the c e n t e r  of the GTR nor th  face  f rom gold foil data a g r e e s  within 470 with 



BSR indium foil da ta  a t  that point. The GTR curve  f rom 1 to 15 c e n t i m e t e r s  is weak 
because  of insufficient foil exposures  in that region.  

Weisner  L E ,  J r .  
TRANSISTOR NEUTRON COUNT RATE METER,  
Engineer ing Ass i s t ance  Section, Works  Technical  Depar tment ,  Savannah River  Plant ,  
E .  I .  duPont de  Nemours  and Company, Cont rac t  N o .  AT-(07-2)-1 ,  August (1957), , 11 pp. 

An a l l - t r a n s i s t o r  neutron count r a t e  ins t rument  h a s  been developed f o r  u s e  with a boron 
t r i f luor ide  counter .  This  ins t rument  is inexpensive, highly re l iable ,  and r e q u i r e s  l e s s  
maintenance than i t s  vacuum-tube coun te rpa r t .  This  r e p o r t  d i s c u s s e s  the ins t rument  
in  deta i l .  

DPI-CML-36 17-FR/53  .AD-7152 

- - - -  

EVALUATION STUDIES O F  COLORIMETRIC AND CONDUCTIMETRIC DOSIMETERS, 
F ina l  Repor t  to Chemica l  P r o c u r e m e n t  Agency, Dist i l lat ion Produc t s  Indust r ies ,  Rochester ,  
New York, Con t rac t  No, DA18-108-CML-3617, Apr i l  15, 1953, 6 pp. 

The con t rac t  objectives a r e  reviewed and compared  with the accomplishments .  The 
conduct imetr ic  and the co lo r imet r i c  d o s i m e t e r s  have been studied f o r  sensit ivi ty,  
s tabil i ty,  dose r a t e  dependence, and a f t e r  radiat ion.  It w a s  found that  both d o s i m e t e r s  
p o s s e s s  pract ica l ly  the s a m e  sensi t iv i ty  and a r e  usable  in the range  50 to 600 r .  The 
cost nf rnanufacturc of each lype dos imete r  i s  approximate ly  the s a m e .  A s e c t i 0 n . i ~  
devoted to r e m a r k s  on the radia t ion reac t ion  in ch lo ro form.  The significance of the 
ekperimen't:al r e s u l t s  to the theory of the react ion mechanism is d i scussed .  

Seitz,  F r e d e r i c k  
ON THE DISORDERING O F  SOLIDS BY ACTION O F  FAST MASSIVE PARTICLES, 
Repr int  f rom d i scuss ions  of The F a r a d a y  Society, No. 5 (1949 ), 20 pp.  

Many sol id  m a t e r i a l s  undergo extensive  changes when exposed to radia t ions  of the 
var ious  types that a r e  available a t  the p r e s e n t  t ime .  Undoubtedly the m o s t  s t r ik ing  and 
useful  ef fec t  of this  kind that h a s  been studied to date  is that obse rved  in the s i l v e r  
halides when they a r e  exposed e i the r  to e lec t romagnet ic  radia t ions  o r  to the var ious  
charged radia t ions  that m a y  be produced.  The widespread availabil i ty of high-intensity 
s o u r c e s  of radia t ions  of m a s s i v e  p a r t i c l e s  a s  a r e s u l t  of the development of e l e c t r o -  
nuclear  mach ines  and neutron r e a c t o r s  now m a k e s  i t  poss ible  to extend the field of 
study to reg ibns  that  w e r e  h i ther to  c losed.  Th i s  r e p o r t  dea l s  br ief ly  with this  subject .  

Specific topics discus'sed a r e  influence of-charged pa r t i c l e s  pass ing  through mat te r ,  
e l a s t i c  col l i s ions ,  and  excitat ion and ionizat io~i  of e l ec t rons .  



Ruehle William G, Jr. 
THE DETERMINATION OF FISSION PRODUCT GAMMA DOSES, 
Atomic Power Equipment Department, General Electr ic  Company, San Jose, California, 
February  25, 1957, (8 re fs ) .  

Tn this paper  a rb i t ra ry  limits of the general fission source gamma problem a r e  s e t .  
Then, by assuming cool i~lg of a t  least  one day, It is bliowe1 that only 12 d i f f e r e n t  f i s s i ~ n  
product gamma sources  need ever  be considered. It is quickly seen  that of these 
12 pertinent gamma sources,  the dose from only a few must be calculated to obtain a 
reliable total dose for ariy specific problem. A formula is given, detailing the pro-  
r , : ed~~~-e  fo r  calculating the total dose. Graphic and tabular data a r e  presented for a l l  
the pcrtinent fission prnducts ,  and for  their yields for. the thrcc more  commonly used 
fission sources,  uranium-235, plutonium-23'3, and amer ic~um-241.  By the use o f  t h o ~ e  
data,  the gamma dose i s  determined by considering'less than 1070 of the total of fission 
products. Assuming the flux and time Schedule ar-e accurately known, t h e  shielded 
fission product gamma dose can be easily prediced by this method with 9070 o r  better 
accuracy. 111 addition, thc nncwers w i l l  show which nuclides should be removed ear ly  
in chemical processing to ~ubs tan t ia l ly  reduce the amount of.shielding required. 

Mills J B B, Bryden R D '  and Hartshorn P F 
A FISSION-PRODUCT DETECTION SYSTEM, 
GEC Atomic Energy Review, Vol. 1, No. 2, pp.97-104, September (1957). 

This paper gives a general description of a fission-p~.oduct detection system. Also 
discussed i s  the mechanical design, sensitivity, 'and electrical design of the detection 
sys tem.  

HW-27774 (Del) 

Raile Milton N 
FINAL R.EPC)RT - DECONTAMINATION OF 221 -224 B PR.OCESS EQUIPMENT, 
Separations Section, Hanford Works, Richland, Washington, Ap~. i l  20, 1953, 11 pp. 

This report  discusses  the need for  a decontamination program for  recovery of product 
remaining in the 200 Eas t  Area P roces s  vessels .  Decontamination procedures a r e  
discussed. 

The conclusions of this study a r e  that both citrate-caustic and peroxide-caustic solu- 
tions a r e  excel le~l t  agents for  the removal of fission product absorbed on s tainless-s teel  
surfaces,  but it was not ascertained which is the rriost effective since the degree of con- 
tar~iination varied a t  the t ime the individual flushes were cmployed. Roth solutions a r e  
highly recommended fo r  decontamination work, provided weak ni t r ic  acid i s  used to 
repassivate the s tainless  s tee l  surfaces after use of the caustic decontamination 
solutions. . 

Unruh C M 
DECONTAMINATION O F  PORTABLE INSTRUMENTS, 
Radiological Sciences Department, Hanford Works, Richland, Washington, May 22, 1953,4pp. 



This  repor t  d i scusses  decontamination of por table  ins t ruments .  Some of the reagen t s  
tes ted f o r  decontamination u s e  a r e  l isted.  P r o c e d u r e s  and r e s u l t s  a r e  discussed.  

Heineman R E 
MEASUREMENT O F  NEUTRON FLUX SPECTRA INSIDE REACTORS, 
Hanford Works,  Richland, Washington, August 26, 1953, 10 pp. 

The  problem of measur ing  the neutron spec t rum inside a react ive  lat t ice in the e p i -  
t h e r m a l  resonance and fas t  regions  is discussed in the light of exper iments  repor ted  
in the l i t e r a t u r e  up to the p resen t  t ime .  It a p p e a r s  that foil  activation techniques, 
re lying upon s h a r p  changes in isotopic c r o s s  sect ions  with energy,  a r e  the only re l iable  
methods available. '  ~ h e s e  techniques give data which, in general ,  a r e  nei ther  v e r y  
accura te  nor  sensi t ive .  In the resonance region the. lack of i sotopes  having isolated,  
high c r o s s - s e c t i o n  resonances  with favorable half-l ives leads  to a deficiency of e x -  
per imental  data.  In the high energy threshold 'detector  region the c r o s s  sect ions  of the 
threshold react ions  a r e  not well enough known to give high accuracy .  Fu ture  work with 
f iss ion threshold detectors  might improve the s p e c t r u m  in the l a t t e r  region.  

Reddie J S 
DETERMINATION O F  FILM EXPOSURE BY NEUTRON ACTIVATION O F  THE REDUCED 
SILVER, 
Radiological Science Department,  Hanford Works,  Richland, Washington, January  14, 1954, 
5 pp. (4 re f s ) .  

The determination of personnel  m e t e r  badge film exposure  by densi tometer  methods is 
difficult o r  impossible when the fi lm density is 3.0 o r  g r e a t e r .  F o r  Dupont Type 510 
fi lm (insensit ive),  this cor responds  to dose values g r e a t e r  than about 50 r and, although 
this  is well above the maximum permiss ib le  dose fo r  humans and is f a r  g r e a t e r  than 
h a s  been recorded  fo r  any Hanford employee, i t  is des i rab le  to have means  of measur ing  
such exposures  if they should e v e r  be encountered.  If the fact  of overexposure  is known 
before development, spec ia l  development methods c a n  be used which r e s u l t  in lower 
densi t ies ;  however, the r e s u l t s  obtained by this technique a r e  not reproducible .  This  
r e p o r t  is concerned with a method of measur ing  these  gross ly-exposed f i ims  that have 
been developed and p rocessed  in the normal  m a n n e r .  

Russe l l  J T 
AN IDEA FOR A WIDE RANGE NEUTRON FLUX MONITOR  OR HIGH FLUX REACTORS, 
Technical  Section, Engineering Department,  Hanford Works,  Richland, Washington, 
March  22, 1954, 9 pp. 

This r e p o r t  is intended to indicate the technical possibil i ty of a neutron flux m e t e r  
suitable fo r  accura te  and continuous indication of power level  during a l l  phases  of pile 
operation.  Application to automat ic  operation a r e  discussed.  The m a t e r i a l  presented 
r e p r e s e n t s  about a l l  that can be sa id  concerning such  a neutron flux m e t e r  on the b a s i s  
of present  knowledge. Exper imental  work is requ i red  to determine the t r u e  attenuation 
curve  which would be obtained in a n  .actual  instal lat ion.  



P a r k e r  H M 
QUARTERLY PROGRESS REPORT - RESEARCH AND DEVELOPMENT ACTIVITIES, 
APRIL- JUNE, 1955, 
Radiological Sciences Department, Hanford Atomic Products Operation, Richland, Washington, 
Contract No. W-31-109-Eng-52, July 11,1955, 31 pp. 

This twenty-third quarter ly report  of the r e sea rch  and development activities of the 
Radiological Sciences Department, Hanford Atomic Products O,peration, includes d e -  
scr ipt ions of laboratory facili t ies,  research  and development progress ,  biology, 
tri t ium absorption and metabolism of reactor  effluent radioactive elements, gamma ray 
dosimetry, beta r a y  dosimetry, and neutron dosimetry. 

Shapiro C S 
GODIVA TEST SERBS DOSIMETRY TECHNIQUES, . . 

International Business Machines Corp. ,  Federal  Systems Division, Oswego, New York, 
33 pp. (15. refs) .  

A summary  of the dosimetry techniques utilized in the IBM GODIVA test s e r i e s  a r e  
presented. They include sulfur discs calibrated against plutonium foils to determine 
integrated neutron flux, and chlorinated hydrocarbon chemical dosimeters  to determine 
the gamma contamination. The neutron arid garnma dose r a t e s  a s  a function of time 
during a GODIVA burst  a r e  determined analytically utilizing the reactor  kinetic 
equations of Wimett and Orndoff. A brief discussion of a possible neutron dose-rate  
measuring device that is gamma insensitive and i s  applicable for  GODIVA type fluxes 
is presented. 

This work is part  of a over-al l  radiation effects program underway a t  IBM Oswego, 
which presently is concerned with the effects of very high-rate, pulsed, nuclear radi-  
ation in electronic components and materials.  

IDO- 16056 

Forbes  S G 
CALIBRATION O F  MTR NEUTRON SOURCES, 
Technical Branch, Atomic Energy Division, Phillips Petroleum Co., Idaho Falls,  Idaho, 
January 15,1953, 16 pp. 

Two 112-gram Ra-Be neutron sources  were taken from the MTR to the Los Alamos 
Scientific Laboratory for  calibration in their standard graphite pile; Los Alamos 
~ a - ~ e  source No. 44 was used a s  the standard and all  Q values a r e  based on the., 
absolute calibration of this source.  The M'I'H sources were calibrated'by means of 
both a BF3 counter method and arl irldiunl foil method. The rcsu l t s  of the two methods 
agree  well within the experimental e r r o r  of 1% and yield source strengths of 5.96 -x lo6  
and 5.70 x l o 6  neutrons per  second for  MTR Nos. 1 and 2 respectively. A description 
of the methods used and the experimental data obtained a r e  given. 



Hogg C H and Lewis R H 
MTR FLUX CALIBRATION UNIT, 
Atomic Energy Division, Phillips Petroleum Co. , Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, May 22, 1953, 18 pp. (8 refs).  

A cadmiim-covered AGOT graphite pile was built a t  the MTR s i te  in the Fal l  of 1951 
to furnish a constant thermal  neutron flux for  standardizing neutron detectors;  A Ra-Be 
neutron source in the base of the column provides the neutrons. 

This report  descr ibes  the standardization of the pile, i. e. , determining the neutron flux 
along the vertical axis  a s  a function of the distance from the source. The standardization 
is based on the steady-state thermal diffusion equation for  a point source of neutrons in a 
square column of infinite height. 

IDO- 16095 

Webster J W 
WEIGHTING FUNCTIONS FOR CALCULATING REACTIVITY PERTURBATIONS IN THE 
MTR, 
Atomic Energy Division, Phillips Petroleum Company, Idaho Falls,  Idaho, Contract No. 
AT-(10-1)-205, May 14, 1953, 24 pp. 

Weighting functions a r e  often needed for  the purpose of calculating the effect on re- 
activity of nonuniform changes in the composition of the core  o r  reflector of the MTR. 
In this report  the flux distributions, adjoint flux distributions, and the weighting func- 
tions a r e  computed and graphed for the MTR with 3 x 9 a r r a y  of 140-gram fuel elements 
and 110-gram shim fuel sections. The calculations a r e  made in the N-S, E-W, and 
vertical directions using the slab-type geometry, and then the approximation i s  made 
that 

The weighting function for  pure absorber  and the thermal fluxes a r e  compared with 
experimental resul ts ,  and the agreement is found to be reasonably good. 

The calculated weighting function for pure absorber  is compared with that for  fuel and 
they a r e  found to be somewhat different. The absorber  statistical weight falls off more  
sharply for  the outer fuel elements compared to the center  than does the s tat is t ical  
weight for.  fuel. 

Hogg C H 
GAMMA INTENSITY MEASUREMENT, 
Atomic Energy Division, Phillips P.etroleum Company,' .Idaho Falls,  Idaho, Contract No. 
AT-(10-1)-205, May 12,1953, 6 pp. 

The gamma intensity measurements,  described in this report,  was made in the gamma 
facility a t  the MTR s i te  with a gamma heat measuring device and a cer ic  sulfate dosim- 
e te r  to make independent measurements  and to s ea rch  for evidence of saturation a t  
higher intensities in the ce r i c  sulfate dosimeter measurements.  .The resu l t s  of the two 
methods ag ree  within 20% with no apparent saturation. 



Hogg C H 
AVERAGE THERMAL NEUTRON, FLUX FROM BISMUTH MONITOR, 
Atomic Energy Division, Phillips Petroleum Company, Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, October 21, 1953, 12 pp. (7 refs) .  

As a par t  of the neutron flux measurement program of the Reactor Physic.s Group at the 
MTR, a technique of measuring the average thermal  neutron flux has been developed 
which is based on the heat generated by the decay of J?oafo in irm*ac.llal.ed Lisui i i th .  Tkc 
heat  generation in the irradiated. sample is measured with a rod-type thermistor  calo- 
r ime te r .  

An equation for  calculating the flux i s  derived. The average flux in an experimental 
facility.found to be 2.3 x 1014 f 20% with the bismuth compares favorably with the value 
2.2 x lo1* measured with an indium foil technique. 

Hogg Calvin H 
ROUTINE MEASUREMENT O F  GAMMA INTENSITY, 
Atomic Energy Division, Phillips Petroleum Co., ldaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, November 2, 1953, 7 pp. 

An instrument for  measuring the gamma intensity in the MTR gamma facility by means 
of the heat generated in a rod-type calor imeter  is described. The instrument utilizes 
the temperature difference, produced by gamma heating, between the ends of a solid 
cylinder insulated s o  that most of the heat escapes through one end. A calibration curve 
i s  included. 

IDO- 16173 

Webster J W 
A N  ANALYSIS O F  THE ACCURACY O F  PERTURBATION THEORY, 
Atomic Energy Division, Phillips Petroleum Company, Idaho Falls,  Idaho, Contract No. 
AT-(10-1)-205, June  17, 1954,  2 4  pp. ( 4  re fs ) .  

This report  discusses the accuracy of two-group perturbation theory a s  a method of 
calculating the effect on reactivity of smal l  changes to the composition of a reactor .  
'l'he evaluation i s  based on a comparison of reactivity changes calculated bg group 
theory and perturbation theory for cases  involving uniform changes in the core-o-r 
reflector.  The group theory has fewer approximations to apply than perturbation theory. 
It can only be used for uniform changes whereas the la t ter  can be used for  localized and 
nonuniform changes. 

Perturbation theory is compared with standard two-group theory for- uniform changes in 
composition of a proposed MTR Reactivity Measurement Facility. It is concluded that 
the perturbation theory i s  accurate within one part  in ten for a uniform change in any 
one constant of 15% o r  less .  Graphs a r e  given of reactivity effect versus a rb i t ra ry  . 

percentage change in the various constants a s  calculated by the two methods. The 
generalized formula of perturbation theory i s  discussed term by t e r m ,  and a physical 
interpretation i s  shown to exist  for each term.  



I-Ieatll R L 
FISSION PRODUCT MONITORING IN REACTOR COOLANT STEAMS, 
Atomic Energy Division, Phillips Petroleum Co., Idaho Falls,  Idaho, Contract No. 
AT-(10-1)-205, January 1,1956, 113 pp. 

In the operation of high-flux, water-cooled reac tors  the detection of fission product 
activity in coolant s t r eams  i s  an important consideration. MTR experience has indi- 
cated the limitations of sys tems normally employed for this purpose. This has led to 
the development of a new type fission product monitor exhibiting nearly ideal charac te r -  
is t ics .  This system utilizes continuous isolation of fission product iodine, combining 
gamma energy discrimination with the use of ion exchange resins .  The system responds 
essentially only to 86 s e c  I 13=, 54 min I ~ ~ ~ ,  and 6.7 h r  113', utilizing energy discr imi-  
nation below 800 kev with a simple level discriminator and a NaI detector viewing ei ther  
the effluent from a cation r e s i n  column o r  the integrated activity on an anion res in .  This 
offers the advantage of unique response to short-lived fission products, thus measuring 
the instantaneous production ra te .  The use of iodine activity integrated upon an anion 
res in  column achieves sensitivity o rde r s  of magnitude above direct  s t ream observation. 
Operational experience with this type monitor has indicated negligible response to non- 
fission product background activity with more  than adequate sensitivity for the detection 
of fission products. A review of the methods which have previously been employed for 
the detection of fission products is presented with a discussion of their relative mer i t s  
in comparison with the new iodine system. This includes both gamma detection directly 
in the water s t ream using energy discrimination (differential gamma monitor) 'and the 
detection of delayed neutron activity. The theory of operation of a l l  these devices will 
be developed in some detail including a general discussion of the background activity 
prnhlem in aluminum and stainless: reactor  cores  a s  related to the problem of fission 
product detection. In addition information is presented concerning the mechanisms of 
fission product evolution from different type fuel elements and the operational conse- 
quences of fuel cladding failures a s  gained from MTR experience with actual fuel element 
failure. 

IDO- 16243 

Preston R J 
THE MTR AUTOMATIC WIRE SCANNER, 
Atomic Energy Division, Phillips Petroleum Co., Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, September 29, 1955, 44 pp. 

The MTR Automatic Wire Scanner is an integrated design and simple to use. For  
routine work an operator inser t s  a wire, actuates the dr ive-star t  switch, selects  his 
car r iage  speed, and may then proceed with other work. The wire scanner  automatically 
handles the complete cycle. In brief, the wire  i s  car r ied  to the proper position for  scan 
commencement, wire direction reversed,  recorder  turned on, wire  scanned automatical- 
ly accorditlg to length, car r iage  reversed,  shifted to high speed, and automatically 
returned to the load point. Manual cycles may be run and manual control may override 
the automatic cycle at  any time regardless  of control configuration. Any wire position 
may be relocated within 0.010 of an inch for rechecking a point. Wire velocity may be 
varied from 114 inch per  minute to 5 inches per  minute, and panel lamps indicate con- 
t rol  configurations a t  a l l  times. Wire resolution with activities under 500 counts per  
second is excellent and only slight evidence of end effect may be noted. With higher 
activities, however, end effect becomes appreciable. Fo r  this reason and because of 



the health physics problems of handling very hot wires ,  irradiation t imes a r e  used which 
resu l t  in activit ies of the o r d e r  of 50,000 counts per  second per  inch of wire.  It a l so  
happens that these t imes a r e  sufficiently long that good timing accuracy may be easi ly  
achieved. 

F ranc i s  W C and Marsden L L 
EXPERIMENTAL AND THEORETICAL VALUES O F  THE GAMMA DECAY DOSE RATE 
AND HEATING' FROM SPENT MTR FUEL ELEMENTS, 
Atomic Energy Division, Phillips Petroleum Co. ,  Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, January 13,1956, 58 pp. 

With the use of spent MTR fuel assembiies  as sour-ces ul  high intensity gamma radiation, 
not only a t  the National Reactor  Testing Station, but a l so  at  various other installations 
in the USA, a comprehensive study of the decay of these elements' was essent ia l .  This 
r epo r t  contains the resu l t s  of a joint project a t  the Materials Testing Reactor to meas -  
u r e  and calculate gamma decay dose r a t e  and heating from the spent fuel e lements  a s  a 
function of fission time, cooling time, and distaace Prom source.  A compari.ann nf 
these data i s  presented. Fiiel e l e r ~ i e ~ l l s  with cooling  time^ from 3-314 h n i i r s  tn 218 days 
a f te r  reac tor  shutdown and buFn-ups fr:onl 9-112 ,to 3670 have been studjerl, Experi- 
mental and theoretical data a r e  generally in good agreement for  dose r a t e  measurements ,  
but a r e  not a s  consistent for  heating values. 

IDO- 16251 MTRL-54-51 

Webster  J W 
METHOD FOR MAKING MEASUREMENTS IN THE RMF, 
Atomic Energy Division, Phillips Petroleum Company, Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, ' June 25, 1954, 13 pp. 

This repor t  summar izes  some prel iminary thoughts and calculations otl the theoretical 
aspec ts  of making measurements  in the proposed RMF. Attention i s  given to ways of 
separat ing the effects of fuel and poison and to accuracy and sensitivity. 

IDO- 16252 

McMurry H L 
PERTURBATION THEORY AND APPLICATIONS - I. THEORETICAL, . 

Atomic Energy Division, Phillips Petroleum Co. , Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, January 11, 1958, 22 pp. (6 refs) .  

The bases  for  the two-group perturbation theory for reflected r eac to r s  a r e  presented. 
Working equations for calculating the effects of a rb i t r a ry  perturbations a r e  derived. 

IDO- 16408 

Heath R L 
SCINTILLATION SPECTROMETRY. GAMMA-RAY SPECTRUM CATALOGUE, 
Phill ips Petroleum Co. ,  Idaho Fal ls ,  Idaho, Contract No. AT-(10-1)-205, July 1, 1957, 99 pp. 



Gamma scinti l lat ion spec t romet ry  a s  a method of radioactivity m e a s u r e m e n t  has  gained 
wide acceptance in  the pas t  few y e a r s .  It would s e e m ,  however, that i t s  general  use  
h a s  been l imited severe ly  both in  scope and precis ion by the lack of adequate published 
information on the charac te r i s t i c s  of the detectors .  The techniques have been in gener -  
al use in the r e s e a r c h  l abora to r ies  f o r  s e v e r a l  y e a r s  now, but the information needed 
to promote  thei r  general  use  has  remained largely  in unpublished f o r m .  In view of 
possibil i t ies which this method offers  in applied radiation m e a s u r e m e n t  s tudies ,  f o r  
both qualitative and quantitative application, i t  was  fel t  that an  effor t  should be made  to 
make  available the n e c e s s a r y  information in a fo rm which can be readi ly  applied in  the 
routine laboratory .  

IDO- 16440 

Metcalf D R . and C a z i e r  G A ( .  

SPHERICAL HARMONIC METHODS IN SLAB GEOMETRY, . . 

Atomic Energy  Division, Phil l ips Pt.11-uleum Co., Idaho Fa l l s ,  Idaho, Cont rac t  No. 
AT-(10-1)-205, March 21, 1958, 38 pp. (3 re f s ) .  

The P- 1 and P - 3  spher ica l  harmonic  approximations to the Boltzmann t ranspor t  equation 
in s l a b  geometry  and a n  IBM-650 machine p rogram a r e  developed to obtain flux plots 
f r o m  c r o s s  -section and dimension input data. An application was  made  to a' S P E R T  I11 

0 
fuel  a ssembly  with s t a in less  s t e e l  c lad plates.  In the P - 3  approximation a t  68 F ,  the 
r a t i o  of the average flux in the modera to r  to the average  flux in the.fue1 plate is 1.05. 
The conclusion is that fo r  S P E R T  I11 fuel  a s s e m b l i e s  with .the spacing that is a t  p r e s e n t  
contemplated, i t  is a fa i r ly  good approximation to consider  a l l  m a t e r i a l s  homogeneously , 
distr ibuted in the fuel  regions.  

- - - -  
TINY DETECTOR MAPS NEUTRON FLUX, 
Industrial  Laborator ies ,  March (1959), 3 pp. 

This  a r t i c le  d i scusses  a new neutron detector  a s  descr ibed in a paper  presented before  
a meet ing of the American Nuclear Society by Dr.  K. H. Sun. Th is  device is a lmos t  
completely insensit ive to gamma r a y s .  In i t s  s imples t  fo rm,  the minia ture  detector  
cons i s t s  of a tiny s l i c e  of si l icon o r  germanium having a sensi t ive  junction o r  l ayer  
n e a r  the top sur face  of the s lab.  This  detector  can function a s  e i t h e r  a fas t  o r  slow 
neutron detector  depending on the type sur face  used.  

C l a r k  G L , B i e r s  tedt P E and Gardner  J 0 
STUDIES O F  E F F E C T S  O F  HIGH ENERGY RADIATION, 
Universi ty of Illinois, Contract  No. DA 18-108-CML-2446, 1 6  pp. 

This' r e p o r t  consti tutes the f inal  s u m m a r y  of investigations under Cont rac t  No. 
DA 18- 108-CML-2446. The purpose  was  to investigate a wide range  of poss ible  chemi-  
c a l  s y s t e m s  sensi t ivk ' to  high energy  radiation f rom a fundamental  and quantitative point 
of view. Only a few of the numerous  s y s t e m s  investigated demonstra ted the qual i t ies  
n e c e s s a r y  fo r  a pract ica l  field o r  tac t ica l  dosimeter .  



S k a r s v a g  K 
A FAST NEUTRON DETECTOR, 
Joint  Es tab l i shment  for Nuclear  Energy  Research ,  Kjeffer, Norway, December  (1955), 
8 pp. (7 re f s ) .  

A f a s t  neutron detector  of the Hornyak type with and without light guides is descr ibed 
and  the efficiency of the detector  discussed.  

E h r e n b e r g  L and  Saelarld I3 
CIIEMICAL DOSIMETRY 7'ADIA'L'IUNS GIVING DIFFEREEJT ION DEITSITIES. AN 
EXPERIMENTAL DETERMINATION OF G VALUES FOR F E ~ +  OXIDATIONS, 
Joint  Es tab l i shment  for  Nuclear  Energy  Research ,  Kjel ler  p e r  L i l l e s t rom,  Norway (1 954), 
25 pp. (41 r e f s ) .  

The  oxidation of air equil ibrated Fe30,  in  dilutc H2S04 by X-rays  a n d  hy par t i c le  
radia t ions  resu l t ing  f r o m  U I ~  inleraction of pilc neutrons  with d i f fe ren t  e lements  added 
to thk solution h a s  beer1 examined. The following G values (l?e3+/100 e v )  w e r e  
obtained: 2 3 5 ~  f iss ion f ragments  3.0 f 0.9; l O ~ ( n a ) ' ~ i  4.0 f 0.4; 1 4 ~ ( n p ) 1 4 c  7 f 1; 
6 Li(na)T  5.4 f 0.3, f rom which 6.5 f 0.7 is calculated f o r  the t r i ton;  175 kv X-rays  
17.4 f 0.8. Since f o r  160 m e v  protons G is found equal to (16.5 f 1)  F e 3 + /  100 ev,  i t  i s  
concluded that G is a function only of the ion density ( l inear  energy  t rans fe r ) ,  not of 
o the r  p roper t i e s  of the ionizing part icle,  and that once this function is known the r e -  
ac t ion c a n  be  used fo r  the dos imet ry  of a l l  radia t ions  including f a s t  neutrons.  An ion 
c h a m b e r  determinat ion of the l a t t e r  a g r e e s  we l l  with the act inometr ic  dose. Since 

GFe /GC is found to v a r y  within a wide range of ion densit ies,  a simultaneous appli-  
ca t ion of f e r r o u s  and c e r i c  sulphate dose m e t e r s  can  be used f o r  a n  es t imat ion of the 
a v e r a g e  ion density of a poly-energetic radiation.  

The G values of the pa r t i c les  emanating f r o m  boron and lithium a r e  found independent 
of the pile position and or the background Intensily . Since, fu r thc r ,  dG/dT of dense1 y 
ionizing radia t ions  ( represen ted  by ' fas t  neutrons)  is found to be z e r o ,  i t  is proved that 
under  the actual  conditions the effects due to densely and s p a r s e l y  ionizing radia t ions  
applied simultaneously a r e  additive. 

Fe3+  w a s  determined photometrically a t  465 m p  a s  thiocyanate complex.  When 0.7 rnl 
3N KSCN is added to 3 m l  F e  solutiotl, optimum conditions of sensit ivity ( m o l a r  ex-  
tinction 8500), s tabi l i ty ,  and t empera tu re  dependence a r e  obtained. 

. Anderson  A I3 and Waite R J 
A CALORIMETER FOR MEASURING ENERGY ABSORPrHON FROM PILE RADIATION, 
Journa l  of Scientific Ins t ruments ,  Vol. 33, No. 2, pp. 46-51, F e b r u a r y  (19561, (7 r e f s ) .  

An adiabat ic  c a l o r i m e t e r  h a s  been designed fo r  the measurement  of energy  absorption 
from pile radiation. Some of the unusual p rob lems  encountered in this type of calo- 
r i m e t r y  a r e  discussed.  The p re l iminary  work leading to a suitable design of ca lo r ime-  
t e r  is s u m m a r i z e d  and full descr ipt ions  of the ins t rument  and measurement  techniques 



a r e  given. Electr ical  calibrations of three samples  with widely different thermal con- 
ductivities have demonstrated the satisfactory behaviour of the calor imeter  over a wide 
range of power inputs. The resul ts  of some measurements  in the Harwell pile BEPO 
a r e  briefly discussed. 

Rohr R C, Rohrer  E R and Macklin R L 
PROPORTIONAL FISSION NEUTRON COUNTERS, 
.US Atomic Energy Commission, Technical Information Service Extension, Oak Ridge, 
Tennessee, August 1, 1949, 8 pp. (5 refs) .  

Some proportional fission neutron counters a r e  described with information on methods 
.of preparation and details of a circuit  for  a portable model. The portable instrument 
has an  efficiency of .01% for  neutrons from polonium .beryllium sources.  

KAPL-329 (Pt. I) 

Stewart H B and Gasein G B 
ACTIVATION EXPERIMENTS IN THE KAPL PRELIMINARY PILE ASSEMBLIES, . .., 

P a r t  I. Experimental Procedures,  Knolls Atomic Power Laboratory, Schenectady, New York, . :  

Contract No. W-31-109-Eng-52, September 20,1950, 53 pp. 

In order  to obtain a preliminary knowledge of the character is t ics  of reac tors  having a 
neutron spectrum predominantly in the intermediate energy range, a number of ex- 
periments have been conducted on severa l  crit ical assemblies  which were designed to 
have the same general features a s  the contemplated KAPL reac tor .  The resu l t s  of 
some of the activation experiments which have been conducted on these preliminary 
pile assemblies  will be summarized in three repor t s  a s  follows: 

P a r t  I - Experimental procedures  
P a r t  I1 - Results of Power Distribution and Neutron Flux Experiments for 

PPA-2, -3 ,  -4, and -5 
P a r t  I11 - Alpha Experiments in PPA-5  

This report ,  P a r t  I, is limited to a description of the experimental procedures and cali-  
bration experiments required for  the activation measurements.  

KAPL- 1045 

Fitzgerald J J, Hurwitz H, Jr. and Tanks L 
METHOD FOR EVALUATING RADLATION HAZARDS FROM A NUCLEAR INCIDENT, 
Knolls Atomic Power Laboratory, Schenectady, New York, con t i ac t  No. W-31-109-Eng-52, , 

March 26, 1954, 52 pp. (2 re fs ) .  

A method to evaluate the radiation hazards from a nuclear incident i s  discussed in this 
report.  Several new formulas for the determination of the integrated dose from external 
and internal radiation and the fall-out of activity from the fission-products cloud a r e  
deLeloped in the appendices. 



KAPL-1406 

Stearns R F 
HIGH-LEVEL CONTAMINATION CONTROL AND WASTE DISPOSAL, 
Knolls Atomic Power Laboratory, Schenectady, New York, November 1, 1955, 19 pp. 

The clean-up and disposal of radioactive waste in the Radioactive Materials Laboratory 
a t  the Knolls Atomic Power ~ a b o r a t o r y  i s  lessened considerably i f  the problems of 
radioactive contamination a r e  taken into consideration during the ,design of irradiation 
test  devices and laboratory equipment. 

Operational experience and engineering work have also resulted in development of many 
techniques and equipment which have aided in  reducinq the costs  of high-level radio- 
active clean-up and waste disposal. 

KAPL- 1469 
- - - 

Zweifel P F and Pe t r ie  C D 
AVERAGES O F  THERMAL CROSS SECTIONS FOR HYDROGEN-MODERATED ASSEMBLIES, 
General Electr ic  Company, Knolls Atomic Power Laboratory, Schenectady, New York, 
Contract No. W-31-109-Eng-52, January 1, 1956, 34 pp. 

Average thermal  c ros s  sections a r e  found using the Wigner-Wilkins thermal neutron 
spectrum assuming moderation by a perfect gas of hydrogen molecules in the presence 
of a l / v  'absorber .  Results a r e  given for  U ~ U ' ~ ~ ,  oa~e135s  a l / v  c r o s s  section, 

, a t rH  and XtrH. The diffusion length i s  calculated for pure water,  and methods of 
calculating diffusion lengths for  combinations of other mater ia l s  with water a r e  indi- 
cated. The resu l t s  of the diffusion length calculations appear to be in reasonable agree-  
ment with experiment. 

KAPL- 1916 

Stone R S and Slovacek R E 
NEUTRON SPECTRO MEASUREMENTS, 
Knolls Atomic Power Laboratory, Schenec tady, New York, Contract No. W-3 1 - 109-Eng-52, 
September 15, 1957, 30 pp. (11 refs). 

Thermal  neutron spectra  have been measured with time-of-flight techniques. Spectra 
were  obtained for pure water and for a nearly homogeneous subcrit ical assembly where 
the rat io  of thermal absorption to high energy scat ter ing c r o s s  section was 0.3. Fo r  

0 0 
each medium, spectra  were measured at 298 and 586 K. 

. The experimental resul ts  a r e  presented and compared with calculated .theoretical 
.spectra.  The agreement between theory and experiment i s  excellent for  the multiplying 
media.  On the basis  of this agreement,  one concludes that chemical binding effects in 
light water play a negligible role  in determining the equilibrium neutron spectrum in 
water  assemblies .  



Johnson D W and Romesberg  E J 
CALCULATION O F  FLUX TO DOSE RATE CONVERSION FACTORS FOR FAST AND 
INTERMEDIATE ENERGY NEUTRONS, 
Knolls Atomic Power  Laboratory ,  Schenectady, New York, Contract  No. W - 3  1 - 109-Eng-52, 
March  20, 1959, 10 pp. (10 re f s ) .  

The ideal  neutron dos imete r  would have a response  to neutrons  of different energ ies  
proportional to the variat ion of damage to t i ssue .  F o r  such  a n  ins t rument ,  the neutron 
s o u r c e  used f o r  calibration need not have the s a m e  spec t rum a s  the flux being m e a s u r e d  
f o r  dose  r a t e .  The conversion fac to r  to be used f o r  a polonium-beryllium s o u r c e  f o r  
ca l ibra t ing such  a n  ideal  detector  is 0.13 m r e m / h r  p e r  Po-Be  neu t ron /cm2 -sec .  

An ins t rument  which approaches  this ideal  is the Hurs t  detector .  However, s ince  th is  
detector  does not detect  neutrons  of energy 5 0.2 ~ e v , '  the "long counter" (paraffin- 
wrapped BF, detector)  is often used f o r  detecting in  t h e  in termediate  energy  range 
( the rmal  energy  5 E d 0.2 Mev). The problems of readinq dose  r a t e s  with these  
types of ins t ruments  a r e  discussed.  

F e h r  E B 
PREPARATION O F  BORON TRIFLUORIDE AND FILLING O F  NEUTRON COUNTERS, 
Knolls Atomic Power  Laboratory ,  Schenectady, New York, Contract  No. W -3 1 - 109 - ' ~ n ~ - 5 2 ,  
F e b r u a r y  18, 1955, 20 pp. (9 re f s ) .  

The technique used a t  KAPL f o r  preparat ion of p u r e  boron t r i f luor ide  f r o m  the calcium 
fluoborate is descr ibed.  This  method is used fo r  f i l l ing,specia l  pulse counting ionization 
c h a m b e r s  (IC5) which a r e  used fo r  control  and exper imental  m e a s u r e m e n t s  in  low power 
nuclear  reac to rs .  

Wachspress  E L 
NOTES ON A STREAMING PROBLEM, 
Knolls Atomic Power  Laboratory ,  Schenectady, New York, Contract  No. W-3 1- 109-Eng-52, 
Apri l .8 ,  1954, 14 pp. 

A method i s  presented f o r  the calculation of the leakage of neutrons out of the ends of a 
cyl indr ical  hole of radius  "a" and height "H" where  the neutron flux along the su r face  
of the hole is a known function of 2 only. F o r  the c a s e s  which a r e  of in te res t  the flux 
is s y m m e t r i c  about the plane, Z = 0. Hence, the flux m a y  be expanded in. a F o u r i e r  
cosine  s e r i e s  where  each t e r m  is of the form Qc = cos  az /Hc .  

P e a r l s t e i n  E and Abrams  M J 
THE CONVERSION O F  FAST NEUTRON FLUX TO DOSE, 
Knolls Atomic Power  Laboratory ,  Schenectady, New York, Contract  No. W-3 1 - 109-Eng-52, 
June 10, 1954, 10 pp. (4 r e f s ) .  



The single collision and m ulticollision dose conversion curves have been applied 'to the 
Po-Be and fission neutron spectrums within the l imits  of 0.1 Mev and infinity to de te r -  
mine an average flux to dose conversion factor. The resu l t s  a r e :  

Single Collision Dose Multicollision Dose 
neuts m r e p  

cm2 s e c  h r 

Po-Be Source 74.0 

neuts mrep  
cm2 sec  h r  

Fiss ion Source 97.6 60.6 

Watts Richard J 
PORTABLE FAST-NEUTRON FISSION-CHAMBER MONITOR, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, October 13, 1949, 13 pp. 

A n  instrument that will detect fast  neutrons by means of the fission of u~~~ is  de- 
scribed. To attenuate the slow -neutron effect, the uranium is depleted of thc 335 
isotope tg the rat io  50001 1. Battery-operated feedback amplifiers a r c  u ~ e d  to obtain 
a pulse height sufficient to operate a discrimirlaror a ~ ~ d  lleadyhoncs. Cirouit dia.grams 
a r e  given. 

Stur.rn El lery 
THE RESPONSE O F  SENSITIVE 552 DUPONT FILM TO BETA RADIArI'ION, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-36, 
August 31, 1951, 28 pp. (3 re fs ) .  

The response to beta radiation of sensitive 552 Dupont film, enclosed in the usual 
manufacturer 's  packet, was measured in t e rms  of rep. Seven beta-emitting isotopes 
covering a maximum energy range from 0.26 to 3.50 .Mev were used. The exposures 
were measured in rep  by means of an a i r  ionization extrapolation chamber.  The fi lm 
response was found to diminish sharply below 0.8 Mev, and.became nearly e n e r q .  
independent beyond 2.5 Mev. A method for determining both the energy. and the ex- 
posure of a film exposed to gamma and beta radiation i s  a lso described. 

LA- 139 1 

Carlson Bengt 
MULTI-VELOCITY SERBER-WILSON NEUTRON DIFFUSION CALCULATIONS, 
Los Alamos Scientif.ic Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-36, 
March 24, 1952, 34 pp. (5 r e f s ) .  

The calculations of cer tain types of neutron diffusion a r e  much simplified by the use of 
the Serber-Wilson method. A derivation i s  given along with sample calculations incor- 
porating comparisons with the integro-differential method, and with the spherical  
harmvrlic method. 



F r y e  Glenn M, J r . ,  Gammel  Juanita H and Rosen T_loi.~is 
ENERGY SPECTRUM O F  NEUTRONS FROM THERMAL NEUTRON FISSION O F  u ~ ~ ~ '  AND 
FROM AN UNTAMPED MULTIPLYING ASSEMBLY O F  u ~ ~ ~ ,  
L o s  Alamos Scientific Laboratory ,  L o s  Alamos, New Mexico, May (1954), 18 pp. 

The neutron f iss ion spec t rum of u ~ ~ "  has  been m e a s u r e d  f rom 0.3 to 12.0 Mev using 
the method of proton reco i l s  in nuclear  emulsions.  The resul t ing neutron spec t rum . 

m a y  be . represen ted  by the fo rmula  N(E) = 1.058 ' lo3 e-E/0.965 s inh Jx-. The 
Godiva leakage s p e c t r u m  was a l s o  measured  and shows a higher proportion of low 
energy  neutrons .  

LA- 172 1 (Rev) 

Kleinberg J, e t  al. 
COLLECTED RA DIOCHE MICAL PROCEDURES, 
L o s  Alamos Scientific Laboratory ,  L o s  Alamos,  New Mexico, Cont rac t  No. W-7405-Eng-36, 
December  4, 1954, 287 pp. 

This r e p o r t  is a compilation of radiochem ical  p rocedures  a s  developed and used in the : 

L o s  Alamos Scientific Labora to ry .  Many of these  techniques a r e  adaptations of p r o -  
c e d u r e s  previously repor ted  in the l i t e ra tu re  and supersedes  LA - 1566, LA - 172 1, 
LA- 1722, AEC'D-3674, and LA- 1567. The e lements  a r e  grouped into th ree  c l a s s e s :  
(1 )  the regu la r  e lements ,  (2) the e lements  of the s h o r t  t ransi t ion s e r i e s ,  and 
(3) the e lements  of the long t ransi t ion s e r i e s .  

B a r k e r  Rober t  F 
GENERAL HANDBOOK FOR RADIATION MONITORING, 
L o s  Alamos Scientific Laboratory ,  Los  Alamos,  New Mexico, Contract  No. W-7405-Eng-36, 
September  (1954), 91 pp. 

This handbook was  p repared  specifically for  u s e  a t  the Los  Alamos Scientific Labora -  
to ry .  The philosophy and p rocedures  s e t  fo r th  apply to the si tuations and needs found 
the re .  Definitions included in the g lossa ry  a r e  specif ic  applications of the t e r m s  in the 
r e a l m  of radiation monitoring and do not necessa r i ly  include the complete definitions 
a s  applied to genera l  nuclear  energy fields.  

C r a n b e r g  Lawrence and Nereson N o r r i s  G 
FISSION NEUTRON SPECTRUM O F  u~~~ FROM 0.2 TO 3 MEV, 
ZAos Alamos Scientif ic Laboratory ,  L o s  Alamos,  New Mexico, Contract  No. W-7405-Edg-36, 
May (1955), 42  pp. (19 r e f s ) .  

235 . The neutron spec t rum assoc ia ted  with the f iss ion of U induced by slow neutrons  h a s  
' 

. been m e a s u r e d  f r o m  0.175 to 3.0 Mev.   he exper iment  was  c a r r i e d  out by measur inq  
the flight t ime  of the f i s s ion  neutrons  f rom the i r  u~~~ s o u r c e  to the detector .  Empha-  
sis was  placed on se t t ing up a c lean exper imental  a r ranqement  and on obtaining a 
re l iable  background measurement .  Background percentages  ranged f rom 18% a t  the 
lowest  energy to 2% a t  the highest  energy .  



The  e n e r g y  resolut ion of the m e a s u r e m e n t s  va r i ed  f r o m  about 13% a t  0.2 Mev to 40% a t  
2 Mev; the corresponding s t a t i s t i ca l  e r r o r s  a t  these  e n e r g i e s  w e r e  9 and 370. Other  
e r r o r s  combined with the above values to give a n  over -a l l  a c c u r a c y  of approximate ly  
f 1070 o v e r  the low energy  region.  Within the above e r r o r  l imi t s ,  the exper imenta l  
points conf i rm the re la t ion,  N(E) = k ~ e - ~ . ' ' ~  E, which is in c u r r e n t  use  f o r  express ing  
the f i s s ion  spect rum. .  

Young D S 
PARAFFIN CYLINDERS TO MEASURE NEUTRON ENERGIES, 
L o s  Alamos  Scientific Labora to ry ,  L o s  Alamos,  New Mexico, November 28, 1955, 25 pp. 
(13 r e f s ) .  

A method is p resen ted  of m e a s u r i n g  average  neutron e n e r g i e s  in the range  f rom 19 kev 
to 4.5 Mev. When the th ickness  of paraffin around a boron-l ined chamber  is inc reased ,  
the counting r a t e  a t  f i r s t  i n c r e a s e s  and then d e c r e a s e s .  The th ickness  a t  which the 
h ighest  counting r a t e  o c c u r s  is sensi t ive  to the energy  of the s o u r c e  neutrons .  The 
opt imum thickness  of paraffin f o r  a n  antimony-beryll ium photoneutron s o u r c e  whose 
neu t rons  have been degraded to a probable average  energy  of 19 kev is 1.5 inches.  The 
opt imum thickness  f o r  a p o l o n i u m - l i t h i ~ m  s o u r c e  whose neutrons  have a probable 
a v e r a g e  energy of 250 kev is 2.0 inches,  and the optimum thickness  f o r  a plutonium- 
beryl l ium s o u r c e  whose neutrons  have a probable average  energy  of 4.5 Mev i s ' 3 .0  
inches .  F r o m  the shape  of r e sponse  a s  a function of paraffin th ickness ,  i t  is poss ible  
to  get a n  idea of the s p r e a d  of neutron energ ies .  

LA- 1964 

G r a v e s  Glen A 
SOIL'IE FOIL ABSORPTION CALCULATIONS, 
L o s  Alamos  Scientific Labora to ry ,  L o s  Alamos,  New Mexico, F e b r u a r y  7, 1956, 38 pp. 

Equat ions  fo r  the calculat ion of t r ansmiss ion  and absorpt ion of neutron fluxes in  s ingle  
thin foils  and in  individual m e m b e r s  of a foil sandwich consis t ing of th ree  foils  of the 
s a m e  m a t e r i a l  p laced i n  in t imate  contact .  The following c a s e s  a r e  considered:  

1. Foi l  absorpt ion i n  a col l imated flux of monoerg ic  neutrons .  
2. Fo i l  absorpt ion in  a n  isot ropic  flux of monoergic  neutrons.  
3. Fo i l  absorpt ion in  a n  isot ropic  flux of neutrons  d is t r ibuted in  energy,  

including resonance  c a s e s .  
4. Sandwich absorpt ions  in  a n  isot ropic  flux of neutrons  d is t r ibuted in  

. energy,  including resonance  c a s e s .  

G l a r e  J a m e s  Pau l  
EQUIPMENT FOR EXPERIMENTS WITH ACTIVITIES HAVING HALF-LIVES IN THE 
RANGE FROM 10 MICROSECONDS TO 1 SECOND, ' 

L o s  Alamos  Scientific Labora to ry ,  L o s  Alamos,  New Mexico, Con t rac t  No. W-7405-Eng-36, 
Septerriber. (1957), 31 pp. (3 re f s ) .  



The e lec t ronic  c i r c u i t s  desc r ibed  w e r e  built f o r  conducting exper iments  with radio- .  
ac t iv i t ies  having half- l ives of 10 m i c r o s e c  to 1 s e c  range: The Model 10 Beam Shim 
P u l s e r  w a s  designed f o r  pulsing the beam of a n  e lec t ros ta t i c  genera to r .  It produces  
+550 volt pulses  with r i s e  and fa l l  t i m e s  of 1 m i c r o s e c  and a n  adjus table  pulse  length 
of 10 m i c r o s e c  to 1 s e c  into a capacit ive load of 100 m i c r o m i c r o f a r a d s .  The Model 10 
10-channel T ime  Delay Analyzer  h a s  ,channel widths of 10 m i c r o s e c  to, 1 s e c  and was  
built fo r  determining half- l ives of radioact iv i t ies  in  this  t ime  range.  The M-ode1 1 Delay 
and Gating Ci rcu i t  is used with a 100-channel pulse  height ana lyze r  to tu rn  i t  on and off 
with a 1 m i c r o s e c  accuracy.  The, Model 2A Gating Unit incorpora tes  delayed coincidence 
c i rcu i t s  which control  the opera t ion of the ana lyze r .  

LA-2174 

Sayeg J A and H a r r i s  P S 
EXPERIMENTAL DETERMINATION O F  FAST-AND THERMAL-NEUTRON TISSUE DOSE, 
L o s  Alamos Scientific Labora to ry ,  Los  Alamos,  New Mexico, Con t rac t  No. W-7405-Eng-36, 
January (1958), 65 pp. 

Beryl l ium-shel led  t issue-equivalent  and beryl l ium-shel led  graphi te  ionization c h a m b e r s  
which p e r m i t  the m e a s u r e m e n t  of f a s t -  and the rmal -neu t ron  t i s sue  dose  a r e  desc r ibed .  
Measurements  on f a s t  neutrons  (14.1 Mev and degraded f iss ion neu t rons )  w e r e  compared  
with the Hurs t  propor t ional  counter  and threshold  de tec to r s .  The data  indicate c lose  
agreement  between the different  exper imenta l  s y s t e m s  and f i r s t - co l l i s ion  theory.  

Measurements  on t h e r m a l  neutrons  m a d e  a t  L o s  Alamos Wate r  Bo i le r  with t i s sue -  
equivalent ni trogen-depleted and graphi te  ionization c h a m b e r s  w e r e  in agreement  with 
theoret ica l  calculat ions on:  (1) the proton port ion of the total the rmal -neu t ron  dose  
due to the N~~ (n, p )  c l *  reaction, i n  ti .ssi~e, and ( 2 )  the galnllja portion of the total  
the rmal -neu t ron  dose  due to the ~ ' ( n ,  y ) H ~  reac t ion  in t i ssue .  Also, the inherent  
g a m m a  contamination a s  m e a s u r e d  with the graphi te  chamber  w a s  in  c lose  a g r e e m e n t  
with the l i thium extrapolation m e a s u r e m e n t s  of Brennan,  e t  a l .  The r e s u l t s  and e r r o r s  
a r e  d i scussed  in the calculat ion of neutron t i s sue  dose.  

Fa inman  M Z,  e t  a l .  
A DESCRIPTION O F  A 'MULTI-KILOCURIE IRRADIATION FACILITY AND THE ASSOCI- 
ATED RADIATION DOSIMETRY, 
Inland Test ing Labora to r i es ,  Morton Grove,  I l l inois.  P a p e r  presented a t  the 3 r d  S e m i -  
Annual Radiation Effects  Symposium, Lockheed A i r c r a f t  Corporat ion,  Marie t ta ,  Georgia,  
October  28-30, 1958, 7 pp. (7 r e f s ) .  

Inland Test ing Labor-atories h a s  designed,  const ructed,  and is opera t ing a l a r g e  mul t i -  
ki locurie cobalt  60 i r r ad ia t ion  facil i ty.  The cobalt  60 s o u r c e  a t  this  facil i ty is approxi-  
ma te ly  50,000 c u r i e s  and produces  a dose  r a t e  of l o 6  roentgens  p e r  hour .  

The des ign of the s o u r c e  configuration and the l a r g e  cave facil i ty m a k e s  poss ible  the 
test ing,  both s t a t i c  and dynamic,  of a l a rge  va r i e ty  of m a t e r i a l s  within a high radia t ion 
flux environment .  This  facil i ty a l s o  provides  sufficient  s p a c e  to p e r f o r m  many  t e s t s  
s imul taneously  a t  re la t ively  uniform high dose  r a t e s .  

Specifically, this  paper  is concerned with the developmental  r e s e a r c h  regard ing  the 
des ign of the s o u r c e  configuration, the albedo c h a r a c t e r i s t i c s  of the cave,  the a s s a y  
and total activi ty of the s o u r c e  a s  m e a s u r e d  by graphi te  ionization c h a m b e r ,  and the 
a s s e m b l y  and;isodose prot of the completed soi.lrce. 



LAC -NR -5 1 (Val. 1 )-9 

Lide E N 
REMOTE AREA MONITORING SYSTEM AT AIR FORCE PLANT NO. 67, 
Lockheed Aircraf t  Corporation. Paper  presented a t  the 3rd  Semi-Annual Radiation Effects 
Symposium, Lockheed Aircraf t  Corporation,.  Marietta, Georgia, October 28-30, 1958, 3' pp. 

To conform to Air  Force  Plant No. 67 facility re iu i rements  for  the capability of rapidly 
i r radiat ing large numbers of tes t  ar t ic les ,  including a i rc raf t  subsystems in operation, 
the Radiation.Effects Reactor operates  above ground with essentially no shielding. This 
condition necessitates the monitoring of neutron and gamma flux levels a t  selected 
stations of the s i t e  and at the perimeter  during reactor  operation. A remotely operated 
radiological monitor system has been developed for  this purpose. 

The functions of this system a r e  a s  follows: 

1. Supply pr imary  power to the remote detectors and instrumentation, 
2. Sequentially select  the type of radiation to be monitored, 
3 .  Provide a means of conducting the radiation analog cur ren ts  back to the 

central  station for recording and for 1dentify.inq thc radiation type a n d  
originating station. 

To accomplish these functions some special concepts fo r  power transmission and for 
signal selection and t ransmission have been developed. Individual detectors and 
special  c i rcui t ry for the system a r e  described in companion papers  following: 

1. LAC-NR-51 (Vol. 1)- 10 - -  R. L. Shipp, Area Monitorinq for Radioactivity 
2 .  LAC-NR-51 (Vol. 1)-11 - -  L; A. Turner ,  Logarithmic c i r cu i t s  - for  Radiation -. 

Dosimetrv 

Shipp Roy L 
AREA MONITORING FOR RA.DIOACTIVITY, 
Lockheed Aircraf t  Corporation. Paper  presented a t  the 3rd Semi-Annual Radiation Effects 
Symposium, Lockheed Aircraft  Corporation, Marietta, Georgia, October 28-3.0, 1958, 3 pp. 

The radiation effects reactor  i s  designed to provide sufficient gamma and neutron leak- 
age flux to i r radiate  large a i rc raf t  subsystems and components. This design require-  
ment 'necessitates,operation of the reactor  above ground with a minimum amount of 
shielding, with the resul t  that above-tolerance fluxes extend beyond the bounds of the 
reac tor  building. The predicted gamma flux, for instance, i s  one roentgen per  hour at  
the 3600-foot radius exclusion fence. 

To ensure, the safety of people in the general vicinity of the s i te ,  monitor stations a r e  
situated around the excli~sion fence to provide readings for use in controlling radio- 
logical hazards.  Figure 1 i s  an  a r e a  map showing the layout of the a r e a  munitorinq 
system. Also, additional stations a r e  located a t  the peripheral fence to measure 
radiological hazards a t  the s i te  boundary. The radiological factors  monitored at the 
station include concentration of argon-41, a s  well a s  intensities of fast  neutron and 
gamma radiation. Data f rom the remote munitor stations a r e  transmitted to central 
recording and a la rm stations.  Data pr imari ly  concerned with hazards associated with 
the operation of the Effects Laboratory and the Cri t ical  Experiment Reactor 
a r e  transmitted to the Nuclear Support Laboratory. 



The development of the a r e a  moni tor ing s y s t e m  w a s  a r e s u l t  of the coordinated e f fo r t  
of th ree  groups.  Coverage  in this  paper ,  however,  is r e s t r i c t e d  to the development of 
de tec to r s  and certair i  a s p e c t s  of the argon-41 problem pecul iar  to th is  facility. 

Design considera t ions  f o r  the e n t i r e  s y s t e m  w e r e  r e m o t e  operation,  rel iabil i ty,  no 
protection f r o m  weather ,  and minimum power utilization. 

T u r n e r  L A . 
LOGARITHMIC CIRCUITS FOR RADIATION DOSIMETRY, 
Lockheed A i r c r a f t  Corporat ion.  P a p e r  presented a t  the 3 r d  Semi-Annual Radiation Effects  
Symposium, Lockheed Ai rc ra f t  Corporat ion,  Marie t ta ,  Georgia ,  October  28-30, 1958, 3 pp.  

At A i r  F o r c e  Plant  No. 67, s imple  c i rcu i t s  a r e  avai lable  f o r  the. logar i thmic  m e a s u r e -  
.merit of a - c  and d - c  voltages and f requencies  o r  pulse  repet i t ion  r a t e s .  Ranges of o v e r  
100 db a r e  eas i ly  obtained.  

I 

Maienschein F C 
INFLUENCE O F  ENERGY SPECTRA ON RADIATION E F F E C T S ,  : i 

t .  

Oak Ridge National Laboratory ,  Oak Ridge,  Tennessee .  P a p e r  p resen ted  a t  the 3 rd  Semi-  ' r 
, .* 

Annual Radiation Effects  Symposium, Lockheed A i r c r a f t  Corporat ion,  Mar ie t t a ,  Georgia ,  
October  28-30, 1958, 31  pp. (62 r e f s ) .  

The energy  s p e c t r a  of neutrons  and gamma r a y s  influence in a n  important  way the f, 

production of d isplacements  in  c r y s t a l  la t t ices .  .A l ack  of knowledqe of the energy  
dis t r ibut ions  in  many pas t  and c u r r e n t  r e a c t o r  i r r ad ia t ions  f o r  radia t ion "effect" 
s tud ies  has  led to the accumulation of re la t ively  meaningless  data.  Special  p rob lems  
a r i s e  in a t tempt ing to compare  data taken a t  different  types of r e a c t o r s  with unknown . . 

. energy s p e c t r a .  The avai lable  data f o r  r e a c t o r  s p e c t r a . a r e  l i s ted  and examples  given. 
Methods of spec t roscopy  a r e  considered briefly which m a y  be  useful  f o r  developing 
f u r t h e r  s p e c t r a l  data.  Finally,  the m e r i t s  a r e  examined of s e v e r a l  poss ible  c h a r a c t e r -  
izat ions of a radia t ion field which a r e  s i m p l e r  to obtain than the energy  s p e c t r u m .  Com-  
pa r i son  of these  p a r a m e t e r s  with those commonly used now shows that the new p a r a m e -  
t e r s  wi l l  consti tute a m a r k e d  improvement  in understanding and cor re la t ing  r a d i -  
at ion e f fec t s .  

B u r r u s  b alter'^ and Sullivan Russe l l  P 
AVERAGE NEUTRON CROSS SECTIONS FOR TYPICAL REACTOR SPECTRA, 
Ohio State Universi ty,  Columbus,  Ohio. P a p e r  p resen ted  a t  the 3 r d  Semi-Annual Radiation 
Effects  Symposium, Lockheed A i r c r a f t  Corporation,  Marie t ta ,  Georgia ,  October 28-30, 1958, 
16 pp. (8 r e f s ) .  

Average neutron c r o s s  sect ions  a r e  calculated fo r  15 common e lements .  E l a s t i c  
sca t t e r ing ,  inelas t ic  sca t t e r ing ,  and charged pa r t i c l e  react ions  a r e  considered.  F r o m  
these  average  c r o s s  sect ions ,  one m a y  calculate a dose  in one m a t e r i a l  f r o m  a m e a s -  
u red  dose  in another  o r  one m a y  calcula te  a dose  f rom an activation,  a n  activation f rom 
a dose ,  o r  a n  activation f r o m  a n  activation.  The s p e c t r a  used f o r  calculat ing the 



a v e r a g e s  a r e  for f i ss ion neutrons  which have penetrated var ious  thickness of wa te r  and 
graphi te  (calculated by NDA by use  of the "moments  method"). The relat ionship of the 
calcula ted averages  to o ther  types of averages  is discussed and convers ion fac to rs  a r e  
given.  C r o s s - s e c t i o n  a v e r a g e s  a r e  a l s o  given fo r  s e v e r a l  f i ss ion foi ls .  Finally,  the 
f rac t ion  of the absorbed dose  which is t r a n s f e r r e d  to reco i l  nuclei  which does not r e s u l t  

' in ionization is calculated fo r  five e lements .  This  f ract ion is useful  in comparing r a d i -  
a t ion effects  which a r e  caused by a tomic displacements .  

Caswel l  R S and Smith S W , ,  
NUCLEAR RADIATION UNITS AND MEASUREMENTS, 
National Bureau  of Standards ,  Washington, D. C .  P a p e r  presented a t  the 3 rd  Semi-Annual 
R.arlia.tion Effects Symposium, Lockheed Ai rc ra f t  Corporation,  Marietta,  Georgla,  
October  28-30, 1958, 17 pp. (24  r e f s ) .  

The  b a s i c  pr inciples  underlying the es tabl ishment  arid iiSe Of Units, s tandards  alld s y s l e ~ l ~ s  
of m e a s u r e m e n t  f o r  nuclear  radiation a r e  given, with specif ic  re fe rence  to gamma r a y s ,  
neutrons  and mixed fields of gamma r a y s  and neutrons,  the l a t t e r  being m o r e  commonly 
encountered in radiation effects problems.  The measurement  of the energy  deposited by 
a radia t ion field in  a s a m p l e  of m a t e r i a l  may be approached through measurement  of 
s o m e  c h a r a c t e r i s t i c  of the field, i . e . ,  exposure  dose, flux, spec t ra ,  o r  through m e a s -  
u r e m e n t  of energy absorpt ion d i rec t ly  , i. e . ,  absorbed dose. The discuss ion includes 
the conditions for m e a s u r e m e n t  of exposure  dose  and of absorbed  dose,  and c u r r e n t  
methods  of dosimetry ,  ins t ruments  and techniques. Also included is a brief  d iscuss ion , 

of the m e a s u r e m e n t  of neutron flux and neutron s p e c t r a .  

B u r r u s  W R and I-Iarper W T 
COMPARISON O F  RADIATION E F F E C T S  IN DIFFERENT FACILITIES, 
Ohio Sta te  Universi ty,  Columbus,  Ohio, and Lockheed ~ i r c r a f t  Corporat ion.  P a p e r  presented . 
a t  the 3 r d  Semi-Annual Radiation Effects  Symposium, Lockheed Ai rc ra f t  Corporation,  Marie t ta ,  
Georgia,, October  28-30, 1958, 22 pp. ( 6  r e f s ) .  

R e g a r d l e s s  of any agreement  reached on units and methods of measurement  within the 
Nuclear  Propel led Manned Ai rc ra f t  P r o g r a m ,  the re  s t i l l  ex i s t s  the problem of cor re la t ing  
the radiation-effects data repor ted  by investigators in agencies  that a r e  not part icipating 
in the P r o g r a m .  To cope with th is  problem,  a simplified method for  consis tent  c o m -  
par i son  of the data obtained in different facil i t ies is presented.  This  i s  accomplished by 
express ing  radiation environments  in t e r m s  of "carbon-absorbed gamma dose" and 
"water-absorbed neutron dose.  " Although the method involves s o m e  simplifying a s -  
sumptions  and approximations,  i t  is shown to be general ly  applicable to organic  m a -  
t e r i a l s ,  which c a u s e  s o m e  of the m o s t  c r i t i ca l  p rob lems  f o r  the des igner  of 
nuclear-propel led a i r c r a f t .  The sample  calculations,  tables,  and c u r v e s  presented may  
be  used a s  a handbook fo r  conversion of radiation dose data to common denominators.  
Such conversions p e r m i t  compar i son  of data even when information on the spectpal  
distr ibution of the radia t ion environment i s  lacking. 



Wheeler G A 
THE DETERMINATION O F  NUCLEAR PARAMETERS FOR EXPERIMENTAL RADIATION 
EFFECTS, 
Convair, Division of General Dynamics Corporation, For t  Worth, Texas.  Paper  presented at  
the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta,  
Georgia,  October 28-30, 1958, 8 pp. (4 re fs ) .  

Necessity for knowledge of radiation field is discussed. Current  dosimetry techniques 
in use a t  Convair a r e  presented together with the differences between present  . 

"state-of-the-art" and desired measurements .  The magnitude of and difficulties en-  
countered in Convair 's  mapping of .the GTR field a r e  detailed. 

Gamble Roger L 
CALORIMETRIC DOSIMETRY PROGRAM AT LOCKHEED, 
Lockheed Aircraf t  Corporation. Paper  presented a t  the 3 rd  Semi-Annual Radiation Effects 
Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 28-30, 1958, 6 pp. 

To measure  energy deposition in organic mater ia ls ,  low cost calor imetr ic  r adme te r s  
of both the adiabatic and steady-state types have been designed. The ranges of these 
instruments  a r e  from 5 x l o 4  r ads  per  hour to l o 7  r ads  pe r  hour. 

Schupp F D and Ruby S L 
DOSIMETRY AND ENERGY DISTRIBUTION OF FAST NEUTRON USING L ~ ~ I ,  
Westinghouse Elec t r ic  Corporation, Eas t  Pittsburgh, P a .  Paper  presented at  the 3rd  Semi-  
Annual Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta,  Georgia, 
October 28-30, 1958, 1 p. 

The use of ~ i ~ l ( ~ u  activated) scientillation c rys ta l s  for  neutron spectroscopy in the 
energy range ,above 1 Mev has  been investigated. The scintillation spec t rometer  ha s  
moderate resolution, high efficiency, and is usable in an isotropic flux; i t  presents  the 
absolute number of neutrons a s  well a s  spec t ra l  distribution. A technique of subtracting 
gamnia-ray background by use of a matched ~ i ~ l ( ~ u )  c rys ta l  is given. Pulse  height 
spec t ra  with monoenergetic neutrons from 1.6 to 18 Mev a r e  reported. A prel iminary 
study of the energy spectrum of the fast  neutron distribution obtained from a partially 
unshielded pressurized water -type reactor  co re  w i l l  be presented. 

Weiss M M and Donnelly M M 
NEUTRON FLUX ENERGY DISTRIBUTION O F  THE BNL REACTOR SHIELDING FACILITY, 
Bell Telephone Laboratories,  Inc. ,  Whippany, N. J. Paper  presented a t  the 3rd Semi-Annual 
Radiation Effects ~ ~ m ~ o s i u m ,  Lockheed Aircraf t  Corporation, Marietta, Georgia, 
October 28-30, 1958, 14 pp. (6 re fs ) .  

A study has  been made to determine the neutron flux energy distribution of the BNL 
reac tor  shielding facility employed in the semiconductor radiation damage studies by 
Bell Telephone Laboratories.  This facility offers an  opportunity for  a c r i t i ca l  



comparison between the mathematical  methods available to compute the fas t  flux and the 
exper imental  methods using foil activation techniques. The methods and equipment used 
and the resu l t s  obtained a r e  described. The major  effort of flux distribution measure-  
ment  was in  the energy range from 0.1 to 10 Mev. 

Schmitt  R A and Sharp R A '  
MEASUREMENT O F  THE RANGE O F  RECOIL ATOMS, 
General  ~ t o m i c ,  Division of General  Dynamics Corporation, San Diego, California. Pape r  
presented a t  the 3rd  Semi-Annual Effects Symposium, Lockheed Ai rc ra f t  Corporation, 
Mariet ta ,  Georgia,  October 28-30, 1958, 9 pp. (18 re fs ) .  

This  paper  discusses  the measurement  of the range of recoi l  a toms.  An important 
problem in the interpretation of radiation-damage and sput ter ing phenomena is the 
evaluation of the range of an atom which moves through a latt ice arler having received 
a n  init ial  energy of 10 to 100 kev. it is a l so  pointed out that a theoretical  evaluation of 
the coll ision c r o s s  section i s  difficult. 

Cowan Clyde L ,  Jr. and Reines Freder ick  
THE LARGE LIQUID SCINTILLATION DETECTOR AS A NEUTRON SPECTROMETER, 
Los  Alamos Scientific Laboratory,  Los  Alamos, New Mexico, Contract  No. W-7405-Eng-36, 
Apri l  2, 1957, 5 pp. 

This  repor t  discusses  the use of l a rge  liquid scintillation detectors  which in  Inany ge- 
ome t r i e s  allows near ly  1000/0 efficiencies for  neutron detection. The high sensitivity of 
these detectors  to gamma r ays  is discussed. 

The procedure u se s  cadmium (a s  cadmium octoate) for  which the capture- t ime curves  
a r e  charac te r i s t i c  and well  known. A burs t  of monochromatic neutrons is allowed to 
fa l l  on a l a rge  liquid scint i l la tor .  Measurement of the amplitude of the f i r s t  pulse 
would yield NE and a s imple  count of ensuing neutron captu1.e pulses, properly , n: 
co r r ec t ed  for  efficiencies, would determine N. If scope presentation and Land camera  
a r e  used, this analysis  should requi re  a'few minutes.  

In measurements  of continuous neutron spec t ra  fo r  neutrons below a few Mev energy, 
the effect of nonlinearity is sma l l  and the sum-pulse  amplitudes for  single neutrons 
would yield uncertainties of only about 10'70. This uncertainty increases  with neutron 
energy and would r i s e  to perhaps a s  much a s  3070 a t  14 Mev. 

Arakengy Alfred and Kloepper R M 
LIQUID-SCINTILLATOR AND REFLECTIVE -COATING ,STUDY, 
Los  Alamos Scientific Laboratory,  LOS Alamos, New Mexico, Contract No. W-7405-Eng-36, 
September  (19!37), 11 pp. 

This  repor t  i s  a study of the comparative responses  of some scin'tillators in tanks of 
var ious  reflective coatings to gamma r a y s  f rom ~s~~~ and co60  sources .  In o rde r  of 
decreasing quality, the scint i l la tors  tested, ,all of which contained p-terphenyl, were  



toluene-POPOP, xylene-a-NPO, polystyrene-a -NPO, and triethylbenzene -POPOP. The 
reflective coatings tested were: Plasite,  a -alumina in sodium silicate,  and titanium 
dioxide in Zapon Aquinate Lacquer.  

Sayeg J A and Harr i s  P S 
EXPERIMENTAL DETERMINATION OF FAST- AND THERMAL-NEUTRON TISSUE DOSE, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W.-7405-Eng-36, 

. January  (19581, 65 pp. 

Beryllium-shelled tissue-equivalent and beryllium-shelled graphite ionization chambers  
which permit  the measurement of fast-  and thermal-neutron tissue dose a r e  described. 
Measurements on fast  neutrons (14.1 Mev and degraded fission neutrons) were  compared 
with the Hurst proportional counter and threshold detectors.  The data indicate close 
agreement between the different experimental systems and first-collision theory. 

Measurements on thermal neutrons made a t  Los Alamos Water Boiler with t issue- 
equivalent, tissue-equivalent nitrogen-depleted, and graphite ionization chambers were 
in agreement with theoretical calculations on: (1) the proton portion of the total 
thermal-neutron dose due to the N ~ *  (n, p) c,14 reaction in tissue, and (2) the gamma 
portion of the total thermal-neutron dose due to the ~ ' ( n , y  ) H ~  reaction in t issue.  Also, 
the inherent gamma contamination a s  measured with the graphite chamber was in close 
agreement with the lithium extrapolation measurements of Brennan, et  a l .  The resul ts  
and e r r o r s  a r e  discussed in the calculation of neutron tissue dose. 

Keepin G R 
PULSED NEUTRON TECHNIQUES, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-36, 
March (1958), 25 pp. (11 refs).  

This report  presents  a brief survey of pulsed-neutron capabilities for  reac tor  research  
and development. 

Using pulsed-neutron techniques one can measure  neutron spectra ,  flux densities, the 
basic diffusion constants, capture and scattering c ros s  sections, neutron lifetimes, 
neutron age, and reactivity. As a case  in point, practical application of these tech- 
niques to the Los Alamos Scientific Laboratory nuclear-propulsion reac tor  development 
program i s  outlined. The various types of measurements  a r e  discussed and compared 
with reference to pulsed-source requirements and electronics instrumentation limita- 
tions. This study has indicated three main types of source which should be considered 
for  a general pulsed neutron program. These a r e :  (1) electron l inear  accelerators ,  
(2 )  positive ion accelerators  (Cockcroft-Walton type), and (3) pulsed neutron generators.  
From each of these types, specific units may be selected which meet the requirements 
of mobility and versatil i ty in a remote-control cr i t ical  assemblies  laboratory. A brief 
evaluation of each type of source is given, including pertinent performance specifi- 
cations and representative cost figures. 



Dessauer  Gerhard, Davis Kenneth E and White Fred  A 
A RADIATION DOSE INTEGRATOR OF HIGH SENSITIVITY, 
Contract No. W-7401-Eng-49, September 13, 1945, 8 pp. 

This repor t  descr ibes  the design and construction of a radiation dose integrator -to 
s e rve  a s  a radiation monitoring unit of high sensitivity and wide application. It i s  self-  
reset t ing and more  sensitive than previous models. The unit car1 be calibr.ated to nieas- 
u re  neutron and gamma radiation in the range from tolerance dose (at tolerance' r a t e )  
to large doses (fluxes of hundreds of r units per  hour). The integrator i s  a -c  operated 
and self -recording. 

Cheka J S 
NEUTRON MONITORING BY MEANS OF SPECIAL FINE GRAIN ALPHA EMULSION FILM, 
USAEC Technical Information Service Extension, Oak Ridge, Tenn.,  16 pp. (4 re fs ) .  

This report  discusses  the use of fine grain alpha errlulsiun rilrr~ to monitor personnel for 
neutron exposure. Calibrations were made to determine the sensitivity of the emulsion 
for  both thermal and fast  neutrons in t e rms  of proton t racks observable under a micro-  
scope of 970x magnification. 

Alpha particle sensitive film has been used at Clinton Laboratories since October 1944, 
to monitor personnel fo r  neutron exposure. This film i s  now in the regular film badge 
in addition to the beta- and gamma-ray sensitive fi lm. 
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Taschek R F 
RADIOACTIVE THRESHOLD DETECTORS FOR NEUTRONS, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, 15 pp. (9 refs) .  

9 3 1 
Of nine (n, p) and (n, a )  reactions studied, only Be (n, a ) ~ e ' ,  p (n, P ) s ~ " ,  and 
~"a(n,  p)p 3"ave measurable  acti"itfes of the residual nucleus after burribar-d11je111 by 
neutrons below 2 Mev, and of these three only p31 had the combination of c ros s  section 
and half-life to make a very practical threshold detector for  neutrons. The 4.1 hour 
noncapture excitation of In was investigated a s  a function of neutron energy. The 
threshold and variation of c ros s  section with energy of the p "(n, p ) ~ i 3 1  reactions were 
measured in detail. 

Wi lso~l  H A 
BODY TISSUE IONIZATION DUE TO NEUTRONS, 
united States Atomic Energy Commission, Oak Ridge, Tenn., July 26,  1943,' 8 pp. (1 ref).  

This report  developes a calculation of the body tissue ionization due to nkutrons. Most 
of the ionization i s  due to the gamma rays  emitted when the neutrons a r e  captured. The 
assumption that a l l  the neutrons falling on the tissue enter the t issue is ,  of course,  not 
cor rec t .  The fraction entering is probably about 0.3 for  thermal neutrons and la rger  
for  fast  neutrons. 



B c l l  P R 
P O C K E T  RADIATION ALARM, 
Cl in ton  National  L a b o r a t o r y  (1947), 9 pp.  

T h i s  r e p o r t  d e s c r i b e s  a pocket  r ad ia t ion  a l a r m .  The  weight  of the  comple t ed  i n s t r u -  
m e n t  is 386 g r a m s  and m e a s u r e s  1-318 x 2-114 x 5-314 inches .  The  sens i t i v i ty  is a d -  
j u s t ed  by  va ry ing  the th i ckness  of a g raph i t e -coa ted  luc i t e  block,  in  the coun te r  wa l l ,  
un t i l  the capac i ty  of the c h a m b e r  h a s  the d e s i r e d  va lue .  

Mon P - 2 1 9 .  , . 
, _ .  . 

Dismuke  Nancy M and A r n e t t e  ~ u t h  M 
AGE T O  THERMAL ENERGY (0.025 E V )  O F  FISSION NEUTRONS IN H,O-A1 MIXTURES, 
USAEC Techn ica l  Informat ion  S e r v i c e  Extens ion ,  Oak  Ridge,  Tenn. ,  D e c e m b e r  5, 1946, 6 pp. 

T h i s  r e p o r t  d i s c u s s e s  the ca lcula t ion  of neu t ron  a g e  i n  a H,O-A1 m i x t u r e  as a funct ion 
of ene rgy .  T h e  f o r m u l a  used  is p resen ted .  Two c u r v e s  and  o n e  tab le  of da ta  a r e  

, . 
included.  

, Kaufmann Stefan  G and  P a h i s  L e r o y  E 
NEUTR,ON DETECTORS FOR OPERATION AT ~ O O C ,  
Nucleonics ,  Vol . '  16,  No. 3,  pp. 90, 92, 93, ~ a r c h : ( 1 9 5 8 ) .  

0 .  
T h i s  p a p e r  d e s c r i b e s  a neu t ron  d e t e c t o r  des igned f o r  o p e r a t i o n  a t  400 C .  T h i s  dev ice  
w a s  developed to s a t i s f y  the con templa t ed  in s t rumen ta t ion  needs  f o r  the second  E x -  
p e r i m e n t a l  B r e e d e r  R e a c t o r  (EBR -11). 

R o s e n  Lou i s  
NUCLEAR EMULSION TECHNIQUES FOR THE MEASUREMENT O F .  NEUTRON ENERGY 
S P E C T R A  - P A R T  I, 
Nucleonics ,  Vol. 11,  No. 7, pp. 3'2-3'8, Ju ly  (19531, (80 r e f s ) .  

In a de t a i l ed  rev,iew, m e a s u r e m e n t  p r o c e d u r e s  f o r  ex tended neu t ron  s o u r c e s  a r e  
p re sen ted ,  together  with a n  in t roduct ion  to the d i scuss ion  of point  s o u r c e s .  A p r e -  
l i m i n a r y  d i scuss ion  g ives  spec i f i c  emul s ion  p r o c e s s i n g  techniques  a n d  eva lua t e s  . . a v a i l -  
a b l e  op t i ca l  equipment .  

R o s e n  Lou i s  
NUCLEAR EMULSION TECHNIQUES FOR THE MEASUREMENT OF NEUTRON ENERGY 
S P E C T R A  - P A R T  11, 
Nucleonics ,  Vol. 11, No. 8, pp. 38-43,  August  (1953), (5  r e f s ) .  



A nuclear plate used a s  radiator  and detector allows measurement of low energy and low 
intensity neutron point sources.  Applications of the emulsion technique to high energy 
sources  and inelastic neutron interactions a r e  described in detail. 

Jensen  Gert ,  e t  a l .  
SL,OW, SIMPLE 99 - CHANNEL PULSE - HEIGHT ANALYZER, 
Nucleonics, Vol. 16, No. 10, pp. 101-103, October (1958). 

The paper descr ibes  briefly a slow, comparatively simple 99 -channel pulse -height 
analyzer.  Since the analyzer was intended for low -level-activity radiobiological work, 
long-term stability was emphasized ra ther  than speed. 

Moody J W, e t  al .  
PHOTOVOLTAIC GAMMA -RAY DOSIMETER, 
Nucleonics. Vol, 16, No. 10, pp. 101-103, October (1958), (4 refs) .  

Both photoconductive and photovoltaic devices a r e  now being used to detect and measure 
light intensities o r  to convert so l a r  energy into electr ical  energy. Such devices depend 
upon the excitation of e lectr ic  charge ca r r i e r s ,by  radiant energy and, within cer tain 
l imits,  their  response is proportional to the intensity of incident energy. The energizing 
radiation need not be visible; photosensitive .semiconductors a r e  also sensitive to 
gamma-rays,  X-rays, protons, and neutrons, and they can be used to detect and meas -  
ure  such radiations. 

The particular photovoltaic cell  studied in this case  was a commercially available s i l i -  
con so lar  cell. 

Downs John W and Smith For re s t  L 
0R.GANTC -GLASS SCINTILLA'I'ORS, 
Nucleonics, Vol. 16, No. 3, pp. 94-96, Novelnber (1958). 

As a contribution to the development of new scintil lators,  a study has been made of two 
organic silane compounds: triphenyl-p-biphenylylsilane and phenyltri-p-biphenylylsilane. 
These compounds a r e  of interest  becauseathey a r e  natural glass formers  a s  well a s  good 
scintil lators.  

< 

This report  discusses  physical properties,  preparation of specimens, method of evalu- 
ation, relative efficiency, method of evaluation, and spectral  character is t ics .  
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Mills M M 
/ 

THEORY O F  ATOMIC DISPLACEMENTS PRODUCED 'BY FAS'I' ELECTRONS, 
North American Aviation, Inc., Los Angeles, California, 'Contract No. A ' l ' i l l -  1)-Gen-8, 
January 20,1950, 46 pp. (21 refs) .  



Theoret ica l  computations a r e  given descr ib ing the production fo a tomic  displacements  in 
graphi te  by f a s t  e l ec t rons .  The underlying mechanism i s  a s s u m e d  to b e  the e las t i c  
t r a n s f e r  of energy f r o m  the e lec t ron  to a s t r u c k  ca rbon  atom a s  a whole when the e lec -  
t ron  encounters  the coulomb field of the carbon nucleus .  The agreement  between r e c e n t  
exper imenta l  e l ec t ron  bombardment  data and the theory proposed h e r e  is good enough to 
indicate that the proposed mechanism is probably c o r r e c t ,  and that  in tense  ionization 
does  not lead to a tomic  displacement  effects  i n  graphi te .  The low m a s s  of the e lec t ron  
m a k e s  e lec t ron  bombardment  a sens i t ive  technique to supplement  i r r ad ia t ion  s tud ies  of 
m a t e r i a l s  c a r r i e d  out by o t h e r  methods;  f o r  example ,  e l ec t ron  bombardment  o f fe r s  a 
sui table  method to de te rmine  the energy  n e c e s s a r y  to d isplace  a n  a tom f r o m  i t s  n o r m a l  
la t t ice  s i t e .  Radiation damage i n  r e a c t o r s ,  produced by e lec t rons ,  is negligible in com-  ' 
par i son  to damage produced by f a s t  neutrons;  however,  i t  is poss ible  f o r  f a s t  e l ec t rons  
to produce radia t ion damage.  

  art in David H 
CORRECTION FACTORS FOR MEASUREMENTS WITH CADMIUM COVERED FOILS, 
Nuclear  Engineer ing and Manufacturing, Division of North A m e r i c a n  Aviation, Inc . ,  
Downey, Cal i f . ,  Con t rac t  No. AT-(11-1)-Gen-8, October  15, 1954, 13 pp. (5 r e f s ) .  

Cadmium-covered foils  a r e  frequently used to m e a s u r e  the neutron flux with energy  
above that r ep resen ted  by the cadmium cutoff point. Cor rec t ion  fac to r s  to account f o r  
the at tenuation of the epicadmium neutrons  by the cadmium a r e  given and compared  with 
r e s u l t s  by e a r l i e r  exper imente r s .  In the p resen t  work,  foil  a r e a ,  foil th ickness ,  and 
cadmium r a t i o  w e r e  va r i ed  with no detectible effect  on the cor rec t ion  fac to r .  Values 
a r e  given f o r  both indium and gold, and a f u r t h e r  s m a l l  c o r r e c t i o n  to account f o r  the 
leak-l111wugh of subcadmium o r  t h e r m a l  neutrons is d i scussed .  

NAA -SR - 1459 

Brinkman J A 
THE PRODUCTION O F  ATOMIC DISPLACEMENTS. BY HIGH ENERGY PARTICLES, 
Nuclear  Engineering and Manufacturing, Division of North A m e r i c a n  Aviation, Inc . ,  
Downey, California,  Contract  No. AT-(  11 - 1)-Gen-8,  October  5, 1955, 52 pp. (39 r e f s ) .  

The p r o c e s s e s  by which a t o m s  in sol ids  a r e  d isplaced f rom thei r  n o r m a l  posit ions ,by 
high energy  neutrons,  cyclot ron p a r t i c l e s  and e lec t rons  a r e  d iscussed.  A radia t ion 
damage model  is presented which involves two bas ic  f ea tu res :  (1)  the production of 
in te r s t i t i a l  a t o m s  and vacant la t t ice  s i t e s ,  and (2) the production of d isplacement  sp ikes .  
These  two concepts a r e  sufficient to account f o r  m o s t  of the obse rved  p roper ty  changes 
resu l t ing  fi-om a tomic  displacement  by high energy pa r t i c l e s .  Some of the exper imenta l  
r e s u l t s  which.provide the m o s t  d i rec t  suppor t  fo r  these  concepts a r e  p resen ted .  

Har t  R S and Hale J P, Jr. 
FAST NEUTRON MONITORING WITH NTA FILM PACKETS, 
Atomics  International ,  Division of North Amer ican  Aviation, Inc . ,  Canoga P a r k ,  California.,  
Con t rac t  No. AT-(11-1)-Gen-8,  July 15, 1956, 22 pp. (6 r e f s ) .  



An investigation into the value of dental s ize NTA film packets for  fast-neutron moni- 
toring largely substantiated the resu l t s  of previous work. Its accuracy, especially a t  
o r  below tolerance levels, i s  poor. Nevertheless, in l ieu of bet ter  techniques, it offers 
a moderately convenient method that can be easily worked into the' usual beta-gamma 
personnel film system. 

A two-week tolerance dose of fast  neutrons was represented bjr -3.7 f 1.0 x lo3  proton 
recoi l  t racks per  cm2 .  At 970x magnification, this resu l t s  in -0.66 t racks per  field. 
Cadmium shields were used to r e s t r i c t  the film response to proton recoils.  Latent 
image fading was found to be relatively unimportant, and.the proton t racks could be 
evaluated without se r ious  interference with a superimposed gamma exposure up to -- 5 r. 

The film was calibrated using a 10 curie  Po-Be neutron source in severa l  film orienta- 
tion patterns.  Development processes  were standardized with Kodak Liquid X-ray 
Developer and Fix. 

Secres t  l5 L ' ' 

SOLID ANGLE CALCULATIONS, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, Contract No. 
AF33(038)-21117, April 28, 1955, .32 pp. (5 refs) .  

This report  t rea ts  in a systematic fashion sphere and disc geometry solid angle calcula- 
tions. Rigorous expressions a r e  developed for  the solid angle subtended by a sphere a t  
a point and by a disc a t  a point. Approximate expressions a r e  also developed in such a 
way a s  to demonstrate the range of their applicability. 

Woodruff L V and Hessee E W 
AIR AND GROUND SCATTERING O F  GAMMA RAYS AND NEUTRONS FROM THE GTR, 
Convair,  Division of General Dynamics Corporation, Fort  Worth, Texas, Contract Nu. 
AF33(038)-21117, April 28, 1955, 60 pp. ( 4  re fs ) .  

The purpose of this experimer~l  was lu obtain measurcmcnto of f a ~ t  nt)ut1*6~1 and gamma 
' dose r a t e s  due to a i r  and ground-scattered reac tor  radiations. F o r  this test, the 

Ground Test  Reactor was centered in a .small  water -filled aluminum cylinder of 
elliptical c ros s  section to provide a nearly isotropic radiation source. 

Both total and scat tered (air  -and ground) dose ra te  measurements  werk made f6r  reac tor -  
detector separation distances from 30 to 100 feet for  elevations ranging from 12.5 to 
71.3 feet. The scat tered measurements  were made by shielding dosimeters '  from the 
reac tor  direct beam; a variation of scat tered dose- ra te  with direct  beam shield angle 
was dete~-r~i ined.  

Results of the total dose ra te  measurements  verify previous preliminary studies; the 
dose r a t e s  for both neutrons and gammas vary roughly a s  the inverse square of the 
distance . 

The functional dependence of the scat tered dose ra te  on separation distance a changes 
with height above the ground. At the la rger  separation distances, for  scat tered gamma 
radiation, the dose ra te  is proportional to l / a l A  and l / a l m 2  a t  12.5 and 71.3 feet above 



the ground; the s c a t t e r e d  fas t  neutron dose r a t e  v a r i e s  a s  approximate ly  l / a l a 6  and 
l / a  a t  the 12.5 and 71.3 foot heights. 

NARF-55-55T ( P a r t  1 )  FZK-9-089 

C r a v e r  K B, e t  a l .  
ACTIVATION HANDBOOK FOR AIRCRAFT DESIGNERS-VOL. 1, PART 1, 
Nuclear  Phys ics  Group, Convair ,  Division of Genera l  Dynamics Corporation,  F o r t  Worth,  
Texas ,  July  1, 1955, 377 pp. (9 r e f s ) .  

The  p r e s e i t  i n t e r e s t  within the Ai rc ra f t  Nuclear  Propuls ion P r o g r a m  i n  the activation 
of m a t e r i a l s  by nuc lea r  radia t ion has  provided an impetus  f o r  the p repara t ion  of tables  
which will  allow a i r c r a f t  design eng ineers  to p e r f o r m  activation computations readi ly .  
Th i s  Activation Handbook is designed to provide the. total  act ivation p e r  unit f lux p e r  
unit weight of va r ious  a i r c r a f t  m a t e r i a l s  a s  a function of two p a r a m e t e r s :  t i m e  of 
i r r ad ia t ion  and decay L i r ~ l e .  - 

. . 
This  edition of the handbook contains the the rmal  neutron gamma activation tables  f o r  
89 a i r c r a f t  a l loys .  F u t u r e  volumes of this  handbook- a r e  contemplated containing ad-  
ditional al loy-activation calculat ions f o r  nuc lea r  react ions  o ther  than the (n, y )  type.  
Revision pages  wil l  be supplied a s  new exper imenta l  c ross - sec t ion  data become ava i l -  
ab le .  

NARF-55-55T ( P a r t  2) FZK-9-089 

C r a v e r  K B, e t  a l .  
ACTIVA.TION HANDBOOK FOR AIRCRAFT DESIGNERS- -VOT,. 1 ,  PART 2, 
Nuclear  Phys ics  Group, Convair ,  Division of Genera l  Dynamics Corporat ion,  F o r t  Worth,  
Texas ,  July  1, 1955, 329 pp. (9 r e f s ) .  

The p resen t  i n t e r e s t  within the Ai rc ra f t  Nuclear  Propuls ion P r o g r a m  in  the activation 
of m a t e r i a l s  by nuc lea r  radia t ion has  provided an impetus  f o r  the p repara t ion  of tables  
which will allow a i r c r a f t  design eng ineers  to p e r f o r m  activation computations read i ly .  
Th i s  Activation Handbook is designed to provide the total activation p e r  unit flux p e r  
unit weight of var ious  a i r c r a f t  m a t e r i a l s  a s  a function of two p a r a m e t e r s :  t ime  of 
i r r ad ia t ion  and decay t i m e .  

Th i s  edition of the handbook contains the t h e r m a l  neutron gamma activation tables  f o r  
80 a i r c r a f t  a l loys .  F u t u r e  volumes of this 'handbook a r e  contemplated containing a d -  
ditional al loy-activation calculat ions f o r  nuc lea r  react ions  o ther  than the (n, y )  type.  
Revision pages  wil l  be supplied a s  new exper imenta l  c r o s s - s e c t i o n  data become ava i l -  
a b l e .  

Cook C F, Lang T P and Wheeler  D M 
DEGRADED RADIATION FROM A LARGE ~ 0 ~ '  SOURCE, 
Nuclear T e s t  Labora to ry ,  Convair ,  Division of Genera l  Dynamics Corporat ion,  F o r t  Worth, 
Texas ,  Contract  No. AF33(038)-21117, October  28, 1955, 20 pp. (5  r e f s ) .  

A two-crys ta l  Compton s p e c t r o m e t e r  h a s  been used to m e a s u r e  the degraded gamma 
radia t ion f r o m  the l a r g e  c o 6 0  s o u r c e .  The degraded radia t ion is a t t r ibuted to in ternal  
s o u r c e  sca t t e r ing  and sca t t e r ing  due to the a i r  .column between s o u r c e  and de tec to r .  



T h e  total  in tens i ty  of the degraded radia t ion in the range  f rom 0.3 to 1 Mev is no m o r e  
than 22'70 of the combined intensity of 1.17- and 1.33-Mev gamma r a y s .  The s o u r c e  
in tens i ty  w a s  m e a s u r e d  August  18, 1955, and found to be  1.9.9 c u r i e s .  

Lewis  J H and King A D 
MEASUREMENTS O F  DOSE RATES FROM ACTIVATED AIRCRAFT MATERIALS - PART I 1  I, 
Convair ,  Division of G e n e r a l  Dynamics Corporation,  F o r t  Worth, Texas ,  c o n t r a c t  No. 
AF33(600)-32054, July 6, 1956, 67 pp. (3  r e f s ) .  

Th i r ty - four  a l loys  of s t e e l ,  nickel, and o t h e r  m e t a l s  w e r e  activated by neutrons  f rom 
the Ground Tes t  R e a c t o r  dur ing October  1955. Th i s  r e p o r t  p r e s e n t s  the gamma dose  
r a t e  data  obtained f r o m  this exper iment .  

Measurements  w e r e  m a d e  on m a t e r i a l  spec imens  of a s t andard  s i z e .  The spec imens  
w e r e  t r anspor ted  to and f r o m  the r e a c t o r  by a pneumatic s y s t e m .  Two s a m p l e s  of each 
m a t e r i a l  w e r e  i r r a d i a t e d ,  one unshielded and one shielded by 3116-inch of boron ca rb ide .  
M e a s u r e m e n t s  w e r e  taken with an th racene  c r y s t a l  scinti l lat ion d o s i m e t e r s  ca l ibra ted  
a g a i n ~ t  a c o 6 0  s t a n d a r d .  Data a r e  prcscnted in  terms of the dose rate in  t.~~l-./l.lr.-gln-ku, 
a t  one foot f rom a s a m p l e  of m a t e r i a l  i r r ad ia ted  f o r  30 minutes .  

Numerous  c u r v e s  a r e  included.  

King A D, Lewis  J H and Miles  T K 
MEASUREMENT O F  DOSE RATES FROM ACTIVATED AIRCRAFT MATERIAL - P A R T  IV, 
Convair ,  Division of G e n e r a l  Dynamics Corporat ion,  F o r t  Worth,  Texas ,  Con t rac t  No. 
AF33(600)-32054, October  31, 1956, 107 pp. (4  r e f s ) .  

Th i r ty - seven  al loys of s t e e l ,  nickel, magnesium,  aluminum, t i tanium, 'cobalt, tungsten 
ca rb ide ,  and  o t h e r  m e t a l s  w e r e  activated by neutrons  f r o m  the Ground T e s t  Reac to r  
dur ing  A p r i l  1956. Th i s  r e p o r t  p r e s e n t s  the g a m m a  dose  r a t e  data  obtained f rom this 
exper iment .  

The s p e c i m e n s  w e r e  of a s t andard  s i ze ,  with the exception of the few noted in  the data.  
Some of the s a m p l e s  w e r e  i r r a d i a t e d  in  powdered, form and counted in  the s t andard  
geometry .  The s p e c i m e n s  w e r e  t r anspor ted  to and f r o m  the r e a c t o r  by a pneumatic 
s y s t e m .  Two s a m p l e s  of each  m a t e r i a l  w e r e  i r r ad ia ted ,  one unshielded and one shie ld-  
ed  by 31 16-inch of boron carbide .  Ten of the al loys w e r e  i r r a d i a t e d  a l s o  in a bora l  
c a r r i e r ,  shielded by 1 / 4-inch of bora l .  Measurements  were  taken with anthracene 
c r y s t a l  scinti l lat ion d o s i m e t e r s  ca l ibra ted  agains t  a cobalt-60 s t andard .  Data a r e  
p resen ted  i n  t e r m s  of the dose  r a t e  in  m r l h r - g m - k w  a t  one foot f r o m  a s a m p l e  of 
m a t e r i a l  i r r a d i a t e d  f o r  30 minutes .  

Also  included is  a brief  ana lys i s  of the al loy data showing, in s o m e  c a s e s ,  a cor re la t ion  
between level  of ac t iv i ty  and alloy composit ion.  The boron ca rb ide  packed c a r r i e r  is 
shown to be  equivalent to bora l  a s  shielding m a t e r i a l  within a f ac to r  of two. 



Rogosa G L 
THE F U N C T I ~ N  OF THE NUCLEAR CROSS-SECTION ADVISORY GROUP A N D  T H E ,  
REACTOR PHYSICS P.LANNING GROUP, 
Division of Reac to r  Development, USAEC, 'Washington,  D. C .  P a p e r  p resen ted  a t  the F i r s t  
Semi-Annual 125A Radiation Effects  Symposium,  Convair ,  F o r t  Worth,  Texas ,  May 22-23, 
1957, 4 . p ~ .  

The functions and method of opera t ion of the Nuclear  Cross-Sect ion Advisory Group and 
the Reac to r  P h y s i c s  Planning Group a r e  d iscussed.  P r o c e d u r e s  whereby n e c e s s a r y  
nuclear  data m a y  be obtained a r e  given. 

Beever  E R 
GROUND HANDLING STUDY ON GE-ANP GEAR BOX IRRADIATED BY S P T  NO. 2, 
General  E lec t r i c  C o . ,  ANPD, Cincinnati,  Ohio. P a p e r  p resen ted  a t  the F i r s t  Semi-Annual 
125A Radiation Effects  Symposium, Convair ,  F o r t  Worth,  Texas ,  May 22-23, 1957, 
19 pp. (2 r e f s ) .  

Th i s  r e p o r t  d e s c r i b e s  the body radiat ion dose and i t s  distr ibution rece ived  while working 
in a mult iple s o u r c e  radia t ion field:  

The radia t ion field in and around a radioactive jet engine s y s t e m s  panel  was  thoroughly 
investigated.  Doses received a t  var ious  p a r t s  of the body w e r e  m e a s u r e d  f o r  two m e n  
working in the radia t ion f ie ld ,  

It w a s  found that  the dose  received w a s  not uniformly distr ibuted o v e r  the body. In fac t ,  
the l eas t  dose  could be .accumulated in  the m o s t  unlikely location; f o r  example ,  the hands,  
which a r e  in  c l o s e s t  contact  with the rad ioac t ive ' sys tem,  m a y  actual ly  not accumulate  a s  
l a r g e  a dose a s  a shoulder  o r  f o r e a r m  because  of the shielding effects  of va r ious  l e s s e r  
radioact ive  components worked upon. 

I t  was  concluded that dose  could be  predicted to s o m e  extent  when the radia t ion field is 
well  known, and the total dose  could be mate r i a l ly  reduced by the u s e  of s i m p l e  s e l e c -  
tive shielding of pa r t i cu la r ly  ac t ive  s o u r c e s .  An o r d e r e d  work  p rocedure  could take 
maximum advantage of the shielding effects  of the equipment worked upon. 

In addition, the value of ca re fu l  se lec t ion of m a t e r i a l  to be incorporated in  s y s t e m s  
suscept ib le  to i r r ad ia t ion  was  sha rp ly  emphasized when the m o s t  ac t ive ' source  in the 
radia t ion field w a s  identified. 

Fink W L 
METHODS AND PROCEDURES FOR RADIATTON DAMAGE ANALYSIS, 
Convair ,  F o r t  Worth,  Texas ,  Con t rac t  No. AF33(600)-32054, June .27, 1,957, 103 pp.  (13 r e f s ) .  

The advent of nuc lea r  power has  introduced a new requ i rement  f o r  m a t e r i a l s  i n  a r a d i -  
at ion f ield.  Methods a r e  presented in  this  r e p o r t  f o r  normal iz ing the flux m e a s u r e m e n t s  
f rom dif ferent  r e a c t o r  fac i l i t ies  to a common unit .  The unit se lec ted  is energy  a b s o r p -  
tion in the t e s t  spec imen .  This  r e q u i r e s  a mic roscop ic  determinat ion of ene rgy  loss  by 
gamma r a y s  and neutrons.. 



The determination of functional damage thresholds for  mater ial  application i s  discussed. 
These thresholds a r e  based on the energy absorbed by the mater ial .  Experimental data 
a r e  used to relate  the change of physical properties under an irradiation environment. 
A stat is t ical  method is presented to aid in the analysis of experimental data. 

The "weakest l inktt  concept (i. e . ,  failure occurs  when the weakest component fails) i s  
introduced to aid in defining problem areas ,  and to s e rve  a s  a fairly good "first  approx- 
imation" to the l ifetimes for operating systems.  

A cri t ical  review of the methods.is presented to review the assumption employed. 

Dungan W E 
NEUTRON SPECTRUM MEASUREMENTS WITH RADIOACTIVANTS, 
Convair, Division of General Dynamics Corporation, For t  Worth, Texas, Contract No. 
AF33(600)-32054, December 30, 1957, 83 pp. (16 re fs ) .  

This repor t  descr ibes  the experimental 111eL11od3 and resul ts  of neiltron spectru'm meas-  
urements  with radioactivants in the plle~imatic tube of NAR.F - Ground Test  Reactor for  
.a wet-pool configuration. 1Vleasure111euls w e r c  mado with fnils and solution detectors.  
The resu l t s  indicate that a three-group (Maxwellian, 1 /E ,  and fas t )  specification of the 
neutron flux is sufficient for  the GTR. Also given in this report  is a semiempirical 
method for  estimation of the total thermal.flux, total epithermal flux, and neutron 
energy distribution for  configurations in which a boral shielding mater ia l  is used. 

- I 

Summers  T W 
TWO-REGION NEUTRON TRANSPORT EQUATION, 
Convair, Fo r t  Worth, Texas, Contract No. AF33(600)-32054, December 29, 1958, 
24 pp. (4 re fs ) .  I 

The two.-region neutron transport equation with plane symmetry has been solved b y  the 
Wiener-Hopf method for  the case in which one.region contains a plane, isotropic source 
paral le l  lo the interface. The resu l t s  a r e  subjec t  to thc restr ic t inns of isotropic sca t -  
ter ing without loss of energy and a constant total mean'free path. Analytical resul ts  
a r e  presented for the total flux and the angular flux a t  the interface. Numerical resul ts  
fo r  the total flux a t  the interface a r e  presented in the form of a parameter  study. 

Jel ley J F (Chief, Bureau of Yards and Docks) 
RADIOLOGICAL RECOVERY O F  FIXED MILITARY INSTALLATIONS, 
US Naval Radiological Defense Laboratory, San ~ r . a n c i s c o  24, California, August (1953), 
99 PP. 

The problem of defense against the contaminating effects of atomic and radiological 
warfare  weapons has necessitated the development of countermeasures to minimize 
these effects and permit  the recovery of fixed installations a t  the ear l ies t  possible 
time af ter  attack. 



It is the purpose  of this  publication to delineate the p rob lems  that eng inee rs  m u s t  f ace  
when fixed instal lat ions become contaminated by a tomic  o r  radiological  w a r f a r e ;  to 
provide a planning technique that f o r m s  a n  adequate b a s i s  f o r  decis ions  regard ing  p r e -  
a t tack p repara t ion  o r  posta t tack recovery ;  and to p r e s e n t  a s u m m a r y  of the methods  
and opera t ing p rocedures  to. be followed in  accomplishing both protection arid r e c o v e r y .  

The r e p o r t  includes decontamination p rocedures ,  was te  .disposal ,  and radiological  
: sa fe ty  informat ion.  . . 

Hirschf ie ld  J J, O'Conner  D T and Polansky ' D  
GAMMA RAY SOURCES AND TECHNIQUES FOR GAMMA R A Y  RADIOGRAPHY, 
US Naval Ordnance Labora to ry ,  White Oak, Maryland, F e b r u a r y  26,1953, 87 pp 

A genera l  review of radioisotopes  used a s  radia t ion s o u r c e s  f o r  indust r ia l  radiography 
is given along with production methods ,  m e a s u r e m e n t  units ,  s t a n d a r d s  and nomen- ' 

c la tu re  commonly assoc ia ted  with the i r  use .  The speci f ic  c h a r a c t e r i s t i c s  of c o m -  
m e r c i a l l y  avai lable  radia t ion s o u r c e s  a r e  d i scussed  a s  wel l  a s  e l ements  expected to be  
avai lable  in  the n e a r  fu tu re .  Par t . icular  attention h a s  been paid to the c h a r a c t e r i s t i c s  
of var ious  i sotopes  which de te rmine  the i r  sui tabi l i ty  fo r  speci f ic  types of radiographic  
inspection.  Complete information f o r  the purpose  of obtaining opt imum rad iographs  
f o r  va r ious  object  th icknesses  and m a t e r i a l s  is provided.  Information is l ikewise 
provided f o r  the sa fe  handling, s t o r a g e  and shipping of radioisotopes  of va r ious  
energ ies .  

Modine Norman . .  . 

A WIDE BAND FILM DOSIMETER, 
US Naval Ordnance Laboratory ,  White Oak, Maryland, Sep tember  20, 1954, 15 pp. 

NAVORD Repor t  3803 s u m m a r i z e s  the deve lophen t  and engineer ing t e s t s  of a wide 
band fi lm dos imete r  f o r  X -  and g a m m a - r a y s .  This  development w a s  based on a s tudy 
of photoelectr ic in teract ions  repor ted  in NAVORD Repor t  2990. 

White Gladys R 
X-RAY ATTENUATION COEFFICIENTS FROM 10 KEV TO 100 MEV, 
National Bureau  of Standards ,  Washington, D. C . ,  May 13, 1952, 93 pp:' (39 r e f s ) .  ' 

This  r e p o r t  const i tu tes  the f i r s t  i tem of a contemplated s e r i e s  of s u r v e y s  and tabu- 
lat ions of information on va r ious  p rob lems  of radiat ion physics .  

The work per ta in ing to this  r e p o r t  was  ini t iated a s  a pa r t  of a p ro jec t  on. the  pene t ra -  
tion and diffusion of X - r a y s  suppor ted  by , the  Office of Naval R e s e a r c h .  The b r o a d e r  
p rogram outlined above w a s  es tabl ished on October  1, 1950, with the suppor t  of the 
Biophysics Branch,  Division of Biology and Medicine of the Atomic Energy  Commiss ion .  



Brown Giles  E 
COBALT 60 RANGE FOR THE CALIBRATION O F  DOSE AND DOSE RATE METERS, 
National  Bureau  of Standards ,  Washington, D. C . ,  ~ e c e m b e r  2, 1952, 45 pp. 

The  descr ip t ion and evaluation s tudy of a prototype model  of a Cobalt-60 Cal ibra t ing 
R.ange given r e p r e s e n t s  a por t ion of the joint Army-Navy-Air  F o r c e  p rogram c a r r i e d  
out  in  the Radiation P h y s i c s  Labora to ry  ot the I\Jst.lor~al B u l i a u  of Etandards under 
Cont rac t  Numbers  AFPO-(38-038151-4263E; APO-41-PHIBP-56-6;  and NPO-298-1/18/51. 
The  Cobalt-60 Ca l ib ra t ing  Range w a s  developed by NBS a t  the r e q u e s t  of Bureau  of 
Ships,  to provide a m e a n s  of ca l ibra t ing dose r a t e  m e t e r s  with ranges  varying f r o m  
0 .5  mi l l i roentgen p e r  hour to 500 roentgens p e r  hour  us ing a s ingle  radioactive cobalt  
saui-cc.  The preser~t  r e p o r t  is concerned with a descr ip t ion of this  prototype model  
of the Cal ibra t ing Range and i t s  c h a r a c t e r i s t i c s .  

NBS -409 1 

Caswell  R S and Day F H 
CALIBRATION O F  FAST NEUTRON SURVEY METERS MODEL FN-1 MANT-TFACTTJREQ 
BY NUCLEONIC COMPA'NY O F  AMERICA, 
National  Bureau  of Standards ,  Washington, D. C . ,  May 5, 1955, 9 pp.  

The  Nucleonic Company of Amer ica  FN-1  f a s t  neutron , survey m e t e r  cons i s t s  of a 
"Hornyak button" (ZnS d i spe rsed  in  lucite)  sc in t i l la tor  with assoc ia ted  photomultiplier  
tube and counting r a t e  m e t e r .  F ive  ins t ruments  w e r e  'submitted f o r  t e s t  by the Radi-  
a t ion Ins t ruments  Branch,  US A t v r ~ ~ i c  Energy Commiss ion .  

'1n pr inciple ,  th i s  ins t rument  p o s s e s s e s  the advantages of high neutron sensi t iv i ty  and 
gamma discr iminat ion,  coupled with the disadvantage of having a r esponse  which is not 
s i m p l y  re la ted  to neutron dose .  

Th i s  a r t i c l e  c o v e r s  the f a s t  neutron arid gainma cal ibra t ion of this  ins t rument .  

E h r l i c h  M a r g a r e t  
PHOTOGRAPHIC DOSIMETRY FINAL R E P O R T  NOVEMBER 1, 1954 TO JUNE 30,1954, 
National  Bureau  of Standards ,  Washington, D. C. , July  31, 1956, 10 pp. 

The  work  done dur ing the pas t  con t rac t  period c o m p r i s e d  r e s e a r c h  and development a s  
wel l  a s  ca l ibra t ions  in connection with Signal C o r p s  a tomic  t e s t  pr .ucedures.  Th i s  
r e p o r t  s u m m a r i z e d  the r e s u l t s  of the following s tud ies :  

1 .  R e s e a r c h  and Development 

a .  The photographic rec ip roc i ty  law f o r  X - r a y s  in the ascending and 
r e v e r s a l  b ranches  of c h a r a c t e r i s t i c  c u r v e s .  

b .  Extension of the usefulness  of the NBS dos imete r  to X - r a y  e n e r g i e s  
bclow 80 kev.  

c .  Application of s tabi l iza t ion p rocess ing  to photographic dosimetry  
between 200 r and 10,000 r .  



2 .  Cal ibra t ion - F i l m  .dosimeter  ca l ibra t ion f o r  the 1955 and 1956 a tomic  t e s t .  s e r i e s .  

3 .  Publications,  L e c t u r e s ,  Repor ts ,  and Confe rences .  

Brueckmann R E and B a r r a n s  P V 
TEST O F  THREE ATOMIC INSTRUMENT COMPANY MODEL-414 SURVEY METERS, 
National Bureau  of Standards ,  Washington, D. C . ,  F e b r u a r y  11, 1957, 21 pp. 

The s tud ies  covered  by th is  r e p o r t  r e p r e s e n t  a port ion of the p r o g r a m  being c a r r i e d  
. out in  the Radiation Phys ics  Laboratory  of the National Bureau  of Standards  fo r  the 

Radiation Ins t ruments  Branch of the Atomic E n e r g y  Commiss ion .  The genera l  purpose  
of the p rogram is to evaluate new rad iac  ins t ruments  and o t h e r  radia t ion-detect ing and 
m e a s u r i n g  e lements  with pa r t i cu la r  r e g a r d  to thei r  r e sponse  o v e r  a wide range  of dose  
r a t e s  and s p e c t r a l  e n e r g i e s  of the incident radia t ion.  -The t e s t s  m a y  a l s o  include o the r  
f a c t o r s  of speci f ic  i n t e r e s t  per t inent  to the genera l  suitabil i ty of radiat ion-detecting 
ins t ruments .  The p resen t  r e p o r t  c o v e r s  a study of t h r e e  Atomic Ins t rument  Company 
Mode11414 su rvey  m e t e r s  to X - r a y s  and gamma r a y s  under  a va r i e ty  of condit ions.  

NBS C i r c u l a r  -499 

- - - -  
NUCLEAR DATA, 
National Bureau  of Standards ,  Washington, D. C .  , September  1, 1950, 309 pp.  

A collection of exper imenta l  values of half- l ives,  radia t ion ener 'g ies ,  r e l a t ive  isot.opir. 
abundances ,  nuclear  moments ,  and c r o s s  sec t ions .  

NBS Ci rcu la r -499  (Suppl 1) 

- - - -  
NUCLEAR DATA, 
National Bureau  of Standards ,  Washington, D. C . ,  Apr i l  25, 1951, 56 pp. 

A collection of exper imenta l  values of half- l ives,  radia t ion e n e r g i e s ,  r e l a t ive  isotopic 
abundances,  nuclear  moments ,  and c r o s s  sec t ions .  

NBS Ci rcu la r -499  (Suppl 3)  

NUCLEAR DATA, 
National Bureau  of Standards ,  Washington, D. C . ,  June 9, 1952, 66 pp.  (6 r e f s ) .  

A co l l ec t io t~  of exper imenta l  values of half- l ives,  radiat ion energ ies ,  r e l a t ive  isotopic 
abundances,  . nuclear  moments ,  and c r o s s  sec t ions .  

Houston R Wayne 
FAST NEUTRON DOSIMETRY IN PILE IRRADIATIONS, 
Universi ty of Pennsylvania,  Philadelphia,  P a .  P a p e r  published in Nuclear  Science and 
Engineering,  Vol.  4, pp. 227-238, August (1958). 



F o r  s a m p l e s  exposed in  high neutron f lux. regions  of r e a c t o r s ,  the contribution to the 
total  dosage due to the r e c o i l s  f r o m  elas t ica l ly  s c a t t e r e d  f a s t  neutrons  m a y  be signifi-  
c a n t .  The calculat ion of th is  contribution .is considered.  T h r e e  methods  a r e  presented,  
e a c h  differing in the m a n n e r  in which the deta i ls  of the energy  dis t r ibut ion of f a s t  neu- 
t r o n s  a r e  t r e a t e d .  In the f i r s t ,  the neutron flux p e r  unit ene rgy  in te rva l  is a s s u m e d  to 
be of the asymptot ic  o r  1 / ~  fo rm up to f i ss ion energ ies .  In the second and th i rd ,  a  
s e p a r a t e  computation is m a d e  f o r  the uncollided neutrons  reach ing  the s a m p l e .  The 
remain ing  contribution due to once-sca t t e red  neutrons  is t r ea ted  a s  in  the f i r s t  method, 
but a l t e r n a t e  f o r m s  f o r  the s o u r c e  spec t rum of once-sca t t e red  neutrons  a r e  considered.  
Use  of the equations r e q u i r e s  only a knowledge of the t h e r m a l  neutron flux i n  the vicin- 
i ty of the sample .  Assumptions and l imi ta t ions  a r e  d i scussed .  

NCSC - 109 

Wal tner  A r t h i ~ r  
SCINTILLATION COUNTER GAMMA RAY MEASUREMENTS, 
North Caro l ina  Sta te  College, Con t rac t  No. DA-36-034-ORD-1656, September  (1955), 
11 pp. ( 3  r ~ f s ) .  

Two g e n e r a l  types of m e a s u r e m e n t s  w e r e  made a t  the Raleigh H e s e a r c h  Keactor  i n -  
volving the use of thallium activated NaI in  conjunction with a RCA -5819 photomultiplier. 
a s  the radiat ion de tec to r .  In the f i r s t  m e a s u r e m e n t ,  t ime  exposures  w e r e  made  of a n  
osci l loscope s c r e e n  and g a m m a - r a y  e n e r g i e s  deduced f r o m  the photoelectr ic l ines  
obse rved  in  the photograph. Densi tometer  m e a s u r e m e n t s  w e r e  made  of s o m e  of the 
negat ives  in o r d e r  to make  m o r e  accura te  m e a s u r e m e n t s  of the posit ion and re la t ive  
in tens i ty  of the l ines .  

In the second set of m e a s u r e m e n t s  no photographs w e r e  taken.  The d i sc r imina to r  out-  
put of a l inea r  ampl i f i e r  w a s  fed to a scale 'r ,  and counting r a t e s  w e r e  obse rved  a t  
d i f ferent  d i sc r imina to r  se t t ings .  In this  way i t  was possible to count only those events  
which diss ipate  a n  amount of ene rgy  in  the c r y s t a l  equal  to o r  g r e a t e r  than the s e t  
v a l u e s .  

C e r t a i n e  J, e t  a l .  
PENETRATION O F  NEUTRONS FROM A POINT FISSION SOURCE THROUGH CARBON 
AND HYDROCARBONS, 
Nuclear  Development Corporat ion of Amer ica ,  White Pla ins ,  New York,  June 30, 1956, 
12 pp. ( 6  r e f s ) .  

Moment calculat ions have been pe r fo rmed  to study the penetra t ion of f i ss ion spec t rum 
neutrons  through carbon and hydrocarbons .  F o r  pure  carbon,  the neutron spec t rum 
a s  a function of penetra t ion depth and the "age" to 1 .44 e v  have been de te rmined .  F o r  
hydrocarbons  having the fo rmulae  CH, CH1.,, CH,,, and CH, ,,the f a s t  neutron dose 
h a s  been determined a s  a function of penetrat ion depth and a n  e2fective. r emova l  c r o s s  
sec t ion  of ca rbon  has  been evaluated.  



NESC -57-35 

Gray Truman S, e t  a l .  
SOLID-STATE NEUTRON-FLUX MEASURING SYSTEM, 
Published by The American Society of Mechanical Engineers,  for  the 2nd ~ u c l e a r  Engineering 
and Science Conference, Philadelphia, Pa .  , March 11- 14, 1957, 8 pp. (-6 re fs ) .  

A neutron-flux measuring system for  nuclear-reactor  control that comprises  onky 
solid-state devices is described. It consists of a fast-responding boron-impregnated 
thermopile driving a magnetic modulator which feeds a t ransis tor .  amplifier.  The 

- 
modulator i s  excited by a low-distortion t ransis tor  oscillator.  - 

NESC -57-36 

Whitehouse David R and Replogle Frank S, Jr. 
ACOUSTIC IONIZATION DETECTOR, 
Massachusetts Institute of Technology, Cambridge, Massachusetts and Schlumberger Well 
Surveying Corporation, Ridgefield, Connecticut. Published by The American Society of 
Mechanical Engineers,  for  the 2nd Nuclear Engineering and Science Conference, Philadelphia, 
Pa .  ,'. March 11-14, 1957, 6 pp. (3  r e f s ) .  

A unique a - c  ionization chamber is described utilizing the acoustic pressure  generated 
within an  ionized gas by an  applied a -c  field. On the basis  of preliminary theory an  
experimental neutron-sensitive chamber was designed. The instrument has an approxi- 
mate sensitivity of 1.5 x 10' neut rons /cm2/sec  and proves -to be rugged and fast .  

NESC -57-39 

Weaver C V, Smith C K and Chastain J W 
THE DEVELOPMENT OF A THERMAL-NEUTRON-FLUX-MEASURING INSTRUMENT, 
Battelle Memorial Institute, Columbus, Ohio.' Published by The American Society of 
Mechanical Engineers,  for  the 2nd Nuclear Engineering and Science Conference, Philadelphia, 
P a . ,  March 11-14, 1957, 8 pp. 

An instrument to measure thermal-neutron flux directly and automatically, independent 
of gamma flux and ambient temperature.  The method depends upon balancing the 
temperatures  of an electrically heated balancing element and a fission-healed, uranium 
fuel sensing element. The flux-detector assembly measures  only 3/16 inch OD by 
4 inches long. The device was designed to measure flux in the range of 1013 to 1014 
neut rons /cm2/sec ,  with a detector life of 100 hours at  an average flux of five 1013 

0 
neutrons/cm2 / s e c  a t  an ambient ' temperature of 600 F ,  with self-compensation for  
temperature changes and gamma flux. 

A comparison of resu l t s  with foil detectors,showed a maximum instrument e r r o r  of 
about 6%. Design considerations and circui t ry a r e  included. 

Klickman Alton E and DeFalco Francis  R 
A WIRE-ACTIVATION TECHNIQUE .FOR REACTOR-FLUX-PROFILE MEASUREMENTS, 
Battelle Memorial Institute, Columbus, Ohio and Westinghouse Electr ic  Corporation, 
Bettis Site, Pittsburg, Pa .  Published by The American Society of Mechanical Engineers for 
the 2nd Nuclear Engineering and Science Conference, Philadelphia, P a . ,  March 11 -14, 1957, 4 pp.. 



T h e  application of the wire-activation technique was  extended s o  that flux prof i les  could 
b e  obtained in the c o r e s  of r e a c t o r s  of the p ressur ized  wate r  type. T e s t s  with 
magnesium-0.01 a / o  indium 0.010 inch in d iamete r  showed that the method is feas ible  
and the counting r a t e s  a r e  high enough to gi've re l iable  r e s u l t s .  

NESC-57-61 

Johnson L E 
EVOLUTION O F  NEUTRON SENSING ELEMENTS - SCIENTIFIC LABORATORY T O  
INDUSTRIAL APPLICATION, 
Neutronics  Laboratory ,  Tinley P a r k ,  Illinois. Published by the American Society of Me- 
chanical  Engineers  f o r  the 2nd Nuclear  Engineering and Science Conference,  Philadelphia, 
P a . ,  March 11-14,  1957, 8 pp. (1 r e f ) .  

Genera l  types of neutron-sensli lg e lements  a re  p r q ~ u l  l io~ ia l  cauntcro,  ocintillation 
coun te r s ,  corona counters ,  pulse  c h a m b e r s  afld i u ~ ~ i z a l i o n  chambcra .  (Scintillation and 
corona  counters  a r e  not d i scussed .  ) The u s e  of BI' and u~~~ is discussed.  Diagrams  
and descr ipt ion of the r a n g e s  of usefulness a r e  included. 

NESC -57-70 

Stone Richard  S; Dr .  
RECENT DEVELOPMENTS IN NUCLEAR INSTRUMENTATION AT THE KNOLLS ATOMIC 
POWER LABORATORY, 
Genera l  E l e c t r i c  Company. Published by the American Society of Mechanical Engineers  fo r  
the 2nd Nuclear  Engineer ing and Science Conference,  Philadelphia, P a . ,  March 11 - 14, 1957, 
5 pp. ( 6  r e f s ) .  

Th i s  r e p o r t  is a review of r e c e n t  developments in the field of nucleonic instrumentation 
a s  concerns  neutron and r e a c t o r  physics.  Sys tems  a r e  descr ibed,  a s  in use a t  the Knolls 
Atomic Power  Labora to ry .  The c r i t i ca l  a ssembly  and t es t  r e a c t o r  sys tem uti l izes ion- 
c h a m b e r s  f o r  monitoring.  Two instrumentation s y s t e m s  that have recent ly  been devel-  
oped f o r  r e a c t o r  and neutron physics exper iments  a r e  described. The f i ~ . s l  is a11 ailto 
m a t i c  neutron flux scanner ,  and the second, a neutron t ime  of flight s p e c t r o m e t e r .  Both 
of these s y s t e m s  utilize IBM programming and unique c i rcu i t ry .  

Magee John L 
THEORY O F  RA.DIATION CHEMISTRY - I. SOME E F F E C T S  O F  VARIATION IN IONI- 
ZATION DENSITY, 
Depar tment  of Chemis t ry ,  Universi ty of Notre Dame, South Bend, Indiana, 16 pp. (14 r e f s ) .  

The ionization density in a homogeneous r~iedium exposed to s tcady i r radia t ion is a func- 
tion of s p a c e  and t ime.  The space- t ime  ionization density pat tern  depends on both the 
ionization density of the pa r t i c les  used in the i r radia t ion and a l s o  the number  of pa r t i c les  
incident p e r  unit t ime  and a r e a  (i. e . ,  the r a t e  of i r radia t ion) .  In this paper ,  a s imple  
model  is presented which desc r ibes  the life of a pa r t i c le  t r ack  in the s teady-s ta te  con- 
dition and thus a l s o  gives a desc r ip t io r~  uf the var ia t ions  in ionization density.  The 
model  has  a sa t i s fac to ry  physical  b a s i s  and has  the par t icular  advantage that mathe-  
mat ica l  t r ea tment  can be c a r r i e d  out r igorously .  In our  model, account is taken of the 
background ionization density which is p resen t  when a t r ack  is formed;  this background 



ionization density can be higher o r  lower than that of the t rack itself, depending upon the 
diffusion ra te  of the ions and radicals formed, their recombination ra te  constants, and 
the ra te  of irradiation. Yields in radiation chemistry depend upon whether the back- 
ground is high o r  low; this situation is discussed in t e rms  of the model with application 
to s0m.e problems of radiation chemistry.  

- - - -  
REPORT O F  SYMPOSIUM IV CHEMISTRY AND PHYSICS O F  RADIATION DOSIMETRY - 
PART I I, 
Conducted by Technical Command, Army Chemical Center,  Maryland, September 18-20, 1950, 
101 pp. 

This repor t  covers  services  needed f o r  a field-type dosimeter.  The papers presenter1 
cover such topics a s  chain reactions for  dosimeters,  c rys ta l  dosimeters,  and the con- 
duction c rys ta l  dosimeter.  

Evans Robley D 
PROBLEMS ASSOCIATED WITH THE TRANSPORTATION O F  RADIOACTIVE SUBSTANCES, 
Massachusetts Institute of Technology, (1951), 69 pp. 

Radioactive mater ials  present a wide variety of problems in packaging, .handling, storage, 
and transportation. The potential hazards in handling these mater ials  were recognized 
l s i ~ g  ago. Methods for  controlling these hazards have been developed for  a number of 
special cases ,  and the general principles underlying adequate protection have been 
worked out. 

Packages which contain radioactive mater ials  emitting penetrating gamma rays  o r  
neutrons present the unique s torage and transportation problem of a parcel  which exer t s  
action a t  a distance. Parce ls  which meet a l l  the best standards of rugged and workman- 
like packaging in the field of ordinary merchandise may nevertheless emit sufficient 
external radiation to be hazardous. 

The quantitative evaluation and control of these potential hazards involve the compilation 
and evaluation of fundamental data on the nuclear propert ies  of radioactive substances 
and on the interaction of various types of radiation with shielding mater ials ,  with 
photographic materials, .  with navigation instruments,  and with living organisms.  The 
mater ial  which follows is believed to contain a l l  the currently available pertinent inform- 
ation in these several  fields. Many of the quantitative data a r e  new, and come from 
measurements  o r  calculations by members  of the National Research Council's Sub- 
committee on the Shipment of Radioactive Substances. 

?'his subcommittee acted a s  advisor to the Bureau of Explosives in formulating the 
present Interstate Commerce Commission's regulations governing the packaging, stow- 
age, and transportation of radioactive mater ials .  These regulations a r e  discussed in 
Section I X  together with the technical reasons for  each item in the regulations. As the 
ICC regulations a r e  subject to amendment, the mater ial  presented here should form a 
guide to the wisdom of various proposed amendments. 



Espec ia l ly  in  the l a s t  y e a r ,  the international  shipment  of radioact ive  mater ' ials  h a s  i n -  
c r e a s e d  great ly .  To  provide  smooth and uninterrupted in ternat ional  t ranspor ta t ion by 
a i r ,  w a t e r ,  and ground, the regula t ions  need to b e  s i m i l a r  in a l l  countr ies  involved. 
The  ICC regula t ions  have a l r e a d y  been adopted ve rba t im by Canada.  Br i t i sh  regula t ions  
a r e  now being formulated.  The data presented h e r e  will p e r m i t  the responsible  boards  
o v e r s e a s  to make t h e i r  own a p p r a i s a l  of the validity of the decis ions  underlying the ICC 
regu la t ions .  Similar ly ,  those who m u s t  formulate ,  enact ,  and a d m i n i s t e r  regula t ions  
governing shipment  by mai l ,  w a t e r  o r  a i r  t r anspor t  should find the i r  t a sk  shor tened.  

The riuclear data and methods  of calculat ing shie lding r e q u i r e m e n t s  which a r e  p resen ted  
in  Section V 111 should be a useful  guide to those  who a r e  r espons ib le  f o r  the packaging 
and shipment  of radioact ive  m a t e r i a l s .  

The  biological data  of Section V I a r e  compiled a s  a convenience especia l ly  to c o m m e r -  
c i a l  p roducers  and  s h i p p e r s  of radioact ive  m a t e r i a l s ,  whose legal  depar tments  requested 
proof of the advisabil i ty of imposing upper  l i m i t s  on the s u r f a c e  radia t ion f r o m  finished 
parcels. 

The  quanti tat ive data  of Section V on photographic m a t e r i a l s  a l s o  include s o m e  data not 
previously  avai lable  in the l i t e r a t u r e ,  and m a y  be  a useful  guide to the manufac tu re r s ,  
s h i p p e r s ,  and u s e r s  of photographic m a t e r i a l s .  

- - - -  
INTERIM DEVELOPMENT R E P O R T  FOR PHOSPHATE GLASS GAMMA -RADIATION 
DOSIMETER, 
Po la ro id  Corporat ion,  R e s e a r c h  Depar tment ,  730 Main S t ree t ,  Cambr idge  39, M a s s . ,  
Con t rac t  No. ' ~ 0 b s r - 4 9 2 5 7 ,  Ju ly  15, 1952, 18 pp. 

S i lve r  phosphate g l a s s  h a s  the pecul iar  p roper ty  of emit t ing o range  f luorescent  light 
when ii-radiated'with near-UV radiat ion,  provided the g l a s s  h a s  f i r s t  been exposed to 
gamma radia t ion.  Since  the in tens i ty  of the f luorescence  is m o r e  o r  l e s s  proportional  
to the g a m m a  radia t ion dose,  the g l a s s  m a y  be  used a s  the g a m m a  radia t ion-sensi t ive  
unit of a gamma radia t ion dos imete r .  

A s  of June  1, 1952, the p roper t i e s  of the 8% s i l v e r  phosphate g lass  i tself  had been e x -  
p lored f a i r l y  extensively  and found to be  sa t i s fac to ry  in  a l l  pr incipal  r e s p e c t s .  A 
thousand complete  d o s i m e t e r s  (DT-GO(XN-~)/PD) had been made  and approximate ly  700 
had been del ivered to Bu Ships.  Also, a n  acceptable  design of "laboratory-type" 
r & a d e r  (CP-95(XN -3 ) /  P D )  had been completed .and five units  had been const ructed and 
de l ive red  to BuShips. 

T h e  pr incipal  r emain ing  task  is to i n c r e a s e  the a c c u r a c y  of the laboratory- type r e a d e r s ,  
i m p r o v e  the uniformity of pe r fo rmance  f r o m  one r e a d e r  to another ,  improve  the 
s t andards ,  and genera l ly  a s s i s t  in m a t t e r s  b a s i c  to var ious  production p r o g r a m s  getting 
underway. 

B e r r y  Myron G and Linschi tz  Henry 
NON-ELECTRONIC DOSE RATE INDICATING SYSTEMS - SECOND QUARTERLY PROGRESS 
REPORT, SEPTEMBER-DECEMBER, 1952, 



Inst i tute of Indust r ia l  Resea rch ,  Syracuse  Universi ty,  Syracuse  10, New York,  > .  

Cont rac t  No. DA-36-039 SC-15533, (1952), 90  pp .  

Th i s  p ro jec t  is concerned with a fundamental  study of radia t ion-sensi t ive  s y s t e m s ,  with 
the u l t imate  goal of developing a sui table  nonelectronic dose r a t e  indicating dev ice . .  The 
f i r s t  phase of the work is a sys temat ic  and complete  s u r v e y  of . the l i t e r a t u r e  'with p a r t i c -  
u l a r  emphas i s  on the s e a r c h  f o r  s y s t e m s  showing p r o m i s e  f o r  u s e  in  the' above appli-  
cation, and the p repara t ion  of a sui table  bibliography. L a t e r  phases  wil l  involve r e -  
s e a r c h  on and evaluation of suitable radia t ion-sensi t ive  s y s t e m s  o r  devices .  

Refe rences  a r e  l i s ted  c.oncerning the.following topics:  

Co lo r  changes - 8 pages  . E l e c t r i c a l  ef fec ts  3 pages  ' 

Luminescence - 12 pages  . . Radiation effects  on ca ta lys i s  
Theory of luminescence and 'color ing and absorpt ion - 1 page, 

of alkali  ha l ides  - 2 pages Effects  on colloids - 2 pages 
C a l o r i m e t e r i c  ef fec ts  - 3 pages  Chemica l  effects  - 7 p a g e s  

Burgwald G M and Reiffel L 
FUNDAMENTAL' STUDIES ON SCINTILLATION PHOSPHORS, 
A r m o u r  R e s e a r c h  Foundation, 35 West  33rd  S t . ,  Chicago 16, Illinois, Con t rac t  No. 
AF18(600)-352, July 9, 1953, 56 pp.  

This  r e p o r t  d e s c r i b e s  a s tudy of the nature  of afterflow in inorganic scinti l lat ion 
phosphors  when bombarded by high-energy gamma radia t ion.  The  afterflow c h a r a c t e r -  
i s t i c s  of s e v e r a l  of the m o r e  important  scinti l lat ion phosphors  w e r e  studied,  both under 
s t andard  conditions and under  var iable  t e m p e r a t u r e  and p r e s s u r e .  All  of the important  
inorganic phosphors  studied exhibit varying de,grees of afterglow, and i n  c a s e s  where  
the level  of activi ty being m e a s u r e d  v a r i e s  by o r d e r  of magnitude, the effect of r e s idua l  
light f r o m  the c r y s t a l  becomes  important .  

Whitehouse David R . . 
A -C IONICATION DETECTOR, 
Servomechan i sms  Labora to ry ,  Depar tment  of E l e c t r i c a l  Engineering,  Massachuse t t s  
Inst i tute of Technology, Cambr idge  39, M a s s . ,  Con t rac t  No. N5ori-07876 NR-025-164, 
January  31, 1955, 69 pp.  (10 r e f s ) .  

Th i s  r e p o r t  d e s c r i b e s  a rugged and f a s t  ionization c h a m b e r  f o r  the detection of neutron 
flux in  a nuc lea r  r e a c t o r .  The theory is developed f o r  a r a t h e r  unique type of a - c  
chamber  utilizing the acoust ic  p r e s s u r e  genera ted within the ionized gas  by a n  applied 
a - c  f ield.  On the b a s i s  of th is  theory and p r e l i m i n a r y  exper iments ,  a neutron-sensi t ive  
chamber  was  designed and const ructed,  then tes ted  i n  neutron flux. The ins t rument  
p roves  to be rugged and fas t ,  but i t s  re l iabi l i ty  is undetermined a t  this  t ime .  The e x -  
pe r imenta l  char~lber.  has a minimum detectable flux l eve l  of 1.5 x l o 7  n / c m 2 / s e c ,  a 
dynamic range  of 20 to 1 (2000 to 1 es t ima ted  a s  at tainable),  and a t ime  response  of 2 
mi l l i seconds .  



Replogle F r a n k  S, Jr .  and Harbour t  C 0 
A STACKED-DISK NEUTRON THERMOPILE, 
Servomechan i sms  Laboratory ,  Depar tment  of E l e c t r i c a l  ~ n ~ i n e e r i n ~ ,  Massachuse t t s  
Ins t i tu te  of Technology, Cambridge 39, M a s s . ,  Con t rac t  No. N5ori-07877, March  15, 1955, 
127 pp. (10 r e f s ) .  

Th i s  r e p o r t  d e s c r i b e s  the theory,  design,  construction,  and tes t ing ot a thermopi le  
sens i t ive  to slow neutrons .  Design techniques a r e  presented f o r  a new, mechanical ly  
rugged configuration,  which enables  a f a s t  o r  slow t ime  response  to be  achieved with 
opt imum e l e c t r i c a l  power output. Const ruct ion and tes t ing deta i ls  a r e  given f o r  a 
the rmopi le  having a r esponse  t ime  of 37 mil l i seconds  an.d a n  in te rna l  r e s i s t a n c e  of 
0.7 mi l l iohm.  The power output in  a flux (unper turbed)  of X.8 x l~ n / c m c / s e c  w a s  
2 1 mic rowat t s .  

A t r e a t m e n t  of the spur ious  r e s p o n s e s  of th is  type thermopi le  is presented in an Appendix 
by C y r u s  0.  Harbour t .  

Seed R G and Withey E L, J r .  
BATTERYLESS DOSE RATE INDICATOR, 
Scientif ic Specia l t ies  Corporat ion,  Snow and Union S t r e e t s ,  Boston 35, M a s s . ,  
Con t rac t  No. DA-36-039 SC-52581, (1955), 29 pp. 

Th i s  seventh  q u a r t e r l y  repor t ,  cover ing work f o r  the.months of December  1954, 
J a n u a r y  -1955, and  F e b r u a r y  1955 on a ba t t e ry less  dose  r a t e  indicator ,  contains a brief 
desc r ip t ion  of: (1)  se l f -genera t ing theory and cel ls ,  (2)  l a r g e  a r e a  germanium se l f -  
genera t ing ce l l s ,  ( 3 )  Model VI  hand genera to r ,  and (4) c i r c u i t r y  f o r  poss ible  use  with 
hand-powered genera to r s .  

An ana lys i s  of se l f -genera t ing  theory and exper ience  indicates,  a s  pr.eviously es t imated,  
that  the m o s t  p romis ing  m a t e r i a l  is a germanium n-p junction. F u r t h e r  exper iments  
with l a r g e  a r e a  alloyed junctions yield outputs of substant ia l  propor t ions ,  but not suf-  
f ic ient  in  view of p r i c e  and difficulty of fabr ica t ion to f abr ica te  a completed field-type, 
self  -genera t ing ins t rument .  

G r a y  T S and Van Rennes  A B 
ANNUAL PROGRESS REPORT,  
Servomechan i sms  Laboratory ,  Depar tment  of E l e c t r i c a l  Engineer ing,  Massachuse t t s  
Inst i tute of Technology, Cambridge 39, M a s s . ,  Con t rac t  No. N5ori-07876, March  1, 1955, 
54 pp .  

Ef fo r t s  of the E lec t ron ic  Nuc lea r  Instrumentation Group have been di rec ted chiefly to-  
w a r d  completing the development of a rugged, wide range,  f a s t  responding,  neutron- 
f lux  m e a s u r i n g  s y s t e m  that is f r e e  of f ragi le ,  shor t - l i fe  vacuum tubes.  The f i r s t  
exper imenta l  model  of the neutron-sensi t ive  thermopi le  w a s  completed and tested in 
the Brookhaven r e a c t o r .  Likewise the components f o r  amplifying the output of the 
thermopi le ,  including the magnet ic  modulator and the tuned t r a n s i s t o r  ampl i f ier ,  have 
been developed into a working s y s t e m  and tes ted .  A new t rans i s to r i zed  osc i l l a to r  of 
e x t r e m e l y  low second-harmonic  output f o r  use  a s  a power supply f o r  the modulator h a s  
been evolved.  



Meanwhile, a preliminary model-of the acoustic ionization chamber was completed and 
tested in the Brookhaven reactor .  The study of pulse height analysis sys tems was com- , 
pleted and the advantageous features of a system employing photographic film for data 
s torage demonstrated. Statistical study of the fluctuations in period-meter indications 
viewed a s  a stochastic process  has been continued, and an analysis of multielement 
logarithmic devices for  use in period-indicating sys tems 'has been s tar ted.  

Hollander Lewis E, J r .  
RESEARCH AND DEVELOPMENT O F  PHOTOCONDUCTIVE DOSE RATE INDICATOR FOR 
IONIZING RADIATIONS, 
The Victoreen Instrument Company, 5806 Hough Avenue, Cleveland 3, Ohio, Contract No. 
DA-36-039 SC-70150, April 30,1956, 17 pp. (Appendix 15 pages).  

The object of this contract i s  to develop .a portable gamma detecting radiactmeter  em - 
ploying a photoconductive c rys ta l  a s  a detecting element. The equipment shall  be bat- 
tery powered and require  no additional amplification. 

The emphasis in this quarter  is principally embodied by Phase I 1  of' this contract. A 
procedure for  applying ultrasonic soldered indium electrodes to CdS crys ta l s  was devel- 
oped. 

Schulman James  J 
MEASUREMENT O F  HIGH DOSES O F  ~ 0 ~ '  GAMMA-RAYS BY ABSORPTION'CHANGES 
IN PHOSPHATE GLASS, 
Solid State Division, Naval Research Laboratory, Washington, D .C . ,  February (1954), . 
2 2  pp. ( 4  re fs ) .  . . 

I 

It is concluded that the phosphate glasses,  particularly the silver-activated glass, '  a r e  
suitable for dosimetry of doses from a few thousand roentgens to a few million roentgens, 
encompassing the dose range used in trychinosis control, pasteurization, and s te r i l i -  
zation. Use of this glass for  dosimetry offers the advantage of ease  of use, ruggedness, 
and immediate availablility in large numbers with uniform sensitivity and at compara- 
tively low cost.  

Rabin Herbert  
FUEL ELEMENT DOSIMETRY BY ABSORPTION CHANGES IN SILVER ACTIVATED 
PHOSPHATE GLASS, 
Solid State Division, Naval Research Laboratory, Washington, D. C . ,  June 7, 1954, 
16 pp.  (5 1 . d ~ ) .  

A s e r i e s  of experiments were performed to determine the effectiveness of using the 
optical density changes of s i lver  activated phosphate glass in monitoring the time de- 
pendent, 'high ra te  gamma fields of spent uranium fuel elements.  These experiments 
were performed at the Materials Testing Reactor in Idaho. The resu l t s  indicate.that 
the response of the glass to fuel element irradiation is independent of both fuel element 
age and irradiation ra te  over the range of the experimental data obtained, and that by 
performing an. initial calibration in the fuel element field, this glass  may be advan- 
tag~ni i s ly  iiaed i n  fuel element dosimetry. 



While th is  work  is incomplete,  this  paper  gives s o m e  information on changes  of s e n s i -  
t i v i t y o f  g l a s s e s  i n  c o 6 0  radia t ions  v s  fuel  e l ement  radia t ions ,  and on fading a f t e r  e x -  
posure .  

Schulman J a m e s  H, e t  a l .  
DOSIMETRY O F  X-RAYS AND GAMMA-RAYS BY RADIOPHOTOLUMINESCENCE, 
Journa l  of Applied Phys ics ,  Vol.  22, No. 12, pp. 1479-1487, December  (1951). 

The effects  of high energy  radia t ion on the luminescence p r o p e r t i e s  of so l ids  a r e  s u r -  
veyed.  Of the four  ef fects  considered--radiophotoluminescence, radiophotostimulation,  
radiothermoluminescence, and the "killing" of luminescence by X - r a y s  o r  
g a m m a - r a y s - - t h e  f i r s t  e f fec t  is shown. to have advantages In pr lnclple  o v e r  the o t h e r s  
a s  a b a s i s  f o r  dos imet ry .  

The  absorpt ion,  excitat ion,  emiss ion,  sensit ivi ty,  energy dependence, and s tabi l i ty  
c h a r a c t e r i s t i c s  of a radiophoto1uminescent Ag-activated phosphate g l a s s  a r e  descr ibed.  
It is shown that dosage m e a s u r e m e n t s  c a n  be made wilt1 t l ~ i s  111alel.ia1, e ~ l ~ p l ~ y i ~ i g  a 
s i m p l e  f l u ~ r o ~ h o t o m e t e r ,  f r o m  10 ~ ~ u e r ~ l g e r ~ s  lu a few l l ~ v u s a ~ i d  xoeiitgens of g a m m a - r a y s  
By p r o p e r  shielding,  s u c h  a d o s i m e t e r  e lement  c a n  be m a d e  reasonably  independent of 
ene rgy .  The dosage indication obtained is quite s table  with t ime  and is no't s e r i o u s l y  
affected by exposure  of the g l a s s  to .v is ib le  o r  u l t raviole t  light o r  to t e m p e r a t u r e s  in  the 

0 
range  of -70 to +I00  C. ~ e c a u s e  of i t s  sens i t iv i ty  r ange  and i t s  s tabi l i ty  o v e r  a wide 
range  of ambient  conditions, the dos imete r  a p p e a r s  to b e  pa r t i cu la r ly  suited fo r  moni-  
to r ing  personnel  that  m a y  be exposed to r a t h e r  high doses  of g a m m a - r a y s ,  such  a s  
m a y  be  encountered in A-bomb explosions.  

NRL-Q- 1(.4) - 

Schulman J a m e s  H, e t  a l .  
RADIOPHOTOLUMINESCENCE DOSIMETRY SYSTEM o h 1  THE U. S. NAVY, 
Nucleonics,  Vol. 11, No. 10, pp. 52-56, October  (1953), (9 r e f s ) .  . 

This  dos imete r ,  ut i l izing Ag-activated phosphate g lass ,  h a s  a. r ange  of f rom 10 r to a t  
l e a s t  600 r. Response  is l i n e a r  and Independent o f  dose  r a t e  up to a t  l e a s t  170 r . / ~ r ~ i r ~ .  
E n e r g y  dependence is diminished by lead f i l t e r s .  

Schulman J a m e s  H, e t  a l .  
MEASURING HIGH DOSES BY -ABSORPTION CHANGES IN GLASS, 
Nucleonics,  Vol.  13, No. 2, pp. 30-33, F e b r u a r y  (19551, ( 7  r e f s ) .  

Changes  i n  optical  density of g lass  m e a s u r e  doses  up to 2 x l o 6  r e p  with 5% accuracy  
independent of dose  r a t e .  Dos imete r  is convenient (1 x 1 x 0.3-cm pla te)  and rugged.  
Standardiz ing m e a s u r e m e n t  t ime  o r  heat  t r ea tment  solves  problem 0.f fading. 

NRL-Q- l (8)  

Schulman J a m e s  H, e t  a l .  
APPLICATION O F  LUMINESCENCE CHANGES IN ORGANIC SOLIDS TO DOSIMETRY, 
Journa l  of Applied Physics ,  Vol. 28, No. 7, pp. 792-795, July (1957), (10 r e f s ) .  



The degradation of photoluminescence in anthracene and in naphthalene has been studied 
under gamma-ray and electron irradiation over the range 3 x 10' to 2 x 1'08 rep. Fo r  
both mater ials  the variation of brightness with c o 6 0  gamma-ray dose D, in rep,  may 
be represented by (111,) = (1 +  AD)-^; where A = 8.5 x loe7 for anthracence and 
A = 14 x for naphthalene, with emission in the visible spectral. region. .Both the 
degradation and radiophotoluminescence a r e  stable with time a t  room temperature.  
The employment of these effects for  dosimetry is discussed. . . 

Schulman James  H 
SOLID STATE DOSIMETERS FOR RADIATION MEASUREMENT IN FOOD PROCESSING, 
Solid State Division, Naval Research Laboratory, Washington, D. C.  

Exposure to ionizing radiation can produce changes in a number of the physical proper-  
tico of insulating solids. Clia~lges i r ~  optical propert ies  --specifically in absorption and 
luminescence--are especially striking with some mater ials ,  and these effects have been 
extensively investigated for  application to dosime.try. The dose range that is accessible 
to the various solid-state devices depends upon the phenomenon employed. Some solid- 
s ta te  systems a r e  capable of detecting the o rde r  of milliroentgens, while others can 
indicate in the range of 10' R o r  higher. This brief survey concerns itself pr imari ly '  
with systems capable of measuring high doses, s ay  of the o rde r  of l o 4  roentgens to l o 7  
roentgens, since only these a r e  of concern in the radiation treatment of food. However, 
in order. ' to i l lustrate the enormous range of applicability of solid-state systems,  brief 
mention w i l l  be made of effects used for  the measurement of lower dosage's a s  well. 

NRL Report  4067: 

Schulman James  H, Ginther Robert J and Kirk Russel l  D 
DOSIMETRY O F  IONIZING RADIATIONS BY .MEANS OF COLOR CENTERS IN SENSITIZED 
ALKALINE'-EARTH SALTS, 
Naval Research Laboratory, Washington, D. C . ,  October 13, 1952, 17 pp. (6 r e f s ) .  

The relationship of latt ice defects--particularly vacancies and impurity ions--to the 
X-ray-induced discoloration of alkali-halide c rys ta l s  i s  briefly reviewed. These con- 
cepts a r e  then extended to alkaline-earth sal ts ,  leading to the prediction that such sal ts  
should be more  easily discolored by ionizing radiations if they a r e  "sensitized" by the 
incorporation of monovalent positive-ion impurities.. This pr'ediction i s  confirmed 
experimentally by addition of various alkali-ion impurities to a number of alkaline-earth 
compounds. The "sensitization" i s  particularly effective with strontium sulfate. 

Crude dosimeters  made from sensitized strontium sulfate a r e  described. It is found 
possible to distinguish between doses of 0, 50, 100, 200, and 400 roentgens of radium 
gamma rays  by simple visual inspection of these dosimeters .  

Titus Frank 
MEASUREMENT O F  THE GAMMA-RAY DOSE NEAR THE INTERFACE BETWEEN TWO 
MEDIA , 
Nuclear Science and Engineering, Vol. 3,  No. 5, pp. 609-619, May (1958), (9 refs) .  



Measurements have been made of the distribution of exposure dose in the neighborhood 
of a plane boundary separating two media of very different density: steel-wool and s tee l .  
A point-isotropic co60 source was located in the vicinity of the boundary. Control 
measurements  were  performed in a homogeneous medium of steel-wool. In this way the 
effect on gamma-ray propagation of an abrupt density change was established. The amin 
resu l t  was a progressive decrease of exposure dose near  the density-interface compared 
with the homogeneous medium situation, a s  the source-detector distance was increased. 
There  i s  good agreement between the experimental resu l t s  and corresponding Monte 
CariO calculatt.c.)r~s. 

Hrl~.~sl.nn R Wayne 
FAST N.RTJTRON DOSIMETRY IN PILE IRRADIATIONS, 
Nuclear Science and Engineering, Vol. 4, No. 2, pp. 227-238, August (19581, (14 re fs ) .  

F o r  samples  exposed in high neutron-flux regions of reac tors ,  the contribution to the 
total dosage due to the recoi ls  from elastically scat tered fast  neutrons may be signifi- 
cant .  The calculation of this corltr.ibution is considered here. .  Three methods a r e  
presented, each differair~g in  the manner in which the details of the energy distrihution 
of fast  neutrons a r e  treated. In the f i r s t ,  the neutron flux per  unit energy interval is 
assumed to be of the asymptotic o r  1 / E  form up to fission energies .  In the second and 
third, a separate  computation is made for the uncollided neutrons reaching the sample. 
The remaining contribution due to once-scattered neutrons i s  treated a s  in the f i r s t  
method, but alternate forms  for  the source spectrum of once-scattered neutrons a r e  
considered. Use of the equations requires  only a knowledge of the thermal-neutron 
flux in  the vicinity of the sample.  Assumptions and limitations a r e  discussed. Numeri- 
cal  resu l t s  a r e  presented for  comparison of the effects in light water,  heavy water,  and 
graphite moderated reac tors  in the irradiation of a hydrocarbon (cyclohexane) sample.  

Proc tor  Rernard E, Goldblith Samuel A and Davison Sol 
'STUDIES ON GLASS DOSIMETERS, 
Final repor t  for the period July 1, 1954 through June 30, 1955, Massachusetts Institute of 
Technnl.ogy, Cambridge, M a s s . ,  Corltl.acl: No. AT-(30-.I).-,1164, (1055), 69 pp. (1 1 re fs ) .  

This report  covers  the theoretical aspects of glass dosimeters  with limited experimental 
resu l t s  covering stability of glass  af ter  irradiation, effect of heat treatment,  and details 
of fading. 

Kreidl N J and Blair G E 
IRRADIATION DAMAGE, TO GLASS, 
Bausch & Lomb Optical C o . ,  Rochester,  New York, Contract No. AT-(30-1)-1312, 
March 21, 1955, 21 pp. 

A system of high level dosimetry (of high energy radiation) utilizes the absorption 
changes in glasses  measured on a suitable spectrophotometer. Calibration has been 
accomplished over the range of 1.5 x l o 3  to 4.1 x l o 6  r ep .  



Chang ' Roger 
FUNDAMENTAL STUDLES O F  THE MECHANISM O F  RADIATION ,DAMAGE, 
Technical  Report  No. 1, Rutgers  Universi ty,  New Brunswick,  New J e r s e y , .  Contract  No. 
AT-(30-1)-1730, December  31, 1955, 16 pp. (5 r e f s ) .  

The operational c h a r a c t e r i s t i c s  of the Hilger m i c r o  -focus X - r a y  diffraction unit is 
desc r ibed .  Application of m i c r o  -focus X- ray  diffraction analys is  to the s tudies  of 
polycrystall ine copper,  nickel, and diamond with and without neutron i r rad ia t ion  is r e -  
oor ted .  Significant differences a r e  found between i r rad ia ted  and unir radia ted Cu, Ni 
spec imens  by means  of the micro-focus  X- ray  diffraction technique. The r e p o r t  in-  
c ludes  X - r a y  rocking curve  s tudies  of diamond and germanium single c r y s t a l s  and g ra in  
s i z e  measurements  of polycrystall ine Cu and Ni spec imens  with and without neutron 
i r rad ia t ion .  

B r a y  P J and Wil l iams A '0 ,  J r .  
RADIATION DAMAGE STUDIES USING THE TECHNIQUES O F  ELECTRON-SPIN 
PARAMAGNETIC RESONANCE, 
Depar tment  of Phys ics ,  Brown Universi ty,  Providence,  R . I . ,  Contract  No. A T - ( 3 0 ~ 1 ) - 2 0 2 4 ,  
March 10, 1958, 6 pp.  (10 r e f s ) .  

A Varian V-4500 e lect ron-spin  paramagnet ic  ' resonance s p e c t r o m e t e r  and associa ted 
6-inch e lect romagnet  have been placed in operat ion.  Measurements  of the magnetic 
field a r e  made with a Pound-Watkins s p e c t r o m e t e r  const ructed in the laboratory .  

Studies have been made of single c r y s t a l s  o'f L i F  which have received thermal-neutron 
i r radia t ion dosages up to 72 hours  in a flux of 2.3 x 1 0 ~ ~ / c m ~ - s e c .  The observed 
resonance  envelope and hyperfine spli t t ings a r e  not in ' agreement  with F-cen te r  theory.  
A dependence of the hyperfine spli t t ing on c r y s t a l  orientation in the magnetic f ield h a s  
been noted. C r y s t a l s  pf KC1, KBr,  KI, NaF, NaC1, RbI, C s B r ,  .and CsI  which 
have received r e a c t o r  o r  gamma i r radia t ion a r e  under investigation. 

_ Samples  of alkali  s i l ica te  and bora te  g lasses  have been p repared  and a r e  cur ren t ly  
re.ceiving neutron and galrlrIla . i ~ . ~ . a d i a t i o n .  . . ; t . 

C r y s t a l s  of KN, and NaN, a r e  being grown and will  be  studied a f t e r  i r rad ia t ion .  P r e -  
l iminary investigations a r e  in p r o g r e s s  on  powders of these azides  . 

Studies of synthetic corundum (A&03 ), spinel  4MgO 3.3 A120, ), and rut i le  (Ti02 ) a r e  
being s t a r t e d .  

A copy is appended on an  abs t rac t  enti t led "Paramagne t ic  Resonance in  Neutron- 
Irradiated'  LiF" suhrni.t ted f o r  presenta t ion a t  the 1958 Washington meet ing of the 
Amer ican  Physical  Society. 

. . 
I Mooney R W and Szasy G J 

DISCUSSION ON RADIATION CHEMISTRY, 
Office of Naval R e s e a r c h  London, London, England, May 26, 1952, 13 pp. 



A general discussion on "Radiation Chemistry" was held by the Faraday Society at  
Leeds on April 8-10, 1952. A large number of topics fundamental to radiation chemistry 
were  dealt with, and the discussions revealed the cr i t ical  s ta te  in which this subject 
finds itself at  the present t ime. Most of the basic techniques and fundamental standards 
s t i l l  need final definition and standardization. 

The advantages of chemical dosimetry have led to a revival of the interest  in these pro-  
cedures .  In aqueous sys tems the sulfuric acid solution of fe r rous  sulfate i s  generally 
accepted a s  most suitable, a t  least  for  relatively low dose raales. 

P ro fe s so r  - ~ a c ~  has discovered that a number of amines can p~votec t mice from the 
lethal effect of X-rays when milligram quantities a r e  injected pr ior  to irradiation. In- 
.jec.tinn af ter  exposure was found to be useless .  

ORNL-711 . 
Gossick B R and Henry K 
NEUTRON ENERGY SPECTROMETER, 
Shielding Section, Reactor Technology Division, Oak Ridge National Laboratory, P .  0. Box P ,  
Oak Ridge, Tenn.,  Contract No. W -7405-Eng-26, June 12,  1950, 13 pp. 

This repor t  discusses a neutron energy spectrometer  and points out that by employing 
a proportional counter of special design, it is possible to make a fast  neutron spec- 
tr 'ometer with which the energy distribution can be obtained without taking derivatives 
of the counting r a t e .  To avoid differentiating the counting rate ,  i t  i s  necessary to know 
both the range and angle of the recoil  within acceptable e r r o r s .  By virtue of biasing a 
l inear  pulse amplifier to take advantage of the peak in the Bragg specific ionization 
curve, only those recoi ls  a r e  counted which t raverse  a given thickness of stopping ma-  
ter ia l  through a c o l l i i a t o r  and then end their path near a short  anode. Thus the range 
i s  associated directly with the number of counts. It i s ,  of course,  necessary to know 
the direction of the incident neutrons, s o  that the l imits of the recoil  angle a re  defined 
by the collimator. 

Sl-rell A I1 nrid Wollan E 0 
QUARTERLY PROGRESS REPORT FOR P E R ~ U U  ENUIIVG S ~ P T E M B E R  io, 1950, 
Physics  Division, Oak Ridge National Laboratory, P .  0. Box P ,  Oak Ridge, Tenn.,  
Contract No. W-7504-Eng-26, January 8, 1957, 107 pp. 

This i s  a progress  repor t .  The topics presented a r e  listed and summarized below: 
Short-Lived Isomers ,  Short-Period Activities, Scintillation Spectrometry, Nuclear 
Alignment, Neutron Diffraction, High-Voltage Accelerator Program, Search fo r  a 
Permanent  Electric Dipole Moment of the Neutron, Neutr-url Diffusion in Watcr, and 
Physics of solids and Theory. 

A number of problems have been treated by the theoretical physicists. The L-shell  
conversion problem has been reviewed relative to carrying out the computing-machine 
work. Several problems have a r i sen  in connection with the work of the Part ic le  Ac- 
celeration program, orie of which is concerned with the angular dependence of y 
emission from protons on B " . 



ORNL- 1002 

Darden Edgar  B and Sheppard C W 
A THIMBLE TYPE GAMMA-RAY DOSIMETER AND THE MEASUREMENT O F  THE 
RADIATION FROM LUMPED AND DISTRIBUTED TYPE SOURCES, 
Oak Ridge National Labora to ry ,  P. 0. Box P, Oak Ridge, Tenn . ,  Con t rac t  No. W-7405-Eng-26, 
July 9, 1951, 57 pp. (21 r e f s )  

Accurate  physical  m e a s u r e m e n t s  in  radia t ion dos imet ry  a r e  becoming increas ingly  
important  with the growing quanti tat ive accuracy  of techniques f o r  studying radia t ion 
effects  on l iving o r g a n i s m s .  F o r  B - r a y  work a p r e c i s e  method f o r  the determination'  
of su r face  ionization in tens i t ies  of s o u r c e s  h a s  been developed. In X - r a y  work up to 
250 kvp, dos imet ry  s tud ies  have been c a r r i e d  out in this  l abora to ry  including c a l i b r a -  
tions of Victoreen condenser- type r m'e ters  agains t  a s t andard  f r e e - a i r  c h a m b e r .  
Based on these  ca l ibra t ions ,  a  s t andard  position w a s  es tabl ished ins ide  a . l e a d  enc losure  
around a medium intensity c o 6 0  s o u r c e  f o r  pel;iodically chedking the va r ious  l abora to ry  
Victoreen c h a m b e r s .  

ORNL- 1283 

Gossick B R 
GENERAL PRINCIPLES OF A PROTON RECOIL FAST-NEUTRON SPECTROMETER, 
Phys ics  Division, Oak Ridge National Laboratory ,  P. 0. Box P, Oak Ridge, Tenn., 
Con t rac t  No. W-7405-Eng-26, August 28,1952, 61 pp. (10 r e f s ) .  

A genera l  equation f o r  calculat ing the neutron energy  s p e c t r u m  f r o m  proton reco i l  
counting data is der ived.  This  equation is opt imized subject  to a constant  total  e r r o r  
to de te rmine  the m o s t  favorable  ,exper imenta l  condit ions.  Feas ib le  accuracy  is i l lus -  
t r a t ed  by p resen t ing  a family  of c u r v e s  of th'e counting t ime ( requ i red  f o r  one point on 
a s p e c t r u m )  plotted agains t  total e r r o r  with s o u r c e  intensity a s  a p a r a m e t e r .  The 
calcula t ions  apply only to a "good geometry1'.  exper iment  with a point s o u r c e .  The 
subject  is t r ea ted  f o r  the m o s t  p a r t  i n  t e r m s  of a thin rad ia to r ,  but the calculat ions 
apply equally wel l  f o r  the c a s e  of a thick rad ia to r  by a s imple  extension which is 
outlined. 

ORNL- 1479 

Cochran R G and Henry K M 
A PROTON RECOIL TYPE FAST-NEUTRON SPECTROMETER, 
Phys ics  Division, Oak Ridge National Laboratory ,  P.  0 .  Box P ,  Oak Ridge, Tenn.  , 
Contract  No. W-7405-Eng-26, Apri l  20, 1953, 36 pp. (14 r e f s ) .  

A t r ip le  coincidence-type proton r e c o i l  s p e c t r o m e t e r  has  been developed f o r  m e a s u r i n g  
neutron s p e c t r a  of i n t e r e s t  in  shielding design.  T& ins t rument  is composed of a 
t r ip le-sect ion proportional  counter  with sui table  r a d i a t o r - a b s o r b e r  wheels ,  ampl i f i e r s ,  
e lec t ronic  pulse height s e l e c t o r s ,  and a tr iple-coincidence c i r c u i t .  The energy  r e s o -  
lution is comparab le  to photographic p la tes  which a r e  a t  p r e s e n t  the b e s t  method f o r  
neutron s p e c t r a  m e a s u r e m e n t s .  Considerable  effort  has  been m a d e  to obtain maxi -  
mum sensi t iv i ty  by optimizing the -available p a r a m e t e r s .  The s p e c t r o m e t e r  ca l ibra t ion 
w a s  checked by m e a s u r i n g  monoenergetic neutrons  f r o m  the ORNL Van de Graaff 
genera to r .  Excellent  a g r e e m e n t  with calculat ions w a s  obtained f o r  both ener'gy and 
in tens i ty .  



Several  spectral  measurements  of polonium-beryllium and polonium-boron sources 
have been included in this report  a s  examples of the type of measurements  that can be 
obtained with this instrument-.. 

Morgan K Z (Director)  
HEALTH PHYSICS DIVISION SEMIANNUAL PROGRESS REPORT, . 

Oak Ridge National Laboratory, P. 0. Box P,  Oak Ridge, Tenn. , Contract No. W -7405-Eng-26, 
September 27, 1954, 19 pp. (References).  

This repor t  descr ibes  work performed at ORNL in the Health Physics Division. The 
subjects investigated include the following: (1 ) passage of charged particles through 
plasma, (2)  fast-neutron tissue dosimeters,  ( 3  j aircraft ~ ~ I r ~ L i l l u l i v l l  aqiiipment, ( 4 )  
spectrographic analysis of human tissue, (5)  concentration experiments on mice, (6) 
an analytical procedure (radiochemical) for the determination of radioactive strontium 
in urine specimens, (7) film dosimetry, (8) airborne radioparticulate contamination, 
( 9 )  radioactive waste disposal, and (10) process-waste -treatment studies.  

Blomeke J 0 
NUCLEAR PROPERTIES OF uZ3' FISSION PRODUCTS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., cont rac t  No. W-7405-Eng-26, 
November 2, 1955, 58 pp. 

Tables a r e  presented that l ist  the u~~~ fission-product decay chains and the current  
bes t  single values of their  fission yields and c r o s s  section. The fission products a r e  
a l so  tabulated according to decreasing o rde r  of half-life, thermal-neutron capture 
c r o s s  section, gamma energy, and beta energy. 

Fowler J L and Wollan E 0 (Editors)  
SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING MARCH 20,1955, 
Oak Ridge ~ a t i o n a l . ~ a b o r a t o r ~ ,  Oak Ridge, Tenn., Contract No. W-7405-Eng-26, 
October.3,  1955, 71 pp. (References) . 

This repor t  descr ibes  work performed a t  ORNL by the Physics Div.ision. The subjects 
.investigated include the following: (1) cross-sect ion studies,  (2) neutron diffraction 
studies,  (3)  heavy-ion physics, (4) low-temperature physics, (5) studies of'the attenu- 
ation of r eac to r  radiations by shielding, ( 6 )  control rod calibrations in the Bulk Shielding 
Reactor,  and (7) cyclotron studies.  

ORNL- 1997 

Borkowski C J (Director) 
SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING JULY 31,1955, 
Oak Ridge National Laboratory, P. 0. Box P. Oak Ridge, Tenn., Contract No. 
W-7405-Eng-26, February 1,1956, 17 pp. (10 re fs ) .  



This r e p o r t  f rom the ~nk t rumenta t ion  and Controls  Division c o v e r s  the following ' 

sub jec t s : .  

1. Investigation of the response  of scinti l lat ion and Cerenkov counte r s  
to the gamma radia t ions  f r o m  a swimming-pool-  type r e a c t o r ,  

2 . .  Differential  and in tegral  pulse-height s e l e c t o r  f o r  the DD2 l inear  
ampl i f i e r ,  

3 .  An A-C br idge f o r  m e a s u r i n g  low res i s t ances ,  
4. An improved s e r i a l  m e m o r y  pulse-height analyzer ,  
5 .  High-voltage r e s e a r c h ,  
6 .  Modifications and improvements  to the Orac le ,  
7 .  Instrumentation f o r  rocking-bomb exper iments .  

Morgan K Z (Di rec to r )  
HEALTH PHYSICS DIVISION SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING 
JANUARY 31, 1956'; 
Oak Ridge National Laboratory ,  Oak Ridge,  Tenn.,  Contract  No. W-7405-Eng-26, 
May 3, 1956, 63 pp. 

Th is  r e p o r t  d i scusses  work per fo rmed  a t  ORNL by the Health Phys ics  Division. Topics 
d i scussed  in the f ie lds  of Applied Radiobiology, Sanitary Engineer ing Research ,  and 
Radiation Dosimetry ,  include: (1) Distribution and Excret ion of Uraniurri in Man, (2) 
Ecology, (3) Urinalys is  Research ,  (4) Distr ibution of Radioisotopes in Animal T i ssue ,  
(5) Isotopic Distribution in Man, (6) C h e m i s t r y  and Soils Engineering,  (7) Airborne-  
Radioactivity Studies, , (8) Exper imental  Physics  of Dosimetry ,  . (9) Theoret ica l .  Phys ics  
of Dosimetry ,  and (10) Dosimetry  Applications. 

Si lver  E G 
MEASUREMENTS O F  THE THERMAL-NEUTRON FLUX FROM THE BSF THERMAL 
COLUMN, 
Applied Nuclear P h y s i c s  Division Annual Report  fo r  period ending Septembei- 10, 1956, 
Oak Ridge National Laboratory ,  P. 0. Box X, Oak Ridge, Tenn . ,  November 20, 1956, 4 pp.  

A the rmal  column with a geometr ical ly  uniform neutron beam is needed fo r  numerous  
exper iments .  A the rmal  column which consis ts  of a s t ack  of graphite agains t  which 
the r e a c t o r  c a n  be positioned h a s  been built a t  the BSF.  A 10-in. thick lead shield 
between the ' g a p h i t e  and the r e a c t o r  s e r v e s  to at tentuate the g a m m a - r a y  flux f rom the 
r e a c t o r .  Fo i l  measurements  of the flux a t  the radiation por t  indicated that a uniform 

2 flux is available i n  .an a r e a  of .47r in. . 

Peel le ' :  R W, . e t  al .  
MEASUREMENT O F  THE SPECTRUM O F  SHORT-LIVED FISSION-PRODUCT DECAY 
GAMMA RAYS EMITTED FROM A ROTATING FUEL BELT,  Q 

Applied Nuclear P h y s i c s  Division Annual Report  fo r  period ending September  10, 1956, Oak 
Ridge National Laboratory ,  P. 0 .  Box X, Oak Ridge, Tenn.  , November 20, 1956, 4 pp.  



By m e a n s  of a ro ta t ing belt  containing u * ~ ~ ,  the sti,ort -lived fission-product gamma 
r a y s  have .been m e a s u r e d  with a th ree -c rys ta l  s p e c t r o m e t e r .  Rotation t imes  a s  s.hort 
a s  1 s e c  have been used.  A value fo r  the total  gamma-ray  energy of 4.8 Mev f o r  the 
0.36- to 5.8-Mev photon energy  in terval  was  observed.  . 

. . .  

Zobel  W and Love T A 
TIME AND ENERGY SPECTRA OF FISSION-PRODUCT GAMMA RAYS MEASURED A T  
SHORT TIMES AFTER URANIUM SAMPLE IRRADIATIONS, 
Applied Nuclear  Phys ics  Division Annual Repor t  f o r  period ending,September 10, 1956, 
Oak-Ridge National Laboratory ,  P .  0 .  Box X, Oak Ridge, Tenn: , November  20,1956, 7 pp. 

The fas t  pneumatic tube a t  the ORNL Graphite Reac to r  h a s  been used in  conjunction 
with the th ree -c rys ta l  s p e c t r o m e t e r  to m e a s u r e  shor t - l ived fission-product gamma 
r a y s  f o r  t imes  a f t e r  f i ss ion f r o m  1.25 to 1600 s e c .  The total energy of photons in the 
in te rva l  0.28 to 5.0 Mev was  found to be 3.23 Mev f 25%. Spectra  f o r  var ious  t imes  

. a f t e r  f i ss ion a r e  given, f rom which i t  is anticipated that  individual e m i t t e r s  can be 
identified. 

Henry  K M and Haydon M P 
FISSION NEUTRON SPECTRUM O F  u ' ~ ~ ,  
Applied Nuclear  Phys ics  Division Annual Report  f o r  period ending September  10, 1956, 
Oak Ridge National Laboratory ,  P. 0. Box X, Oak Ridge, Tenn . ,  November 20, 1956, 3 pp. 

The f iss ion neutron spec t rum of u~~~ w a s  m e a s u r e d  a t  the BSF with nuclear  photo- 
graphic pla tes  under the s a m e  exper imental  conditions a s  those of e a r l i e r  m e a s u r e -  
m e n t s  with a proton-recoi l  neutron s p e c t r o m e t e r .  The shapes  of the resu l t ing  s p e c t r a  
a g r e e d  within the combined l imi t s  of e r r o r .  

He4ar.y M 
FAST-NEUTRON SPECTRUM O F  A 117-CURIE PO-BE SOURCE, 
Applied Nuclear  Phys ics  Division Annual Report  f o r  period ending September  10, 1956, 
Oak Ridge National Laboratory ,  P. 0. Box X, Oak Ridge, Tenn . ,  November 20, 1956, 2 % ~ .  

Since Po-Be  s o u r c e s  a r e  used to ca l ib ra te  fas t -neutron dos imete r s ,  the fas t -neutron 
s p e c t r u m  of such  s o u r c e s  should be known. Recently, the availabil i ty of a s o u r c e  of 
l a r g e r  physical  s i z e  and intensity prompted a fu r the r  measurement  with the BSF 
proton-recoi l  s p e c t r o m e t e r .  The resul t ing s p e c t r u m  a g r e e s  within s t a t i s t i ca l  e r r o r  
with the s p e c t r a  previously determined. 

ORNL-2081-23 

D r e s n e r  L 
ESTIMATION O F  RESONANCE INTEGRALS, 
Applied Nuclear  Phys ics  Division Annual Report  f o r  period ending September  10, 1956, 
Oak Ridge National Laboratory ,  P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 5 pp. 



Resonance parameters  a r e  known for quite a large number of nuclei. These parameters  
exhibit regular  behavior throughout the periodic table. Based on this information, a 
systematics  of resonance integrals has been constructed; estimated resonance integrals 
a r e  compared with experimentally determined values. 

Dresner  L 
HOMOGENEOUS EFFECTIVE RESONANCE INTEGRALS O F  u~~~ AND TH,~' ,  
Applied Nuclear Physics Division Annual Report for period ending September 10, 1956, 
Oak Ridge National Laboratory, P .  0 .  Box X, Oak Ridge, Tenn. , November 20, 1956, 7 pp. 

Numerical calculations performed on the Oracle have made possible exact inclusion of 
the effect of Doppler broadening of resonance lines in the calculation of homogeneous 
resonance absorption integrals.  The effective resonance integrals of u 23e and ~h~~~ 
have been calculated a s  functions of the scattering c r o s s  section per  absorbing nucleus 

0 
for  %and 300 K, using the theory of Wigner, et  a l .  Agreement of the calculated 
(300 K) and experimental resonance integrals i s  excellent for  u~~~ and good for ~ h ~ ~ ~ ,  
except for pure Tho,, where a discrepancy i s  noted. The temperature coefficients for  
the metals have also been calculated, and a comparison with experiment i s  given. 
Finally, the effect of multiple scatterings in the lowest resonances has been investigated 
for  pure u~~~ metal and found to be important. 

Dresner  L 
EFFECT O F  GEOMETRY ON RESONANCE NEUTRON ABSORPTION, 
Applied Nuclear Physics Division Annual Report for period ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn.,  November 20, 1956, 2 pp. 

By use of the theory of Wigner, et a l . ,  an expression has been derived, for  the geo- 
met r ic  dependence of the effective resonance integral of lumps, which i s  independent of 
the details of resonance s t ructure (widths, resonance energies) .  This expression has 
been compared with experimentally determined geometric variations for  u~~~ and 
~h~~~ and is found to overestimate the rat io  of surface-to-volume absorption by about 
40%. The cause of this overestimate is obscure, but i ts  amount should be the same in 
a l l  mater ials .  

Guth E and desaussure G 
THEORY O F  THE cl" (Y, n)c12 REACTION, 
Applied Nuclear Physics Division Annual Report for  period ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn.,  November 20, 1956, 2 pp 

A theoretical investigation of the  c13(y, n)c12  reaction has led to the conclusion that, 
in contrast  with the ~ e y y ,  n ) ~ e '  reaction, there is no evidence of resonance right 
above the threshold. This causes the c ~ ~ ( ~ ,  n)c12  c ros s  section to become much 
smal le r  (by about a factor of 10) than the corresponding ~ e ' ( y ,  n ) ~ e '  c ros s  section. 



T r u b e y  D K 
ESTIMATION O F  PHOTONEUTRONS FROM c13, 
Applied Nuclear  P h y s i c s  Division Annual Repor t  f o r  per iod ending September  10, 1956, 
Oak Ridge National Labora to ry ,  P .  0 .  Box X, Oak Ridge, Tenn.  , November  20,1956, 3 pp. 

L T S F  m e a s u r e m e n t s  of the rmal -neu t ron  flux in the p r e s e n c e  of h igh-energy g a m m a  
r a y s  in liquid media  containing-hydrogen, o r  ca rbon  and hydrogen, indicate that photo- 
neu t rons  c o m p r i s e  a l a r g e  f rac t ion  of the total  the rmal -neu t ron  flux a t  l a r g e  dis tances  
f r o m  the neutron s o u r c e .  This  is a t t r ibuted chiefly to the (y, n)  reac t ion  in  c 1 3 .  'Meas- 

' u r e m e n t s  in a n  o i l  medium with and without a bismuth s l a b  to r educe  the gamma r a y s ,  
and consequently the photoneutrons which they produced,  ag reed  with ca lcula ted  f luxes .  

M u r r a y  R B 
FAST-NEUTRON SPECTROMETER DEVELOPMENT, 
Applied Nuc lea r  P h y s i c s  Di.vision Annual Repor t  f o r  per iod ending September  10, 1956, 
O a k  Ridge National  Labora to ry ,  P .  0 .  Box X, Oak Ridge, T e n n . ,  November 20, 1956, 6 pp. 

A p r o g r a m  is in p r o g r e s s  that  is a i m e d  toward developing a fas t -neutron s p e c t r o m e t e r  
with a g r e a t e r  sens i t iv i ty  than has. been available he re to fo re .  The types of s p e c t r o m -  
e t e r s  being considered a r e :  (1) proton-recoi l  s p e c t r o m e t e r s ,  and (2.) those  in  which 
the total  ene rgy  r e l e a s e d  i n  a neutron-induced nuc lea r  r eac t ion  is measured .  F o r  the 
l a t t e r  the ~ i ' ( n , c r ) ~ ~  reac t ion  (Q = 4.78 M e v )  is being uti l ized.  

Muckenthaler  F J 
INVESTIGATION O F  THE HORNYAK BUTTON AS A FAST-NEUTRON DOSIMETER, 
Applied Nuc lea r  physics '  Division Annual Repor t  f o r  period ending September  10, 1956, 
Oak  Ridge National Labora to ry ,  P .  0. Bux X, Uak ltidge, Tenn., N u v & l l ~ b e l .  20,  1956, 0 pp. 

In the ir i terast  of developing a n  improved fas t -neutron dos imete r ,  a n  i r~vest igat ion of 
the Hornyak button a s  a d o s i m e t e r  has  been ~nlt iatecl .  The b u l l u u  cviisists  s f  a homo- 
geneous mix tu re  of fine Luci te  and ZnS powder mounted on a phototube. The neutrons  
impinging upon the  c r y s t a l  coll ide wi.th the protons  p r e s e n t ,  and the recoi l ing protons  
exci te  the ZnS c e n t e r s .  These ,  in turn ,  emit  photons that a r e  detected by the photo- 
mul t ip l i e r  tube. The r e s p o n s e  of the. button to neutrons  f r o m  Po-Be  s o u r c e s  (the BSR, 
the TSR, and the Van de  Graaff )  is p resen ted .  

Love T A ,  e t  a l .  
INSTRUMENTATION F O R  A GAMMA-RAY SPECTROMETER, 
Applied Nuclear  Phys ics  Division Annual Repor t  f o r  per iod ending September  10, 1956, 
Oak Ridge National Labora to ry ,  P. 0. Box X, Oak Ridge, T e n n . ,  November 20, 1956, 6 pp.  

In o r d e r  to m e a s u r e  the t ime  and energy  s p e c t r a  of shor t - l ived  f iss ion-product  ga r r~ma 
r a y s ,  i t  w a s  n e c e s s a r y  to modify the ins t rumenta t ion f o r  the BSF mul t i c rys ta l  g a m m a -  
r a y  scinti l lat ion s p e c t r o m e t e r .  The modifications in  the exis t ing equipment and the 
new equipment added to the s y s t e m  a r e  desc r ibed .  I 



Z e r b y  C D 
PULSE -HEIGHT DISTRIBUTION FROM AN NAl( t1)  CRYSTAL, 
Applied Nuclear Phys ics  Division Annual Report  f o r  period ending September  10, 1956, 
Oak Ridge National Laboratory ,  P. 0. Box X, Oak Ridge, Tenn. , November 20,1956, 1 p .  

A calculation of the re la t ion between incident gamma-ray  energy  s p e c t r a  and the pulse-  
height d is t r ibut ion ' f rom an  Nal(t1) c r y s t a l  used a s  a gamma-ray  s p e c t r o m e t e r  h a s  been 
.s tar ted.  

Blomeke J 0 and Todd Mary F 
'URANIUM -235 FISSION-PRODUCT PRODUCTION AS A FUNCTION O F  THERMAL 
NEUTRON b'L UX, IRRADIATION TIME, AND DECAY TIME, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn. ,  December  23, 1957. 

This is a summation of individual chains ,  e lements ,  and the r a r e - g a s  and r a r e - e a r t h  
groups.  Uranium-235 fission-product productions a r e  a r ranged  acc'ording to chain o r  
m a s s  number  a s  a function of t h e r m a l  flux, i r rad ia t ion  t ime, and decay t ime. 354 pages  
of tables a r e  p resen ted .  

Reynolds A B and Johnson E B 
COMPARISON O F  THE DISTRIBUTED-POISON AND INHOUR METHODS FOR MEASURING 
REACTIVITY, 
Applied Nuclear Phys ics  P r o g r e s s  Report  for  period ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn. ,  November 26, 1957, 7 pp. (8 r e f s ) .  

The react iv i ty  effect  of a uniform distr ibution of boron carbide  (B4C) in the c o r e  of the 
BSR was  determined exper imental ly  by means  of the inhour equation. A thin s t r i p  of 
B4C-impregnated Plexiglas  was  inse r ted  into each  fuel  e lement .  As each  s t r i p  was  r e -  
moved, the r e a c t o r  period caused by i t s  removal  was  m e a s u r e d  and the react iv i ty  worth 
of each B4C s t r i p  was  then obtained f r o m  the inhour equation. Since the ra t io  of the 
nonleakage probabil i ty of prompt  neutrons  to that of delayed neutrons a p p e a r s  in the 
inhour equation, the exper imental  r e s u l t s  depended on the value chosen f o r  th is  r a t i o .  
Two values  fo r  this r a t io  w e r e  calculated.  The total  react iv i ty  effect of the distr ibuted 
B4C was  calculated f rom the change in the rmal  uti l ization.  The calculated value a g r e e s  
with the exper imental  value within 1070, which was within the e ~ p e r i m e n t a l ~ e r r o r .  

desaussure  G 
CALCULATION O F  THE PHOTONEUTRON FLUX IN THE WATER NEAR THE BULK 
SHIELDING REACTOR, 
Applied Nuclear Phys ics  P r o g r e s s  Report  fo r  period ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn. ,  November 26, 1957, 3 pp. (5 r e f s ) .  



The  neutron flux observed  in w a t e r  a t  d is tances  g r e a t e r  than about 200 c m  f rom the 
BSR is essen t ia l ly  en t i re ly  a t t r ibutable  to photoneutron production in the natural ly  oc -  
c u r r i n g  deuter ium of the w a t e r .  By using m e a s u r e d  g a m m a - r a y  s p e c t r a  a t  267 c m ,  the 
expected photoneutron flux is calculated and found to a g r e e  with observed values within 
4%. 

d e s a u s s u r e  G 
CALCULATION O F  THE GAMMA-RAY SPECTRUM O F  THE BULK SHLELDING REACTOR, 
Applied Nuclear  Phys ics  P r o g r e s s  Report  f o r  period ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn. ,  November 26 ,  1957, 4 pp. (6 r e f s ) .  

.A hand calculation has  been per fo rmed  of the l eakage-ga l l l l~~a- r  ay spectl-urn abovc 
3 Mev f o r  the BSR. Simplifying assumptions  w e r e  s t ra ight-ahead Compton scat ter ing,  
neglect  of m o r e  than s ingle  sca t t e r ings ,  and uniformity of flux in  the c o r e .  The calcu-  
l a ted  s p e c t r u m  is significantly higher than the measured  value in spi te  of the fact  that 
the assumptions  should lead to  a n  overes t imate .  F u r t h e r  exper iments  and calculations 
a r e  planned. 

F o x  J K ,  Gilley L W and Marable  J H 
CRITICAL PARAMETERS O F  A PROTON-MODERATED AND PROTONiREFLECTED SLAB 
O F  u ~ ~ ~ ,  
Applied Nuclear  Phys ics  P r o g r e s s  Report  fo r  period ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn . ,  November 26, 1957, 4 pp. (2 r e f s ) .  

An a t tempt  has  been made  to m e a s u r e  di rect ly  the minimum c r i t i c a l  thickness of a n  
infinitely high and infinitely wide hydrogen-reflected s l a b  uf aqueous solution of U 0 2 F 2  
enr iched  to 93.2% in u ~ ~ ~ .  Extrapolation of the exper imental  r e s u l t s  to infinite di- 
m e n s i o n , ~  and c o r r e c t i o n  f o r  the conta iner  m a t e r i a l  yielded a value of 1.76 i n .  a t  a 
'H. :TJ"~ '  a tomic r a t i o  of 44. Orac le  calculations f o r  s l a b s  which w e r e  c r i t i c a l  in the 
exper iment  gave a value f o r  k of 1.125. The calculated thickness of a . s l a h  fo r  k = 1 
was 1.38 in.  

Maienschein  F C, Pee l l e  R W and Love T A 
ENERGY SPECTRUM O F  PROMPT GAMMA RAYS ACCOMPAN'YING THE FISSION O F  UZ3: 
Applied Nuclear Phys ics  P r o g r e s s  Report  fo r  period ending September  1,1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn. ,  November 26,1957, 12 pp. (14 r e f s ) .  

E x p e r i m e n t s  a r e  cur ren t ly  in p r o g r e s s  a t  the BSF to m e a s u r e  the energy spec t rum of 
prompt  gamma r a y s  accompanying u~~~ fission,  by using the m111.tiple-crystal sc int i l -  
lat ion s p e c t r o m e t e r  and a s m a l l  s p i r a l  f i ss ion c h a m b e r .  Coincidence c i rcu i t s  have been 
used to establish,  by time-of-flight, that s o m e  of the observed pulses  a r e  neutron-  
induced. New shie ld  configurations to protect  the de tec to rs  f rom unwanted gamma r a y s  
o r  neutrons  have been 'investigated, but not much improvement  was  found over  the 
s t andard  design. On completion of the quantitative determjnation of the neutron-induced 
background, the bas ic  m e a s u r e m e n t s  will  ensue.  



Henry K M 
~ 2 3 3  PROMPT-NEUTRON FISSION SPECTRUM, 
Applied Nuclear  P h y s i c s  P r o g r e s s  Repor t  fo r  period ending September  1 ,  1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn . ,  November 26, 1957, 2 pp. (2 r e f s ) .  

The l a r g e  s t a t i s t i ca l  e r r o r s  of the previously  repor ted  uZ3 f iss ion neutron spec t rum 
w e r e  reduced by the u s e  of a l a r g e r  s a m p l e  of m a t e r i a l .  The s p e c t r u m  of a comparable  
m a s s  of uZ3' is a l s o  repor ted .  These  "gray" s a m p l e s  produced a UZs3 /UZ3' yield 
r a t i o  of 1.30 and a nea r ly  identical  s p e c t r u m .  

d e s a u s s u r e  G and Si lver  E G 
COMPARISON OF THE AVERAGE NUMBER OF PROMPT NEUTRONS EMITTED rn 
FISSION O F  u ~ ~ ~ ,  uZ3', P U ~ ~ ~ ,  AND pua4 ' ,  
Applied Nuclear P h y s i c s  P r o g r e s s  Repdr t  f o r  per iod.ending s e p t e m b e r  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn . ,  NovemSer 26, 1957, 6pp.  (8 r e f s ) .  

The f a s t  coincidence technique w a s  employed to m e a s u r e  the re la t ive  prompt-neutron 
yields p e r  f i s s ion  of u ~ ~ ~ ,  uZ3', p u 2  39, and p u z 4 l  induced by t h e r m a l  neutrons .  The 
values  obtained w e r e  v23/v 25 = 1.02 k 0.01, v 4 9 / ~ 2 5  = 1.23 f 0.01, and 

4 9 v 4 1 / v 2 "  = 1.295 + 0.02, where  v23, v2', v , and v 4 '  designate the prompt-neutron 
yie lds  of u ~ ~ ~ ,  u Z 3 = ,  puZ3', and p u Z 4 l ,  respect ively .  

d e s a u s s u r e  G and. Si lver  E G 
TIME -DEPENDENT NEUTRON DIFFUSION MEASUREMENTS, 
Applied Nuclear  P h y s i c s  P r o g r e s s  Repor t  f o r  per iod ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn., November 26, 1957, 12 pp. (23 r e f s ) .  

An exper iment  is being designed to m e a s u r e  the diffusion p r o p e r t i e s  of c rys ta l l ine  
m o d e r a t o r s  a t  va r ious  t e m p e r a t u r e s  by the, pulsed-neutron-source  method.  The tem - 
p e r a t u r e  effects  will be  m o s t  important  i n  the regions  i n  which c rys ta l l ine  effects  
c a u s e  s h a r p  i n c r e a s e s  in the m e a n  f r e e  paths ( e .  g . ,  in Be, the i n c r e a s e  f r o m  room 

0 
t e m p e r a t u r e  to -100 K is calculated to be  about a f ac to r  of 10).  The equipment f o r  
the exper iment  is being a s s e m b l e d .  The pulsed-neutron s o u r c e  is being const ructed 
a t  the BSF.  The detector  wil l  be  a v e r y  s m a l l  ~ i ~ l ( ~ u )  sc int i l la tor  s i m i l a r  to o the r s  
i n  use  a t  the Labora to ry .  T ime  ana lys i s  will be  obtained by an 18-channel s y s t e m .  
The  modera t ing  a s s e m b l i e s  of m a t e r i a l s  to be studied will  be cubes  of pure  mate r i a l ,  
ini t ial ly graphi te  o r  beryll ium, which c a n  be  heated o r  cooled uniformly.  The p r e -  
l iminary  r e s u l t s  which have been obtained, by m e a n s  of another  s o u r c e ,  on beryll ium 
and graphi te  a g r e e  sa t i s fac to r i ly  with published 1.esu1ls. 

D r e s n e r  L 
ANALYSIS O F  LOW-ENERGY NEUTRON REACTIONS IN uZ3', 
Applied Nuclear  P h y s i c s  P r o g r e s s  Repor t  f o r  per iod ending September  1, 1957, Oak Ridge 
National Labora to ry ,  Oak Ridge, Tenn., November 26, 1957, 5 pp. (25 r e f s ) .  



An a n a l y s i s  of e x p e r i m e n t a l  r ad i a t ive  c a p t u r e  and ine l a s t i c  - s c a t t e r i n g  c r o s s  s e c t i o n s  
h a s  been  c a r r i e d  out  wi th  the s t a t i s t i c a l  t h e o r y  of r e a c t i o n s ,  a p p r o p r i a t e l y  modif ied 
to inc lude  f luc tua t ions  i n  the neu t ron  wid ths .  T h e  a n a l y s i s  i nd ica t e s  that  the p-wave 
s t r e n g t h  function is s l igh t ly  l a r g e r  t han  the s - w a v e  function.  

Kuhn E and D r e s n e r  L 
E F F E C T  O F  FLUCTUATIONS IN THE REACTION WIDTHS ON RESONANCE INTEGRALS, 
Appl ied  N u c l e a r  P h y s i c s  P r o g r e s s  R e p o r t  f o r  pe r iod  ending  S e p t e m b e r  1, 1957, Oak  Ridge 
Nat ional  L a b o r a t o r y ,  O a k  Ridge,  Tenn.  , November  26, 1957, 2 pp.  (3 r e f s ) .  

A n  e s t i m a t e  of the r e s o n a n c e  c a p t u r e  i n t e g r a l  of nonf i s s i l e  nuclei ,  p rev ious ly  given, 
h a s  been  c o r r e c t e d  to inc lude  the  ef fec t  of f luc tua t ion  i n  the neu t ron  width .  

Go lds t e in  H a n d  C e r t a i n e  J 
SOME R E C E N T  CALCULATIONS O F  THE AGE O F  FISSION NEUTRONS IN WATER,  
Applied N u c l e a r  P h y s i c s  P r o g r e s s  R e p o r t  f o r  pe r iod  ending  S e p t e m b e r  1 ,  195'7, Oak Ridge 
Nat ional  L a b o r a t o r y ,  Oak  Ridge,  Tenn.  , November  26, 1959, 2 pp. (9 r e f s ) .  

T h e  d i s c r e p a n c y  be tween the theo re t i ca l  va lue  of 26.0 f 0.5 c m 2  and the e x p e r i m e n t a l  
va lue  of 30.0 * 1.0 cm2 f o r  the a g e  of f i s s i o n  n e u t r o n s  in  w a t e r  is inves t iga t ed .  New 
da ta  on the  angu la r  d is t r ibut ion  6) of neu t rons  s c a t t e r e d  by  oxygen f o r  the e n e r g y  r eg ion  
below 2.7 Mev a r e  us,ed i n  a r e v i s e d  ca lcula t ion .  T h e  new value w a s  h ighe r  by only  about 
0.5 c m a . .  O v e r e s t i m a t e s  of c o r r e c t i o n s  t o  t h i s  quanti ty above  2.7 Mev r a i s e  the c a l c u -  
l a t ed  a g e  to 28.0 c m " .  T h e  effect  on the a g e  of s e v e r a l  va r i a t ions  in  the f i s s ion  s p e c -  
t r u m  w a s  a l s o  inves t iga ted ,  but no l ike ly  poss ib i l i t y  is found to expla in  the b a s i c  d i s -  
c reparlc y . 

M a r a b l e  J H 
AGE O F  FISSION NEUTRONS IN DIPHENYL AND IN OIL,  
Applied N u c l e a r  P h y s i c s  P r o g r e s s  Hepor t  f o r  pe r iod  ending  S e p t e m b e r  1, 195.7, Oak  Ridge  
Nat ional  L a b o r a t o r y ,  O a k  Ridge,  Tenn . ,  November  26, 1957, 3 pp. (1  r e f ) .  

T h e  O r a c l e  Monte C a r l o  neu t ron  a g e  code  h a s  been  u s e d  to ca l cu la t e  the s lowing down of 
f i s s i o n  n e u t r o n s  p a s t  1.45 e v  in two o r g a n i c  compounds .  The  r e s u l t s  w e r e  47.51 f .5 c m 2  
f o r  diphenyl  (C12 H10 ) and 22.75 * 0 .  2 c m 2  f o r  o i l  ( e s sen t i a l ly  CH,). 

Cady  D W and  W a r m a n  E A 
RADIATION ATTENUATION MEASUREMENTS IN PLAIN WATER,  BORATED WATER,  
AND O I L  MEDIA IN T H E  L T S F ,  
Applied N u c l e a r  P h y s i c s  P r o g r e s s  R e p o r t  f o r  pe r iod  ending  S e p t e m b e r  1 ,  1957, Oak Ridge 
Nat ional  L a b o r a t o r y ,  Oak Ridge ,  Tenn.  , November  26, 1957, 4 pp .  (12 r e f s ) .  



The l a tes t  and b e s t  data a r e  presented f o r  attenuation f r o m  a f i s s ion  s o u r c e  of f a s t -  
neutron dose,  thermal-neutron flux, and gamma r a y s  in  wa te r ,  bora ted w a t e r ,  and a 
s a t u r a t e d  oil.  The p r e s e n t  thermal-neutron data a r e  c o r r e c t e d  f o r  flux depress ion  by 
the foil  de tec to r s ,  a s  well  a s  f o r  se l f -absorpt ion and se l f -shie ld ing of the de tec to r s .  

Mil ler  J M 
EFFECTIVE REMOVAL CROSS SECTION O F  TUNGSTEN, 
Applied Nuclear  Phys ics  P r o g r e s s  Repor t  f o r  per iod ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, T e n n . ,  November 26, 1957, 1 p .  (2 r e f s ) .  

The effective remova l  c r o s s  sect ion of tungsten h a s  been determined a s  3.13 f 0.25 b a r n s  
on the b a s i s  of the rmal -neu t ron  flux m e a s u r e m e n t s  m a d e  a t  the L T S F  beyond a 4- in .  
thick sample  of Hevimet (90 wt 70 tungsten, 6 wt 70 nickel ,  and 4 ,wt  70 copper ) .  An 
e a r l l e r  value of 2.51 * 0.55 b a r n s  w a s  determined f r o m  m e a s u r e m e n t s  beyond tungsten 
ch ips .  

Watson F N, Davis R M and Champion W R 
GAMMA-RAY AND THERMAL-NEUTRON MEASUREMENTS IN AIR A T  VARIOUS 
DISTANCES FROM .THE TOWER SHIELDING REACTOR, 
Applied Nuclear  P h y s i c s  P r o g r e s s  Repor t  f o r  period ending September  1, 1957, O a k l ~ i d g e  
National Laboratory ,  Oak Ridge, Tenn. , November 26, 19.57, 6 pp. (3 r e f s ) .  

A s  a p a r t  or tlie c z r ~ l l i l ~ u i i l ~  s l u d y  uf Lhe a i r  capture ,  sca t t e r ing ,  and attenuation of 
r e a c t o r  radiat ions,  m e a s u r e m e n t s  have been made  .of the g a m m a - r a y  dose r a t e  and 
the rmal -neu t ron  flux in  a i r  a t  va r ious  d is tances  f rom the r e a c t o r  a t  the TSF.  Through-  
out these  m e a s u r e m e n t s ,  the reac to r -de tec to r  height above the ground, the i r  separa t ion  
dis tance ,  the th ickness  of the r e a c t o r  w a t e r  shie ld ,  and the angle between the emit ted  
r e a c t o r  beam and the de tec to r - reac to r  tank a x i s  w e r e  va r i ed .  The r e s u l t s  of the m e a s -  
u r e m e n t s  a r e  r e p o r t e d .  

Muckenthaler  F J, e t  al .  
DETERMINATION O F  GAMMA-RAY DOSE RATES AND SPECTRA FROM SOIL AND 
CONCRETE SAMPLES AFTER IRRADIATION A T  .THE TOWER SHIELDING FACILITY, 
Applied Nuclear  Phys ics  P r o g r e s s  Repor t  f o r  period ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, T e n n . ,  November 26,1957, 6 pp. 

One so i l  sample  and concre te  s a m p l e s  consis t ing of plain concre te ,  ba ry tes  concre te ,  
and one s a m p l e  of each  containing a n  admix tu re  of 170 boron w e r e  exposed f o r  20 h r  to 
the TSR operat ing a t  400 kev in o r d e r  to de te rmine  how much they had been activated 
and which components w e r e  responsible .  The dose  r a t e  a t  the posit ions of the concre te  
s a m p l e s  w a s  0.725 e r g / g .  h r .  w, while that a t  the posit ion of the so i l  sample  w a s  
0.896 e r g / g a  h r .  w. Subsequent to  i r radia t ion,  the in tens i ty  of the g a m m a - r a y  dose r a t e  
f r o m  the s a m p l e s  was  determined a s  a function of t ime  a f t e r  i r r ad ia t ion .  In addition, 
pulse-height s p e c t r a  of gamma r a y s  f r o m  the s a m p l e s  w e r e  determined.  F o r  the 
ba ry tes  and so i l  samples ,  a l a r g e  p a r t  of the dose  r a t e  4 h r  a f t e r  i r r ad ia t ion  was  due 
to a t h e r m a l  (n, y ) react ion i n  ~ n ~ ' ;  between 24 and 100 h r  a f t e r  i r r ad ia t ion  the m a i n  
contribution was  f r o m  the s a m e  react ion in ~ a ' ~ .  F o r  the plain concre te  s a m p l e s ,  



the g a m m a - r a y  dose  r a t e  throughout the f i r s t  100 h r  a f t e r  i r r ad ia t ion  w a s  essen t i a l ly  
due to the ther ia!  (n, y) reac t ion  in ~ a ~ ~ .  

Chapman  G T and Love T A 
TOTAL-ABSORPTION GAMMA-RAY SPECTROSCOPY, 
Applied Nuclear  Phy'sics P r o g r e s s  Repor t  f o r  per iod ending September  1, 1957, Oak Ridge 
National  Labora to ry ,  Oak Ridge, Tenn . ,  November 26, 1957, 7 pp. (5 r e f s ) .  

A v e r y  l a rge ,  cyl indr ica l  Nal(T1) c rys ta l ,  9-318 in. high, 9-318 in.  in d iamete r ,  and 
t runcated a t  one end,  is being t r i ed  in  a g a m m a - r a y  s p e c t r o m e t e r .  A l a r g e  low-pulse- 
height ta i l  i n  the response  w a s  a t t r ibuted pa r t ly  to a c r y s t a l  defect  and par t ly  to dif- 
f icul t ies  of containing a gamma r a y  within t he  cr -ys la l  A l l & ?  .eht flrst v r ~ c  urn L w u  ~ ; c ~ l l w l ' -  

ings .  Dri l l ing  a hole 2 in .  deep in one end and col l imat ing the incoming radia t ion into 
the hole reduced the t a i l  but worsened the resolut ion (width a t  half max imum)  somewhat .  
The  t h r e e  photomultiplier  tubes which w e r e  used had to be careful ly  matched in  response  
to obtain b e s t  resolut ion.  Work is continuing on improving the resolut ion,  with a n  a r -  
r angement  of seven  s m a l l  matched phototubes to b e  t r i ed  next.  

M u r r a y  R B and Manning J J 
FAST-NEUTRON SPECTROMETER DEVELOPMENT, 
Applied Nuclear  P h y s i c s  P r o g r e s s  Repor t  f o r  period ending September  1, 1937, Oak Ridge 
National  Labor 'atory,  Oak Ridge, T e n n . ,  November 26, 1957, 9 pp. (5 r e f s ) .  

F u r t h e r  investigation of ~ i " l  (EU)  c r y s t a l s  indicate that they will  be  sui table  lor. m e a s -  
-uring f iss ion- l ike  neutron s p e c t r a  above a n  energy  of -1.5 Mev. 

P e e l l e  R W arid Love T A 
PULSE -AMPLITUDE -INDEPENDENT TIMING CIRCUITS FOR DRIVING AN 
INTERMEDIATE-SPEED COINCIDENCE UNIT FROM THE OUTPUT O F  A DOUBLE- 
LINE PULSE AMPLIFIER, 
Applied Nuclear  Phys ics  P r o g r e s s  Repor t  fo r  period ending September  1, 1957, Oak Ridge 
National Labora to ry ,  Oak Ridge, T e n n . ,  November 26, 1957, 11 pp. (5 r e f s ) .  

Common types .of coincidence c i r c u i t r y  f o r  nuc lea r  spec t roscopy  a r e  reviewed br ief ly ,  
and the p r o p e r t i e s  of s t andard  two-speed coincidence c i r c u i t s  a r e  d, iscussed.  With. the 
u s e  of s t andard  double-l ine-clipped l inea r  pulse a m p l i f i e r s ,  a  p roper ty  of the pulse 
shape  p e r m i t s  the reso lv ing  t ime  of the usual  in te rmedia te - speed  coincidence sys tem 
to be mate r i a l ly  improved .  ..Two novel c i r cu i t s  a r e  desc r ibed  f o r  taking advantage of 
th i s  c i r cumstance ,  and pe r fo rmance  c h a r a c t e r i s t i c s  f o r  one c i r c u i t ' a r e  given in deta i l .  

Kington J D and Abele R K 
NEW ION CHAMBERS FOK GAMMA-RAY DOSE MEASUREMENTS, 

- Applied Nuclear  Phys ics  P r o g r e s s  Repor t  f o r  per iod ending September  1, 1957, Oak Ridge 
National  Labora to ry ,  Oak Ridge, Tenn.  , November 26; 1957, 3 pp.  (1 r e f ) .  



A new, 50-cm" s tandard  ion chamber  has  been built,  in which the collection volume w a s  
made  m o r e  near ly  a spher ica l  annulus than the previous  s t andard  composed of contiguous 
hemispher ical  and cyl indr ical  annular  regions .  No improvement  in uniformity of re- 
sponse with di rect ion was  observed.  A 4-cm3 ion c h a m b e r  was  a l s o  const ructed f o r  
high-level measurements .  ~ i f f i c u l t i e s  a r e  being encountered in defining the collection 
volume. The leads  m a y  be responding a l s o  to the radia t ion field. 

P e e l l e  R W, Maienschein F C and Love T A 
A SIMPLE TIME -TO-PULSE -HEIGHT CONVERTER FOR THE ANALYSIS O F  TIME 
DIFFERENCES IN THE MILLIMICROSECOND RANGE, 
Applied Nuclear Phys ics  P r o g r e s s  Report  for  period ending September  1,1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn . ,  November 26,  1957, 7 pp. (7 r e f s ) .  

A method I s  descr ibed  f o r  modifying the sweep c i r c u i t  of a s tandard laboratory  osc i l -  
loscope to f o r m  the bas ic  unit of a t ime-to-pulse-height conver te r .  Combined with a 
s t andard  multichannel pulse-height ana lyzer  and s tandard  t iming c i rcu i t ry ,  the unit is 
capable of performing with t ime resolution a s  fine a s  2 to 3 mPsec/channel .  Measure -  
ments  on dr i f t  r a t e  indicate that i t  is sufficiently s m a l l  f o r  such  resolution to  be feas ible .  , 

Muckenthaler F J 
DEVELOPMENT O F  THE HORNYAK BUTTON AS A FAST-NEUTRON DOSIMETER, 
Applied Nuclear Phys ics  P r o g r e s s  Report  fo r  per iod ending September  1, 1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tcnn. ,  November 26,  1957, 9 pp. (3 r e f s ) .  

Additional work has  been done on the Hornyak button to find the c r y s t a l  and par t i c le  s i z e  
and composition that would mos t  near ly  duplicate the response  of a Hurs t - type f a s t -  
neutron dos imete r  a t  var ious  neutron e n e r g i e s .  .P rev ious  data showed responses  that 
w e r e  s i m i l a r  fo r  neutron energ ies  above 1 Mev but unsat is factory  fo r  lower energ ies .  
New c r y s t a l s  w e r e  tested in a n  a t tempt  to make the low-energy resp0ns.e a s  good a s  the 
high-energy response .  The major i ty  of the data w a s  obtained with a monoenergetic 
neutron flux generated by the Van de Graaff genera to r .  A l imited number  of c r y s t a l s  
w e r e  a l s o  tes ted in the spec t rum of neutrons  f rom the T S F  r e a c t o r .  

Love T A, Maienschein F C and Pee l l e  R W 
AUTOMATIC COUNT-TIME CLOCK FOR USE WITH SLOW PULSE 'ANALYZERS, . 

Applied Nuclear Phys ics  P r o g r e s s  Report  fo r  per iod ending September  1,1957, Oak Ridge 
National Laboratory ,  Oak Ridge, Tenn . ,  November 26, 1957, 1 p. (2 r e f s ) .  

The var iable ,  and re la t ively  large ,  dead t ime  p e r  pulse  of the 256-channel pulse-height 
ana lyzer  designed a t  the Argonne National Labora to ry  l eads  to counting l o s s e s  which a r e  
a function of the shape of the measured  pulse-height s p e c t r u m  a s  well  a s  i t s  magnitude.  
Hence, a device was  built to mee t  the des i red  requ i rement  of measur ing  the total t ime  
dur ing which the ana lyzer  will accept  pulses  r a t h e r  than the elapsed t ime .  



Goldman D T and Simon A 
SPUTTERING PRODUCED BY IONS WITH ENERGIES ABOVE 50 KEV, 
Applied Nuclear  Phys ics  P r o g r e s s  Report  f o r  period ending September  1,1957, Oak Ridge 
National ~ a b o r a t o r ~ ,  Oak Ridge, Tenn. ,  November 26, 1957, 3 pp. (3 r e f s ) .  

Since  the range  of a n  incident pa r t i c le  having a n  energy in the region of 50 kev o r  higher 
is much g r e a t e r  than the m e a n  f r e e  path of the knock-on par t i c les  produccd through 
Rutherford coll isions,  i t  is justifiable to t r e a t  the p r i m a r y  par t i c les  a s  if they w e r e  
produced by a uniform s o u r c e  in  depth.  Subsequent d isplacement  of additional pa r t i c les  
is accounted for and the problem is reduced to a n  equivalent one-velocity diffusion 
p rob lem.  Anisotropy of the p r i m a r y  s o u r c e  is a l s o  considered.  The sput ter ing r a t i o  i s  
found to v a r y  approximately inverse ly  a S  In E/E, where E ia ishit incident cncrgy, 
a s  y / ( l  + y)2 ,  where  p is the ra t io  of the incident pa r t i c le  m a s s  to the t a rgc t  par t ic le  
mass, and as the secan t  of the incident angle.  

Rorkowski C J, (Di rec to r )  I 

INSTRUMENTATION AND CONTROLS DIVISION ANNUAL PROGRESS REPORT 
FOR PERIOD ENDING JULY 1, 1957, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn . ,  Contract  No. W-7405-Eng-26, 
July  29, 1958, 123 pp. ' 

This  r e p o r t  is a review of p r o g r e s s  made by the Instrumentation and Controls  Division 
a t  ORNL. The subject  m a t t e r  deals  with specific ins t rumentat ion and conlr .01~ fo r  the 
va r ious  ORNL r e a c t o r s  along with s u c h  things a s :  (1)  pickoff gates,  (2) r a t e - m e t e r s ,  
(3)  s p e c t r o m e t e r s ,  (4) counters ,  and (5 )  instrumentation fo r  the var ious  specific 
d ivis ions .  

Sheppard C W, e t  a l .  
X-RAY CALIBRATION IN THE BIOLOGY DIVISION O F  OAK RIDGE NATIONAL 
LABORATORY, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn. , Contract  No. w -7405-~ng ' -26,  
28 pp.  (7  r e f s ) .  

This  r e p o r t  covers  the exper ience of the Biology Division in the use of thei r  Victoreen 
ionization chambers  and the i r  ef for ts  to s tandardize  upon a method of cal ibra t ion using 
a GE Maximar  X - r a y  unit operating a t  250 kvp. These  c h a m b e r s  a r e  used fo r  X- ray  
dos imet ry  at. Oak Ridge.  

PD-  121 690 NP-5056(Del)(Vol. I) 

Beaufait  L J ,  Jr.  and Lukens H R, Jr. 
HANDBOOK O F  RADIOCHEMICAL TECHNIQUES, 
US Department  of C o m m e r c e .  P r e p a r e d  by Wes te rn  Division, Tracer lab ,  I n c . ,  Berkeley,  
Cal i f . ,  May 15, 1953, 141 pp. 



This handbook has  been p repared  to  sys temat ize  and c o r r e l a t e  the information con- 
s ide red  n e c e s s a r y  fo r  a p r e c i s e  radiochemical  ana lys i s  of c e r t a i n  f iss ion product and 
nonfission product ac t iv i t ies .  In making these  p r e c i s e  radiochemical  ana lyses ,  a num - 
b e r  of s t e p s  a r e  important ;  the pr incipal  ones a r e  as follows: 

1. The addition of accura te ly  known amounts  of c a r r i e r s  s o  that the g rav imet r i c  
r e c o v e r y  of the activit ies m a y  be obtained, 

2. The ensur ing of complete exchange of the c a r r i e r  e lements  with the i r  ac t ive  
isotopes,  

3 .  The employment of a chemical  procedure  which gives purified (decontaminated) 
act iv i t ies ,  

4. The precipitat ion of the act iv i t ies  a s  reproducible ,  s t andard  compounds, 

5. The mounting of these compounds in  a uniform and reproducible manner ,  

6 .  The determinat ion of the effect  of precipi ta te  thickness of the s t andard  c o m -  
pounds on the counting efficiency of the radioactive isotopes.  

In o r d e r  to make  p r e c i s e  comparat ive  determinat ions  of the resul tant  ac t iv i t ies  which 
may  be re la ted  to absolute counting r a t e s  o r  atom ra t ios ,  s e v e r a l  conditions m u s t  be 
maintained constant o r  thei r  var iance mus t  be accura te ly  known. . The conditions that 
m u s t  be held constant a r e  those involving the geomet r ica l  re la t ionship  between the 
sample  and the counter  tube. Those conditions whose var iance m u s t  be accura te ly  . . 
known and which a r e  dependent on the detector  in use  include : 

1.  The coincidence correct ion,  

2. The s ta t i s t i ca l  behavior of the counting se tup,  

3 .  The in tercomparison fac to r  between the s e v e r a l  counting se tups ,  which is 
determined by the use of a s t andard  s o u r c e .  

This handbook cons i s t s  of two volumes cover ing the above points, and includes re la ted 
information to a id  in the determinat ion of s e v e r a l  f i ss ion products a s  wel l  a s  of uranium, 
neptunium, and plutonium act iv i t ies .  

PR-0153-1 

Graves  Elizabeth R and Rosen Louis 
DISTRIBUTION IN ENERGY O F  THE NEUTRONS FROM THE INTERACTION O F  14-MEV 
NEUTRONS WITH SOME ELEMENTS, 
Physical  Review, Vol. 89, No. 2, pp. 343-348, January  15, 1953, (13 r e f s ) .  

The neutron s p e c t r a  f r o m  the in teract ion of 14-Mev neutrons  with a .number of e lements  
have been determined by nuclear  plate techniques.  The pla tes  w e r e  exposed to  neutrons 
f rom the bombardment  of a Z r - T  ta rge t  by 200-kev deuterons  when the t a rge t  was  a s  
near ly  a s  possible isola'ted f rom a l l ' s c a t t e r i n g  m a t e r i a l  and.when the t a rge t  w a s  s u r -  
rounded by a spher ica l  shell.  of the e lement  to be investigated.  The var ia t ion of F(E,.), 
the number  of emitted neutrons p e r  unit energy  in te rva l  with energy (En),  a p p e a r s  to  be 
Maxwellian in the region 0.5 to 4.0 Mev and m a y  be represen ted  by 



McLead D D 
A FAST NEUTRON MONITOR 
Department of Atomic Energy, Industrial Group, Windscale, England, January (1954), 
7 pp. ( 2  refs). '  

The work described herein was initiated a t  the request of the R. & D. B. Health Physics 
section for  a portable battery-operated fast  neutron monitor for  work in gamma fields 
up to about 0.7 R / h r  (60 mpl).  The monitor should be insensitive to slow neutrons. 

Previous work on such detectors suggested that, for  good discrimination against a 
gamma background, the use of either a polythene-coated counter o r  one with a methane 
filling would be advantageous. F o r  reasons  of simplicity, experiments were  car r ied  
out on the la t ter .  

Oes l r r~a l~n  M J ,  ICircl~er J l? and Echall P J 
A SURVEY OF CURRENT RESEARCH AND DEVELOPMENTS IN THE FIELD OF 

. DO=IIMETRY, 
Battelle Memorial Institute, Columbus, Ohio, Contract No. AF33(616)-5171, May 3 1, 1958, 
38 pp. (132 r e f s ) .  

A survey of cur ren t  practices used in high-level dosimetry of gamma, neutron, and 
mixed fields is presented. Chemical and colorimetr ic  sys tems including fe r rous-  
f e r r i c ,  ceric-cerous,.  gas evolution, nitrous oxide, various dyes, and polymers have 
been considered. Silver-activated phosphate and other glasses  a r e  discussed. Ion- 
ization chambers  for  e i ther  gamma r a y  o r  neutron measurements  have been commonly 
employed a t  very high dose r a t e s  and severa l  designs a r e  discussed. 

Luminors,  such a s  anthracene and napthalene, and 'semiconductors, such a s  germanium, 
have a l so  found application at high radiation doses.  Different designs of calor imeters  
have been used for  measuring energy absorbed, but only tu a lirr~ited extent. 

Neutron spectra  ranging from thermal  through resonance to fast  neutr-uns can best be 
determined by activation of appropriate mater ia l s  having desirable nuclear propert ies .  
An extensive bibliography is provided for those interested in fur ther  details on any 
part icular  system. 

Oestmann.  Mary J and Kircher J F 
A SURVEY O F  CURRENT RESEARCH AND DEVELOPMENTS IN THE FIELD O F  
DOSIMETRY, 
The Radiation Effects Information Center, Batteile Memorial Institute, Columbus 1, Ohio, 
March 31, 1959, 16 pp. (40 re fs ) .  

This  is the f i rs t  addendum to the REIC Report No. 6 "A Survey of Current  Research 
and Developments in the Field of Dosimetry". Very few new dosimeter concepts have 
been reported during the past year .  Advances made during 1958 consist pr imari ly  of 
refinements of the previously established dosimeter sys tems.  Investigations have 
involved reaction mechanisms and the determination of more  accurate  G-values. An 



appropr ia te  choice  of m a t e r i a l s  h a s  helped to extend the useful  r ange  of s o m e  dos im-  
e t e r s .  Standard foi ls  and methods of m e a s u r e m e n t  of these  foils  a r e  being developed 
f o r  neutron dos imet ry .  ~ ~ r t h e r  deta i l s  on any one s y s t e m  m a y  be  found f r o m  the e x -  
tensive bibliography provided.  . 

R E P F -  100 

- - - -  
THEORETICAL POSSIBILITIES AND CONSEQUENCES O F  MAJOR ACCIDENTS IN LARGE 
NUCLEAR POWER PLANTS, 
USAEC, Washington, D. C . ,  (1957), 187 p p .  

Th i s  r e p o r t  is a study of poss ible  consequences  )if c e r t a i n  a s s u m e d  accidents ,  theoret i -  
ca l ly  pos,sible but highly improbable ,  w e r e  to occur  i n  l a r g e  nuc lea r  power  p lants .  The 
probabil i ty of a ca tas t rophic  r e a c t o r  accident  is quite low based on a l imi ted  h i s to ry  of 
r e a c t o r  opera t ion and c e r t a i n  assumpt ions  based on genera l  knowledge of r e a c t o r  o p e r -  
a t ion.  Damage s tud ies  and consequences  of the a s s u m e d  r e a c t o r  accidents  a r e  based  on 
the following l i s ted  s tud ies :  

1. The na tu re  and extent  of a f i s s ion  product r e l e a s e  f r o m  a power  r e a c t o r ,  

2. Descr ip t ion of r e a c t o r  and s i t e ,  

3.  F i s s i o n  product activi ty in  the 500,000-tkw r e a c t o r ,  

4. Effects  of f i s s ion  products  r e l e a s e  on humans and land use ,  

5. Diffusion, deposition, and ra inout  of the radioact ive  cloud, 

6. A method f o r  ca lcula t ing the number  of peGple that could be  affected by a 
f i s s ion  product r e l e a s e ,  

7. Bas ic  a ssumpt ions  in ca lcula t ing potential  l o s s e s ,  

8. Consequences  of gamma radia t ion f rom a 100% r e l e a s e  of the f i ss ion 
products  into the containment shel l ,  

9 .  P e r s o n a l  and p roper ty  damage  resu l t ing  f r o m  r e l e a s e  of f i s s ion  products  
f rom a 500,000 kw ( the rmal  r e a c t o r ) .  

R E P F -  104 

Hurs t  G S, Ritchie R H .an.d Mills W A 
FAST NEUTRON DOSIMETRY, . . 
P a p e r - 6 5  given a t  the f i r s t  Geneva confe rence ,  August (1955), 20 pp. (15 r e f s )  

Th i s  paper  d i scusses ,  t h r e e  methods of m e a s u r i n g  the t i s sue  dose  due to f a s t  neu t rons .  
These  methods  w e r e  developed a t  the Oak Ri.dge National ~ a b o r a t o r ~ .  All  th ree  methods  
have yielded p rac t i ca l  ins t ruments  capable  of accura te ly  m e a s u r i n g  a f a s t  neutron dose  
even if a g a m m a  dose  r a t e  much g r e a t e r  than the neutron dose  r a t e  is p r e s e n t .  T h e s e  
t h r e e  methods  a r e :  (1) propbr t ional  counter  , (2)  threshold  detector ,  and ( 3 )  count 
r a t e  d o s i m e t e r s  . 

Murphy H M, J r .  
NEUTRON DOSIMETRY A T  U. S. ARMY SIGNAL ENGINEERING LABORATORIES, 
F o r t  Monmouth, New J e r s e y ,  November 1, 1957, 27 pp. (37 r e f s ) .  



This  r e p o r t  d i scusses  br ief ly  the history,  theory, and c u r r e n t  s t a t e  of the neutron 
d o s i m e t r y  work being done in the Evans Signal Laboratory .  Specific types of dos imet ry  
s y s t e m s  a r e  discussed,  i. e . ,  hydrocarbon dye, ionization chambers ,  and t i s sue-  
equivalent p las t ic .  Two USASEL exper imental  dos imete r s  of the ionization chamber  
type a r e  d i scussed .  

Milton Osborne 
AN AUDIBLE RADIATION DOSIMETER, 
Sandia Corporat ion,  Albuquerque, N. M. , May 7, 1956, 18 pp. ( 3  r e f s ) .  

An instrument is desc r ibed  which in tegra tes  gamrna raclibliir~~ flux and ooundc an audible 
warning when a p r e s e t  dose  h a s  accumulated.  

C r o p p e r  W H 
A THEORY O F  THE RADIA'L'IUN CHEMISTRY O F  SOLUTIONS, 
Sandia Corporat ion,  Albuquerque, lV. l v i . ,  Cuntr.acl Nu. AT-(23- 1)-780, Apri l  33, 1958, 
52 pp.  (21 r e f s ) .  

A genera l  d iscuss ion of the radiation chemis t ry  of solutions is given. A theory is devel-  
oped, based on a kinetic analys is  of a general  r ad ica l  a t t ack  react ion s c h e m e .  Funda- 
mental  equations a r e  obtained and a calculation technique is descr ibed.  The r e s u l t s  a r e  
found to be in agreement  with a l l  a s p e c t s  of solution radia t ion chemis t ry .  The follow- 
ing  s p e c i a l  applications a r e  discussed:  ( a )  effects a t  high doses ,  (b) effccts a t  low 
doses ,  ( c )  effects a t  high solute concentrations,  (d) effects a t  low solute concentra-  
t ions,  and  ( e )  the general  effects in nonaqueous solvents .  

Truby  F K 
A PROGRAM FOR THE STUDY O F  FREE RADICAL ACCEPTOR MECHANISMS, 
Sandia Corporation,  Albuquerque, N. M . ,  July  20,1959, 9 pp.  

A r e s e a r c h  p rogram is presented cover ing the study of the mechan isms  involved in f r e e  
r a d i c a l  accep tor  react ions .  These  reac t ions  tend to minimize  damage produced in  
per t inent  m a t e r i a l s  while being subjected to ionizing radiation.  The s tudy will be con- 
fined to those f r e e  rad ica l  acceptor  s y s t e m s  which effect protection through s ingle  
e l e c t r o n  t r a n s f e r  p r o c e s s e s .  The p rogram will ut i l ize e lec t ron  paramagnet ic  resonance  
techniques to s tudy the f r e e  react ions  involved. Typical  of the s y s t e m s  to be  studied 
wi l l  be  those containing the disulfide l ink.  

1 
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Bailey L Evan  and Kelly R L 
RADIATION E F F E C T S  STUDIES, 
Stanford R e s e a r c h  Institute, Menlo P a r k ,  Ca l i f . ,  F e b r u a r y  12, 1958, 36 pp. ( re fe rences ) .  



A program of radiation effects studies was s e t  up for  Sandia Corporation for  the purpose 
of providing some preliminary data on a number of mater ia l s  of interest,  and to give the 
Sandia staff experience in techniques for  such investigations which they will la ter  be 
carrying out a t  Sandia. 

This program consisted of work in several  categories,  which were specified in a s e r i e s  
of task orde'r l e t te rs  : 

I. Neutron flux and dose measurement techniques, 

11. Semiconductor measurement techniques and study of irradiation effects 
of neutrons on semiconductors, 

111. Effects of neutrons and electrons on alkali-halide c rys ta l s ,  

IV. Study of electron and gamma-ray effects on polymers,  and techniques 
of measurement,  - 

V .  Experiment on effect of pulsed ionizing radiation ~ n . s ~ a r k . ~ a p s .  

This report  covers  the work done under Tasks I and 11. The tasks a r e  summarized 
below : 

Task I. - - Methods of neutron flux and dose measurement  were  compared to evalu- 
ate their applicability to smal l  sample studies in the inhomogeneous neutron flux close 
to a neutron source.  Comparisons a r e  made of BF, counters,  activated foils, and 
photographic emulsions. It is concluded that activated foils a r e  most precise ,  but that 
photographic emulsion measurements can provide rough data a t  very low cost .  Counters 
are  not very satisfactory for this type of monitoring because of their relatively large 
dimensions. Theory and references a r e  given for  the various neutron counting tech- 
niques. 

Task 11. - -  Methods were developed for  preparation of samples  of single c rys ta l s  
of germanium and silicon. Measurements of resistivity,  magnetoresistance, Hall 
effect, and c a r r i e r  lifetime were  made on various samples  before and af ter  exposure 
to various doses of fast  neutrons, deuterons, and electrons. Changes in resistivity and 
mobility of germanium samples were found for  electron and neutron irradiation. Meas- 
urements of minority c a r r i e r  lifetime were made. The values. obtained, were found to 
depend on many factors ,  not a l l  of which were identified. 

Kronenberg Stanley and Murphy Har ry  M, J r .  
EVALUATION O F  SEMIRAD FOR DOSE-RATE-INDEPENDENT MEASUREMENT O F  
FAST-NEUTRON AND GAMMA RADIATIONS, 
US Army Signal Research and Deve.lopment Laboratory, Exploratory Research Division S, 
Surveillance Department, Evans Area, Belmar,. N. J . ,  October 10, 1958, 39 pp. (1 1 re fs ) .  

This report  descr ibes  the principles of secondary-electron mixed-radiation dosimeter 
(SEMIRAD) operation, and discusses resu l t s  of experiments performed at USASRDL, 
the Los Alamos Scientific Laboratory Godiva I1 facility, and the Naval Research 
Laboratory. The purpose of this report  i s :  (1) to make a preliminary evaluation of , 

SEMIRAD based on theoretical computation and experiments conducted to date, and 
( 2 )  to propose a program for  future research  work on SEMIRAD. 



Description of SEMIRAD. - -  In general construction, SEMIRAD has the same  appearance 
a s  ion chambers .  However, instead of being filled with a i r  o r  other gas, SEMIRAD i s  
evacuated to a very low p res su re .  As a consequence, little o r  no ioizat iol i  i s  produced 
in SEMIRAD, and the ent i re  response i s  due to secondary-electron production. 

When the wall of a SEMIRAD detecting chamber is i r radiated with X-rays, gamma rays ,  
o r  neutrons, a number of par t ic les  a r e  ejected from the wall. In the case  of X- and 
gamma rays ,  these part ic les  a r e  photo-electrons of 50 to 100 kev energy and Compton 
electrons of a few hundred to a thousand-kev energy. Fo r  very high-energy gammas 
these part ic les  include both positrons and electrons from pair  production. In the case  
of fas t  neutrons, the ejected particles a r e  mainly protons (hydrogen nuclei) of energy 
averaging one -half that of the neutrons. When these ejected part ic les  pass  through the 
surface of the wall of the SEMIRAD chamber,  they cause secondary emission of low - 
energy electrons. Secondary electrons a r e  also emitted when the high-energy Compton 
and photoelectrons o r  protons re -en ter  the opposite wall of the chamber.  If a positively 
charged electrode i s  placed within the chamber,  the low -energy secondary electrons a r e  
easi ly  swept up, and the total charge collected is proportional to the radiation dose 
received.  

Murphy Har ry  M, Jr. 
RADIATION MEASUREMENTS AT GODIVA I I, 
Army Signal Corps,  Exploratory Research Division S, Surveillance Department, Evans Area, 
Belmar,  N. J . ,  December 1.7,1958. 

This memo describes.  a number of radiation measuring techniques and summarizes  their 
resu l t s  for  Godiva I 1  radiation burst  measurements.  The need for further work in this 
field is pointed out. In particular,  the exact gamma-ray contribution to the prompt.  
radiation dose i s  only very  roughly known, and the gamma dose from the fission product 
activity is also only poorly known. 

F a s t  neutron total dose measurements  were  made using 5 r am,  l-inch diameter com- 
pressed  sulphur pellets.  Thesulphur  neutron dose (n / cmkover  2.5 Mev) i s  given a s  a 
function of distance (from 10 to 500 cm from center  of the assembly)  for a standard 
burs t  of 1016 fissions, and is shown to approximate the inverse square law. 

ThermaT-neutron total dose measurements  were  made using gold and gold-cadmium 
activation foils. These measurements  have shown that the thermal-neutron flux 
( n / c m 2  over 0.5 ev)  does not follow the inverse square law, but remains relatively con- 
s tant  a t  a value of about 4 x 10' n/cm2 for  a standard burst  within about 2 meters  of the 
assembly.  

Gamma total dose measurements  were  made.using NBS (Evans) photographic dosimeters  
(containing DuPont photographic emulsions 502, 834 and 1290). Calibration films ex-  
posed to coeO.  gamma radiation were developed simultaneously with f i lms exposed a t  
Godiva 11. The gamma dose i s  given a s  a function of distance (from 60 cm from center  
of the assembly)  for  a standard burst  of. lo1' fissions, and corresponds to about 8'70 of 
the corresponding neutron dose expressed in rads .  The gamma dose received from 
fission product activity is apparently no more  than about 10V/oo.of the total gamma dose. 



SEMIRAD (secondary-electron mixed radiation dosimeter)  measurements of neutron 
dose ra te  produced a curve probably representing a typical Godiva burst .  The width 
of the pulse a t  half-height was about 90 r~licroseconds, and the peak of the delivery ra te  
occurred a t  about 180 microseconds af ter  the reac tor  "scram" trigger pulse. SEMIRAD 
measurements  of the gamma dose ra te  indicated that the prompt gamma pulse from 
~ o d i v ' a  I1 is proportional to the neutron pulse, and that the gamma dose ra te  during the 
burst  is roughly 1070 of the neutron dose ra te  (both radiations expressed in rads) .  
SEMIRAD measurements  a r e  considered tentative since the principle involved i s  s t i l l  
under study by USASRDL. 

Kronenberg Stanley and Murphy Harry  M 
GODIVA I I IRRADLATION O F  SEMIRAD, 9 AND 10 OCTOBER 1958, 
US Army Signal Research and Development Laboratory, Exploratory Research Divisions, 
Surveillance Department, Evans Area, Belmar,  N. J . ,  December 17, 1958, 18 pp. (4  r e f s ) .  

This report  descr ibes  an experiment in which SEMIRAD (secondary-electron mixed- 
radiation dosimeter)  was exposed to the Godiva I1 radiation burst .  The purpose of this 
experiment was:  (1) to tes t  the capabilities of SEMIRAD for  measurement of ultrahigh 
radiation intensities with short resolving times a t  the highest possible neutron radiation 
dose r a t e s  obtainable under laboratory conditions, and (2) to measure the relative 
spread  in time of the neutron delivery ra te  due to time-of-flight and scat ter ing effects 
a t  a distance corresponding to approximately one-third mean f r ee  path from Godiva 11. 

The resu l t s  of this experiment were  obtained from photographs of triggered oscilloscope 
t races  of the SEMIRAD response to each Godiva I1 burs t .  The resul ts  s o  obtained were  
transformed to yield Just: ra te  a s  a function of time by comparing the integral of the 
t races  with the total fas t  neutron dose received by the SEMIRAD a s  measured by 
sulphur pellets. 

SEMIRAD of the diode-type measured dose r a t e s  a s  high a s  1 x 1012 r ads  per  hour with- 
out any detectable dose-rate  dependence, and with completely satisfactory time r e s o -  
lution. Since this SEMTRAD type is ,  according to the Langmuir formula, of very poor 
geometry, i t  is concluded tentatively that with bet ter  geometry SEMIRAD should be 
capable of severa l  o rde r s  of magnitude improvement in dose-rate measuring ability. 

,' 

Results from the SEMIRAD positioned approximately 10'0 me te r s  from the Godiva I1 
showed that the dose ra te  a few feet above the ear th a t  that distance is spread in t ime 
over 900 microseconds. It i s  believed that this t ime spread is only slightly the resul t  
of time-of-flight effects, and i s  probably the resul t  of scat ter ing and neutron energy 
degradation. 

. Shannon Robert L 
RADIOACTIVE WASTE DISPOSAL - A BIBLIOGRAPHY O F  UNCLASSIFLED LITERATURE, 
USAEC Techni.ca1 Information Division, Oak Ridge, Tenn. , August (1950), 8 pp. 

This bibliography of unclassified references to radioactive waste disposal w a s  compiled 
in response to a specific request. It is a highly selected bibliography and does not a t -  
tempt to cover a l l  references to the subject. 



Although most  of the work on this problem is classified, much information of a general, 
practical,  and specific nature has been released.  

The purpose of the bibliography i s  to provide a source of information on various proc-  
e s s e s  and methods of radioactive waste disposal. These methods can be categorized a s  
follows : 

1. Dilution and release into sewage systems and waterways where bacterial  
actinn eliminates radioactivity hazards,  

2 .  Neutralization before re lease  into sewage systems,  

3 .  Concentration and storage, 

4. Incineration, 

5. Dilution of radioactive gases  into the atmosphere.  

R e f ~ r e n c e s  to laboratory equipment other than waste disposal sys tems a r e  incidental. 

Sailor V 1.. 
DETERMINATION OF CENTRAL FLUX WITH INDIUM FOILS, , 

Brookhaven National Laboratory, Upton, N. Y ; ,  February 6, 1951, 2 pp. 

A method is given whereby an activated indium foil i s  used to measure  flux. The chemi- 
ca l  procedure a s  well a s  sample calculations and some estimate of the sources of e r r o r  
indicate this method' to be the equal of the most 'precise method known. The subcrit ical 
indium foil measurement.  

TID- 5300 

Way K 
NUCLEAR LEVEL SCHEMES, 
National Academy of Sciences, National Research Council, Wasliington, D. C . ,  September 
(1955), 221 pp. (20 re fs ) .  

A collection of diagrams showing positions and propert ies  ot riiiclenr energy levels, 
character is t ics  of radioactive decay and nuclear reactions,  together with a tabular 
compilation of the experimental data and bibliographic references to the original papers .  

Schulman James  H 
GLASS DOSIMETERS FOR RADIATION MEASUREMENT, 
TJS Naval Research Laboratory, Washington, D. C . ,  ,March (1956), 17 pp. 

The impact of nuclear energy on technology, both in peace and in war ,  has broaddned 
the need for radiation measuring devices, which were once of concern only to a few 
specialized physical and clinical laboratories.  Today the measurement of radiation 
dose i s  important not only to the radiologist but to many others  a s  well. The food 
technologist, interested in  the possible pasteurization o r  steril ization of foods by 

radiation, is concerned with measuring doses of gamma rays  in the range of 10,000 to 
10,000,000 roentgens. The plastics technologist, interested in the present plastics 



by radiation-induced cross-linking, is likewise concerned with measuring massive doses 
of gamma rays  and high energy electron beams.  And in this age of nuclear weapons, 
s imple devices fo r  measuring dangerous radiations in the range of 10 to 600 rpentgens 
a r e  of extreme importance to the a rmed serv ices  and even to the private citizen. 

The purpose of this ar t ic le  is to describe some new methods of dosimetry applicable to 
the above-mentioned problems of radiation measurement and to descr ibe also the 
devices embodying the use of these methods. These developments in'the practice of 
radiation measurement,  a r e  the by-products of basic r e sea rch  a t  the US Naval Research 
Laboratory on the luminescence and colora.tion of solids.  

Graham Richard H and Boyer D Glenn 
AEC EXPERIMENTAL PROGRAM ON REACTOR SAFETY, 
1uclust1-ial Information Branch, USAEC Technical Information Service, Washington 25, D. C . , 
February (1956), 6 pp. 

Brief discussions a r e  given concerning the five reac tor  concepts of a heterogeneous 
test  facility, SPERT (Special Power Excursion Reactor Test) ,  at  the' National Reactor 
~ e s t i n ~  Station in Idaho and the three. proposals of a smal l  homogeneous test  facility, 
KEWB (Kinetic Experiments on Water Boilers) ,  at  North American Aviation, Inc. ,  
Santa Susana, California. Brief summar ies  a r e  also presented on the research  objec- 
tives and s tatuses  of fuse development, molten metal-water reactions,  container tes ts ,  
and fuel ignition studies.  

Berstein Irving A, e t  al. 
CHEMICAL SYSTEMS SENSITIVE TO RADIATION, 
Final Report, July 1, 195 1 - June 30, 1952, Tracerlab,  Inc. , Boston, Mass.  , Contract No. 
DA-18-108-CML-2562, (1952), 16 pp. ( references) .  

This report  deals with the development of a chemical system sensitive to gamma rad i -  
ation over the dosage range 0-600R that would be suitable for  large scale  production of 
a ,  direct-reading dosimeter.  To be acceptable, the device should be capable of being 
inexpensively produced and should give a reliable reading that is independent of var i-  
ations of temperature conditions in the field and in storage. 

During the course of the contract, severa l  different types of chemical systems have 
been investigated. The basis  of choice of a l l  the sys tems studied i s  that in each one 
there exists an inherent "magnification factor,  I '  ei ther  an actual chain reaction leading 
to a large number of reacted molecules per , rad ica l  formed under radiation o r  an 
"apparent" multiplication such a s  a large color change for a smal l  amount of radiation 
product. 

Dosimeters prepared from two of the sys tems investigated--aqueous acrylonitri le dosim- 
e te r  and the bulk acrylonitri le dosimeter--have been tested. in  the field. The aqueous 
acrylonitri le system was about ten' t imes l e s s  sensitive in the field a s  in the laboratory. 
However, a preliminary report  on the response of the bulk acrylonitri le dosimeters  
indicated that these dosimeters were of the same  order  of sensitivity in the field a s  in 
the laboratory. Readily detectable changes occur af ter  exposure to 35-5013 of co60 
gamma radiation. The heat stability of this system i s  remarkable for a monomer, 



0 
a s  "oxygen-free" acrylonitri le has been heated a t  55 C for  3-1 12 weeks with no visible 
change. A reliable and convenient packaging procedure has been developed for  the 
preparation of. "oxygen-free" dosimeters .  

Berstein Irving A, e t  a l .  
CHEMICAL SYSTEMS SENSITIVE TO RADIATION, 
Final  Report, July 1,1952 ' -  February 28, 1953, Tracerlab,  Inc. , ~ o s t o n ,    ass., 
Contract No. ~ A - 1 8 - 1 0 8 - ~ ~ ~ - 2 5 6 2 ,  (19531, 16 pp. (18 refs). '  

This repor t  summar izes  work performed during the period from July 1, 1952 to 
February  28, 1953 on the development of chemical sys tems sensitive to radiation fo r  
11~s as direct-rea.ding dosimeters. , 

During this time, three sys tems have been investigated: 

'1. Several types of halogenated plastics containing pH indicators were prepared 
and exposed to gamma r.adiatirjn. 

2 .  The gamma radiation induced polymerization of acrylonitri le was irlvestlgated 
and the resu l t s  indicated the 'system to be promising a s  a "contamination 
a rea"  dosimeter .  

3 .  A s y s  tem of carbon tetrachloride -benzene -indicator -dimethyl aniline has been 
investigated for use a s  a tactical dosimeter.  

Fields  Melvin' (Director) 
CHEMICAL SYSTEMS SENSITIVE 1'0 KAULATION, 
Monthly Report No. 6, December 1-31, 1952, Tracerlab,  Inc . ,  Boston, M a s s . ,  
Contract No. DA-18-108-CML-2562, December (19511, 15 pp. 

During the last  month, work on the aqueous monomer solutions has been directed toward 
increasing the radiation sensitivity, desensitizing the system to respond to doses up to - 600 R, and continuing tests  o f  the effects u l  Ileal and light on the radiatton sensitivity. 
Attempts to increase  the sensitivity of the system by using an acid solution of pH - 1 
and by addition of methanol have indicated no significant increase in radiation sens i -  
tivity. 

Efforts  to desensitize the system by employing more  dilute solutions of acrylonitri le 
have been unsatisfactory. Experiments a r e  underway to attempt to decrease the rad i -  
ation sensitivity in  c lear-cut  increments by the addition of potent radical inhibitors to 
the sys tem.  Tes ts  on the stability to heat and light of the acrylonitri le-water solution 
a r e  encouraging. Samples exposed to light and heat at  80°c for 20 days having ex- 
hibited no apparent change in radiation se'nsitivity. 

A procedure has been developed for  the preparation of halogenated plastic masses  
containing pH indicators by polymerization' of oxygen-free solutions of halogenated 
compound and a monomer.. Several combinations of halogenated compour~cl and monomer 
have been found that yield clear ,  hard plastic masses  on polymerization. Several 
plastics prepared from a mixture of monomer and a commercial  vinyl ch lor ide- .  
vinylidene chloride res in  on exposure to co60 gamma radiation have evidenced'a 



vis ib le  change a f t e r  exp0sur.e to s e v e r a l  thousand roentgens  and a per iod of s tanding of 
two t o ' t h r e e  weeks .  The s p e c t r a l  c h a r a c t e r i s t i c s  of th ree  i r r ad ia ted  p las t i c s  have been 
determined spect rophotometr ica l ly ,  and l imi ted  data  c l e a r l y  point to significant  changes  
in  the i r r a d i a t e d  s a m p l e s  on standing.  

B e r s t e i n  Irving A, e t  a l .  
CHEMICAL SYSTEMS SENSITIVE TO RADIATION, 
Monthly Repor t  No. 20, F e b r u a r y  1953, T r a c e r l a b ,  Inc . ,  Boston, M a s s . ,  Con t rac t  No. 
DA- 18-108-CML-2562, F e b r u a r y  28, 1953, 9 pp. 

Fifty co lo r imet r i c  tac t ica l  d o s i m e t e r s  based on the c a r b o n  t e t r a c h l ~ r i d e ~ b e n z e n e -  
ind ica to r - sens i t i ze r  s y s t e m s  w e r e  submit ted  to the A r m y  Chemica l  Cen te r  f o r  f ield 
t e s t s .  A complete  descr ip t ion of the composit iok df. the solutions and the a s s e m b l y  
p rocedure  is repor ted .  A sketch of the dos imete r  is drawn to s c a l e .  Sample co lo r  
s t a n d a r d s  used f o r  reading the d o s i m e t e r s  a r e  included. Studies that should b e  m a d e  to 
evaluate  and improve  this  sys tem a r e  l i s ted .  

Nine ac ry lon i t r i l e  "contamination-area" d o s i m e t e r s  w e r e  submit ted  to the A r m y  C h e m -  
i ca l  C e n t e r  f o r  field t e s t s .  The method of p repara t ion  of the d 0 s i m e t e . r ~  and ins t ruct ions  
f o r  r ead ing  the d o s i m e t e r s  a r e  desc r ibed .  A sketch of the dos imete r  is included. 

F a c t o r s  that  should be investigated to de te rmine  the uti l i ty of the ac ry lon i t r i l e  dos im-  
e t e r  a r e  l i s t ed .  

- - - -  
SIXTH MEETING O F  THE ANP ADVISORY COMMITTEE FOR NUCLEAR MEASURE: 
MENTS AND STANDARDS, 
Mate r i a l s  Laboratory ,  Wright A i r  Development Cen te r ,  Wr igh t -Pa t t e r son  AFB,  Ohio, 
Apr i l  7, 1958, 35 pp. 

The  following conclusions w e r e  a r r i v e d  a t  a s  a r e s u l t  of th is  meet ing:  

1 .  Two.bas ic  p rob lems  a r e  s t i l l  unsolved.  These  a r e :  . . .  

a .  Cor re la t ion  of f a s t  neutron effects  on m a t e r i a l s  in  reactor  environments ;  

. . b .  Cor re la t ion  of g a m m a - r a y  effects  on m a t e r i a l s  in  mixed neutron-gamma 
r a y  fields.  

F u r t h e r  analys is  is needed before  the Commit tee  wi l l  be  able  to r e a c h  any definite 
conclusions in  these  a r e a s .  . 8 

2. The graphite ion c h a m b e r  looks p romis ing  f o r  g a m m a - r a y  m e a s u r e m e n t s  in 
mixed f ie lds ;  however,  m o r e  work  is needed in  defining i t s  capabi l i t ies  and l imi ta t ions  
and in proving out var ious  des igns .  

3 .  Threshold  foil m e a s u r e m e n t s  should s t i l l  be  used f o r  neutron m e a s u r e m e n t s ;  
however,  s t andard  techniques have not been worked out yet .  T h e r e  is a s t r o n g  need 
f o r  s t andard ,  fo i ls  and w.ell-defined techniques  f o r  uti l izing them.  



4. More work should be done on correlat ing radiation damage in neutron 
environments.. The conflict between "Hydrogen Dose" and the information presented by 
D r .  Pr imak should be analyzed and resolved. 

5. The Mater ials  Laboratory will work on the above problems and prepare 
recommendations for  the Com mit tee 's  consideration. These recommendations will be 
forwarded to Committee members  in advance of a meeting to allow time for  study. 

6 .  Information meetings on "state of the a r t "  developments in nuclear instru-  
mentation and techniques a r e  valuable and shbuld perhaps be sponsored once a year .  

7. The frequency of meetings should depend upon Air  Force  requirements and 
the importance of the problems to be considered. Since considerable analytical and 
experimental work must  be done on Committee recommendations, a meeting once o r  
twice a year  may now be sufficient. 

Taplin George V 
APPLICABILITY O F  CHEMICAL DOSIMETRY IN CIVIL DEFENSE, 
University of California a t  Los Angeles, Los Angeles, Cal i f . ,  Contract No. A'1'-(~4-I)-Gen-12, 
September 15, 1954, 26 pp. (6 refs) .  

The radiation,characteristics of two types of chemical systerils utilizing chlorinated 
hydrocarbons and aqueous pH indicator dyes a r e  described. 'I'he report  includes both 
laboratory and field test  data which demonstrate the practical applicability of chemical 
sys t ems  in measuring prompt and/or  residual bomb gamma radiation, a s  well a s  fas t  
neutron radiation in the biologically interesting dosage range (50 Lu 600 r). 

Warren  Stafford L 
INITIAL DEVELOPMENT O F  A SEMI-CONDUCTOR FAST NEUTRON DOSIMETER, 
University of California a t  Los Angeles, Cal i f . ,  Contract No. AT-(04-l tGen-12,  October 15, 
1954, 15 pp. (1 ref) .  

The cur ren t  methods of construction and measurement of single c rys ta l  germanium I'ast 
neutron dosimeters a r e  described. The resu l t s  of prel iminary calibration attempts 
indicate that the conductivity change of these dosimeters  responds linearly from 200 r ep  
to at  least  4800 r ep  of cyclotron-prqduced neutrons having a spectrum resembling a 
fission spectrum. At 100 r ep  the conductivity decreases  very slightly instead of in- 
creasing,  This effect probably a r i s e s  from going over  the hump from slightly n-type 
to slightly p-type germanium. It is being tested a s  to whether a preirradiation will 
enable linearity to be obtained in the 100 rep  range o r  less .  In any event, a biologically 
interesting range of fast  neutron dosages can be studied with these dosimeters,  even in 
the presence of much la rger  r ep  dosages of gamma radiation. 

Benveniste Jack and Zenger J e r r y  
INFORMATION ON THE NEUTRONS PRODUCED IN THE H3(d, n)-He4 REACTION, 
University of California Radiation Laboratory, Livermore, Cal i f . ,  Contract No. 
W -7405 -Eng-48, January (1954), 3.1 pp. (9 refs) .  
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This  compilat ion of tables  and graphs  of the m o r e  impor tan t  k inemat ica l  r e l a t ions  
descr ib ing the D-T  react ion is intended f o r  the r e f e r e n c e  of exper imente r s  working 
with the Cockroft-Walton Acce le ra to r .  

UCRL- 5375 

Gunn Stuar t  R 
HIGH-CAPAC ITY RADIOMETRIC CALORIMETERS, 
Universi ty of California Radiation Laboratory ,  ~ i v e r m o r e ,  Calif. , .  Contract  No. 
W-7405-Eng-48, November 13, 1958, 17 pp. 

C a l o r i m e t e r s  of the s teady-s ta te  conduction type and flow type f o r  p r e c i s e  determinat ion 
of powers  of radioact ive  s a m p l e s  f rom about 3 to 20 wat ts  a r e  desc r ibed .  One of the 
ca lo r imete r s '  is used under  wa te r  to provide radia t ion shielding.  

Resu l t s  of comparat ive  m e a s u r e m e n t s  with these  and o,ther c a l o r i m e t e r s  a t  this  l abora -  
to ry  and a t  the Mound ~ a b o r a t o r ~  a r e .  g v e n .  

UCRL- 5420 

Howerton Rober t  J 
THE STATUS O F  EXPERIMENTAL NEUTRON CROSS SECTIONS FOR ENERGIES 
BETWEEN 0.5 AND 14.5 MEV, 
Lawrence  Radiation L a b o r a t o r y , . L i v e r m o r e ,  Cal i f . ,  Con t rac t  No. W-7405-Eng-48: 
December  (1958), 26 pp. ( r e f e r e n c e s ) .  

'l'he p resen t  s t a t e  of. knowledge of the total, e l a s t i c  sca t t e r ing ,  inelas t ic  s c a t t e r i n g  and 
(n, 2n) c r o s s  sec t ions  f r o m  0.5 to 14.5 NIev i s  p resen ted ,  and i t  i s  such  that a t  l eas t  
nine y e a r s  of m e a s u r e m e n t  a t  the r a t e  of the m o s t  productive y e a r  to date would b e  
requ i red  to e l iminate ,  by exper iment ,  the ignorance ( lack of data)  of these  values .  It 
is es t ima ted  that, with good fortune in developing s y s t e m a t i c s  and mathemat ica l  models ,  
a l l  the p rob lems  of neutron c r o s s  sec t ions  i n  this  ene rgy  range m a y  be  solved in  20 y e a r s  
i f  an  effort  is concentra ted  equal  to that expended in  the mos t  productive y e a r  to date .  

Kanwisher John W 
A CHEMICAL DOSIMETER FOR IONIZING RADIATIONS, 
Universi ty of Roches te r ,  Roches te r  20, N. Y . ,  Con t rac t  No. W-7401-Eng-49, 
August 29, 195.1, 6 2  pp. (10 r e f s ) .  

Th i s  paper  d i s c u s s e s  the development o i  a method f o r  m e a s u r i n g  dosage of penetra t ing 
ionizing radiat ion,  namely,  X- and Y- rays  . The method is based on m e a s u r i n g  the 
chemica l  change produced by the radia t ion in  a two-phase s y s t e m  of chloroform and 
w a t e r .  The end r e s u l t  of the radia t ion i s  the production of s m a l l  amounts  of hydro-  
chlor ic  ac id .  This se lec t ively  e n t e r s  the w a t e r  phase  and changes i t s  conductivity. The 
conductivity i s  measured b y  determining the absorpt ion of energy f r o m  a radio-f requency 
field by the w a t e r  phase .  The p resen t  dos imete r ,  which is intended f o r  casual ty  use ,  has  
a fu l l -scale  range of 600 roentgens.  A ful l -scale  r ange  of 100 roentgens  is en t i r e ly  
poss ible .  In the o the r  d i rec t ion the dos imete r  can be made a s  insensi t ive  a s  des i red .  



Baum J W 
NEUTRON DOSIMETRY - A REVLEW, 
University of Rochester,  Rochester, N. Y. ,  Contract No. W-7401-Eng-49,- March 29, 1955, 
116 pp. (189 re fs ) .  

This review summar izes  information on the following subjects:  (1) physical processes  
of importance in neutron dosimetry, (2) biological effects of neutrons, (3) neutron 
sources,  and (4) instruments and methods used in neutron dosimetry. Also, possible 
improvements in dosimetry instrumentation a r e  outlined and discussed. 

Ross S W and Tochilin E 
A ,  SIMPLIFIED FILM DOSIMETER FOR FISSION NEUTRONS, 
US Naval Radiological ~ e f e n s e  ~ a b o ~ a t o r ~ ,  San Francisco 24, Calif. , April 5 , l Y  58, 
23 pp. (19 refs) .  

A film dosimeter technique has been developed for  fas t  neutron monitoring of reac tor  
personnel. The method takes advantage of the rapid build-up of thermal neutrons when 
fast  neutrons a r e  allowed to penetrate a hydrogeneous moderator .  The badge consists 
of a 314-inch thick polyethylene frontpiece that is worn on the belt against the body. A 
combination of s i lver  and tin f i l ters  a r e  matched so a s  to produce equal film blackening 
from ei ther  X- o r  gamma rays .  Fas t  neutron exposure is determined from film 
blackening under radioactive s i lver  produced by capture of the moderated neutrons. 
The badge contains a sensitive gamma-ray dosimeter film together with a nuclear track 
emulsion. The dosimeter film se rves  a s  both a fast  neutron and gammaLray dosimeter.  
The nuclear emulsion is read whenever an overexposure is indicated o r  under any other 
condition where a more  accurate  evaluation of the fast  neutron dose i s  warranted. 

Tillotson J H, Lt .  and Srp N 'E 
GAMMA DOSIMETRY PROPERTIES O F  LINEAR POLYETHYLENE BY INFRARED 
ANALYSIS, . . 
Wright Ai r  Development Center,  Wright-Patterson Air Force  Base, Ohio, May (1956), 
12 pp. (7  refs) .  . . 

Changes in the molecular s t ructure of long chain polymers by infrared analysis give.an 
indication of damage to mater ial  a f te r  i t s  exposure to nuclear radiations. The intensity 
changes of the 5.8 and 11.0 micron infrared absorption bands in gamma-irradiated 
Marlex 50; a high density l inear polyethylene, a r e  analyzed and presented a s  a measure 
of relative gamma dosimetry. All radiation exposures were  conducted a t  the National 
Reactor Test  Station,, Idaho Falls,  Idaho. The infrared absorption spectra  were r e -  
corded a t  the Wright Air Development Center using a Baird double-beam recording 
spectrophotometer.  The graphs of optical density versus  gamma .dosage a r e  believed 
to represent  in a real is t ic  manner the gamma dosimetry propert ies  of the polyethylene 
used in this investigation. 



Brocklehurst Robert E (Secretary) 
PROCEEDINGS OF THE ANP SPECTROSCOPY INFORMATION MEETING HELD 
AUGUST 6-7, 1957, 
Wright Air Development cen te r ,  Wright-Patterson Air Force  Base; Ohio, February (1958), 
224 pp. ( references)  

Th'is report  is a compilation of the unclassified papers given a t  the ANP Spectroscopy 
Information Meeting held a t  Wright-Patterson Air  Fo rce  Base, August 6 and 7, 1957. 
The subjects covered in these proceedings a r e  instrumentation for  gamma and neutron 
spectral  measurements,  treatment of experimental data, character is t ics  of scintillation 
crystals ,  and the use of beam collimators.  

WADC-TN-57-298 (Pt.  1 )  AD- 142342 
. 

Newacheck R L and Randall J D 
DEVELOPMENT O F  THRESHOLD FOILS FOR NEUTRON SPECTRA DETERMINATION, 
Wright Air Development Center,  ANP Advisory Committee for Nuclear Measurement and 
Standards, February (1958). 

. . 

This paper describes the techniques that w i l l  be used to develop and standardize a s e r i e s  
of neutron-sensitive foils that may be used to obtain approximate neutron spectra  for 
radiation-damage studies.  A method of calibrating the foils with a low -flux research  
reac tor  is discussed. Tentative designs a r e  presented for  uZ3*,  s ~ ~ ,  and boron- 
covered puZ3' threshold foils that will be used to measure fast-neutron spectra: 

Hickmott Robert L 
FEASIBILITY O F  A GRAPHITE-CARBON DIOXIDE IONIZATION CHAMBER TO MEASURE 
CARBON DOSE AT HIGH DOSE RATES, 
Wright Air  Development Center,  Wright-Patterson Air Fo rce  Base, Ohio, December (1957) 

T h i s  report  discusses  the feasibility of designing a paphi te -carbon dioxide ion chamber 
fo r  the absolute measurement of the carbon dose ra te  from a pure gamma field up to 
10 lo e r g / g / h r .  There a r e  insufficient data on neutron response to judge the feasibility 
of using an ion chamber in mixed fields with large neutron components. 

Burke Edward A, 1 /Lt .  (USAF) 
MEASUREMENT O F  RADON GAS IN CYLINDRICAL IONIZATION CHAMBERS, 
Materials Laboratory, Wright Air Development Center,  Wright-Patterson Air Force  Base, 
0hi .0,  May (19571, 6 pp. ( 4  r e f s ) .  

Three of the fundamental problems encountered in the measurement  of radon'gas using 
cylindrical ionization chambers a r e  discussed and solutions presented. These a r e :  
variation of ionization current  with shor t  half-life radon daughters, effect of dielectric 
absorption; 'and calibration of the ionization chamber.  



Har tmann  Sven R, 11 L t .  (USAF) 
THEORETICAL ANALYSIS O F  THE RESPONSE O F  A PROTON RECOIL TYPE NEUTRON 
DETECTOR, 
M a t e r i a l s  Laboratory ,  Wright  A i r  Development Cen te r ,  Wr igh t -Pa t t e r son  A i r  F o r c e  Base ,  
Ohio, May (1957), 48 pp. 

A calcula t ion is m a d e  to de te rmine  the number  of r e c o i l  protons produced p e r  unit a r e a ,  
by a neutron flux of a r b i t r a r y  energy,  in a n  infinite hydrogenous s l a b  which r e a c h e s  but 
does  not p a s s  through a n  infinite detector  s l a b  located immediate ly  behind a hydrogenous 
s l a b .  A genera l  c a s e  is considered f o r  a n  isot ropic  neutron flux incident upon the above 
s y s t e m  i n  which a n  a r b i t r a r y  th ickness  of 'some proton absorbing m a t e r i a l  s e p a r a t e s  the 
hydrogenous and detector  s l a b s .  A discuss ion of the r e s u l t s  is given indicating how. one 
c a n  con t ro l  the e n e r g y  and the energy in te rva l  over which the systerri is ser~silive lu 
neu t rons .  A final  ca lcula t ion is made  to de te rmine  the response  of the s y s t e m  to a 
col l imated neutron flux f o r  a n  a r b i t r a r y  or ienta t ion of the hydrogenous-detector s y s t e m .  
Th i s  is done s o  that  the effect  of a nonisotropic flux can  be  determined.  

WADC ...TR -- 67-3 

Uthe P a u l  M Jr. 
ATTAINMENT O F  NEUTRON FLUX-SPECTRA FROM FOIL ACTIVATIONS, 
A i r  F o r c e  Inst i tute of Technology, w r i g h t - p a t t e r s o n  A i r  F o r c e  Base ,  Ohio, March  (1957), 
84 PP. 

S e v e r a l  analyt ica l  methods  a r e  desc r ibed  f o r  obtaining neutron f lux-spec t ra  knowledge 
f r o m  foil  da ta .  The response  functions used a r e  the nuc lea r  r eac t ion  c h a r a c t e r i s t i c s  of 
threshold ,  f a s t  f i ss ion,  and resonance  -type foi ls .  

Two previously  used methods  and two new methods  a r e  d i scussed .  The previously  used 
methods  a r e  the T r i c e  Method and the Cadmium Difference Method. The T r i c e  Method, 
appl icable  i n  the f a s t  neutron energy  region,  u s e s  a "s tep  function" c r o s s - s e c t i o n  r e p r e -  
senta t ion.  The s t e p  function energy  threshold  is determined by a s s u m i n g  a differential  
f lux function.  The  Cadmium Difference Method, applicable in the 1 /E  energy  region,  
u s e s  the resonance  activation integraals of resonance- type foils  a s  c r o s s - s e c t i o n  p a r a m -  
e t e r s .  Although considera t ion is given to these  methods ,  m a j o r  i n t e r e s t  is focused on 
two new methods.  These  methods a r e  ca l led  the Polygonal Method and the Polynomial  
Method. 

The Polygonal Method u s e s  the c r o s s  sect ions  in  the i r  t r u e  f o r m  and r e p r e s e n t s  the 
f lux-energy s p e c t r u m  by a combination of l i n e a r  functions of ene rgy .  In pe r fo rming  the 
n e c e s s a r y  calculat ions,  difficulty in se lec t ing c e r t a i n  energy  p a r a m e t e r s  is exper ienced.  

The  Polynomial  Method u s e s  the c r o s s  sec,tions in  the i r  t r u e  fo rm and r e p r e s e n t s  the 
f lux-energy s p e c t r u m  by a weighting function t i m e s  a polynomial .  The degree  of the 
polynomial  is one l e s s  than the number  of different  fo i ls  used.  A digital  compute r  is 
conveniently used f o r  the requ i red  numer ica l  ca lcula t ions .  

The r e s u l t  of s e v e r a l  t e s t  c a s e s  us ing the Polynomial  Method indicates  that  cons ide r -  
able  improvement  o v e r  the T r i c e  Method is achieved.  



Wright  'David .U Jr. 
ANALYSIS O F  ACTIVATED SPECTROSCOPIC COPPER,  
Aberdeen Prov ing  Ground. P r e s e n t e d  a t  conference'  on Effects  of Nuclear  Radiations on 
Mate r i a l s ,  Watertown Arsena l ,  Watertown 72, M a s s . ,  October  1-2,  1957, 3 pp.  (2 r e f s ) .  

Samples  of spec t roscop ic  grade copper  w e r e  i r r ad ia ted  a t  Brookhaven National Labora -  
to ry  f o r  one week.  The r e s u l t s  of the extended i r r ad ia t ion  w e r e  recorded  s o m e t i m e  
l a t e r ,  at' 12 and 20 months,  with a single-channel gamma s p e c t r o m e t e r .  The recorded  
s p e c t r a  a r e  not that due to i r r a d i a t e d  Cu-63 and Cu-64 alone but, f o r  the most .  p a r t ,  due 
to the impur i t i e s ' in  spect roscopic  copper .  

Wright David 'U Jr. 
ANALYSIS O F  ACTIVATED BLAST GAGE COMPONENTS, 
Aberdeen Prov ing  Ground. P r e s e n t e d  a t  conference  on Effects  of Nuclear  ~ a d i a t i o n s  on 

' M a t e r i a l s ,  Watertown Arsena l ,  Watertown 72, M a s s . , '  October  1-2, 1957, 2 pp. 

Clock m o t o r s  whose induced radia t ions  w e r e  f a r  above health to lerance  have been 
cannabalized.  The s p e c t r a  of the g a m m a s  emi t t ed 'by  the va r ious  p a r t s  of the move-  
ment  w e r e  recorded'with a single-channel gamma s p e c t r o m e t e r .  In one instance the 
half- l ife helped to f u r t h e r  identify the isotope concerned.  Th i s  h a s  indicated var ious  
e lements  that  ,should be avoided in  r e a c t o r  const ruct ion and control  s y s t e m s  wherever  
poss ible  {see  Section I V  f o r  the complete  paper ) .  

Sanford E R and Wicoll P A 
GOLD FOIL NEUTRON FLUX MONITORS, 
Atomic Power  Division, Westinghouse E l e c t r i c  Corporat ion,  P i t t sburgh  30, P a . ,  
Con t rac t  NO: AT-(1 1-1)- Gen- 14, (1957), 24 pp. (3 r e f s ) .  

A s e r i e s  of exper iments  have been conducted with gold-foil neutron-f lux 'moni tors .  The 
absolute  t h e r m a l  flux in  the BNL pneumatic tube fac i l i ty  PN-4 w a s  determined to be 
2 x 1012 /crn2 - s e e .  The BNL and MTR foil-counting methods  w e r e  compared  and 
found to give ( n ~ t ) ~ ~  values consis tent  within 5%. One WAPD counting facil i ty was  
ca l ibra ted ,  r e l a t ive  to BNL and MTR.  A second WAPD faci l i ty  was ,  ca l ibra ted  
uti l izing foils  i r r ad ia ted  in the ANL s tandard  pile.  

H a r r i s  D R 
NaUTRON FLUX MAPPING BY LARGE DETECTORS, 
Bet t i s  Plant ,  Westinghouse ~ l e c t r i c  Corporat ion,  ~ i t t ' s b u r ~ h ,  P a . ,  Con t rac t  No. 
.AT-(11 -1)-  Gen-14, October  (1957), 9 pp. (2 r e f s ) .  

Accura te  m e a s u r e m e n t  of spat ia l  distr ibution of neutron ' f lux usually r e q u i r e s  the use  
of s m a l l ' d e t e c t o r s .  Such de tec to r s  usually a r e  s m a l l  foils  which a r e  i r r ad ia ted  a t  
known posit ions in a n  a s s e m b l y . .  Radioactivity induced by neutrons  in  each  foil  is 
m e a s u r e d  a f t e r  i r r ad ia t ion  by exposing the foil before  a c o u n t e r . .  The observed count 



r a t e ,  a f t e r  c o r r e c t i o n s  f o r  decay of the activity and nuc lea r  content of the foil,  is a s -  
s u m e d  to b e  propor t ional  to the magnitude of i r r a d i a t i o n  flux density a t  the geomet r i c  
c e n t e r  of the foil. The assumpt ion  is usually adequate,  consider ing o t h e r  exper imenta l  
e r r o r s ,  if the re la t ive  var ia t ion of neutron flux densi ty  a c r o s s  the foil is s m a l l .  Be-  
c a u s e  the re la t ive  va r i a t ion  of neutron flux a c r o s s  a l a r g e  detector  m a y  not be s m a l l ,  
the use  of l a rge  de tec to r s ,  s u c h  a s  l a r g e  foils  o r  gas  counters ,  m a y  in t roduce a n  ap-  
p rec iab le  e r r o r  in  the m e a s u r e d  flux distr ibution.  It is shown that the use  of l a r g e  
de tec to r s  in t roduces  no e r r o r  i n  m e a s u r e m e n t  of neutron flux distr ibution if, and only 
i f ,  the neutron flux 4 is dis l r ibuted a s  a s ingle  eigen function of the equation v2$ = -R$. 
In a c e n t r a l  region of a l a r g e  uniform r e a c t o r ,  the neutron flux is s o  dis t r ibuted within 
a good approximation;  hence,  l a r g e  de tec to r s  m a y  be employed i n  a c c u r a t e  m e a s u r e -  
m e n t s  of buckling. Pe r tu rba t ions  of the neutron flux resu l t ing  f r o m  the p r e s e n c e  of the 
l a r g e  detector  a r e  ignored.  

Klein Daniel 
THE USE O F  ISOMERIC STATES FOR NEUTRON THRESHOLD DETECTION, 
Westinghouse E l e c t r i c  Corporat ion,  Pi t t sburgh,  P a . ,  Con t rac t  No. AT-(1  1 - 1) -  Gen- 14, 
Februarvy (1948), 10 pp. (3  re f s ) .  

P a r t i c l e  r eac t ions  s u c h  a s  (n, p), (n, a ) ,  (n, 2n), and f iss ion de tec to r s  such  a s  u~~~ 
and Np"' foi ls  a r e  the pr incipal  s o u r c e s  of fas t -neutron detection by activation tech-  
n iques .  This paper  d e s c r i b e s  a fas t -neutron detection method which m a k e s  use  of the 
ex i s t ence  of i s o m e r i c  s t a t e s  in  c e r t a i n  e l e m e n t s .  

WAPD-TN- 508 

F o d e r a r o  A and Obenshain F 
FLUXES FROM R.EGULAR GEOMETRIC SOURCES, 
Atomic  ~ b w e r  Division, Westinghouse E l e c t r i c  Corporat ion,  P . O .  Box 1468, Pi t t sburgh,  P a . ,  
June  (1955), 107 pp. (13 r e f s ) .  

T h i s  r e p o r t  cons i s t s  of a c o r r e c t e d  s e t  of equations with the n e c e s s a r y  c u r v e s  f o r  hand 
computation of f luxes  f r o m  r e g u l a r  geomet r i c  s o u r c e s .  Included in th i s  s e t  a r e  a 
number  of c a s e s  which have 11t.vt.1. Lelolle bee11 publishcd. 

WASH-292 (Pt .  3) -3  

Muckenthaler  F J 
INVESTIGATION. OF THE HORNYAK BUTTON AS A FAST-NEUTRON DOSIMETER, 
Oak Ridge National Laboratory ,  Oak  Ridge, Tenn. ' P a p e r  p resen ted  a t  Reac to r  Shielding 
Information Meeting, Engineer  R e s e a r c h  and Development Labora to r i es ,  F o r t  Belvoir ,  V a . ,  
May 12-13, 1955, 2 pp. 

The Hurs t - type d o s i m e t e r  which is now being used  f o r  fas t -neutron dose m e a s u r e m e n t s  
a t  the ORNL Shielding Fac i l i t i e s  is l imi ted  by  s e v e r a l  f ea tu res .  It cannot be opera ted 
i n  g a m m a  fields above 1. r / h r .  The c e n t e r  of detection is not known adequately,  and i t  
does  not p o s s e s s  sufficient  sens i t iv i ty  f o r  s o m e  of the m e a s u r e m e n t s  r equ i red  a t  the 
Tower  'Shielding Fac i l i ty ,  P robab ly  the l a r g e s t  problem is keeping,the d o s i m e t e r  in  
opera t ion.  



Gamble R L 
P R O M P T  FISSION GAMMA RAYS FROM URANIUM-235't, 
Convair ,  F o r t  wor th ,  Texas .  P a p e r  presented a t  Reactor.  Shielding Information Meeting, 
Eng ineer  R e s e a r c h  and Development Labora to r i es ,  F o r t  Belvoir ,  V a . ,  May 12-13, 1955, 4 pp 

Th i s  paper  d i scusses  prompt  f i s s ion  gamma r a y s  f r o m  u ~ ~ ~ .  The exper imenta l  a r -  
rangement  is desc r ibed .  The f iss ion took place on the p la tes  of the para l le l -p la te  
f i s s ion-chamber  . 

.*, 
This  w o r k  was  done a t  Oak Ridge National Labora to ry  under  a n  Oak Ridge Inst i tute 

of Nuclear  Studies Fellowship f r o m  the Universi ty of Texas .  

Wolman Abel, Gorman A E and L ieberman  J A 
DISPOSAL O F  RADIOACTIVE WASTES IN THE US ATOMIC ENERGY PROGRAM, 
Division of Reac to r  Development, Washington, D. C . ,  May 17, 1956, 14 pp. 

This  r e p o r t  deals  with the handling and disposal  of radioact ive  was te  products ,  ' bo th  , 

high and low level  sol id ,  liquid, and gaseous  p roduc t s .  The disposal  methods  ;discussed 
include fixation in i n e r t  media ,  spec ia l  separa t ion  of speci f ic  isotopes,  d i rec t .d i scharge  
to se lec ted  su r face  o r  underground geologic format ions ,  and disposal  a t  s e a .  





ELECTRONIC MATERIALS, COMPONENTS, AND SYSTEMS 

Van Lint  V A J and Mil ler  P H, Jr. 
ELECTRICAL E F F E C T S  O F  HIGH-INTENSITY IONIZING RADIATION ON NONMETALS, 
P r e s e n t e d  a t  Second United Nations International Conference on the Peaceful  Uses  of Atomic 
Energy,  J'une (1958), 11 pp. 

E x p e r i m e n t s  have been per fo rmed  to m e a s u r e  the conductivity induced in  nonmetallic 
subs tances  by ionizing radiation.  The effects  which a r e  studied in  these  measurements  
a r e  due to the excitation of e lec t rons  f r o m  bound s t a t e s  (valence bands in so l ids )  irito 
conducting s ta tes .  These  phenomena a r e  different f r o m  radia t ion damage a s  i t  is usually 
observed ,  because  the l a t t e r  is concerned m o s t . 1 ~  with the m o r e  perrnar~etl t  radiation.,.  
induced changes associa ted with the displacement  of a toins  frorrl their n o r m a l  position& 
in  c r y s t a l s  o r  molecules .  The effects  of e lec t ron  excitat ion a r e  expected to manifest  
themse lves  p r i m a r i l y  in e lec t r i ca l  c h a r a c t e r i s t i c s  of the m a t e r i a l s ,  a n d  they a r e  ex- 
pected to d i s a p p e a ~  a f t e r  i r rad ia t ion  in the s h o r t  t ime charac te r i s t i c  of e lect ronic  de-  
exci ta t ion.  

Nonmetall ic components d iscussed a r e  r e s i s t o r s ,  capac i to r s ,  and s e m i c o ~ l d u c t o r s  

AD- 143221 

F a n  H Y and Lark-Horovi tz  K 
IRRADIATION E F F E C T S  IN SEMICONDUCTORS, 
Depar tment  of Physics ,  Purdue Universi ty,  Lafayette,  Ind. ,. June (1957), 32 pp. (1 19 r e f s ) .  

B a s i c  information on i r rad ia t ion  damage to semiconductor  rriaterials; long on theory,  and 
s h o r t  on exper imental  data .  

A v e r y  complete, l i s t  of r e f e r e n c e s  , i s  included. 

AD- 150514 

Johnson E R 
LITERATURE SURVEY ON THE E F F E C T S  O F  RADIATION TO E'LECTRON TUBE 
MATERIALS, 
US A r m y  Signal Engineer ing L a b s . ,  F o r t  Monmouth, N. J .  (Stevens Institute of Technology), 
November 30, 1957, 24 pp. (98 r e f s ) .  

The effects  of nuclear  radia t ion on pure  m e t a l s ' u s e d  in the manufacture of e lec t ron  tubes 
is negligible up to a dose of 10'' nvt. In those alloys where  precipitat ion hardening can 
occur ,  a possibil i ty of decreased  shock r e s i s t a r ~ c e  exis ts :  No appreciable  mechanical  
o r  e l e c t r i c a l  effects due to radiation should occur  in a l loys  fo r  a total dose of lnl' nvt. 
The coefficients of expansion of al loys used in meta l -g lass  s e a l s  should change under 
radiation,  causing some 'incompatibility of the metal - to-glass  s e a l .  



The effect of nuclear radiation on emission for  cathode surfaces should, be negligible up 
to lo2' nvt. I 

Photomultiplier tubes and tv camera  tubes can only be used in extremely low radiation 
fields. Recommendations for future research  a r e  given. 

Pfaff E R ' and Shelton R 'D 
THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Admiral Corporation, Chicago 47, I l l . ,  Contract No. AF33(616)-3091, October 10, 1955, 56 pp. 

1. A selection of electronic components has been irradiated in the CP-5  research  
reactor  at  Argonne National Laboratory. The components were subjected to in-pile 
operation and testing, and the resul ts  of this preliminary testing program have been 
used to  provide guidance and background for the formulation of a more extensive and 
exacting program, the purpose of which i s  to  determine the effects of nuclear radia-  
tion on electronic components. The principal effort has been directed toward planning 
and exploratory tes t s  which would define the problems of component testing, handling 
and storing of radioactive components, facility planning, radiation monitoring, and 
data processing. 

2.  The components tested included wire, capacitors, ' r es i s tors ,  and vacuum tubes. 
These exploratory irradiations and in-pile operating and testing served more a s  a tes t  
of measuring techniques and operating procedures than a s  a determination of damage 
thresholds. 

3 .  In general, thc operation ol a cvrnponent was influenced by the flux a s  well a s  the t ime 
integral of the flux. The wires  connecting the components to  the measuring instru-  
ments were subjected to  radiation effects, and there was some difficulty in arr iving at 
a convenient and economical arrangement for compensating for  the contribution of the 
wires  to ' the experimental readings. 

4. The capacitance of twisted wire pa i r s  connecting the components to the tes t  equipment 
was of the order  of 16 '  farads and appeared to change very little before a n  integrated 
thermal  flux of ldLOnvt was reached. A typical leakage resis tance between wire pa i r s  
was 3 x 10' ohms, which dropped by a factor of a s  much a s  40 when the reactor  was 
brought to power. The flux dependent o r  rate.  effect varied with the length of i r rad ia-  
tion. 

5.  Ceramic,  mica, and paper capacitors with a ld9 farad capacity showed.smal1 ra te  
effects and more o r  l e s s  permanent damage, the la t ter  tending to diminish somewhat 
af ter  irradiation. 

6. Carbon and wire-wound r e s i s to r s  of' approximately 6000 ohms were affected, respec - 
tively, l e s s  than 870 and 170 by an  irradiation to an integrated thermal  flux of 10" nvt. 

7. Vacuum tube testing was made difficult by the.presence of the radiation field. Large 
leakages between plate voltage supply lines and high impedance grid circui ts  resulted 
in anomalous readings before the trouble was found and corrected.  Post-irradiation 
tests  indicated that, although most tubes will operate in some manner to an integrated 
thermal  flux o r  10'' nvt, they seem more  susceptible to damage by handling. Several 
tubes operated to loLB nvt, -but were found to have open filaments when the post- 
irradiation tests began. 



~ f a f f  E R (Program Director) 
T.HE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Scientific Report No. 2, Phase 1, Electr ical  Engineering Department, Admiral  Corporation, 
Chicago 47, Il l . ,  Contract No. AF33(616)-3091, January 1, 1956, 90 pp. 

. . 

During this  period, severa l  major  improvements were made in the method of testing 
and instrumentation, in addition to the irradiation of selected electronic components. 

The instrumentation cabling used on the tes t s  performed during report  period No. 1 was 
replaced with an improved shielded cable and panel board arrangement.  

Integrated thermal  fluxes were monitored by iriserting sma l l  cobalt wircs  with the 
components being tested. The coball wires welbe then calibrated by compar i~or l  with 
i r radiated gold foils. These foils had been previously compared to  s imi la r  gold foils 
which had been i r radiated in a standard pile a t  the Argonne National Laboratory. a 

Therma l  neutron flux measurements  in  various reac tor  facilities were  made for the 
purpose of scheduling component irradiations at  a la ter  date. 

During this  period, a group of polyethylene-insulated wires was compared .to a.s i lni lar  
group of conductors using polyvinyl-chloride as the insulator. These .were compared in 
a tes t  designed t o  maximize any leakage effects present.  The resul t  of this tes t  showed 
the polyethylene insulation to  be superior  a s  an  insulator mater ia l  while undergoing 
i r radiat ion in the reactor .  

T e s t s  were  made on full-sized sample quantities of Types 6AK5 and 1AD4 vacuum tubes, 
with the result  that these tube types were able, in general, t o  operate throughout the 
i r radiat ion period of the t e s t s  without failure. P r i o r  to  insertion these tubes a r ~ d  their  
control groups had been aged for  stabilization. 

Following this  aging period and during the t ime of test ,  a l l  the tubes were  subjected, a s  
much a s  possible, t o  s imi la r  handling. 

A group of electrolytic capacitors was tested during this  period. They were found to  
fai l  af ter  approximately 1.4 x 1017 nvt by becoming virtually short-circuited. A single 
Type 5U4G rectifier tube was placed in the reac tor  and connected to  an external  power 
supply in such a way that it operated in normal  rect i f ier  service,  under tull  load conill- 
tions. This  tube operated throughout the tes t  run without a significant change in i t s  
operation. 

A group of four oil-impregnated paper capacitors was tested during this report  period 
without showing signs of failure. They were of the hermetically sealed type, having . 
axial  leads, and had capacitances ranging from approximately 0.001 t o  0.15 microfarad. 
A tes t  is now being conducted on groups of 5R4WGB rect i f iers  and germanium arid 
sil icon junction diodes. These components a r e  being tested in full-sized lots, under 
controlled test  conditions, and the resu l t s  of these analyses will appear in detail  in 
Report No. 3. 

Pfaff E R (Program Director)  
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Scientific Report No. ,3, Phase 1, Electr ical  Engineering Department, Admiral Corporation, 
Chicago 47, Ill. , Contract No. AF33(616)-3091, April  1, 1956, 136 pp. 



In the period from January 1 to  March 31, 1956, a number of electronic components were 
i r radiated by Admiral Corporation in the CP-5 reac tor  of Argonne National. Laboratory; 
The usual tes t  group of eighteen components was divided into three subgroups; six com-.  
ponents constituted a control group, s ix  components were i r radiated without operation, 
and s ix were  operatcd and tested during Lhe irradiation. All components were given p re  - 
irradiation tests ,  and extensive post-irradiation tests ,  including environmental testing, 
a r e  planned for  a l l  components irradiated. 

The components were i r radiated from 10 to  24 days a t  a temperature of 50°C. The total 
exposure varied with the location of the component in the reactor ,  but t ical  integrated % 
fluxes were 10" thermal  neutrons/cm2, 10" gammas/cm2,  and 2 x 10 fast  
neutrons/cm2 . 
The components tested included carbon composition and deposited carbon-film res i s tors ,  
germanium and silicon crys ta l  rect i f iers ,  high vacuum power and high voltage rectifiers,  
gaseous-type power rect i f iers ,  miniature and general-purpose triodes,  cathode ray 
oscilloscope tubes,. and mica and ceramic  capacitors. F o r  the purpose of planning 
future experiments with camera  tubes, mater ial  t es t s  of various camera  tube par t s  were  
performed. 

The RC type, carbon composition r e s i s to r s  underwent slight decreases  in resistance. 
At initial reac tor  power increase, the resis tance readings showed a distinct decrease 
and at an integrated thermal  flux of 1.01 x there is no evidence of failure in any of 
the res i s tors .  At the end of the test ,  the resis tance values varied from a plus 1 to  a 
minus 1070' change. 

RF  type, deposited-carbon r e s i s to r s  underwent an ea r ly  decrease in resis tance but r e -  
covered and stabilized near the irlilial value. The re  were no failures (changes of over 
2070) in this group. 

The IN58 germanium rect i f iers  suffered drast ic  changes in backward and forward cur ren t  
character is t ics  before reaching an  integrated thermal  flux of 1018n/cm2. The silicon 
rect i f iers  showed s imi la r  variations, except for  two rect i f iers  supplied by Microwave 
and one by Bomac. These three units remained operative during the entire test .  

All s ix  of 'the 5R4WGB power rect i f iers  tested showed over a tenfold apparent increase 
in emission current  before 1.6 x ld7 nvt was reached. The tubes burned out when the 
normal  voltage associated with the standard tes t  circuit  was applied. 

All the 1 2 2  high voltage rect i f iers  operated throughout the tes t  period without showing 
ser ious deviations. 

Of the s ix 024 power gaseous rect i f iers  tested in the reactor ,  one operated for  the ent i re  
tes t  and the remaining five ei ther  failed o r  showed e r r a t i c  operation. 

All s ix  of the 6C4 miniature t r iodes operated satisfactorily to  7 x 10'' nvt, but three of 
the s ix  failed before 1018 nvt by an  interelement short  circuit. 

The s ix  3-inch cathode r a y  oscilloscope tubes operated throughout the tes t  with negligible 
change in cathode current.  Post-irradiation inspection will permit  an  evaluation of dam- 
age to phosphor and glass  face plates. 



Shelton R D (Editor) 
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
E lec t r i ca l  Engineering Department, Admiral  Corporation, Chicago 47, Ill., Contract No. 
AF33(616)-3091, July 1, 1956, 210 pp. 

Since July 1955, the Admiral  Corporation has been committed under Air  Fo rce  Contract 
AF33(616)-3091 to study the effects of nuclear. radiation on electronic components. This  
repor t  i s  concerned with components irradiated in the CP-5 reac tor  of Argonne National 
Laboratory during the period from Apri l  1 to July 1, 1956. A variety of electron tubes, 
capacitors,  and re.sistors were  tested before, during, and af ter  exposure t o  irradiation 
of the order  of 10" the rma l  neutrons/cm2, 10" gamrrlas/cm2 and 1015 epi-cadmium 
neutrons /cm2. The eighteen components compr is i~ lg  a tes t  were dividcd into three  
groups of s ix  each; a control g r ~ u p ,  a passive group wwhlCil W ~ S  im.zmaclial~-11 1i.1 10" iiitt- 
grated thermal  flux, and an  ac-Live g ~ ~ u u p  w l i i ~ l ~  was opcratcd and t e ~ t e c l  dusislg t h ~  
i r radiat ion t o  1U" integrated thermal  flux. 

Vidicon and image orthicon camera  tubes exhibited severe  f rac tures  in the glass  envel- 
opes af ter  irradiation in the reactor .  

Voltage regulator tubes 5651, OA2, and OB2 suffered increases  of firing potential under 
continued irradiation, but were  not influenced perceptibly by changes i ~ i  the ra te  of ir- 
radiation. 

Two groups of twin diodes, 5896 and 6AL5, operating a s  rect i f iers  in the reactor ,  under- 
went a slight decrease in  output of voltages and emission currents .  

The  g lass  envelopes of 82 9-B beam power amplifiers developed multiple f rac tures  during 
an  i r radiat ion t o  1.2 x lo1' integrated thermal  flux. 

All of the s ix 6080 twin diodes survived gn irradiation to  lo1' irrtegrated thermal  flux. 

Six transmitting-type power tetrodes,  4-658, behaved errat ical ly  during irradiation a ~ l d  
failed before 1 017 integrated thermal  flux was attained. 

Mica and ceramic capacitors showed little char~ge ul capacitance and no failuret;. 

Pape r  capacitors showed a decided decrease in capacitance during irradiation. 

The RB-type precision wire-wound r e s i s to r s  remained stable during irradiation. 

Shelton R T I  (Editor) 
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Elec t r ica l  Engineering Department, Admiral  Corporation, Chicago 47, Ill., cont rac t  No. 
AF33(616)-3091, October 15, 1956, 235 pp. 

A. variety of capacitors, res i s tors ,  and electron tubes were i r radiated in the CP-5 
reac tor  during the period of t ime from July 1 t o  September 30, 1956. In general, the 
components were irradiated over a period of severa l  days to  integrated fluxes of approx- 
imately lo1" thermal  neutrons/cm2, 10'' fast  neutrons/crn2, and 10'' gammas/cm2.  



The temperature of the components during irradiztion was 50°C and above, depending 
on the position of the component in the reactor ,  the power dissipated by the component, 
and the amount of a i r  cooling necessary to  keep the temperature within the recommend- 
ed range. . . 

Mica capacitors tested during this period appeared to 'change rapidly during the ea r ly  
part  of the irradiation and to stabilize a s  the irradiation progressed. The changes . 

were generally l e s s  than 5O/o. In some instances, the capacitance decreased while in 
others  it increased. Except for sma l l  ra te  effects, the dissipation factor underwent 
only smal l  changes. 

Capacitors with paper dielectrics displayed a marked susceptibility t o  damage, espe - 
cially in the increase in dissipation factor. No general statement can be made con- 
cerning the damage pattern of paper capacitors, except that those from the same 
manufacturer behaved s imilar ly.  It appeared that the grea te r  i r regular i t ies  were 
associated with oil-impregnatecl paper' c:al)a.c:il.r~~.s. 

Plasl ic  capacitors suffered an increase in dlsslpatlon factor and a final breakdown of 
'dielectric.  

The resis tance between the pins of an amphenol plug decreased by more  than a factor of 
30 when the reactor  was raised to  full power and increased by the same magnitude when 
the reac tor  was shut down. In addition to  these ra te  effects, there was an over-all, 
long-term decrease in resistance. 

All of the r e s i s to r s  tested. during this  period were of the fixed, wire-wound type. The 
resis tance was measured before, during, and after irradiation. . . 

A comparison of p re -  and post-irradiation data for fixed, wire-wound, prec is ion . res i s -  
t o r s  revealed that , the average resis tance change resulting from irradiation was l e s s  
than 0.3%. 

Wire-wound, power r e s i s to r s  showed little o r  no damage, except for  temporary fluctua- 
tions during the in-pile tes ts .  

Damaged vacuum tubes showed evidence of gaseousness, glass  discoloration, and some- 
t imes  glass  fracture.  The 1AD4 subminiature pentode survived the irradiation with 
little damage. Five of s ix  2C40 lighthouse t r iodes operated throughout the test ,  but 
fractured before a post'-irradiation tes t  could be prepared. Cathode r ay  tubes suffered 
from glass discoloration and decreased cathode current,  but remained operative. 

The t rend followed by three  4D21 power tetrodes under irradiation is difficult to de- 
sc r ibe  simply. All tubes showed decreased emissions, but displayed different var ia -  
tions in the control grid voltage required to  maintain a constant plate current .  

. The 5 8 3  clipper diodes exhibited a large increase of emission followed by a greatly r e  - 
duced emission. Post-irradiation examination showed a fractured envelope. 

The .voltage drop ac ros s  the 5 6 4 3  thyratrons appeared to  increase because. of irradiation. 

The 5 8 1 9  photomultiplier survived the irradiation, but the dark current  appeared to  be a 
sensitive function of the . reac tor  power. 



Image. orthicon tubes failed rapidly, exhibiting symptoms of gas. All  of the envelopes 
were  found t o  be fractured severely in the post-irradiation examination. 

The 5902 subminiature pentodes withstood the irradiation, showing only a slight de- 
c r e a s e  in transconductance. The plate and sc reen  cur ren ts  remained essentially con- 
stant, but the control grid cur ren t  increased steadily t o  a value above that permitted by 
MIL-E -11 1 7 5 ~ .  

ADC-3091-SR-6 AD-121223 
Shelton R D (Editor) ' . 
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Elec t r ica l  Engineering Division, Admiral  Corporation, Chicago 47, Ill., Contract No. 
AF33(616)-3091, January 1, 1957, 300 pp. 

A variety of electronic components has  been tested before, during, and af ter  exposure t o  
nuclear radiation. The i r radiat ion facili t ies included the CP-5  reactor ,  where most  of 
the i r radiat ions were  performed, the MTR of the National Reactor Testing Station, and 
a co6' facility. The components, some of which were under normal  operating conditions, 
were  i r radiated over  a period of severa l  days. The radiation environment var ied con- 
siderably, but typical values for  the CP-5 were 2 x 10' R /h r  for  gammas, 5 x 10' epi- 
cadmium neutrops/cme -sec and 10" thermal  neutrons/cma-sec. 

' The seve ra l  electron tubes tested included the following types: 2D21, 371B, 3B28, 024, 
and 6AG7-Y. Only two of s ix  2D21 Xenon-gas thyratrons operated satisfactorily to  the 
end of the standard irradiation. Three  of the four 371B high vacuum, half-wave, high 
voltage rect i f iers  failed in l e s s  than four hours of irradiation. The fourth 371B operated 
throughout the test ,  but suffered a drast ic  reduction in plate current .  

The OX4 cold-cathode, full-wave rect i f ier  operated with little change for  the entire 
i r radiat ion period. The 6AG7-Y pentode amplifier showed no evidence of damage. 
Severa l  1N21B silicon diodes were  i r radiated both in the CP-5  reac tor  and in a co60 
source. The backward resis tance deteriorated rapidly in the ea r ly  part  of the i r rad ia-  
tion, but th ree  of s ix  diodes completed the tes t  wilhuut Failure. 

Eve ry  ceramic  capacitor tes ted during this  period remained within tolerance for  the en- 
t i r e  irradiation. 

Fixed mica capacitors CM35B622J f rom Micamold and Cornel l  Dubilier remained within 
tolerance, whereas those f rom Aerovox did not. ' Changes in mica button capacitors 
averaged l e s s  than 170.. 

P las t ic  capacitors var ied in the i r  radiation resistance. The OG6-103'failed by shorting 
during irradiation, but the LS4-103 remained within tolerance. 

Variable resis tance potentiometers of composition type supplied by Allen Bradley 
appeared t o  suffer considerably.1ess damage than those f rom Chicago Telep'tlune. 

Composition-type r e s i s to r s  decreased in re.sistance from 3 to  20% during the CP-5 i r r a -  
diations. 

Wire-wound r e s i s to r s  were  virtually unaffected by irradiation except for a slight general  
increase in resistance. 



All wire-wound, power rheostats remained within tolerance for  the ent i re  irradiation 
period. 

Printed circui ts  were also tested. 

Shelton R D (Editor) 
THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
Elec t r ica l  Engineering Department, Admiral  Corporation, Chicago 47, Ill., Contract 
No. AF33(616)-3091, Apr i l  1, 1957, 500 pp. 

A variety of electronic components has  been tested before, during, and af ter  exposure t o  
nuclear radiation. The irradiation facilities included the CP-5 reactor ,  where m.ost of 
the irradiations were performed, the MTR of the National Reactor Testing Station, and a 
co60 facility. The components, some of which were under normal  operating conditions, 
were i r radiated.for  severa l  days. The radiation environment var ied considerably, but 
typical values for  the CP-5 were 2 x lo6  R/hr  for  gammas, 5 x 10' epicadmium neutrons/ 
cm2 -sec and 10'" t he rma l  neutrons/cm2-sec. 

Electron tubes tested c'onsisted of the following: 2C40, 2K50, 3JP12, 371-R,' 5793, 5719, 
and 6198. 

The 2C40 UHF triode showed some change in plate current  during in-pile. ~ i v k  of the 
s ix  active tubes survived post-irradiation. 

The 2K50 thermally tuned k l y ~ t r o n c  failcd in-pile; pus t - i r~~adia t ion  t e s t s  indicated 
glass-to-metal s ea l  fractures.  

Both 3JP12 cathode r a y  tubes survived irradiation; some envelope discoloring occurred. 

All of the 371-B high vacuum half-wave rect i f iers  failed in-pile. 

The 5719 and 5703 subminiature t r iodes increased in plate current 'and transconductance 
and, in  some instances, grid current.  

Both 6 198 vidicon camera  tubes failed in-pile, each displaying envelope f rac tures  in 
post -testing. 

The IN58 germanium crys ta l  diodes failed during irradiation. 

Every  fixed mica capacitor, with the exception of the CM35C622JJ remained within toler-  
ance in-pile; these decreased 12% from their  initial value. 

In severa l  instances the RN style, 1 and 270, deposited film re s i s to r s  exceeded the i r  
specified resis tance tolerance in-pile. 

The RW wire-wound, power-type resist 'ors,  in general, remained stable during i r rad ia-  
tion; the resis tance stability appeared largely dependent on manufacturer; 

Potentiometers - RV4NATSG501B also varied with manufacturer, showing as much a s  
3070 change in-pile. ' Printed circuit  boards of five basic mater ials  were  tested: glass  
epoxy, glass  melamine, nylon phenolic, paper phenolic, and teflon. No evidence of 



permanent damage was indicated. In-pile change in leakage resis tance of the boards a r e  
believed t o  be caused by temperature and a radiation-induced cur ren t  c a r r i e r  phenome- 
non. 

Schlueter A W (Editor) 
THE EFFECTS O F  NUCLEAR RADIATION UlV ELECTROIilIC COMPOTJEITJTE, 
Rl.ec.trica1 Engineering Department, Admiral  Corporation, Chicago 47, Ill. , Contract No. 
AF33(616)-3091, July 1, 1957, 674 pp. 

A variety of electronic components has  been tested before, dul.illg, dud af ter  cxpoouro to 
nuclear r ad i a t i on .  The irradiation facilities lnclilded the C P = 5  ~ e a c t o r ,  whcrc moct of 
the irradiations were  performed, the MTR, a d  a COO' facility. 'l'tle ~OiiiponerrI:~, S I  1 1  I I,: 

of which were  under normal  operating cot~dltioris, we1.e i~ i'hdiatcd for oovor31 days. T h p  
radiatibn environment var ied considerably, but ,typical values for the CP ,5 were 2 x 1n6 
~ / h r  for  gammas, 5 x 10' epicadmium neutrons/cm2 -sec and lo1" thermal  neutrons/ 

-see 

Both active and passive groups of temperature compensating, general-type ceramic,  
glass,  and fixed mica  capacitors survived the irradiation. All remained within tolerance 
with no apparent difference between the two groups. 

Active and passive experiments of the fixed mica capacitors showed little damage with a 
s imi la r i ty  between the groups. The CM35B622J capacitor, manufactured by Aerovox, 
decreased out of .tolerance. 

Six a i r  t r i m m e r s  were  tested without apparent damage. 

The unfinished capacitors,  elements of the C ] 1 3 U  capacilul-s, and'thc u~lliniclmd r e ~ i s t o r z  
essent ial ly  all exceeded the i r  MIL tolerances.  

~ h k  F-6867 travcli.ng wave amplifier tube, the 4C35 hydrogen thyratron, and the 5x34 
therminonic rectifier tube failed in-pile because'of glass-to-metal sea l  failllt-e. 

The 6L6WGB beam power, the 5639 submiiiiaturt! videu alnplifier, thc 6810 subminia ture  
pentode, the 5670 miniature twin triode, and the 5876 subminiature UHF survived the i r -  
radiation, but had control gr id cur ren ts  in  excess  of the maximum specification. 

The 55 17 cold cathode, half -wave, gas  rectifier,  the 6 11 2 subminiature twin triode, and 
the 5751 miniature hi-mu twin triode a l l  survived the CP-5  experiment. 

Though the plate cur ren t  increased, the 5687 twin triode survived the test .  

Grid and plate cur ren t  of the 5744 subrriirliature triode exceeded the maximum tolerance. 
. . 

The 5819 photomultiplier and the 6198 vidicon camera  tubes survived irradiation with r e -  
duced output currents .  . . 

.. . . . . . 

The following components survived the MTR irradiation without exceeding their  tolerance: 
fixed button micas,  CB1 1PX681Ga CB21PXlOlG;- ceramic  types, CC25CH430J; and fixed 
mica, CM35B622J capacitors;  wire -wound RW3 1G20RO res i s tors ;  and voltage regulator 
OA2 and OB2 tubes.  



The fixed composition res i s tors ,  RC20BF101J, RC32GF101J, and RC32GF102J, a l l  de- 
c reased  5070 from their  initial values. . . 

The 6AL5 twin diode and the 5518 subminiature triode tubes failed in the MTR. 

One 1 2 2  high voltage rect i f ier  failed and two others showed some damage in the MTR. 

Schlueter A W (Editor) 
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC COMPONENTS, 
~ l e c t r i c a l  Engineering Department, Admiral  Corporation, Chicago 47, Ill. , Contract No. 
AF33(616)-3091, October 1, 1957, 728 pp. 

Electronic components were  tested before, during, and af ter  exposure t o  nuclear radia-  
liua. The irradiation facilities included the CP-S reactor ,  the MTR, and a c o b O  facility. 
The components, some of which were  under normal  operating conditions, were i r r id i -  
ated for  severa l  days. The radiation environment varied considerably, but typical values 
for  the CP-5  were 2 x l o 6  ~ / h r  for  gammas, 1012 thermal  neutrons/cm2 -see, and about 
10' neutrons/cm2-sec beyond 2. 5 Mev. 

Steatite and glass  epoxy printed circui t  boards underwent apparent in-pile changes due t o  
ion conduction in the surrounding a i r ;  these changes were reduced by acryl ic  spray. 
Boards were  warped and blistered in the post-test. 

All  quartz c rys ta l  units decreased in resonant frequency; approximately half ceased to 
oscillate. 

Pape r  capacitors failed partially o r  entirely due t o  gas evolution. 

Plast ic  dielectric capacitors increased 1070 in capacitance. 

Damage to  fixed (composition film VHF) r e s i s to r s  var ied by manufacturer;  some exceed- 
. ed tolerance. 

The following components were essentially not affected by the CP-5  irradiation: wire--. 
wound, power-type rheostats;  fixed, wire-wound res i s tors ;  tube types: CD-18, 5Y3. 
5993, 5899 (Sylvania and General Elec t r ic  survived, Sonotone failed), 6021 (Sylvania and 
General  Elec t r ic  survived, Raytheon became gassy); printed circui t  assemblies;  and 
fixed composition r e s i s to r s  (decreased due to  humidity effects). 

Damage to  deposited film and fixed-film power r e s i s to r s  may be related t o  the boron con- 
tent. 

. . The following tubes suffered from glass  failure: 2C39, 4C35, 4552, 5C22, and 6384. 

. . 
,.'. ' .The:following components drew grid current:  12AT7 (all active tubes failed MIL speci- 

, ,  . . . :  . . .fieation, a l l  had excessive gr id current) ;  56,36 and 5814 (amount var ied with manufactur- 
e r ) ;  5 725/6AS6 (little change); 6 1891 12Au.7; 6 11 1 (plate current  decreased); and 
60051 6AQ5 (failed MIL specification). 

The following components were not affected by the co60 radiation: temperature-  
compensated and general-type ceramic  capacitors,  glass capacitors,  fixed and button- 
type mica capacitors,  3B28, 271B, 4-65A, and 4D21. 



coS0 irradiat ion affected: IN58 (semiconductor diode during irradiation) and paper di- 
e lec t r ic  capacitors. 

In the Mater ials  Testing Reactor (MTR), temperature -compensated ceramic  capacitors 
went out of tolerance, but returned to normal  during the reac tor  down period; plastic di- 
e lec t r ic  capacitors were extremely e r ra t ic ;  and fixed mica capacitors'went out of to le r -  
ance and were e r ra t ic .  

The following components were  nor affee'ted by L i l t :  MTR l i t l d ~ :  wirc  wourid roaiotorc, 
accurate  wire-wound, 0 2 4 ,  6AU6 and 6BE6. . 

Composition r e s i s to r s  in.  the MTR exhibited changes which resul t  normally in the pro- 
ce s se  s of aging, heating, and dehumidification. 

Most i r radiated components were  not affected by vibration o r  humidity. 

Ni~merous  tables of dates and tes t  c i rcui ts  a r e  included. 

Ceramic  and thyratron tubes were  a l so  tested. 

ADC-3091-SK-1U 

Schlueter A W (Editor) 
THE EFFECTS O F  NUCLEAR RADIATION ON ELJ3CTRONIC COMPONENTS, 
Elec t r ica l  Engineering Department, Admiral  Corporation, Chicago 47, Ill., Contract No. 
AF33(616)-3091, January (1958), 256 pp. 

Electronic components were  tested before, during, and af ter  exposure t o  nuclear radia- 
tion. The irradiation facili t ies included the CP-5 reac tor  and a co6? facility. The r a -  
diation environment var ied considerably, but typical values for  the CP-5 were 
2 x 10' ~ / h r  for gammas, 1012 thermal  neutron/cm2-sec, 5 x 10' epicadmium neutrons/ 
cm2 -sec, and about lo8  neutrons/cm2 -sec beyond 2.5 Mev. 

The following components were  essentially unaffected by nuclear radiation: AFRT14E, 
AFRT 14J, AFRT 14K, AFRT 19E, and AFRT 19J; RA15A1SD502AJJ RA30AlSD153AJ; 
RPlOlSJ-;  RV4LAYSA-; and LC-2 pentode. 

. . 

The CP04AlEE104M capacitors were  damaged due to gas evolution. 

The TG75-202 capacitors capacitance increases  of 14%. 

RD31P- ahd RD65P-resis tors  a l l  increased in  resistance; the greatest  increase-occurred  
in  those components having the largest  resis tance values. 

RN70- and RN75-resistor damage was related to'boron content. 

AT cut c rys ta l s  exhibited a decrease in resonance frequencies with the exception of the 
C R - ~ ~ / U  type. Al l  other cuts  exhibited a n  increase in resonance frequencies. One-half 
of the samples  ceased t o  oscillate. 

The typical radiation environrrlenl: 01 the co60 sourde is 2 x 10' R/hr  in 1. 25 Mev 
gammas . 



In the co60 source, the CP-  capacitors were damaged due t o  gas evolution. 

A large number of tubes, res i s tors ,  and capacitors were  uriaffected by co60 .gamma 
irradiation. 

Additional t e s t s  include humidity, vibration, altitude, and heat. 

Pfaff E R (Program Director) 
THE EFFECT O F  NUCLEAR. RADIATION ,ON ELECTRONIC COMPONENTS, 
Phase 2, E lec t r ica l  Engineering ' ~ e ~ a r t m e n t s ,  Admiral Corporation, Chicago 4 7, Ill. , 
Contract No. AF33(616)-5464, Apri l  (1958), 7.6 pp. . . 

. . 

Electronic components were  tested before and during exposure to  nuclear radiation. The ' 

i r radiat ion facility was the CP-5  reactor .  The radiat2on environment varie'd considerably / 

with the location in the reactor.  Typical values for  the isotope facility of the CP-5, were  
2 x l o 6  ~ / h r  for  gammas, 1012 thermal  neutrons/cm2 -sec, 5 x l o 9  epicadmium neutron&/ 
cm2-sec, "and about 10' neutrons/'cm2 -sec above 2.5 Mev. . . 

. ,. . 

The Phase 2 test  program for  t ransformers ,  dynamotors, .a&d i i r e s  is presented in this  
report.  . , .  . ,  

. . 

A variety of insulated wires  was i r radiated during the f i r s t  quarter  of the Phase 2 testing 
program. The insulations and wires  studied were : hook-up wire, polyvinyl insulation 
with various combinations of shields and braids; magnet wire  with various insulation 
coatings; and tw6 .types of high temperature insulated wires.  

----  
RADIATION DAMAGES IN METALS AND SEMICONDUCTORS. AND AFTER GAMMA-. , 

IRRADIATION, 
Atomnaya Energiya, Vol. 3 ,  p. 562 (1957). 

/' 

The effects of gamma radiation on germanium and copper were  investigated. The 
germanium was i r radiated in  the temperature range f rom liquid nitrogen temperature 
t o  room temperature.  The irradiation of n-Ge causes a decrease of the " c a r r i e r  . . 

I t  number. After a long irradiation n-Ge is converted into p-Ge. ' An investigation of the 
temperature dependence of the Hall effect showed that two acceptor levels a r e  formed .in 
the n-Ge. The defects appearing under gamma radiation. a r e  evenly distributed within 
the m a s s  of the sample, which makes it possible t o  est imate the influence of the de'fects 
on different physical.properties.  . ' . . 

AECD-3810 

Faris Frank E 
RADIA'I'ION EFFECTS QUARTERLY PROGRESS REPORT FOR APRIL-JUNE 1954, 
North American Aviation, Inc. , Downey, Calif. , Contract No. AT- (1 1 - 1)-Gen-8, 
November 1, 1954, 59 pp. (7 refs).  

This  report  discusses  graphite, metals,  : insulators,' and irradiations.  Cyclotron opera-  
t ion and development a r e  discussed, and irradiations were  made to  determine the effect of 



radiation on the following properties:  thermoelectr ic  power of graphite; s tored energy 
of graphite; thermal  conductivity of graphite; and irradiation effects in thorium. 

The  anomalous low tempera ture  t he rma l  conductivity of graphite samples,  measured pre  - 
viously has  been explained by two different theories.  The theory held by the group. a t  this 
laboratory is that a sma l l  amount of intergranulor carbon contributes a t  T~ dependence t o  
the conductivity. The intrinsic conductivity is held to be T~ dependent in the temperature 
region where boundary scat ter ing predominates. Klemens holds that the anomalous con- 
ductivity is intrinsic to  graphite and depends only on the rat io  of the crystall i te thickness 
t o  the crystall i te width. 

The conclusion reached is that the the rma l  conductivity of graphite a t  low temperatures  
has  a T~ dependence, and that the higher exponent previously found is to  be explained by 
a two-medium theory. This  theory is explained. 

The calculation of the contribution of the conduction electrons in graphite t o  the thermal  
resis t ivi ty  has  been completed, and a report  is being issued. 

An apparatus  for  the measurement of the magnetic susceptibility of solids a t  liquid nitro- 
gen tempera tures  has  been constructed. 

Mechanism of pore formation associated with the Kirkendall effkct in  a typical report  will 
show that two-dimensional tensjle' s t r e s s  is established in Kirkendall-type diffusion 
specimens on the side of thy :,ktfierface suffering; a net loss  of at0m.s. In the presence of 
th i s  s t r e s s ,  voids la rger  +%an a cr i t ica l  s ize will grow by absorbing vacant lattice s i t e s  
when the concentration of such s i tes  is maintained a t  i t s  equilibrium value. A mechanism 
is proposed by which the tensile s t r e s s  can nucleate voids of this  c r i t i ca l  s ize o r  larger .  
Thus, the proposed mechanism of nucleation and growth of the voids formed in connection 
with Kirkendall-type diffusion experiments can operate without the existence of an  excess  
concentration of vacancies. 

As a resu l t  of annealing studies of cyclotron-irradiated thorium, it is believed that this  
annealing state may  be associated with the motion, of inter sti tfal  at0111s in thoriur~i. 

Tensi le  propert ies  of iodide thorium at roorrl tenlperatures a r e  a l so  discussed along with 
displacement energy in metals.  

She r ra rd  George R. 
TRANSCRIPT SUMMARY OF 'VARIOUS IRRADIATION DAMAGE REPORTS ON ELECTRICAL 
AND THERMAL INSULATING MATERIAL, 
Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-31-109-Eng-52, 10 pp. 
(17 re fs ) .  

This  document contains tabulated informat-ion on insulating mater ials ,  plastics,  hook-up 
wire,  ceramic  mater ials ,  e lastometers ,  and cables.. 

~ l o n t z  Everet t  E a r l  
PRODUCTION O F  LATTICE DEFECTS IN GERMANIUM BY ELECTRON BOMBARDMENT, 
Department of Physics,  Purdue University, Lafayette, Ind., June (1952),75 pp. (38 refs).  



The degree of damage produced by bombardment is a function of the energy, flux, and 
temperature of bombardment. Conductivity-flux curves for s eve ra l  bombardment 
energies  and tempera tures  have been obtained. 

Heat t reat ing the samples  heals out bombardment-produced defects. The extent of heal- 
ing has been followed by taking Hall and resistivity values as a function of temperature,  
and depends on the temperature t o  which the sample is heated. Restoration of the origi-: 
nal resistivity can be attained by heat treatment a t  450°C for  24 hours, again in agree-  
ment with the resu l t s  af ter  quenching and nucleon bombardment. 

This  report  a l so  reviews semiconductor theory and equations, and gives a historical 
survey of lattice defects in  germanium. 

Vook Freder ick  L 
LENGTH AND 'RESISTIVITY CHANGES OF GERMANIUM .UPON LOW TEMPERATURE 
DEUTERON IRRADIATION AND ANNEALING, 
Thes is  for  University of Illinois, Urbana, Ill., May (1958), 59 pp. (32 refs) .  

Simultaneous measurements  of length and resistivity of high.purity germanium single 
c rys ta l s  were made upon irradiation and annealing. The specimens were initially ir - 
radiated at 25OK with deuterons of average energy 10.2 Mev t o  an  integrated flux of 
6.2 x 1016 deuterons/cm2 and annealed t o  room temperature.  The specimens were then 
i r radiated 'a t  85OK to  an  additional flux of 9.2 x 1016 deuterons/cm2 and annealed t o  
364'~. The specific length expansion for  both bombardments was found t o  be 
AL/L = 1.5 5 0.2 x lo-'' deuterons/cm2. The annealing for  both runs showed a gradual 
recovery of the expansion beginning a t  approximately 2 0 0 ' ~  with recoveries  of approxi- 
mately 5070 by 300°K and 85% by 3600K. The resis t ivi ty  measurements  agreed generally 
with previous resul ts .  . A n  i rreversible  resistivity increase occurred on annealing be- 
tween 85O and 140°K. The resis t ivi ty  decreased i r revers ib ly  by a factor of l o 3  between 
150' and 200'~.  

The i r revers ib le  annealing curves of the resis t ivi ty  and volume expansion therefore do 
not show paral le l  behaviour. .If the damage is interpreted in t e r m s  of point defects, and 
if the length change recovery is caused by interstitial-vacancy annihilation, then the 
resis t ivi ty  changes on annealing below 2 0 0 ' ~  a r e  possibly caused by the association of 
defects in  various cluster  models. A possible cluster  model that can explain the present  
length and resis t ivi ty  changes on bombardment and annealing, a s  well  as recent  sma l l  , 

angle X-ray scattering data, c0nsist.s of c lus te rs  of interstiti,als and vacancies not 
centered4at  the same point. It ,is possible that the vacancy and inters t i t ia l  c lus te rs  may 
be produced directly upon irradiation in a r a the r  coarse  distribution suggested by pre-  
vious sma l l  angle X-ray scat ter ing data at  --90°K. If so, present displacement theories  
a r e  in ser ious e r r o r .  

AERE -M/R-649 .. ; 

. .  . . . .  

Madsen P E .. . , . 
THE CALIBRATION OF THERMOCOUPLES UNDER. IRRADIA'TION IN B E .  P. o., 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, January (195 I), 
21pp . .  8 . . . . 

The thermoelectr ic  emf of a chromel-alumel thermocouple a t  the freezing points of t in  



and lead and of iron-constantan, copper-constantan and platinum-platinum/ 1370 rhodium 
thermocouples at  the freezing point of lead have been measured in B. E .  P. 0 .  

Of the four couples investigated at the 'freezing point of lead, the platinum-platinum/l370 
rhodium couple gave the most reproducible behavior, and no significant change in the 
couple reading was introduced by irradiation. The other couples a l l  showed significant 
increases ,  chromel-alumel giving the biggest effect - -  1. 1°C. - . 

At the freezing point of tin, chromel-alumel showed no significant change at f i rs t ,  but 
on prolonged irradiation gave a statistically significant decrease of 0 .47O~.  In a l l  the 
couples, the mean of the readings when the pile was working was significantly different 
f rom when it was shut down, but this effect was smal l  except for  the chromel-alumel 
couple at  327OC when it was about 0.5OC. 

Pigg J ' C ,  e t  a l .  
THE E F F E C T  'OF REACTOR IRRADIATION ON ELECTRICAL INSULATION, 
Presented a.t the ATEE Fal l  General Meeting, Chicago, Ill. , October 3-7,1955, 14  pp. (9 re fs ) .  

Insulation in i ts broadest sense implies a method of isolating a system. In electr ical  
sys tems,  insulation may also serve  a s  par t  of a component a s  in the 'case of a dielectric; 
however, for  the present purpose, insulation will be considered to be a means of iso-  
lating an electr ical  system. 

Adequate insulation may be defined a s  that degree of isolation which holds spurious c i r -  
c i ~ i t s  below the maximum value permitted by engineering tolerances.  The requirements 
for  adequate insulation vary  radically a s  the nature of the circuit  and i t s  eriviro~llnellt a r e  
changed. F o r  example, a shorted stub may be an  open circuit  a t  one frequency, a n  in- 
ductance o r  capacitance at another frequency, o r  a short circuit  a t  some other frequency 
and DC. 'Conversely, a polystyrene rod which is a n  insulator. fur DC may be uscd a s  a n  
antenna element a t  microwave frequency. The voltage, frequency, application, and en- 
vironment of the circui t  determine the nature ol tne insula'llo~l ~.eyuil.elllenta. 

The. presence of a radiation field produces a new and drast ic  element in the environmental 
factor which a l te rs  the performance of insulation both in quality and nature. Of these 
two, perhaps change in quality should be considered fir.st since it is a natural extrapola- 
tion of normal  experience with such mater ials .  

This paper includes a brief review of.the usual causes of insulation deterioration. The 
effect of radiation on these processes  i s  discussed. It i s  observed that additional factors 
a r e  present when an  insulation is in a radiation field which change both the quality and 
nature of insulation. . 

Klein P H and Manna1 Clifford 
THE EFFECTS O F  HIGH-ENERGY GAMMA RADIATION ON DIELECTRIC SOLIDS, 
Presented at the AIEE Fa l l  General  Meeting, Chicago, Ill., October 3-7, 1955, 15 pp. 

The kinds and magnitudes of radiations present in the various locations near nuclear 
r eac to r s  a r e  discussed, a s  well a s  the mechanisms of interaction of radiation with 
mat te r ,  namely, group fragmentation, molecular scission and polyme r.ization. 



Techniques and locations for  obtaining high dose r a t e s  a r e  presented. Results of 
60-cycle short- t ime voltage breakdown tes t s  on polyethylene, cellulose acetate,  and 
polyvinyl chloride fi lms along with ~ o r m e x - v a r n i s h e d  wire a r e  given a s  a function of 
integrated dose up to lo8  roentgens. Extensive electr ical  tes ts  on a mica-glass-sil icone - 
r e s in  insulation simulating that' used in the electromagnetic pump for  the'submarine . - 

Intermediate Reactor a r e  described. Measurement of mechanical property changes of 
i r radiated r e s ins  by means of a newly developed penetrometer i s  presented. 

Callinan T D 
THE EFFECT OF GAMMA RADIATION ON LIQUID DIELECTRICS, 
Presented a t  the AIEE Winter General Meeting, New York, NY, January 31 to  February 4, i.955, 
11 PP- 

The conl~nel*cial  liquid dielectrics of today have been developed, over  a period of 40 
years ,  t o  cool windings, s tore  energy, and sustain high voltages a t  elevated tempera-  
t u re s  in the presence of active metals. The efficiency of these liquids depends upon the i r  
inhe rent stability under operating conditions. Thus, any substance which would increase 
in viscosity with t ime would endanger the heat-transfer character is t ics  of the equipment 
and lead to  excessive temperatures  and thermal  failure. Again, rearrangement  of the 
molecular s t ructure would be expected to  resul t  in changes in the dielectric constant and 
loss  factor of the substance and,consequently, of i t s  energy storage character is t ics .  
Finally, the excessive formation of gases  o r  other regions of nonuniformity in the liquid 
would lead presumably t o  ea r ly  breakdown and electr ical  failure of the equipment at  high 
voltages. 

The s -~cces s fu l  industrial  development of nuclear power necessitates using liquid-filled 
components in the vicinity of sources of intense gamma radiation. Due to  photoelectric 
effects, Compton scat ter ing and ion-pair formation, in substances in such fields, ionized 
and excited molecules, f ree  and atomic radicals  a r e  generated in commercial  liquid d i -  
e lec t r ics  resulting in marked changes in the physical propert ies  of the liquids. 

F r o m  tes t  resu l t s  it is apparent that gamma radiation can t ransform dielectric liquids 
appreciably, e i ther  by converting them into solids o r  by decomposing them into acids 
and gases.  By using the factor GA a s  a characteristic,  it is possible t o  evaluate various 
liquids and to  calculate the changes in liquids to  be expected in equipment subjected t o  
irradiation. Finally, it would appear that additives a r e  available which'can increase the 
stability of such liquids subjected to  gamma fields. 

Turne r  Louis A (Division Director) 
PHYSICS DIVISION SUMMARY REPORT SEPTEMBER - DECEMBER 1956, 
Argonne National L;abo~-atory, Lemont, Ill. , Contract No. W-31-109-Eng-38, February  (1957) 

This  report  includes a section dealing with radiation damage t o  dielectrics.  Plexiglas 
M2 was given, successive doses of 1.32 and 0.55 x 10' r for an accumulated dose of 
1.87 x 10' r. After standing for  2 days following the second irradiation, the current  
through the specimen was observed throughout four successive 1-week intervals. 

. . 



Creagen R J 
EXPOSURE OF VACUUM TUBES IN PILE, 
Argonne National Laboratory, P. 0. Box 5207, Chicago 80, Ill., February 5, 1947, 3 pp. 

Vacuum tubes were exposed in the No. 8 compartment of the "goat hole" of CP-3 for  
various lengths of time with no definite change in character is t ics  of the tubes involved. 
There seemed to be a slight increase in plate cur ren t  (grid and,plate voltage being held 
constant) with exposure, but because of the qualitative nature of the experiment, nothing 
specific can be said on this point. 

Crittenden, J 
RADIATION EFFECTS ON THE G-E CERAMIC VACUUM TRIODE, 
General Elec t r ic  Co. , Atomic Products ljivision, Aircraft  I\Jutlear Pro'pulsiul~ Depal l l i i e ~ ~ t ,  
Cincinnati 15, Ohio, Contract Nos. AF33(038)-21102 and AT-(11-1)-171, January  (1958), 10 pp. 

Because nuclear radiation may cause changes in the character is t ics  of a n  electronic com- 
ponent, the General  Electr ic  Aircraf t  Nuclear Propulsion Department has conducted a 
number of experiments t o  determine the nature and'the extent of radiation effects on elec- 
t ronic  equipment. In o r  near a reactor ,  . th ree  p r imary  radiations - -the thermal  neutron, 
th; fast  neutron, and the gamma ray--cause the most severe  effects. 

/: 
When the ceramic  vacuum tube h a s  conceived, i t s  high temperature and radiation- 
, tolerance potentials were quickly recognized. As  a number of these ceramic  tubes be- 

,/ came available, . they were subjected t o  high-temperature .tests, radiat5on tests ,  and 
simultaneous high-temperature and radiation tests .  The ear ly  resu l t s  showed little 
change in the tubes and practically no change that could be attributed t o  radiation. La ter  
t e s t s  verified this finding. 

This  report  discusses  composition and functional character is t ics  of the ceramic  vacuum 
triode. 

Collins C G; e t  a l .  
ESTIMATED RADIATION STABILITY OF AIRCRAFT COMPONENTS, 
General Elec t r ic  Co. ,  Atomic Products Division, Aircraft  Nuclear propulsion Department, 
Contract Nos. AF33(038)-21102 and AT-(11-1)-.l71, ' September (1958), 139 pp. 

This  report  presents  extensive data on estimated and observed radiation-damage t o  the 
mater ia l s  and components most  likely to limit the performance 1ife.time of a i rc raf t  

.. . power.ed by a nuclear power plant. The general c lasses  listed a r e  hydraulic-pneumatic 
components, e lectr ical  components, and electronic components. 

Lachman J C 
CALIBRATION O F  RHENIUM -MOLYBDENUM AND RHENIUM-TUNGSTEN THERMOCOUPLES 
TO 4 0 0 0 O ~ ,  



General  Electr ic  Co., Atomic Products  Division, Aircraft  Nuclear Propulsion Department, 
Cincinnati, Ohio, Contract Nos. AF33(038)-21102 and AT-(11-1)-171, Apri l  30, 1958, 16 pp. 

Calibration curves to  4 0 0 0 ~ ~  have been established for  rhenium-molybdenum and 
rhenium-tungsten thermocouples in vacuum, hydrogen, o r  iner t  atmospheres.  The 
pract ical  application to  rhenium-molybdenum thermocouples i s  limited to measurements  
up to 3200'~. Rhenium-tungsten thermocouples, however, measure temperatures  up to 
and apparently higher than 4 0 0 0 ~ ~ .  

Fr iedman A, e t  al. 
THE EFFECT O F  REACTOR RADIATION AND TEMPERATURE ON SILICON JUNCTION 
DIODES, 
GeneralElectr ic  Co., Atomic Products Division, Aircraf t  Nuclear Propulsion Department, 
Cincinnati 15, Ohio, Contract Nos. AF33(600)-38062 and AT-(1 1-1)-171, February  (1959), 
167 pp. (6 refs) .  

The goal of this  project is to  obtain information on the effect of temperature (up to  300°C) 
and nuclear reactor  radiation on the performance of specific types of silicon junction 
diodes, and to  utilize this information, insofar a s  possible, to make recommendations 
which may  lead to improved diode function under these experimental conditions. 

. a .  

Of part icular  interest  has  been the effect of high temperature and reac tor  radiations on 
diode forward and r eve r se  character is t ics ,  switching character is t ics  (speed of response),  
noise, Zener voltage, and Zener slope characteristics.  

The experiments rcported herein were performed a t  the Brookhaven National Laboratory 
Reactor. After initial investigation of the various available irradiation facilities in the 
reactor ,  a 1-inch facility (hole W-13) and two 4-inch facili t ies (holes W-1.2 and W-14) 
were chosen. The positions for  irradiation were a l l  10 feet in from the pile face, and 
the ambient temperature was about 25OC. 

The flux levels and spec t ra  chosen-were such that the r a t e s  of -radfatfon-effects were  
sufficiently slow for observation and yet fast enough for  considerable diode damage t o  
resul t  within a reasonable irradiation period. 

Sample flux values and the cadmium ratio, a s  measured a t  the position for irradiation in 
W-12,  a r e  given below for a reac tor  power of 15 Mw. The flux values in the other two 
holes were comparable. 

Thermal  neutron flux: 5.1 x 1011 n/crn2 -sec 

Resonance (epicadmium) neutron flux (0.57 ev 5 En 5 1 Mev): 2.6 x 10'' n /cm2 -sec  

Fas t  neutron flux (1 Mev 5 En 5 2 Mev): 2 .2  x 10' n / cm2  -sec 

Fas t  rieutron flux (En 2 2 Mev): 3.3  x 10' n/cm2 -sec 

Gamina-ray intensity: 2.7 x l o 4  r / h r  

Cadmium ratio: 20 

In order  t o  determine the radiation environment, a s e r i e s  of neutron flux and gamma-ray 
measurements  accompanied the s t u d y  of radiation effects. The values of neutron flux 
were obtained by activation of gold, cobalt, and sulfur foils. Gamma-ray intensity was 



. determined by measuring the induced oxidation of fe r rous  to f e r r i c  ions. A detailed dis-  
cussion of these measurements  and the neutron spec t ra  and gamma-ray values employed 
a r e  given under Neutron and Gamma-Ray Flux Measurements.  

.In the course of th i s  study, 11 types of commercial  silicon junction diodes were  i r rad ia-  
ted. The tab le  on page 6 summar izes  the total  number. of each type i r radiated and the 
associated experimental conditions. Life tes t s  lasting 1000 hours  were performed for  
five types of diodes and these a r e  listed on page 7 which also gives the experimental 
cnnditions. 

The diodes t o  be i r radiated were mounted on a suitable mater ia l  and were enclosed in 
aluminum containers. F o r  150' and 3 0 0 ' ~  experiments, the diode assemblies  were 
placed in furnaces equipped with temper*ature controls. The measurement,  of forward 
and r eve r se  character is t ics  was accomplished by curve-tracing circui ts  which displayed 

, the cha.rxcteristic curves on an  oscilloscope. The r eve r se  character is t ic  curves extsnd- 
ed t o  the Zener voltage and Zener slope region. The character is t ic  curves of the diodes 
under. i r radiat ion were displayed and recorded on film, successively, by an  a u t o r ~ ~ a t i c  
switching and recording system. This  instrument, which can accomodate U p  to 100 
diodes and'which was built by ANSCO personnel for  this  study, was found to be essent ial  
for  in-pile experiments because uf the relatively largc number of diodes irradiated d i ~ r -  
ing each experiment and Lhe continuous nature of the radiation effects. A photograph of 
the automatic switching device and details of the circui ts  employed appear in the section 
entitled Experimental Procedures .  

The response to i r radiat ion was found to  vary greatly among diodes even of the same  type. 
A few genera l  observations, however, can be made. Our resu l t s  showed that radiation 
invariably increased the forward resis tance of a diode. This  effect was more  pronounced 
a t  2 5 ' ~  than a t  elevated temperatures .  The behavior in the r eve r se  direction did not 
follow any regular  pattern. In general, however, it can be said that at  room temperature 
r eve r se  current  usually increased a s  a resul t  of radiation, but the magnitude tended to  
fluctuate somewhat in the course of the experiments. The normally higher reverse  
cur ren ts  a t  150°C increased considerably upon exposure in the reactor .  If a t  the end of 
i r radiat ion of 150°C, the temperature was lowered t o  2 5 ' ~ ~  it was found that the forward 
res i s tance  markedly increased and r eve r se  cur ren t  decreased considerably. Switching 
t ime of diodes invariably decreased w i l h  irradiation. Post-irradiation m e a ~ u r e m e n t  of 
diode noise indicated that the noise level varied greatly among diodes, f rom microvolts 
to  millivolts, i r respect ive of type. 

The  experimental resu l t s  of forward and r eve r se  character is t ics  a r e  presented a s  a . . 
family of character is t ic  curves with nvt a s  a parameter .  A typical sample is shown on 
page 8. The effect of radiation on switching character is t ics  is shown on page 9. Pages 
10 through 19 summarize,  by diode types, the l imits of the peak forward voltage drop of 
a l l  i r radiated diodes a s  a function of epicadmium nvt a t  different temperatures .  De- 
tailed experimental data a r e  to  be found under Experimental Results. 

At the end of this  report  there i s  a discussion which considers the effect of radiation on 
diode behavior and which suggests approaches that may  lead t o  imp.roved diode function. 
The discussion points out that short initial minority c a r r i e r  lifetime is desirable. A 
comparison is a l so  made of the damage t o  silicon induced in the radiation environment . 

utilized and the damage t o  be expected 10 feet f rom a "swimming pool" reactor  surround- 
ed by a foot of water and an  inch of boron carbide. It i s  estimated that a n  nvt in the la t ter  

* situation would cause about 4.4 t imes  a s  much bulk.damage in silicon a s  would an equal 
.epicadmiurn .nvt f rom the spec t ra  employed in this  study. 



Mott J E 
RADIATION AND TEMPERATURE TESTS O F  MINIATURE TRANSISTOR AMPLIFIERS, 
General Electr ic  Co. , Atomic Products Division, Aircraf t  Nuclear Propulsion Department, 
Cincinnati 15, Ohio, Contract NOS. AF33(600)-38062 and AT-(11-1)-171, M ~ Y  (1959), 32 pp. 

This  report  presents  the resu l t s  of radiation and temperature t e s t s  run on two different 
types of miniature t rans is tor  amplifiers. Performance curves a r e  shown, and an analy- 
s i s  of the resu l t s  leading t o  a possible method of failure prediction is given. 

One of the amplifier t ~ e s  was successfully tested to a temperature of 150°c, gamma 
irradiation of 4.7 x 10 roentgens, and a fast-neutron dosage of 7.0 x 1013 nvt (epi- 
cadmium). These resu l t s  place the use of such an amplifier within the rea lm of feasibil- 
ity a s  an airframe-mounted control component. 

Keister  G L and Stewart H V 
PRELIMINARY REPORT O F  AN INVESTIGATION OF THE EFFECTS O F  NUCLEAR 
RADIATION ON SELECTED TRANSISTORS AND DIODES, 
Boeing Airplane Company, Seattle 14, Wash., Contract No. AF33(038)-19589, August 22, 1956, 
157 pp. 

The effects of nuclear radiation upon selected t rans is tors  and semiconductor diodes have 
been observed during irradiation in the Materials Testing Reactor (MTR) and the MTR 
Gamma Facility. The following effects were noted:  

1. A gamma flux of 2 x lo6. r / h r  induced a measurable voltage ac ros s  a p-n junction. 

2. Transient changes were noted in the collector character is t ic  due to gamma irradiation. 
This damage was characterized by a large increase in the leakage current  which 

, 

healed from seconds to  minutes af ter  removal of the flux. Sensitivity of various 
t rans is tors  to  this effect varied by severa l  o rde r s  of magnitude. This effect was ob- 
served for  a gamma flux of 5 x lo4  r / h r  and of 2 x l o 6  r / h r .  

3. Permanent changes in the cur ren t  gain of the t rans is tors  due to  gamma ray  and fast  
neutrons were observed. In general, this damage accumulated more  rapidly in the 
thick-base t rans is tor  than in the thin-base variety.  This  damage was accumulated in 
a range of 10'' nvt to  lo1* nvt for neutrons above cadmium cutoff and from l o 7  r to 

8 10 r :for fission product gamma rays .  

4. A considerable increase in the noise figure of t rans is tors  was observed immediately 
upon their  exposure to  gamma radiation. The increase in noise was observed to  be 
proportional to the gamma flux. 

Burnett J 
NUCLEAR IRRADIATION OF ELECTRON TUBES - ELECTRON <TUBE TYPES 5903, 5907, 
AND 5908, 
Bendix Systems Division, Bendix 'Gorp., Ann Arbor, Mich., Contract No. AF33(600)-35026, 
August (1958), 13 pp. 



The electron tubes were i r radiated in  a nuclear reactor  environment for  a period of 19 
days. The tubes were  exposed passively. Tes t s  before and af ter  exposure showed no 
change in the essent ial  character is t ics .  

Hicks D A ,  e t  a l .  
R.ADTA.TION DAMAGE TO TRANSISTORS, , 

Boeing Airplane Co . ,  Seattle 24, Wash.,  Contract No. AF33(600)-35U30, December 1, 1958, 
13 pp. (plus many graphs). 

Studies of the radiation damage to 23 t ransis tor  types have been car r ied  out utilizing the 
Los Alamos cr i t ical  assembly (Godiva II), the Materials Testing Reactor, and the 
University of Washington cyclotron. 'l'he t ~ ~ a n s l s  tor Lypes irlcluded a l l  powcr and f r e  - 
qi.lency ranges for  both silicon and germanium trans is to^.^. Neutron dosimctry w a s  per-  
formed a t  each site,  and a l l  t rans is tors  were pedigreed before and af ter  irradiation by 
the Philco Transis tor  Laboratory. 

P lo ts  a r e  given showing the chauges ia tlie l / P  vs I, curvcc, and the IcO vs tempera.ti~re 
curves,  a s  a function of ihe ~lu~aLer of neutrons rccoived per  square cent.imeter. In 
addition, the collector character is t ics  a r e  given in the low emi t te r  current region for  
s eve ra l  neutron fluxes. 

The damage constant (K) for each  t rans is tor  type was determined. The average values 
a r e  (4 .2  2 0.2) x 1013 nvt-- psec for P-base germanium, (3.1 + 0.4) x lo1" nvt--psec for 
N-base silicon, and (4.6 3.3) x lo1' nvt--psec for P-base silicon. Larger  K indicates 
sma l l e r  susceptibility to  permanent radiation damage. I 

This  repor t  is concerned with permanent damage effects; the program will continue a s  
new devices become available. Superimposed upon this  problem is that of transient 
damage. The ent i re  circuit  is concerned in this. case--the effect is certainly not limited 
to  t rans is tors .  Because the relative importance cif Lhese temporary  effccts depends 
cr i t ical ly  upon the circuit  involved, the testing of prototype circui ts  is commencing a t  
Boeing and at other laboratories.  

Behrens W V and Shaull J M 
THE EFFECTS O F  SHORT DURATION NEUTRON RADLATION ON SEMICONDUCTOR 
DEVICES, 
Diamond Ordnance Fuze Laboratories,  Washington, D. C., Apri l  10, 1957, 20 pp. (refs). 

Trans is tors ,  semiconductor diodes, and solid-electrolyte bat ter ies  were exposed t o  
short  duration, high intensity neutron radiation from a u " ~ '  cr i t ica l  assembly which was 
p r imar i ly  a neutron source. The effect on these components was ascertained by compar- 
ing their  principal parameters  before and af ter  exposure, and in s eve ra l  ca ses  operating 
units of equipment utilizing these components were monitored during irradiation. 

The  degree of damage t o  different semiconductor devices f rom exposure to the same 
level of neutron radiation varied considerably. 

. . 



----  
ENVIRONMENTAL REQUIREMENTS GUIDE FOR ELECTRONIC COMPONENT PARTS, 
Office of the Director of Defense Research and Engineering, Washington 25, D. C., 
May (1959), 11 pp. 

The purpose of this  document is t o  promote a guide for  environmental design requirements 
for use in planning current  and future r e sea rch  and development programs involving 
electronic component par ts .  

Robinson Charles  C 
NUCLEAR EFFECTS ON ELECTRONIC COMPONENTS, 
Electr-ical Manufacturing, Vol. 58, pp. 96-99, 268, 270, 272, August (1956). 

What goes on when a wire-wound o r  deposited-carbon res i s tor ,  phototube, t rans is tor  o r  
a diode becomes exposed t o  gamma rays  o r  other forms of nuclear radiation? It is s t i l l  
too ea r ly  to  provide much precise  tabular o r  chart  data, but the Air  Fo rce ,  for  one, is 
engaged in an  exhaustive program. In this  ar t ic le ,  this program is discussed; the mean- 
ing and importance of nuclear effects on components a r e  analyzed; and some prel iminary 
appraisals  of the behavior of cer tain components a r e  given. 

- - - -  
PULSED NUCLEAR RADIATION TESTING O F  ELECTRONIC SYSTEMS, . 
Engineering Department, Convair, Division of General Dynamics Corporation, Fo r t  Worth, 
Tex., Apri l  (1957), 25 pp. (3 refs).  

Studies have indicated that a reac tor  based upon the BORAX type may be readily adapted 
for  electronic system pulse-radiation testing requiring fast-neutron fluxes grea te r  than 
lo1' n /cm2/sec  and integrated fluxes pe r  pulse grea te r  than 1013 nvt. Advantages of 
utilizing this  type of reac tor  a re ,  - in addition to  high fluxes and high dosages p e r  pulse, 
that the basic reac tor  development has  already been accomplished, and that the reac tor  
and facility can be built a t  a moderate cost  in a short  period of t ime. Such a reac tor  and 
asso.ciated testing facility a r e  described in' this repbrt. 

At a remote location, the reac tor  and facility can be in operation in roughly 16 months 
and will cost approximately $760, 000. At a nonremote location where containment will 
have to  be provided, it can be in operation in 22 months a t  a cost of approximately 
$1,.400,000. A tes t  laboratory and equipment can be added t o  ei ther  jocation for  about 
$600,000. 

. . 
FZM-,915 . . 
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Miglicco P S 
RADIATION EFFECTS ON ELECTRONIC COMPONENTS, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth,, Tex. , May 1, 1957, ' 41 pp. 

A systematic program is being car r ied  out t o  dete.rmine.the effects of radiation on the 
electr ical  propert ies  of electron'ic components. As  part  of this program, data were 

. , . .  , I 



obtained for  a number of c rys ta l  diodes, capacitors,  res i s tors ,  gas-filled tubes, therm-  
i s tors ,  high voltage batteries,  the Ektron cell, and photomultipliers. The electr ical  
propert ies  of the components were monitored before, during, and af ter  the irradiation. 
Two of the c rys ta l  diodes, all the capacitors, two types of res i s tors ,  the Ektron cell, 
and the photomultipliers showed significant changes of property'both during and af ter  
irradiation. Results a r e  presented for  each type of component irradiated. 

Van Lint Victor A J 
TRANSIENT RADIATION EFFECTS, 
General  Atomic Division of General Dynamics Corporation, San Diego, Calif., January 10, 
1958, 21 pp. 

This  is a, report  covering the fundamentals of radiation damage and the needs for  
dosimetry. Experimental work was performed on res i s tors ,  capacitors,  gas-filled ion 
chambers ,  and P -N junction diodes. Future experiments a r e  outlined. 

Langdon W R and .  Richardson S C 
PROBLEMS ASSOCIATED WITH RADIATION TESTING O F  TRANSFORMERS IN HIGH 
AMRTENT TEMPERATURES, 
General Engineering Laboratory, General Electr ic  Co . ,  Schenectady, N . Y . ,  Contract No. 
AF33(616)-3623, May (1957), 12 pp. 

Some of the problems associated with radiation testing of smal l  t ransformers  in 5000C 
ambient tempera tures  a r e  discussed. These problems include: general requirements 
for  radiation testing, oven design and construction, space limitations, instrumentation, 
and the need for careful prel iminary testing. 

F r a s e r  J C 
THE EFFECTS O F  NUCLEAR RADIATION ON ELECTRONIC TRANSFORMERS AND 
TRANSFORMER MATERLALS IN HIGH AMBIENT TEMPERATURES, 
General Electr ic  Co. , Schenectady, N. Y. , May (1957), 12 pp. 

-. 
*he General  Engineering Laboratory of the General  Electr ic  Company is uridertaking the 
testing of t ransformers  and t ransformer  mater ia l s  in the Brookhaven National Labora- 
tory's graphite reactor .  Three  separate t e s t s  have been car r ied  on in a n  ambient t em-  
perature of 5000C. The f i r s t  of these was designed to  tes t  the radiation tolerance of 
mater ia l s ;  the other two tested actual t ransformers .  

This  paper  descr ibes  the mater ials  and corilponents tested, t es t  procedures,  and dis-  
cusses  the data obtained. Curves a r e  presented showing the radiation-temperature 
effects noted, and the tes t  resu l t s  a r e  summarized. 

Thorsorl J W 
THE EFFECTS O F  REACTOR RADIATION ON GERMANIUM AND SILICON DIODES, 
General Engineering Laboratory, General Electr ic  Co. ,  Schenectady, N. Y . ,  July (19571, 62 pp. 



The effects of reactor  radiation on seven types of c rys ta l  diodes have been investigated. 
Irradiations for t i m e s  ranging f rom 30 seconds to 2 hours have been car r ied  out in a 
fast-neutron flux of 1011 nv in the Brookhaven National Laboratory graphite reac tor .  
Data a r e  presented in the form of oscillograms. 

None of the diodes tested survived an  integrated fast  neutron dose of 3 x 1014 nvt. How- 
.ever, the effectiveness of smal l  radiation doses in reducing reverse-recovery time 
suggests a new procedure for the production of computer diodes. More flexible circuit  
designs and improved manufacturing techniques can increase the radiation tolerances of 
semiconducting devices. 

GNE -4 

Metscher William, l / ~ t .  (USAF) 
IRRADIATION O F  P-N JUNCTION DIODES, 
Thesis,  School of Engineering, The Air  Force  Institute of Technology, Ai r  University, 
March (1957), 45 pp. (6 refs). 

In an attempt t o  determine the effects of gamma radiation on germanium p-n junction 
diodes, the back character is t ics  of Type 1784 diodes were measured while they were 

5 exposed to  a gamma intensity of 3.5 x 10 roentgens per  hour from a cobalt-60 source. 
The electr ical  propert ies  of germanium diodes a r e  known t o  be s t ructure sensitive. 
The relative changes produced in the body and surface a s  a resul t  of gamma irradiation 
a r e  a pr ime object of this  report.  Diodes with t reated and untreated surfaces a r e  used 
t o  gain information on the surface effects. 

The study indicates that irradiation of untreated diodes was caused by an immediate in- 
crease in the back current  due to photogeneration. When the radiation ceases ,  there i s  
a large decrease in the back cur ren t  due to the cessation of the photogeneration. The 
decrease was not equal to the initial increase.  Cumulative effects, due to the introduc- 
tion of lattice defects, were evidenced by a gradual increase in the back current  during 
the irradiation period. The treated diodes showed a sharp  decrease in back current  
above a cr i t ical  voltage. This is interpreted a s  a reversible  change in the surface f i lm 
and indicates' that the bulk properties were only slightly changed by gamma radiation. 

HAC - 1 

Wiser  Herbert  L 
REPORT ON FIRST EXPERIMENT ON RADIATION EFFECTS ON SEMICONDUCTOR 
DIODES, 
Research Laboratories,  Hughes Aircraft  Co., Culver City, Calif., February  15, 1957, 6 pp. 
(curves).  

The purpose of this  experiment was to  study gamma radiation ra te  effects (as distin- 
guished from total  dose effects) on silicon and germanium diodes and contributions to  
these effects by air ionization collection currents.  

Silicon (H-6008) and germanium (H-1N67A) diodes were  placed in gamma radiation fields 
of 10' to  3 x lo6  r / h r  at  the MTR Gamma Facili ty the week of November 26, 1956. 

The collection on bare diode leads of ions and electrons formed in the ionization of a i r  
molecules by the ~ a d i a t i o n  gave cur ren ts  one o r  two o rde r s  of magnitude la rger  than the 
cur ren ts  created inside the diode envelope. Insulation virtually eliminated this  current  
source. 



The most  important resul t  of this experiment, of immediate concern t o  the electronic 
designer designing fo r  radiation environments, is the necessity for  complete insulation 
of conducting surfaces of terminals ,  especially where potential differences exist  between 
such surfaces.  The  ionized a i r  molecules, ionized by radiation, must not be collected 
by conducting elements in  low cur ren t  (microamperes o r  less )  o r  'delicately balanced 
circui ts .  

HAC - 2 
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Wise r  Herber t  L and Petroff Michael D 
SECOND EXPERIMENT ON 'RADIATION EFFECTS ON SEMICONDUCTOR 'DIODES, 
Research  Laboratories,  Hughes Aircraf t  Co., Culver City, Calif . ,  Apri l  2, 1957, 8 pp. 
(curves). 

This  experiment was  a continuation of the study of gamma radiation ra te  effects on 
sil icon and germanium diodes. A number of diodes were also e'xposed to a dose of 
4.5 x 10' 'r a s  a prel iminary investigation of the permanent changes following moderate 
total  doses.  

This experiment w a s  performed in a radiation field furnished by four MTR spent fuel 
e lements  a t  the MTR Gamma Facility the week of January 28, 1957. 

HAC - 3 

Denney J M 
PULSED NEUTRON IRRADIATION 'OF ELECTRONIC COMPONENTS, 
Technical Memorandum No. 522,  Research Laboratories,  Hughes Aircraf t  Co., Culver City, 
Calif., July 16, 1958, 29 pp. 

Electronic  components exposed to  the Godiva I1 radiation pulse included res i s tors ,  
capacitors,  semiconductors, diodes, vacuum and gas tubes. Components were  exposed 
t o  a maximum ra te  of lo1= n/cm2/sec,  to a total  flux of approximately 1012 n/cm2, and 
a gamma dose of approximalely 300 rad. Transients,  produced in open cables, the best 
capacitors,  and in  the t rans is tors ,  a l l  exhibited the same  pulse shape and agreed w it11 
Godiva I1 radiation pulse shapes previously obtained by LASL. 

T e s t  c i rcu i t ry  supplied voltage to  a component f rom equipment near  the exposure site.  
A signal voltage was produced ac ros s  a r e s i s to r  in s e r i e s  with the tes t  component, and 
fed to a bank of cathode followers driving long ,coaxial.cables to  the control site. The 
output f rom these cables was displayed and photographed on osc i l l~scopes .  The maxi- 
mum signal produced in the te lemetry system alone during the neutron pulse was 0.1 
volt; component signal measurements  were corrected,  appropriately. 

The magnitude and polarity of voltage pulses produced in the cables and measuring equip- 
ment varied with termination resis tance and applied voltage. Car.bon res i s tors ,  10-K 
ohms and in 112-watt and 2-wall s izes ,  indicated voltage pulses of 0.10 and O.n5 volt, 
respectively. Mica, ceramic,  paper, electrolytic, and tantalum oxide capacitors f rom 
0.001 to 1 microfarad indicated voltage pulses up to 0.5 volt. Subminiature vacuum tubes, 
a pentode Type 5702 and a triode Type 5703, used in single-stage amplifier c i rcui ts ,  
showed increased conduction during the Godiva burst .  A Type 5643 subminiature thyra- 
tron biased a t  - 2  volts and a Type OB-2 glow dischargc tube biased at +I10 volts (both 
normally nonconducting under these circumstances)  conducted during the Godiva burst .  



A silicon HD-6008, a germanium 1N67A, a silicon 904, and a germanium 2N395 exhibited 
t ransients  during the pulse. 

Wiser  H L and Petroff M D 
THIRD EXPERIMENT ON RADIATION EFFECTS ON SEMICONDUCTOR DIODES, 
Research Laboratories,  Hughes Aircraf t  Co., Culver City, Calif., May 29, 1957, 10 pp. 

, (curves). 

A continuation of the study of the effects of gam.ma radiation on silicon diodes, this  ex-  
periment was &signed t o  check the large difference between the r a t e  effects on thin 
wafer and thick wafer diodes a s  observed in the f i r s t  and second experiments. A par t  
of this  experiment was devoted to  determining the uniformity and energy spectrum of 
the gamma flux in the spent fuel element radiation a i r  column at the MTR Gamma 
Facility. Although it was not possible to real ize a l l  the modes of investigation suggested 
by the analysis of the resu l t s  of Experiments I and 11, the following additional studies 
were  conducted: 

1. Effect of a 1.5 x 10% dose on the reverse  and forward character is t ics  of silicon 
di0de.s 6001, 6002, 6003, 6005, 6006, 6007, 1N625, 1N629. 

2 .  Deperider~ce of rate  effect on dose. 

3. Zero-current  voltage dependence on the radiation intensity. 

4. Radiation ra te  effect on the r eve r se  current  of quick-recovery diodes, IN625 and 
1N629. 

5. Effect, of temperature on the radiation ra te  effects. 

HAC - 5 

Perk ins  C W, et  al. 
.. . .FIRST E X P E R I ~ N T  ON THE EFFECTS OF RADIATION PULSES ON ELECTRONIC 

CIRCUITS AND COMPONENTS, 
Physics  Laboratory, Hughes Aircraf t  Co., Culver City, Calif., February  3, 1958, 42 pp. 

This  report  descr ibes  t e s t s  of the transient of electronic circui ts  and 
components during exposure t o  bursts  of gamma radiation. The over-al l  experiment was 
designed to  show'the voltage, current,  and change of component value which occur  during 
radiation and the effects of these upon simple dircuits. Changes of this  type have been 
given little attention, although they may lead to  malfunction of equipment,when exposed 
td high radiation ra tes .  The maximum dose was 26 rep/pulse,  and in  no case  was this  
amount of radiation sufficient to  produce observable, permanent changes in the samples 

, 

under test .  

Equipment was s o  designed that component and circuit  samples  could be exposed to  
gamma radiation burs t s  obtained when high energy electrons produced by a linear accel-  
e r a to r  s t r ike  a heavy meta l  target .  Individual'components, selected for frequency of use 
and sensitivity t o  radiation, were tested by presenting radiation-induced current  and 
voltage pulses on an  oscilloscope where they were recorded photographically. Sample. 
circuits,  such a s  single tube amplifiers and multivibrators iere tested by presenting 
pulses appearing at their  output terminals  on the oscilloscope. The radiation 'bursts 



averaged 2.6 x lo6 r l s e c  for  10.vsec f o r  the component samples,  and 2.8 x 10' r / s e c  for 
10 psec for  the circuit  samples.  

Experimental  resu l t s  a r e  presented on resis tors ,  printed circuit  boards, condensers, 
diodes, amplifiers,  and electronic circuits.  

HRB- 96-R-3 

Laughlin Robert D and Kiddle Robert L 
IRRADIATION O F  TRANSISTORS IN A THERMAL FISSION REACTOR SPECTRUM, 
Haller,  Raymond, and Brown, Inc.,  Statk College, Pa . ,  Apri l  19, 1957, 35 pp. 

Th i s  repor t  discusses  three  basic  topics: dynamic measurements  on t rans is tors  in a 
radiation field (experiment 1 and 2), and a tape irradiation experiment. 

Several  conclusions drawn from transis tor  experiment 1 a r e  that the effect of fission 
spectrum. irradiation upon semiconductor devices has essentially three effects :  (1) 
transient effects due to flux density and gamma heating; ( 2 )  semipermanent effects due 
to integrated flux; and ( 3 )  permanent effects due to integrated flux a f t e r  annealing. 

The  conclusions drawn from experiment 2 a r e  a s  follows: The re  is a noise effect which 
is present  when the devices a r e  in a flux field above that which is produced by integrated 
flux. There  i s  an annealing effect present af ter  irradiation which, in general, tends to  
improve the operation; however, the short-circuit  current  gain tends to remain a t  a 
constant level  o r  degrades slightly during the annealing period. 

Tentative l imits for  flux density and total  integrated flux may be chosen a s  follows: Fo r  
no appreciable degradation in the operation of a t ransis tor ized crystal-video receiver ,  a 
flux density of 10' nv and an  integrated flux of 1013 nvt a r e  acceptable. There  a r e  
s eve ra l  questions that these  experiments have raised,  but have not answered. Why does 
the noise level of the 2N112 types in the presence of flux increase more rapidly than tha t  
of surface ba r r i e r  units?, Why does the damage appear t o  be la rger  in certain circui ts  
than in others? What is the relative effect of fast  neutron flux to slow neutron flux and 
what is the contribution of the gamma flux? 

F r o m  the magnetic tape tests ,  there was no essent ial  change in the signals and noise o r  
signal-to-noise ra t io  a s  measured. At the beginning of the tes t s ,  it was suspected that 
some eras ing  of the tapes would take place due t o  a disordering of the magnetic domains 
by nuclear bombardment o r  perhaps by gamma heating, but this  did. not prove to be the 
case.  It was therefore concluded that information, both pulse and sinusoidal, s tored on 
magnetic tape i s  insensitive t o  the effects of combined neutrons and gamma radiation up 
to a n  integrated dose of approximately 1016 nvt.for neutrons and 2.83 x lo6  R for fission 
gamma rays ,  when measured under the conditions stated in the experiment. A t es t  of 
the damage t o  the base mater ia l  of the tape has not yet been made and some stretching 
may be possible, but severa l  r e runs  on the playback machine have shown no gross  dam- 
age to  the tape other than the f rac ture  of spools on which the tape was stored. 

IBM - 1 

Bohan W A, e t  a l .  
SEMICONDUCTOR DEVICE OPERATION IN A PULSED NUCLEAR ENVIRONMENT, 
International .Business Machines Corporation, Oswego, N. Y. Presented a t  the National 
Telemetering Conference, May 25-27, 1959, 7 pp. (17 re fs ) .  



Ear ly  work on the effects of nuclear radiation in bulk semiconductor mater ials  indicated 
that problems should be expected i f  semiconductor devices were operated in a nuclear 
environment. Recent work in many laboratories has  succeeded in quantitatively c o r r e  - 
lating these effects in manufactured devices. The basis  for  the majori ty  of these in- 
vestigations has been, however, the environment which could be expected to exist  in the 
vicinity of a conventional nuclear  reactor .  In contrast, the work reported in this paper 
was pr imari ly  concerned with the effects of very  high dose ra te  nuclear radiation. The 
radiation was delivered in single pulses, about 200 microseconds wide, with accompany- 
ing maximum ra t e s  of 10'' n / cm2/ sec  and 10' roentgen (gamma)/sec. Data were 
collected before, during, and after each radiation pulse. 

The source of radiation used in these experiments was the Godiva-I1 assembly of the 
Los Alamos Scientific Laboratory (LASL). This  device i s  a fully enriched, bare  u~~~ 
assembly, capable of prompt cr i t ical  operation. When the device is pulsed, the fission 
chain reaction builds up very  rapidly, until the expansion due to total  energy re lease  
makes it subcritical. During a t.yp&cal pulse, a sample placed in the maximum dose 
region receives of the o rde r  of 10 n/cm2 and l o 3  gamma-rad (tissue) in a period of 
about 200 microseconds. 

The various experimental and analytical investigations upon which this paper was based 
have resulted in the following conclusions: 

1. In semiconductor mater ia l s  and devices exposed in the Godiva environment, the ion- 
ization i s  predominantly gamma-ray-produced and the lattice defects neutron-produced. 

2. The agreement between acb/acbo v s  integrated flux curves obtained statically and a s  
a function of integrated flux during the burst  indicates strongly that there i s  little o r  no 
rate  dependence in permanent bulk damage; 

IBM -2  

Bohan W A 
EFFECTS O F  PULSED X-RAY RADIATION ON SEMICONDUCTOR DEVICES, 
International Business Machines Corporation, Federal  Systems Division, Oswego,N. Y., 13 pp. 
(5 refs) .  

--A se r i e s  of experiments has  been performed to  determine the effects of high dose r a t e  
X-radiation on t rans is tors .  The radiation source used was the Bremsstrahlung 
(X-radiation), produced from stopping electrons in a target  material .  The electrons 

' 

were provided by a 6-Mev linear accelerator  and a 3.5-Mev resonant t ransformer  accel-  
erator .  

IBM -3 

. . 
Boczar. P G, el: a l .  
SOME .EFFECTS OF PULSED RADIATION ON ELECTRONIC COMPONENTS - III. 'RESULTS 
OF JANUARY 1959 GODIVA TEST SERIES, . 
International Business Machines Corporation, Federal  sys tems Division, Oswego, N. Y. , 
38 pp. (10 r e f s ) .  

. . 

A se r i e s  of experiments was performed a t  the Los Alamos Scientific Laboratory on 
january 28'129, 1959, using the Godiva prompt c r i t i ca l  assembly. Thesk experiments 



were  part  of the s e r i e s  being conducted by IBM Oswego to  determine the effects of pulsed 
radiation on electronic components. 

During the 2 -day tes t  period, approximately 75 components were exposed during eight 
Godiva burs t s .  Components tes ted were  res i s tors ,  vacuum tube diodes, capacitors, 
t rans is tors ,  thyratrons, voltage regulator tubes, and a quartz c rys ta l  oscillator.  The 
resu l t s  of this  tes t  s e r i e s  were most significant in two a reas :  

1.  Transient  effects produced by ionization, 
2. Confirmation of theories  on permanent damage to ' t rans is tors .  

THE EFFECTS O F  A NUCLEAR EXPLOSION ON COMMERCIAL COMMU'T\liICATi:ONS 
EQUIPMENT - OPERATION TEAPOT - NEVADA TEST SITE, FEBRUARY TO MAY 1955, 
Federa l  Civil Defense Administration, Battle Creek, Mich., 66 pp. (6 refs) .  

Atomic -blast exposure t e s t s  on commercial  communications equipment were conducted 
during Operation Teapot, kpple  I1 shot. These tes t s  were made to  provide Civil 
Defense planners with data for qualitative predict'ions of the probable survival range, the 
extent of damage, and nature of r epa i r s  required to  res tore  communicatioil service af ter  
a blast .  Approximately 150 widely diversified units of communications equipment 
(mainly electronic, but including s i rens)  were exposed, under the sponsorship of the 
Radio -Electronics -Television Manufacturers Association (RETMA), two s i r en  manufac - 
t u r e r s ,  and the "Federal  Civil Defense Administration (FCDA). Exposed i tems were  in 
o r  near  groups of s t ruc tures  located at approximately 4700 and 10,500 feet from ground 
zero.  Where possible, identical products were exposed a t  these two locations, so  that 
one se t  of i tems would be subjected t o  moderately severe  damage and the other se t  to 
light damage. Tes t s  showed that commercial  communications equipment was generally 
m o r e  resis tant  to nuclear explosion damage, than the s t ruc tures  in and near  which the 
products were  exposed. Additions concerning communications equipment were proposed 
t o  supplement FCDA published statements concerning "   last Damage from Nuclear 
Weapons of La rge r  Sizes. " 

Loferski J J 
ANALYSIS O F  THE EFFECTS OF NUCLEAR RADIATION ON TRANSISTORS, 
Journal  of Applied Physics,  Vol. 29, No. 1, pp. 35-40, January (1958). 

In this  paper the behavior of t rans is tors  in nuclear radiation fields is discussed on the 
bas is  of the existing knowledge of the interaction between semiconductors and such 
radiation. This  paper i s  concerned only with permanent changes, i. e . ,  changes which 
remain  af ter  irradiation has  ceased. Therefore, radiation-induced ionization and the 
noise which accompanies it a r e  excluded. In P a r t  11, the available information on the 
effect of p and Y r ays  and fast  and slow neutron irradiation on semiconductors is r e -  
viewed. In P a r t  111, these resu l t s  a r e  combined with t rans is tor  theory to predict the 
behavior of these devices in radiation fields. This  report  concentrates particularly on 
the amplification factor of the t rans is tor  and emphasize i ts  behavior in the fast  
neutron field of a reactor .  In P a r t  IV, theory is compared with experimental data. Al- 
though the discussion is confined to  Ge t rans is tors ,  much of the analysis is applicable 
to  t r ans i s to r s  made from other  mater ials .  



Fonger W H, Loferski ;T J and Rappaport P 
RADIATION INDUCED NOISE IN P -N JUNCTIONS, 
Journal of Applied Physics,  Vol. 29, No. 3, pp. 588-591, March (1958), (8 refs).  

Fas t  particles passing through a semiconductor commonly generate, e i ther  directly o r  
through their  fast  secondaries, many electron-hole pairs .  If these pa i r s  a r e  generated 
within a diffusion length of a p-n junction, their  subsequent dissociations a t  the junction 
produce observable voltages and/or  currents .  This  phenomenon is called the electron- 
voltaic effect, photovoltaic effect, e tc . ,  according to  the nature of the p r imary  fast  
particles.  The effect has  been widely studied in connection with photo-cells, light 
batteries,  P-ray batteries;  phototransistors, etc.  

This  paper discusses  the noise aspects  of the voltaic effect. The basic building block of 
the phenomenon is the burst  of pa i r s  generated by a single pr imary  particle, and the 
noise is conveniently discussed in t e r m s  of this  basic event. The theory of the noise i s  
discussed, diode measurements  a r e  discussed and .data given, and three  applications of 
this  noise a r e  discussed. 

Alley R E, Jr. 
IN-PILE MEASUREMENTS O F  RADIATION IN MAGNETIC MATERIA,LS, 
Journal of Applied Physics,  Vol. 30, No. 4, Apri l  (1959), 2 pp. (5 refs) .  

Experiments have been performed a t  Brookhaven National Laboratory to  determine the . 

effects of nuclear reac tor  radiation upon the character is t ics  of f e r r i t e s  and metallic 
magnetic mater ials .  Photographs of 60-cycle hysteresis  'loops and bridge measurements  
of 1000-cycle inductance were made before irradiation, periodically during irradiation, 
and after reac tor  shutdown. The samples  were irradiated for  12 days, resulting in a n  
integrated fast  flux of 1.6 x 1017 n/cm2.  

No permanent effects were observed in any ferr i te .  In-pile changes in fe r r i te  propert ies  
a r e  identified with changes due to  temperature variations resulting from gamma-ray ab- 
sorption. 

Permanent damage was observed in a l l  metallic samples  tested. Supermendur and Delta- 
max were  least  affected, showing increases  of the order  of 5070 in coercive force and 
smal l  decreases  in initial permeability. Various samples of 4-79 Mo-Permalloy were 
affected differently, but a l l  showed change in shape of hysteresis  loop, severa l  hundred 
percent increase in coercive force, and about 8070 decrease in initial permeability. 
Supermalloy was most damaged by radiation, showing marked effects af ter  24 hours, 
and progressively grea te r  effe.cts throughout the exposure period. 

JAP-0557-2 

Wittels M C and Sherr i l l  F'. A 
FAST NEUTRON EFFECTS IN TETRAGONAL BARIUM TITANATE,, 
Journal of Applied Physics,  Vol. 28, No. 5, pp. 606-609, May (1957), (10 refs) .  . 

.Tetragonal BaTiO, i s  transformed into cubic BaTi03 a s  a resul t  of irradiation with fast  
neutrons at  a temperature of approximately 100°C. Sufficient atomic displacements a r e  



produced by bombardment with a n  integrated fast  neutron flux of 1.8 x lo2' n/cm2 s o  that 
tetragonal single c rys ta l s  (co = 4.03498 and a. = 3.99238). expand anisotropical'ly to  .form 
perovskite-type cubic single crystals  with a. = 4. 0824A. The i r radiated mater ial  r e -  
mains cubic t o  the lowest temperature of measurement,  780K, showing none of the low 
temperature phase transitions of unirradiated BaTi02,  and after annealing a t  1000°C, 
the c rys ta l  remains cubic but with a reduced lattice parameter .  X-ray, thermal ,  and 
optical methods were  employed in studying these effects. 

Kommandeur J and Schneider W G 
PHOTOCONDUCTIVITY OF ANTHRACENE - V. EFFECT OF. IMPERFECTIONS ON THE 
RTJLK. RHOTOCURRENT, 
The  Journal  of Chemical Physics,  Vol. 28, No., 4, pp. 590-595, April  (1Y58), ( ' I  re fs ) .  

Bulk photocurrents of anthracene have been measured on crys ta l s  ot tilgki purity, 
scintillation crystals ,  and crystals  i r radiated with thermal  neutrons. It is found that 
the source and treatment of the c rys ta l s  strongly affects the spec t ra l  response and the 
voltage and intensity dependence of the bulk photocurrent. This  can be related to the 
density of the imperfections in the crystals .  Direct evidence for  the existence of t raps  
was furnished by the electr ical  analog of the thermoluminescent glow curves and by the 
increase of the photocurrents with r ed  radiation. 

Compton D M J, e t  al. 
PHOTOCONDUCTIVITY OF ANTHRACENE.. THE EFFECT O F  NEUTRON BOMBARDMENT, 
The Journal of Chemical Physics,  Vol. 28, No. 4. ,  pp. 741'-742, Apri l  (1958), (2 refs).  

Neutron bombardment is known to  modify the propert ies  of many insulators. It was 
therefore felt that a study of the effect of neutron bombardment on the photoconductivity 
of anthracene might help to  clarify the mechanisms involved. A s e r i e s  of measurements  
of photoconductivity and other propert ies  was made on anth~.acerie c rys ta l s  before and 
af ter  bombardment in the neutron flux of the pile a t  Chalk River. It was found necessary  
to  c a r r y  out the bombardment in an atmosphere of helium to  avoid surface oxidation. No 
radioactivity was found af ter  removal f rom the pile. A summary  of the more  striking 
resu l t s  i s  given. 

Tucker C W, Jr. and Senio P 
SOME FACTORS IN THE RESISTANCE O F  CRYSTALS TO RADIATION DAMAGE, 
Knolls Atomic Power Laboratory, Schenectady, N. Y., Contract No. W-31-109-Eng-52, 
March 24, 1955, 8 pp. (4 refs) .  

X-ray diffraction studies of radiation damage in ionic, covalent, and metallic c rys ta l s  
a r e  beginning to reveal  some of the factors  which appear to  be important in determining 
the radiation stability of a given material .  These factors a r e  homogeneity of damage, 
particle size,  cleavage o r  fracture,  strength, grain boundaries, temperature,  and bond 
type. While evidence is not yet complete to prove the importance and to  understand a l l  
of these factors,  the basis  is presented for  their  apparent relevance. It is hoped that 
the work will provide a basis  for  discussion of irradiation effects  and for further,  more 
systematic  studies. . 
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Wachspress E L 
A GENERALIZED TWO -SPACE -DIMENSION MULTIGROUP CODING .FOR THE IBM-704, 
General Electr ic  Co.,  Knolls Atomic Power Laboratory, Schenectady, N. Y. ,  Contract No. 
W-31-109-Eng-52, April  30, 1957, 132 pp. (7 refs).  

A detailed description of a generalized two-space-dimension multigroup calculation for  
the IBM-704 is given. Basic theory, input and output format, a guide to  the flowcharts, 
tape movements, and operational procedure a r e  included in the discussion. 

Smith W A, Jr., Noonan J E and Minassian K 
SUMMARY OF FAST NEUTRON IRRADIATION STUDIES ON GERMANIUM, 
K ~ ~ u l l s  Alolnic, Power Lab~ra1ur .y~  Schenectady, N. Y. , Cunlract No. W - 3  1- 109-Eng-52, 
Apri l  2G, 1957, 35 pp. (9 rels) .  

A summary  i s  given of studies made a t  KAPL to  determine the energy dependence of 
fas t  neutron effects on the electr ical  propert ies  of germanium. Irradiations were made 
by using neutrons produced in positive ion reactions. A nonlinear relationship between 
neutron energy and the number of intersti t ial  atoms produced per  neutron i s  indicated 
for  the energy range 0.7 to  4.8 Mev. 

Material  preparation techniques a r e  discussed and methods of determining neutron 
response character is t ics  of germanium mater ials  for dosimetry applications a r e  p re -  
sented. 

Glare James  Paul  
EQUIPMENT FOR EXPERIMENTS WITH ACTIVITIES HAVING HALF -LIVES IN THE RANGE 
FROM 10 MICROSECONDS TO 1 SECOND, 
Los Alamos Scientific Laboratory, Los Alamos, N. M., Contract No. W -7405-Eng-36, 
September (:1957), 31 pp. (3 refs).  

The electronic circui ts  described were built for conducting experiments with radio- 
activities having half-lives of 10 microsec t o  1 sec  range. The Model 10 Beam Shim 
Pulser  was designed for  pulsing the beam of an electrostatic generator. It produces 
f550 volt pulses with r i s e  and fall  t imes  of 1 microsec and an  adjustable pulse length of 
10 microsec to  1 sec  into a capacitive load of 100 micromicrofarads.  The Model 10 
10-Channel Time Delay Analyzer has  channel widths of 10 microsec to  1 sec  and was 
built for  determining half-lives of radioactivities in th i s  t ime range. The Model 1 Delay 
and Gating Circuit  is used with a 100-channel pulse height analyzer to  turn  it on and off 
with a 1 microsec accuracy. The Model 2A Gating Unit incorporates delayed coincidence 
circui ts  which cor~t ro l  Lhe operalion of 'the arialyzer.. 

LAC -NR-5 1 (Vol. 1)-.2 

Bridges W L 
RADIATION EFFECTS TESTING O F  AIRCRAFT SUBSYSTEMS AND COMPONENTS AT AIR 
FORCE PLANT NO. 67 FOR THE ANP PROGRAM, 
Lockheed Nuclear Products, Lockheed Aircraf t  Corporation, Georgia Division. Paper  presented 

' 



. . 
a t  the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraf t  Corporation, 
Marietta,  ~ e o r ~ i a ,  October 28-30, 1958, 5 pp. 

A few of the features  of A i r  Force  Plant No. 67 a r e  briefly reviewed a s  they contribute 
t o  a discussion of the philosophy of radiation effects testing of a i rc raf t  subsystems and 
components. 

The ma jo r  functions of this  facility will be to  i r radiate ,  test ,  and evaluate a i rc raf t  com- 
ponents and complete subsystems under dynamic environmental conditions. To  accom- 
plish these functions, some r a the r  specific requirements must  be satisfied. The f i r s t  
is t o  provide for dynamic testing of a i rc raf t  subsystems and components in  real is t ic  
radiation fields; that is, in fluxes comparable to, and in some cases  in excess  of, those 
expected t o  fall  on the part icular  system a t  i t s  most likely location in a nuclear-powered 
aircraf t .  The second requirement is the ability to  handle large tes t  a r t ic les  rapidly. . 
The third is for an  adequate handling and testing capability. 

Large tes t  a r t ic les  must be moved to and from the reac tor  safely with means provided 
for  evaluating them before, .during, and af ter  irradiation without exposing personnel to 
excessive radioactivity. 

LAC -bTR -53. Wol. 2)-20 

Duncan G I, F r a s e r  J C and Valachovic B 
THE EFFECTS O F  NUCLEAR RADIATION ON SPARK GAPS, 
General  Elec t r ic  Co. Pape r  presented at the 3rd Semi-Annual Radiation Effects Symposium, 
Lockheed Aircraf t  Corporation, Marietta, Georgia, October 28-30, 195 8, 18 pp. 

The General  Electr ic  Company has completed a program covering the testing of spark  
gaps in  the Brookhaven National Laboratory's graphite reactor .  It consisted of a two- 
week in-pile exposure designed t o  investigate the voltage breakdown strength of a i r  a t  
var ious p re s su res  in the presence of the following radiation levels: 

Fas t  flux: 1 x 1011 fast  neutrons/cm2-sec 

The rma l  flux: 3 x 1012 thermal  neutron3/cm2 ,-.oec 

Gamma flux: 1 x 1012 gamma photons/cm2 -sec 

This  paper descr ibes  the components tested, the tes t  equipment and circuitry,  the 
dynamic p re s su re  system used, and discusses  the data obtained. Curves a r e  presented 
showing the effects noted, and the resul ts  of the tes t s  a r e  summarized. This  paper 
covers  work performed under Contract No. AF33(616)-5579. . 
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Van Houten G R, OINan T C and Hood J T 
RADLATION TESTING AND PROPERTIES OF A BORON NITRIDE DIELECTRIC CAPAC- 
ITOR, 
P. R. Mallory and Co., Indianapolis, Ind. Paper presented a t  the 3rd Semi-Annual Radiation 
Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Ga. , October 28-30, 1958, 
34 pp. (5 refs) .  

Tes t s  to  date include: ' 

1. Study of boron nitride powders and compacts in a reac tor  environment. 



2. Fabrication and testing of capacitor bodies from reac tor  i r radiated boron 
nitride. . 

3. Operational testing of boron nitride capacitors in a high gamma environment. 

Results to  date include: 

1. Go.od experimental verification of theoretical calculations. 

2. Boron nitride is definitely a prefer red  mater ia l  for  high temperature di- 
e lectr ic  applications. 

3. Boron nitride dielectric capacitors which a r e  constructed to be self (neutron) 
shielding retain normal  physical propert ies  during and af ter  irradiation. 

- .  

4. Instantaneously gamma-induced current  leakage, a s  expected, va r i e s  a s  the 
square root of the 'gamma photon density. Such leakage can be appreciable a t  
high voltage .gradients. 

5.. Gamma scat ter ing and capture causes local heating in proportion t o  the gamma 
photon dens.ity and energy. This  gamma heating may increase .the dielectric 
temperature enough t o  cause appreciably increased cur ren t  leakage. 

6 .  As a resul t  of direct ,and indirect gamma induced leakage, limited gamma 
shielding may be necessary for  high voltage units o r  for very  large uncooled 
units. Similar problems with other dielectr ics  would generally be of even 
grea te r  magnitude. 

Erown V C and Pe terson  N M 
PREDICTING THE PERFORMANCE OF IRRADIATED ELl3CTRONICS SYSTEMS BY SIMU'- 
LATION ON THE ANALOG COMPUTER, 
Convair, Division of General Cynamics Corporation, F o r t  Worth, Tex. P a p e r  presented a t  
the 3rd Semi-Annual Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, 
October 28-30, 1958, 15 pp. 

The method of simulating electronics systems on analog computers for  the purpose of 
studying the effects of radiation is described, and a comparison i s  made between the 
resu l t s  obtained by the simulation technique and data obtained, in an  actual irradiation. 
The resu l t s  show that, by combining proper  s ta t is t ical  methods with computer simulation, 
the performance of electronics systems under radiation may be successfully predicted. 
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Gunson D - 0  
RADIATICN EFFECTS 'ON FLIGHT CONTROL SUBSYSTEM DESIGN, 
Lockheed Aircraf t  Corporation. Paper  presented a t  the 3rd Semi-Annual Effects  Symposium, 
Lockheed Aircraf t  Corporation, Niarietta, Georgia, October 28-30, 1958, 8 pp. 

Successful application of nuc1ear.propulsion t o  a i rc raf t  requi res  the development of a 
high performance flight contro1,subsystem that is not only more  reliable, serviceable,  
and maintainable than the best flying today, but is a t  least  a s  efficient while operating 
in a radiation environment. The attainment of these a ims  demands close and continued 

' cooperation between the radiation effects specialist  and controls designer throughout the 
design, development, and testing of this  subsystem. The basic problems considered a re :  
the establishment of the important character is t ics  of a flight control subsystem, how 



radiation environment affects these character is t ics ,  and the type, of radiation effects  
data required by the controls designer.  

Klein C A and Straub W D 
ON THE ENERGY LEVELS IN NEUTRON-IRRADIATED P-TYPE SILICON, 
Raytheon Manufacturing Company, Waltham, Mass. Paper  presented a t  the 3rd Semi-Annual 
Effects Symposium, Lockheed Aircraf t  Corporaliur~, Marietta, Georgia, October 28-30, 1958, 
21 PP. 

High resistivity p-type sil icon samples  were i r radiated in the Brookhaven pile for  
shor t  periods of t ime resulting in integrated fast neutron fluxes of the order  of a few 
1 0 ~ * n / c m ?  Hall coefficient and conductivity measurements  were  then performed over 
extended temperature ranges.  A detailed arialylical irlvestigation of these data provides 
evidence for  at least two bombardment-induced hole t r ap  levels in the lower half of the 
energy gap. The deep t rap,  a t  0.29 ev from the valence band, i s  'introduced a t  a ra te  
which appears  t o  be proportional to  the integrated flux.  oreo over, it has been estab-  
lished that for this  level the product of the s tat is t ical  weight factor by the temperature 
shift factor is practically equal to one. The shallow trap,  at  0.16 ev from the valence 

- band, is not yet as fully describable.  The work is s t i l l  in progress ,  .and only the 
established resu l t s  at  the t ime of this  writing (August 1958) a r e  given here.  The whole 
approach is of a "phenomenological" nature, in the sense that no attempts were made 
t o  cor re la te  the presently available data with possible types of defects, o r  defect models. 

I 
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Salkovitz E I;' Schindler A I and Ansell G S 
THE EFFECT.O'F NUCLEAR IRRADIATION ON METALLIC AND NONMETALLIC MAGNETIC 
MATE.RIALS, . ' 

Naval Research ~ a b o r a t k r ~ ,  Washington, D. C. Paper  presented a t  the 3rd Semi-Annual 
Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 28-30, 1958, 
23 pp. (2 refs) .  

.$, 
Extensive investigations of the effects of nuclear environments upon magnetic  ater rials 
have been undertaken. A major  a im of the program is to  obtain basic inforination con- 
cerning the mechanisms producing the observed effects. Mort: that1 1UU samp1e.s have 
been i r radiated in  the Brookhaven graphite reactor  at  an  integrated flux of lo1' nvt. 
The mater ials  studied have been in the form of toroids o r  rods, and have consisted 
mainly of varibus. f e r r i t e s  and square loop and high germeabili t  y alloys. In addit ion, 
d i scs  of permanent magnet-type fe r r i tes  and portions of magnetic devices have been 
i r radiated.  A'detailed discussion will  be given of the method of canning temperature 
control, and the means by which p re -  and post-irradiation magnetic measurements  
were  made. 

. . 

Pfaff E R and Shelton R D 
THE EFFECTS O F  RADIATION ON VARIOUS RESISTOR TYPES, 
Admiral  Corporation, Chicago, Ill. Paper  presented at the 3rd Semi-Annual Radiation Effects 
Symposium, Lockheed Aircraft  Corporation, Marietta, Georgia, October 28-30, 1958, 13 pp. -, 



A study of the effect of nuclear radiation on various types of r e s i s to r s  revealed interesf- 
ing t rends and seve ra l  po'ssible damage mechanisms, most of which seem to be assoc-  ' 
iated with the boron content in the components. Film-type res i s tors ,  consisting of a ' . .  

glass  core  containing boron and a conducting film with no boron, showed grea te r  damage 
when the film was thin (high resis tance values). It is probable that in this  case  the . 

(n, a )  reaction in boron removed some of the atoms from the thin conducting film. 

Resis tors  having a core  with no boron but with a boro-carbon conducting film showed 
grea te r  damage when the film was thick (low resis tance values). It is conjectured that 
since, in this  case,  a l l  of the boron is in the conducting film, there is more recoi l  
energy deposited in the conducting layer having the thicker film. 

Wire-wound r e s i s to r s  having a vitreous enamel coating had resis tance changes greater  
than could be attributed t o  temperature coefficient o r  a change from a disordered to  
ordered arrangement  in the wire. There  is some evidence that the vitreous coating, 
sometimes containing a large amount of boron, changes density sufficiently to  distort  
the wire and increase the resis tance of the unit by a s  much a s  6%. 

Aukerman L W and Willardson R K 
RADIATION EFFECTS IN COMPOUND SEMICONDUCTORS, 
Battelle Memorial Institute, Columbus, Ohio. Paper  presented a t  the 3rd Semi-Annual 
Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 
28-30, 1958, 14 pp. (12 refs).  

The propert ies  of semiconductor devices (such a s  t rans is tors  and rect i f iers)  depend 
strongly VII minori ty-carr ier  lifetime, c a r r i e r  concentration, and mobility. 'Yhese 
parameters  a r e  strongly affected by nuclear irradiation. F o r  the design of a device 
relatively insensitive to  radiation damage, semiconductors composed of heavy atoms 
and having a high minori ty-carr ier  mobility and a large energy gap a r e  desirable. The 
propert ies  of s eve ra l  compound semiconductors, including AlSb, InP, GaAs, CdTe, and 

. .  InSb, a r e  compared with respect  to  the above cr i ter ia .  Investigations of the effects of 
fast-neutron irradiation on these 'compounds a r e  reported. Annealing and heat-treatment 
studies before and af ter  irradiation a r e  discussed. 

Happ W W and Hawkins S R 
A CRITICAL SURVEY O F  RADIATION DAMAGE 'TO CIRCUITS, 
Lockheed Aircraft .Corporation, Palo Alto, Calif. Paper  presented at the 3rd Semi-Annual. 
Radiation Effects Symposium, ,Lockheed Aircraf t  ~ o r ~ o r a t i o n ,  Marietta, Georgia, October , 

28-30, 1958, 35 pp. (8 refs).  

A cr i t ical  survey was undertaken to investigate factors  affecting circuit  performance in  
the presence of damage-producing radiations. Experimental work in progress  consists 
of irradiating severa l  types of circuits,  such a s  multivibrators and blocking oscillators,  
by gamma radiation with a 100-curie cobalt-60 source. Causes of failure of the circui ts  
tested thus f a r  were  t raced pr imari ly  to  the deterioration of semiconductor devices. 
This  preliminary work is being used a s  a basis for planning investigations of other 
selected circuits,  both under gamma and neutron 'irradiation. 



Hawkins S R and Happ W W . . 

RADIATION STABILIZATION O F  TRANSISTOR CIRCUITS BY ACTIVE FEEDBACK,. 
Lockheed Aircraf t  Corporation, Sunnyvale, Calif. Paper  presented a t  the 3rd Semi-Annual 
Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 
28-30, 1958, 2 1  pp. (16 refs) .  

The simultaneous deterioration of s imi la r   transistor.^ due to radiation damage is e m -  
ployed t o  stabilize circuit  character is t ics  by using one transistor. a s  a feedback element. 
The relative mer i t s  of a number of circuit  configurations a r e  examined on the basis  of 
over-al l  cur ren t  and voltage amplification, battery requirements,  t rans is tor  symmetry, 
and s imi la r  factors.  The requirements  of both stabilization and amplification a r e  
simultaneously satisfied for  the common-emitter configuration using a t rans is tor  in the 

.,common-collector coiifigilrarlon as a feedback elen1e111. 'Utrsi,yl curves l'ul. l l ~ i s  cull- 
figuration a r e  given for typical ca ses  to i l lustrate the usefulness of th i s  method of 
stabilization. Operating point stabilization is briefly discussed. 

Eaaley J W 
, COMPARISON O F  NEUTRON DAMAGE IN GERMANIUM AND SILICON TRANSISTORS, . 

Bell Telephone Laboratories,  Inc., Whippany, N. J. Paper  presented at the 3rd Semi-Annual 
Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 
28-30, 1958, 11 pp. (13 refs) .  

Quantitative comparison of the neutron bombardment sensitivity of germanium t rans is tors  
t o  that of silicon t r ans i s to r s  must  include consideration of the mean t ime for minority 
c a r r i e r s  to  t r ave r se  the base region of the s t ruc tures  being compared. Analysis shows 
that for  t rans is tors  of comparable carr ier- t ransport-factor  frequency cutoff, germanium 
t r ans i s to r s  should be capable of receiving fast-neutron exposures which a r e  one to two 
ord-ers of magnitude grea te r  than those permissible for  silicon devices before cur ren t -  
gain degradation becomes cr i t ical  for  typical circuit  applications. Experimental data 
a r e  presented for  both germanium and silicon t rans is tors  which a r e  in good agreement 
with the analysis. 

Denney J M, e t  al .  
PULSED RADIATION EFFECTS IN SEMICONDUCTORS, 

' 

Hughes Aircraf t  Company, Culver City, Calif. Paper  presented a t  the 3rd Semi-Annual 
Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, ,  October 
28-30, 1958, 1 p. 

~ y ~ i c a l  semiconductors were exposed tb'pulsed neutron, electron,' and gamma fluxes. 
The effects of these' exposures on the electr ical  propert ies  of the semiconductors was 
observed during the 'radiation pulse. ' These radiation effects a r e  described and compared 

'with analysis.  ~ t t e n t i o n  i s  given to 'some of the differ'ences between transient and 
residual  radiation effects in  semiconductors. . . . . . . . 



Huth Gerald C 
THE E F F E C T  O F  VARIATION OF THE WIDTH O F  THE BASE REGION O F  THE RADI-- 
ATION TOLERANCE O F  SILICON DIODES, 
General Electr ic  Co.., .Cincinnati, Ohio. Paper  presented a t  the 3rd Semi-Annual Radiation 
Effects  Symposium, Lockheed Aircraft  Corp . ,  Marietta, Georgia, October 28-30, 1958, 
7 pp. (8 refs) .  

Results a r e  presented of experiments which were conducted to determine the effect of 
varying the width of the base region of a silicon diode on the radiation tolerance of the 
device a s  gauged by increase in voltage drop a t  forward bias .  Reasonable agreement i s  
shown between experimentally determined change in forward character is t ic  and,behavior 
predicted from theoretical considerations--specifically considering the effect of degraded 
minority c a r r i e r  lifetimes. Devices i r radiated (40 in number) were of the alloy junction 
type based on the configuration of the General Electr ic  IN-538 rect i f ier .  Their over-all  
behavior is discussed including the near  exponential increase  found in forward voltage 
drop and the retention of reasonable r eve r se  character is t ics  of a l l  units during i r r ad i -  
ation. 

Crittenden John R 
THE E F F E C T  O F  NUCLEAR RADIATION ON COMMERCIAL SILICON DIODES, ' 

General Electr ic  Co.,  Cincinnati 15, Ohio. Paper  presented a t  the 3rd Semi-Annual Radiation 
Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, October 28-30, 1958, 
14 PP. 

Several types of cominercial silicon diodes were ' i r rad ia ted  to 1016 nvt ( E n ' >  0.58 ev)  in 
0 

the Brookhaven ~ e a c t o r  i t  '25 and 150 '~ .  The .forward and reverse  character is t ics  of 
each diode were  photographed periodically from an oscillographic display during the i r -  
radiation period. Noise and switching time measurements  were also accomplished. The 
resu l t s  of this work indicate that electrically s imi la r  diodes vai-y in their response to 
nuclear radiation,' and that the response to riucleai radiation is . temperature dependent. 

Russel l  J A 
EVALUATION O F  SILICON DIODE IRRADIATION RESULTS IN TERMS O F  MAGNETIC . . 

AMPLIFIER PERFORMANCE, 
General Electr ic  Co. ,  Cincinnati 15, Ohio. Paper  p r e s e ~ t e d . a t  the 3rd ~ ~ m i - ~ n n u a l . ' ~ a d i a t i o n  
~ f f e c t s  Symposium, Lockheed Aircraft  Corporation, ~ a r ' i e  tta, Georgia; October. 28 -,30, 195 8, . . - .  . 
52  pp. (7 re fs ) .  

.. . 
. I  ' . _ ,  i 

Three ginex% types of sil icon diode failuGe under radiatio* 'are simulatkd:  he simu- '  
lation is applied to a full-wave, center-tap magnetic amplifier and a half2.bridge, ' 

half-wave magnetic amplifier.  Conclusions a r e  drawn a s  to the most suitable basic 
. . 'diode type under radiation: Also discusied i r e : .  change's to be expeeted in magnetic 

aniplifie'r . . perfofkance  a s  a resul t  of radiatioi-induced diode effects; means of reducing 
- 2 

sbrne..of these kffkcts. 
. . . . 



Enslow G, e t  a l .  
GAMMA RADIATION EFFECTS I N  SILICON. SOLAR CELLS, 
Lockheed Aircraf t  Corporation. Pape r  presented a t  the 3rd Semi-Annual Radiation Effects 
Symposium, Lockheed Aircraf t  Corporation,.  Marietta, Georgia, October 28-30, 195 8, 
37 pp. (16 r e f s ) .  

Ten  sil icon solar  cel ls  were  i r radiated by a 100-curie coS0 gamma-ray source to a dose 
of 10' r. In-situ measurements  of the open-circuit voltage and short-circuit  current  
were  obtained. Calculations to  predict the performance of silicon so lar  cel ls  under ir- 
radiation were  made on the basis  of known propert ies  of silicon and on the basis  of 
models of radiation damage in solids. Calculated and experimental resu l t s  were  com- 
pared. The electr ical  character is t ics  o l  Lhe so lar  cel ls  were mcasured as a function 
of temperature before and af ter  irracllal~uil. 'l'he per.for.niu~~cc U P  u ~ i l i u ~ f i  801s~- ce l l  
power supply in radiation fields is discussed. 

Gordon Freder ick  
THE EFFECTS OF NUCLEAK, KAUUTION ON POWER TRANgISTORS, 
US Army Signal Research and Development Laboratory, For t  Monmouth, N. J. Paper  pre  - 
sented a t  the 3rd  Semi-Annual Radiation Effects Symposium, Lockheed Aircraft  Corporation, 
Marietta,  Georgia, October 28-30, 1958, 23 pp. 

This  paper  presents  the resu l t s  of nuclear radiation experiments performed a t  
Brookhaven National Laboratory to  determine the effects of this  radiation on power 
t r ans i s to r s  of various types. A brief analysis of device parameter changes and of the 
evaluation of the resu l t s  is presented. In addition, there  is a short  discussiurl of the 
interrelation between the minimizing of the effects of nuclear radiation on t rans is tors  
and the specific application of the devices. 

The device types that were  exposed were homogeneous-base germanium power t rans is -  
t o r s .  The device parameters  that were moriilvred were small-signal and large-signal 
grounded-emitter current  gain, a s  well a s  the r eve r se  collector current .  The techniques 
of measurement  included multiple point measurements  and curve t r a c e r  techniques. The 
resu l t s  show fair  agreement between experimental resu l t s  and calculated values. 

Xavier M A 
THE PERFORMANCE O F  SOME ZENER REFERENCE ELEMENTS DURING EXPOSURE 
TO NUCLEAR RADIATION, 
Cook Electr ic  Company, Morton Grove, Ill. Paper  presented a t  the 3rd Semi-Annual 
Radiation Effects Symposium, Lockheed Aircraf t  Corporation, Marietta, Georgia, 
October 28-30, 1958, 10 pp'. (10 refs) .  

Sixteen Type IN429 and sixteen Type IN430B Zener reference elements were exposed 
to the radiation field of a nuclear reactor.. This  paper descr ibes  the measurement 
techniques and the correct ions made t o  ensure accurate  resu l t s  required in dealing with 
the voltage reference elements.  Irradiations were performed at epicadmium neutron 
flux levels of the order  of 1011 nve until doses of up to  10'' rivet were reached. The 
corresponding gamma dose ra te  was 2.1 x lo6 roentgens per  hour. 



Detailed resu l t s  a r e  presented, and possible mechanisms of damage a r e  described. The 
reference voltages of a l l  the devices tested showed permanent decreases  of up t o  2.9& 
although the average of the changes was in the o rde r  of 1-1/4010. The temporary damage 
was generally about 11370. The case t e m ~ e r a t u r e  was monitored for  one sample in  each 
of the four irradiations.  

During the past two years ,  there has been considerable activity in determining the effects 
of nuclear radiation on semiconductor electronic components. The emphasis has,  how- 
ever,  been placed on t rans is tors ,  and little information is available on other devices. 
This  paper  deals with the behavior of two types of Zener  reference elements, which have 
found wide application a s  reference voltage sources because of their  relative stability 
with temperature,  sma l l  physical size,  and mechanical ruggedness. At the t ime of the 
experiments, two types (IN429 and 1N430B by Hoffman Semiconductor) were generally 
considered a s  the best com,mercially available so  the irradiations were  performed on 
these types. 

Hansen J F and Shatzen M L 
RADIATION EFFECTS ON ELECTRICAL INSULATION, 
Battelle Memorial Institute, Columbus, Ohio, and Lockheed Aircraf t  Corporation. Paper  p re -  
sented at the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraf t  Corporation, 
Marietta, Georgia, October 28-30, 1958, 11 pp. 

Eight types of insulated, e lectr ical  wire  were irradiated to  a dose of about 1 x 10" e r g s /  
g(C) a t  temperatures  of 15O, 55O, and 1 0 0 ~ ~ ~  and relative humidities of 0 and 6570 a t  
each temperature in a cobalt-60 gamma source. E lec t r ica l  resis tance was measured he- 
fore,  duriug, and After irradiation; preirradiation and postirradiation breakdown voltage 
measurements  were made, and the specimens were  examined visually for  signs of phys- 
ica l  deterioration af ter  irradiation. 

.. 

All insulations exhibited a loss  in initial resis tance of a t  least  9970 a t  one o r  more of the 
irradiation conditions. Serious deterioration of mechanical properties was observed for  
a l l  except two polyethylene insulations. In general, best performance, f rom the stand- 
point of e lectr ical  properties,  was obtained under cool, dry conditions. On the average, 
high temperature had a greater  detrimental effect than high humidity. The temperature 

0 
effect was most pronounced between 15 and 5 5 ' ~ .  

F o r  general-purpose use in a radiation field, under a var iety of temperature and 
humidity conditions, polyethylene appears  to be superior  to  the other mater ials  studied. 
However, under specifically controlled temperatures  and humidities, some of the other 
mater ia l s  may be preferred.  

Hart  E J 
LABORATORY INVESTIGATION OF SIX SA-402 EXPLOSIVE SWITCHES RETURNED 
FROM FIZEAU S ~ O T  - OPERATION PLUMBBOB, 
Sandia Corporation, Albuquerque, N.  M . ,  April 24,1958, 8 pp. 

This  report  discusses  t e s t s  which were conducted t o  determine i f  there  was any 
radiation o r  mechanical damage to, the SA-402 switches by exposure to Fizeau Shot- 
Operation Plumbbob. 



Ohmart  P . E ,  e t  a l .  
THE RADIOELECTRIC EFFECT, 
Mound Laboratory, Contract No. AT-(33-1)-Gen-53, November 1, 1951; 36 pp. (10 refs) .  

An electrostat ic  field w i l l  exis t  between two mater ials  having different work functions 
when the only connection between the mater ials  is through a load impedance. If the two 
mater ia l s  a r e  connected externally by a current-measuring device and the separating 
medium is ionized by exposure to radiation, a cur ren t  of electrons will flow in the ex-  
te rna l  c i rcui t  f rom the mater ial  of lower work func,tion to the mater ial  of higher work 
function. . The quantity of this cur ren t  depends upon the value of the external load im-  
pedance, the type and intensity of the incident radiation, the difference between the work 
functions of the electrode su~. faces ,  the type and p re s su re  of the separating gas, and the 
geometry of the setup. 

Radiation measuring devices called "radioelectric cells" have been constructed on the 
bas is  of this  "radioelectric effect." Gamma detecting cel ls  have becn developed which 
for  specific uses offer marked advantages over conventional detectors.  It is a l so  
possible t o  detect alpha, beta, and neutron radiation and to determine the difference be- 
tween the work functions of two surfaces.  

Brown W L 
NEUTRON RADLATION EFFECTS ON GERMANIUM TRANSISTORS AND SILICON DIODES, 
May11 , ! .956 ,  1.1,pp. 

The work described in this  report  was performed in the interests  of exploring the 
sensitivity of semiconductor devices t o  a neutron environment. The components tested 
were  a group of germanium t rans is tors  and silicon diodes. The work was performed in - 
the Brookhaven National Laboratory nuclear reactor.  

F r i o ~  R C ' 

RADIATION-RESISTANT MOTORS FOK. NUCLEAR AIKCKAbWl' c ~ N T R O ~ ,  
General  Elec t r ic  Co. Published in Nucleonics, Vol. 16, No. 7, pp. 103- 104, July (1958). 

~ c s u l t s  a r e  given which indicate that e lectr ic  motors  stand up well to  reactor  radiation 
and high temperatures'. Temperature damaged the motors  more  than limited exposure 
t o  neutrons and gamma rays. Radiatiol~ effecta on the individual cnmponents and.mate- 
r i a l s  of the motors  a r e  discussed. 

Allen K R and Phillips K 
EFFECT O F  RADIATION ON THE BREAKDOWN O F  HOMOGENEOUS FLELD AND SPHERE 
GAPS, 
Nature, Vol. 182, No. 4656, pp. 233-235, January 24, 1059, (3  refs) .  

Th i s  shor t  paper gives a quantitative discussion of a n  investigation 'carried out to  'study 
the effect of radiation on the breakdown of homogeneous field and sphere gaps. The 



electrodes were mounted in a glass  chamber.  Several a i r  p re s su re s  were  used in the 
spark gaps. 

- 
Eisen  F H, e t  al .  
RADIATION DAMAGE STUDIES IN COMPOUND SEMICONDUCTORS, 
Atomics International, Box 309, Canoga Park,  Calif., Contract No. ~ ~ 3 3 ( 6  16)-3924, (1957), 
5 pp. (2 refs) .  

- 
The objective of the work on this contract is to study the effects of electron irradiation 
on the I11 - V semiconductor compounds, utilizing changes in electr ical  properties,  para-  
magnetic resonance absorption, and thermal  conductivity. During this quarter ,  data 
have been obtained on the resistivity change of InSb af ter  irradiation with 0.35 to 0.60 
Mev electrons, and the Varian electron paramagnetic resonance (EPR) equipment has  
been received and put into operation. 

- - - -  
PROCEDURES FOR SYSTEM PANELS TEST NO. 2 - ADDENDUM 4, 
Conva.ir, Division of General Dynamics Corporation, Fo r t  worth,  Texas, Contract No. 
AF33(600)-32054, September 7, 1956, 115 pp. 

System Panels  Irradiation Tes t  No. 2 was performed at Convair-Fort Worth during late 
1956 and ea r ly  1957. In this test ,  existing a i rc raf t  systems mounted on tes t  panels were  
irradiated, using the Ground Tes t  Reactor a s  the source.  The Ground Tes t  Reactor was 
placed in the d r y  pool, and the panels to  be i r radiated were.grouped around the reac tor  
inside the pool. Measurements were made of the physical propert ies  and operating 
character is t ics  of the panel before, during, and af te r  irradiation. 

.This.report is, the fourth addendum to  Procedures  for  Systems Panel  Tes t  No. 2 
(Convair-Fort Worth Report MR-N-122). It descr ibes  the equipment to be furnished for 
this  tes t  by the Thompson. Products,  Inc. , of Cleveland, Ohio, and Convair-Fort Worth, 
a Division of General Dynamics Corporation. Essentially, the equipment consists of a 
Power Plant Fuel  Control System and a Capacitance Type Fuel  Quantity Gage System, 
MIL-GF7817. . 

Easley J W 
EFFECTS O F  RADIATION ON SEMICONDUCTORS, 
Bell Telephone Laboratories,  Whippany, N. J. Paper  presented a t  the F i r s t  Semi-Annual 
125A Radiation Effects Symposium, Convair, Fo r t  Worth, Texas, May 22-23, 1957, 26 pp. 
(19 refs).  

, .  . 
. . A brief ,survey of the effects of nuclear radiation on semiconductors of particular . . 

inteiest in device technology is presented in this  paper.  The known,effects of nuclear 
radiation on the electr ical  propert ies  of semiconductors a r e  briefly reviewed to  include 
the ,relative magnitude and qualitative differences between photon-, electron-, and 

' 

neutron-induced-alteration.. Some of the p r i n c i p a l ' a s ~ e c t s  of the behavior of ir,radiated 
. ,' semiconductor devices a r e  then qualitatively interpreted through inclusion of these 



mater ia l  propert ies  in  simplified device theory. The t ransis tor  current  gain a is 
t rea ted  in some detail, and it is shown that the ra te  of increase of (1 - a) with bomljard- 
ment  is ,  for  simple s t ructures ,  inversely proportional to  the cr-cutoff frequency. 
Experimental  data i l lustrating the analysis a r e  presented. 

~ r i t t ~ i a e n  ,T R 
THE GENERAL ELgC'TRIC ELECTRONICS COMPONE LV'l' 'I'ES'T FOR. R7n'3TEMS PA'PTE LE 
TEST NO. 2, 
General  Elec t r ic  Co. ,  ANPD, Cincinnati, Ohio. Paper  presented at the F i r s t  Semi-Annual 
125A Radiation Effects Symposium, Convair, Fo r t  Worth, Texas, May 22-23, 1957, 6 pp. 

Three  basic. systems were exposed t o  medium level nuclear fluxes during Systems Panel  
T e s t  No. 2.  1n each of the three systems tested, the effects of radiation were evident. 
The resu l t s  of SPT No. 2 indicate that electronic amp1ifier.s may experience some diffi- 
culty a t  approximately 10" nvt epicadmium, that s l l l co i~  diodes cllallge xadically for 
doses above 1012 nvt epicadmium, and the more sensitive par t s  of a television camera 
a r e  the lens and pickup tube. 

Clark  J W 
DESIGN OF RADIATION SPECIFIED ELECTRONIC SYSTEMS, 
Hughes Aircraf t  Co.,  Culver City, Calif. Paper  presented a t  the F i r s t  Semi-Annual 125A 
Radiation Effects Symposium, Convair, Fo r t  Worth, Texas, May 22-23, 19.57, 5 pp. 

The design and manufacture of electronic systems for use in System 125A presupposes 
the ability to operate with nuclear radiation a s  an environmental specification. Com- 
ponents capable of meeting nuclear radiation specifications must be a,vailable to the 
system manufacturer.  This  in turn implies the presence of radiation facilities in which 
to c a r r y  on development of new rvadiation-resistant componcnts and i n  which to c a r r y  on 
quality contrnl testing during manufacture. 

Some experimental investigations a t  Hughes Aircraft  Co. will be described which indi- 
cate  the importance of ra te  effects in systcm decign and which pnint the direction toward 
component improvement. Present  and planned radiation testing facilities a t  Hughes 
Aircraf t  Co. a r e  specifically directed toward facilitating both development testing and 
qiiality control in connection with components and subsystems for  System 125A. These 
facili t ies will bc described. 

Jacobs D E 
EFFECT OF NUCLEAR RADIATION FROM THE GTK. UPON CLOSED CIRCUIT 
TELEVISION EQUIPMENT, 
Convair, For t  Worth, Texas. Paper  presented at the F i r s t  Semi-Annual 125A Radiation Effects 
Symposium, Convair, Fo r t  Worth, Texas, May 22-23, 1957, 14 pp. (1 ref).  

Closed circuit  industrial  television has been used for remote viewing in high radiation 
fields during systems tes t s  and shielding studies. Television cameras  have been exposed 
to  integrated fast-neutron doses a s  high as 4.32 x 1014 n/cm2 without detrimental effects 



upon electronic components. Coloration of optics due to ionizing radiation (with resu l t -  
ing loss  of t ransmission)  occurs  and i s  the limiting factor in  television usage. Prospec ts  
for development of radiation resis tance and wider applications a r e  excellent. 

F r i e s  R C 
EVALUATION OF RADIATION DAMAGE TO COMMERCIAL ELECTRIC MOTORS, 
General Electr ic  Co. ,  ANPO, Cincinnati, Ohio. Paper  presented a t  the F i r s t  Semi-Annual 
125A Radiation Effects Symposium, Convair, For t  Worth, Texas, May 22-23, 1957, .9 pp. 
(2 refs) .  

This  report  summar izes  the resu l t s  of the accelerated aging tes t  of 30 identical 
commercial  e lectr ic  motors  (GE - Model 5KH13DGlA) conducted in the Convair Nuclear 
Aircraf t  Research Facili ty (NARF), Fo r t  Worth, Texas. Alkanex, a promising 
commercially available radiation resis tant  magnet wire insulation, and MIL-7808B, a 
promising sleeve-bearing lubricant, were tested at average temperatures  of 356O, 3929 
and 428 '~ .  A description of the experiment, reactor  test ,  and t e s t  resu l t s  versus  r e -  
actor  radiation is presented. 

A comparison of t ime-temperature control data with the data from the reac tor  tes t  indi- 
cated that e lectr ic  motors  insulated with Alkanex and MIL-7808B lubricant a r e  adequate 
for  use to  temperatures  of 430°F for  periods up to 700 hours, and dosages of 7.9 x 1014 
total neutrons per  square centimeters,  and 1.5 x 10' R of gammas.  

~ ~ ~ ~ - 5 7 - 1 9 ~ ( ~ 0 1 . 4 ) 1 9  X-21783 , 

. . . , 

Baxter W G, e t ' a l .  . . 
HYDRAULIC REGULATOR FUEL CONTROL SYSTEM-GEAR BOX AND ACCESSORY, 
General Electr ic  Co., Cincinnati, Ohio. Paper '  presented.at the F i r s t  Semi-Annual 125A 
Radiation Effects Symposium, Convair, Fo r t  Worth, Texas, May 22-23, 1957, 37 pp. (1 r e f ) .  

. . .  
. . 

This report  describes the operation of the 547-25 fuel control system, 547-25 gear case,  
and supporting lubrication tested in the Convair GTR Facility a s  par t  of the Systems 
Panel Tes t  No. 2. Reactor test  data and interpretation, post-test  operation and exami- 
nation, and over-all  interpretation of test  resu l t s  a r e  included with recommendations 
for  additional engineering-type tes t s  of this general nature. 

Systems'of the 547 type have had thousands' of-flight hours - in  B47 and B3'6 aircraf t .  The 
579 gear  case  s i m i l a r  to the one used in this system has passed Official Flight Rating 
requirements and is now in production. 

Miglicco P S, Spears  A B and Howell D B 
EFFECTS O F  REACTOR RADIATION ON THE ELECTRICAL PROPERTIES OF 
ELECTRONIC COMPONENTS .- PART '11, 
Engineering Department, Convair, Division of General Dynamics Corporation, Fo r t  Worth, 
Texas, Contract No. AF33(600)-32054, November 22; 1957, 117 pp. - (5 refs).' 

Several  types of vacuum tubes, t rans is tors ,  and t ransformers  were i r radiated with the 
Convair-Fort Worth Ground ~ e s t  ~ e a c t o r .  The components were. subjected to five 

. . 



2 
different fluxes ranging from lo6  to lo1' nF/cm2 -sec and 10' to 1012y/cm -sec. The 
total  integrated flux received was 1014 nF/cm2 and 1016y / cm2 .  

An attempt was made to separate  radiation damage a s  a function of dose ra te  from 
radiation damage as a function of dose. The components were i r radiated f i r s t  a t  several  
low dose r a t e s  so that dose-rate  effects could be studied while the accumulated dose was 
small ,  and then a t  a high dose ra te  to obtain the desired dose. However, because of the 
long t ime required to complete a data gathering cycle, the accumulated dose hindered the 
separat ion of dose ra te  and dose effects. Thus, in the report,  the damage t o  the com- 
ponents i s  reported a s  a function of integrated flux. F o r  reference, the integrated flux 
accumulated at each power level is given. 

The t ransformers  exhibited the greatest  resis tance to irradiation. Every importar11 para-  
me te r  of the t rans is tors  deteriorated in the radiation field. Fostirradiation t e s t s  a t  
room temperature shointed no significant recovery ill Lhe transi .stor.chnracteris t ics.  
The plate current  of 65% of the tubes tested increased during irradiation. This  effect, 
based on postirradiation tes t s ,  is considered permanent. 

- - - -  
RESULTS O F  SYSTEM PANELS TEST NUMBER 2 - ADDENDUM 1, 
Engineering Department, Convair, Division of General Dynamics Corporation, For t  Worth, 
Texas, Contract No. AF33(600)-32054, January 6, 1958, 157 pp. (refs).  

In System Panels  Tes t  No. 2 (SPT No. 2), performed a t  convai r iFor t  Worth during late 
1956 and ea r ly  1957, existing a i rc raf t  systems and components were mounted on tes t  
panels and irradiated. The Ground Tes t  Reactor (GTR) was used a s  a radiation source. 
During the 531.25 hours  of actual irradiation, the reac tor  attailled an integrated power of 
135 Mwh. Irradiation took place between November 24 and December 19, 1956. 

The reac tor  was operated in a moderator holding tank located in a dry pool. The t e s t  
panels were  deployed around the reactor  inside the pool. T o  determine changes in 
physical propert ies  and operating character is t ics  of the tes t  specimens,  measurements  
were  made before, during, and af ter  the irradiation'period. P r e -  and post-irradiation 
.data w e r e  accumiila.ted, during time intervals of varying lcngth before and af ter  i r rad ia-  
tion. 

In this  addendum, the resu l t s  of irradiating five tes t  panels supplied by P ra t t  and 
Whitne y a r e  presented. The panels contained : 

1. A J-57 engine 

2. A hydraulic pump loop 

3. Various types of t ransducers  and .e lectronic  control components 

4. A11 alkylbenzene pump loop 

5. Fuel  control units, power supplies, and amplifiers 

The resu l t s  of the t e s t s  on tes t  panel No. 3, re fe r red  to  a s  the "~ns t rumenta t ion '~  tes t  
panel, is reported in two par t s .  One, covering the t~.ansducers ,  appears  in the body 
of the report ,  and the other, covering the electronic control components, appears  a s  an  
appendix. The repor t  on the fifth panel, which held the fuel control units, power supplies, 
and amplifiers, a l so  appears  a s  an appendix. 



- - - -  
RESULTS O F  SYSTEM PA'NELS TEST NUMBER 2 - ADDENDUM 2, 
Convair, Division of General Dynamics Corporation,. For t  Worth, Texas, Contract No. 
AF33(600)-32054, January 6, 1958, 143 pp. 

In System Panels  Tes t  No.. 2 (SPT No. 2), existing a i rc raf t  systems a n d  components were 
mounted on test  panels and i r radiated.  The Ground Test  Reactor (GTR) was used a s  a 
radiation source. During the 531.25 hours of actual irradiation, the reac tor  attained an 
integrated power of 135 Mwh. . . 

The reac tor  was operated in a moderator holding tank located in a d ry  pool. The tes t  
panels were deployed around the reac tor  inside the pool. T o  determine changes in 
physical propert ies  and operating character is t ics  .of the tes t  specimens, measurements  
were  made before, during, and after the irradiation period. P r e -  .and post-irradiation 
data were  accumulated during t ime intervals of varying length before and after irradia: 
tion. 

McMillan W D and Howell D 
THE EFFECTS O F  REACTOR RADIATION ON THE ELECTRICAL PROPERTIES OF 
ELECTRONIC COMPONENTS. PART IV - CAPACITORS AND MAGNETIC CORES, 
Convair, Division of General Dynamics Corporation, Fort  Worth, Texas, Contract No. 
AF33(600)-32054, January 23, ' 1958, 61 pp. (5 refs).  

Several types of capacitors and one type of magnetic core  were i r radiated by the Convair- , 

For t  Worth Ground Test  Reactor for  a period of 80 hours.  Measurements were made on 
the components before, during, and af ter  the irradiation. 

\ 
During exposure t o  fast  neutron and gamma fluxes of approximately 2 x 10' n/cm2 -sec 
and 4 x 101° gamrnas/cm2 -sec, respectively, the capacitors displayed diverse changes 
in their  e lectr ical  character is t ics .  Capacitance changes ranged from a '10'70 decrease ' 

- for the tantalum electrolytic capacitors to virtually no change for the ceramic disc and 
mica capacitors.  Insulation resis tances of a l l  .except the electrolytic capacitors were 
characterized by prompt decreases  from preirradiation values by factors  of f rom 10 t o  
100. Comparatively smal l  increases  in resis tance were noted for  the electrolytic 
capacitors.  

The magnetic co re s  were subjected to two separate  fluxes. The low-level irradiation 
7 was a t  a level  of approximately 2 x 10 fast  n /cm2-sec  and 2 x 10'' gammas/cm2-sec.  

Fo r  the high-level irradiation, the cores  were subjected to fast  neutron and gamma 
fluxes of approximately 2 x l o 8  n/cm2-sec and 5 x 10'~. gammas/cm2 -sec. The co res  
appeared to  be resis tant  to radiation at these flux levels. 

Spears  A B 
EFFECT OF RADIATION ON THE ELECTRICAL PROPERTIES C F  ELECTRONIC 
COMPONENTS V, 
Convair, Division of General Dynamics Corp . ,  For t  Worth, Texas, Contract No. 
AF33(600)-32054, August 22, 1958, 83 pp. 



Nine types of relays were i r radiated in the field of the Ground Test  Reactor at  a constant 
power level for a eriod of 92 hours.  The integrated fluxes were  approximately 

Yo 1012nf/cm2 and 10 e rgs /gm carbon of gamma rays.  

The important- operational character is t ics  of the . re lays  were tested before, during, and 
af te r  the irradiation. 

None of the relays suffered effects which would interfere  with the  functions for which 
they were  designed; however, significant changcs occurred which could not he attributed 
. to  any observed nonnuclear influences. It is probable, then; that the components were 
affected by the radiation. . . 

~ i e d e r  H H 
PERFOR~V~ANCE OF S O I ~ T ~ - S T A T E  MATERLALS AND DEVICES SUBJECT TO A NUCLEAR 
R.ADIATION FLUX, 
US Naval Ordnance Laboratory, Corona, Calif., August 6, 1957, 30 pp. (58 refs). 

Solid- s ta te  mater ials  and corrlponents have bccn evaluated with respec t  to  changes in 
the i r  e lectr ical  charac te r i s t ics  brought about by a nuclear radiation flux. The effects 
of nuclear radiation a r e  strongest when the physical propert ies  of.the solid depend upon 
la rge  scale  o rde r  in the crystalline lattice or  when the type, quantity, and arrangement 
of impurities within the solid a r e  of prime importance. 

, . 

Calculations indicate that the radiation flux to be expected from a reac tor  used for 
powering a large miss i le  o r  airplane would be of the order  of, and probably l e s s  than, 
1 011 n/cm2 . Most solid-state devices and mater ia l s  perform 3atisfactorily a t  this 
dosage. 

In general, metals,  dielectrics,  piezoelectrics, and fe r roe lec t r ics  show only smal l  
radiation damage for dosages below lo1' n/crn2. Semiconductors, however, a r e  
affected strongly by neutron- and Y'flux fields. -Silicon withstands radiation up to  
1 . 0 ' ~  n/cm2 ; germanium shows no radialiv.11 daliiage to . lo?" n / cm2 .  Ionicztype semi - 
conductors have a radiation.sensitivity intermediate between germanium and .sil icor~. 
T e s t s  on solid-state components verify the rneasur.ernellts made on constituent 
mater ia l s .  Little effect is noted upon capacitors, r c s i s t o ~ . ~ ,  lr~cluc~lur~s, klzil vrPauum 
tubes for flux values below 10'' n / cm2 . .  

In c a s e s  of semiconductor. divdes and t ransis tors ,  additional effects such a s  photo emfs, 
photoconductivity, and noise must  be considered. Some of these a r e  transient and last  
only for the duration of the irradiation. Permanent radiation damage occurs  a t  approx- 
imately the same dosage level a s  that indicated above for semiconductor mater ial .  

Sery  R A and Gordon D I 
NUCLEAR IRRADIATION EFFECTS ON FERRONIAGNETIC CORE MATERIALS, 
Naval Ordnance Laboratory, White Oak, Maryland, June 3, 1958, 72 pp. 

. . 
Effects of nuclear irradiation on the magnetic propert ies  of 14 representalive core  
mater ia l s  were investigated. Measurements before, during, and af ter  irradiation were 
made a t  a flux level of about ld2 n/cm2 sec  for  a total  integrated neutron flux of 
-- 1 nvt . 



NAVR -SYM -ACR- 2(1) . 

Burton Milton 
BASIC CONCEPTS O F  RADIATION CHEMISTRY APPLICABLE TO EFFECTS O F  
RADIATION ON DIELECTRICS, 
University of Notre Dame, Notre Dame, Ind. Paper  given a t  Conference on Effects of 
Radiation on Dielectric Materials held at  Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 1 2  pp. (8 refs) .  

The elementary effects of various radiations a r e  reviewed, and it is shown tnat they may 
be divided roughly into Wigner effects (e. g . ,  discomposition) and charged partible effects. 
The t e r m s  M/N and G a r e  defined and their  applicability described. The phenomena 
in an ionization t rack include ionization and excitation, for  the most par t  localized i n  
spurs  separated from each other by an amount determined by the velocity of the incident 
particle.  The initial discussion related both to  ionic and extended molecule dielectrics'.' 
The following details pertain principally to the 1a.t.tes; i. e . ,  polymers. 

Condensed organic system's sho,w only mild indications of nonspecificity under the effects 
of radiation.' Aromatic groups a r e  fa r  l e s s  sensitive to  radiation than a r e  aliphatic 
groups and can protect the la t ter  by a process  of energy t ransfer  e i ther  between o r  with- 
in  molecules;. for  the la t ter  even a t  a considerable distance. A cage effect in condensed 
sys tems tends to reduce the probability of bond rupture a s  compared with rearrangement  
processes .  These phenomena a r e  shown to  be consistent with many of the resul ts  ob- 
tained on exposure of polymers to  high energy radiation. 

Levy F W ar~d Dienes G J 
RESEARCH ON RADIATION EFFECTS IN INSULATING MATERIALS AT BROOKHAVEN 
NATIONAL LABORATORY, 
Brookhaven National Laboratory, Upton, N. Y. Paper  presented a t  Conference on Effects of 
Radiation on Dielectric Materials held a t  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 12 pp. (6 refs) .  

Research work in progress  at  Brookhaven National Laboratory on radiation effects in 
insulating mater ia l s  i s  described. This work is concentrated on high melting inorganic 
oxides, compounds of mixed ionic and covalent bonding, and organic high polymers.  In 
the organic oxides the formation and nature of color centers  induced by gamma and 
reactor  irradiation have been studied. It has been found in cr - A1203 that the coloration 
due to gamma rays  i s  slight and reaches i ts  maximum value a t  3 x l o 4  r. More signifi- 
cantly, bands specific to reac tor  irradiation have been found (at 2040 and 2600A) and 
their  growth studied. In most of the crystall ine and fused quartz samples  studied, broad 
and complex absorption spec t ra  were found. Corning "purified" fused silica, however, 
behaves rather  s imilar ly to  A1203 - -gamma sensitivity i s  very  low, but reac tor  i r rad ia-  
tion produces a broad absorption band a t  2 218 mF with little absorption from 0.3 to 
1.0 mP. In Linde synthetic "spinel" (MgO 3 -  5Al2O3) a ra ther  complex absorption spec-  

- t rum is produced by gamma irradiation. The most interesting feature is the production 
of stable absorption in the 3000-4000A region with the growth of the absorption approx- 
imately l inear  with exposure in the l o 4  t o  lo6 r region. This  c rys ta l  may be of use a s  a 
dosimeter for  la rge  doses.  Sodium azide, an  example of a compound containing both'co- 
valent and ionic bonds, is colored by gamma-ray and reac tor  radiations. The reflection 
spectra  a r e  different for  gamma and fast  neutron irradiations and a r e  quite sensitive to  
subsequent heat t reatment .  The color centers  a r e  probably related to  the decomposition 



of th i s  crystal .  In particular,  a band appears  a t  3600A, probably due t o  color centers,  
and one a t  6000A which might be due t o  colloidal sodium. Work on high polymers, has  
been focused on gamma-ray induced polymerization of mater ia l s  in the solid state.  
Kinetic data have been obtained for  the polymerization of crystall ine acrylamide to a 
high molecular  weight mater ial .  This  polymerization can be attributed to  a mechanism 
involving f r e e  radicals .  

C a r t e r  R L 
STUDIES O F  THE. EFFECTS OF RADIATION ON DIELECTRIC MATERIALS, 
North American Aviation, Inc.,  Downey, Calif. Paper  given a t  Conference on Effects of 
Radiation on Dielectric Mater ials  held at  Naval Research Laboratory, Washington, D. C. ,  
December 14-15, 1954, 6 pp. (6 refs) .  

The  high polymer condensed systems on the one hand, and the monatomic c rys ta l  dia- 
m.ond on the other hand, t read  very  closely to the subject of graphite. A major  portion 
of the work ca r r i ed  on for  the past severa l  years  in the Downey laboratory has actually 
been directed toward the understarldiriy or other c lasses  of mater ia l s :  i n  par t icular ,  
simple meta ls  and graphite. @ 

The work reported is that of D. R. Westervelt  in the field of radiation-induced optical 
and hardness  effects in  ionic crystals: A. W. Smith in  measurements  of low temperature 

2 
t h e r m a l  conductivity, and E. L .  Colichman and others in the field of radiation stability 
of higher polymers  3. 

No resu l t s  of interest  have yet been obtained in a study of the possibility of improving 
s t ruc tura l  and electr ical  propert ies  of radomes and airplane canopies by irradiation. 

ID. R. Westervelt, "Theory of the Reactiorl between Alkali Metals and Alkali 
Halides with Application to  the System K-KCL, " North Am. Avia. Rept. NAA-SR- 1050 
(December 15, 1954); "R', Colloidal, and Z-Bands in KCL, I t  Phys. Rev. 94:1438 ( 3  954); 

I t  Mecha,nical Effects of Ionizing Radiation in  the Alkali Halides," North Am. Avia. 
Rept. NAA-SR-888 (May 1, 1951). 

2 ~ .  W .  Smith, p r i v ~ t ~ !  cnmmunciatlon. 

3 ~ .  L. Colichman, R. F. Fish, and R.  H. Gercke, " Radiation and l 'hermal 
Stability of Ortho-Meta, and Para-Terphenyls,  " North Am. Avia. Rept. NAA-SR-1214; 
North Am. Avia. Rept. NAA-SR-1026, P rog res s  Report, Chem. Group, January- 
March (1954); North Am. Avia. Rept. NAA-SR-1087, P rog res s  Report, Chern. Group, 
April-June 1954. 

P r imak  W 
AN ACCOUNT O F  SOME INVESTIGATIONS O F  RADIATION DAMAGE PRODUCED BY 
ENERGETIC PILE NEUTRONS IN SOME VALENCE AND IONIC CRYSTALS, 
Argonne National Laboratory, Lemont, Ill. Paper  given at Conference on Effects of Radiation 
on Dielectric Materials held a t  Naval Research ~ a b o r a t o r ~ ,  Washington, D. C . ,  December 14- 
15, 1954, 2 pp. (5 refs) .  

The investigation of phenomena described by Burton a s  "discompositiontt of graphite was 
extended to other substances in o rde r  to learn  how general a phenomenon it was. The 



group of substances chosen for  investigation was determined by (a) the possibility of 
showing phenomena similar  to that found in graphite, (b) the possibility of investigating 
them by techniques which had already been developed, (c) the probable stability toward 
radiations other than energetic neutrons present in'the reactor,  and (d) the possession 
of a low cross  section for radio-activity induced by pile radiations. Among the sub- 
stances examined have been diamond, silicon carbide, silicon, germanium, quartz, 
tridymite, cristobalite, germanium dioxide, magnesium oxide, corundum, spinel, beryl, 
chrysoberyl, phenacite, and calcium fluoride, representing a variety of compositions 

:and crystal  s tructures ranging through the ionic crystals,  valence crystals, and semi-  
metals. The general technique was to expose the samples in various reactor  facilities 
which were available and then measure changes in properties. The most generally use - 
ful method of examining the substances for gross disorder is to examine their X-ray 
diffraction patterns. Other properties whose investigation has proven valuable in partic- 
ular cases have been heat content, density, specific heat, and optical properties. The 
detailed behavior of each substance seems to be unique and is  a s tructural  matter.  How- 
ever, the general character of the behavior of the irradiated substances proved to be not 
a new class of phenomena but rather  phenomena known for a long time in the case of the 
metamict minerals, disordered by the alpha particles arising from their natural radio- 
active content. Large changes in properties were found not only in crystalline substances 
exposed to  pile radiations but also in a glass, vitreous silica; hence, the local order  
present in a glass is subject to alteration. 

No conclusions o r  data a r e  presented in this paper a s  it is merely an account of the types 
of investigations undertaken by Dr. Primak. 

NAVR-SYM-ACR -2 (12) 

13illington D S and Crawfo~-d J H, Jr. 
THE EFFECTS OF NEUTRON IRRADIATION ON DIELECTRIC MATERIALS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper given at Conference on Effects of 
Radiation on Dielectric Materials held a t  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 9 pp. (7 refs).  

T-he effects of irradiation, particularly neutrbn irradiation, on the.properties of . 

materials is of utmost importance to  a reactor development program, since such effects 
'may determine the success or  failure of a particular reactor  design. In addition to 
structural materials, it is important that effects in the materials that make up auxiliary 
systems 'which a r e  important to the operation of a reactor  be considered. These a r e  
electronic. components, vacuum. tubes, transistors,  capacitors, etc .  Moreover, the 
effects of irradiation on insulating and mechanical properties of plastics and elastomers 
require consideration, a s  well a s  those effects which a r e  produced in various liquids 
such a s  lubricants, hydraulic fluids, 'etc. .The Solid State. Division of the Oak Ridge 
National Laboratory has a broad program of study that involves neutron irradiation 
effects in a wide variety of so1ids;'for example: metals and alloys, semiconductors, 
plastics, elastomers, ionic crystals,  and covalent crystals,  in addition to  studies in 
reactor  technology. 

This paper covers briefly the activities.in these fields a s  carr ied on at Oak Ridge by the 
Solid State Division. Included is a summary of advantages and disadvantages of reactors  
and particle accelerators a s  research tools. 



Pomeroy G W 
DETERMINATION OF THE EFFECTS OF RADIATION FIELDS ON DIELECTRIC 
MATERIALS, 
General Electr ic  Company, Cincinnati, Ohio. Paper given at Conference on Effects of 
Radiation on Dielectric Materials held at Naval Research Laboratory, Washington, D. C. ,  
December 14-15, 1954, 6 pp. (1 ref). 

Almost a l l  materials will undergo some change in physical and chemical properties when 
exposed to radiation fields. This phenomenon established the need for studies to deter- 
mine the effects of radiation fields on dielectric materials used in electrical and electron- 
ic equipment from nuclear power plants. This paper is written to describe experimental 
procedures for determining and measuring these effects and to present typical experi- 
mental data. 

Many types of radiation fields and sources have been used in the radiation damage 
programs including the Oak Ridge National Laboratory's graphite pile, the Low Intensity 
Training Reactor, the Materials Testing Reactor, Van de Graaff accelerators,  and 
cobalt-60 gamma sources. The dielectric materials tested include a large riurllber. uT 
organic liquids, lubricants, plastics, elastomers, and ceramics. 

Manna1 C 
RADIATION EFFECTS ON DIELECTRIC MATERIALS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. Paper given at Conference on Effects of 
Radiation on Dielectric Materials held at Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 15 pp. 

For  the most part, work on dielectrics and dielectric structures at the Knolls Atomic 
Power Laboratory has been guided by the necessities of the submarine reactor  program 
now under way at this Laboratory. 

The coolant of the Submarine Intermediate Reactors, now under conslruction both at 
West Milton, N. Y. and at General Dynamics Corporation, Groton, Conn., is liquid 
sodium. This material,  on passage through a reactor, becomes intensely radioactive 
and emits  gamma rays of 1.38 and 2.76 Mev. Their half-life i s  15 hours. The linear 
induction pump used for transporting the sodium around the coolant loop consists essen- 
tially of a flat, wide duct with a magnetic structure above and below to supply the 
traveling wave which gives motion to the sodium. Proximity of the magnetic structure 
to the hot, radioactive sodium requires insulation which is highly reliable, is capable of 
operation at temperatures in the vicinity of 200°C, and which will withstand radiation 
fields of hundreds of thousands of r / h r .  A life expectancy of many years is desired. 

. . 

Inorganic materials  appeared greatly superior to organic materials at the time the 
selection of insulating materials  for this pump had to be made. Therefore, a bar  insul- 
ation' of glass yarn,' mica tape backed with glass cloth and impregnated silicone resin was . .  . , 
chosen. Much of the last two years have been spent in an investigation of this structure. 
It is concluded that it is a highly satisfactory insulation system for the intended purpose. 

This paper covers the tes ts  applied to  the materials and subsequent improvements. 
Further information is contained on the radiation resistance of optical glasses a s  used in 
special periscopes used for viewing a reas  of intense radiation in the SIR reactor.  
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I 
Van Ness H N and French J C 
EXPLORATORY MEASUREMENTS OF THE EFFECTS OF GAMMA RADIATION ON SMALL 
SIGNAL PARAMETERS AND ICBO PF TYPE 2N43A TRANSISTORS, 
National Bureau of Standards, Washington, D. C . ,  June 18, 1957, 33 pp. 

The study given below represents  a portion of the program car r ied  out in  the Radiation 
Physics Laboratory for the Department of Defense. The general purpose of this program 
is to  evaluate radiac instruments with particular regard to their  response over  a wide 
range of dose r a t e s  and spec t ra l  energies  of the incident radiation, and their  stability 
when operated for  extended periods of t ime under various environmental conditions. 
Many of the instruments a r e  in the developmental stage, and i t  is expected that design 
factors  will be evaluated. The present  report is concerned with studies of Type 2N43A 
t rans is tors  to  determine their  suitability a s  components of radiac equipment. The 
specific t e s t s  consisted of measurements  of the effect of gamma radiation on smal l  
signal parameters  of these t rans is tors .  The study was car r ied  out with the assis tance 
of the Bureauss Electricity and Electronics  Division. The samples  of the 2N43A t r an -  
s i s to r s  were  submitted for this  study by the Bureau of Ships Code 854. 

Salkovitz E I, Bailey G C and Schindler A I 
EFFECT O F  NEUTRON IRRADIATION ON THE CURIE TEMPERATURE OF A VARIETY 
OF FERRITES, 
Naval Research Laboratory, Washington, D. C. , July 1, 1958, 5 pp. 

A variety of commercially available fe r r i tes  were i r radiated in the Brookhaven reactor  
for a total  integrated flux of 1.2 x 10'' nvt (fast), a t  a temperature of .50°C. None of the 
samples  showed a significant change in  the Curie  temperature.  

McClinton A T,  e t  al .  
ENGINEERING PHYSICS O F  DIELECTRICS - -PROGRESS REPORT NO. 1, 
Shipboard Systems Branch, Electr ic i ty  Division, Naval Research Laboratory, Washington 25, 
D. C . ,  Apri l  1, 1953, 43 pp. (5 refs) .  

This progress  report  covers  three  a r e a s  of activity: radiation effects on dielectrics,  
functional evaluation of insulating systems,  and nondestructive testing of insulation.. 

Dielectric t e s t s  have been run using a 2.5-curie source of co60. Teflon, Formex, and 
Fiberglass  have been tested with no discernible changes in capacitance and dissipation 
(hence, AC resis tance)  a t  1000 cycles.  Reductions in DC resis tance a t  100 volts have, 
been noted. 

Additional studies a r e  planned a s  soon a s  a 2000-curie source and 2 Mev Van de Graff 
accelerator  can be procured. 



McClinton A T,  e t  al .  
ENGINEERING PHYSICS O F  DIELECTRICS - -PROGRESS REPORT NO. 2, 
Shipboard Systems Branch,Electricity Division, Naval Research Laboratory, Washington.25, 
D. C . ,  0cto.ber 1, 1953, 24 pp. (11 re fs ) .  

The past s ix  months have brought a l l  phases of this  program into the experimental stage. 
Radiation sources have been received and installed for the study of radiation effects on 
dielectr ics .  These sources  include 2500 curies  of co60 and a 2-Mev Van de Graaff 
e lectron accelerator .  A program of study centered around these is now in progress .  
The basic instrumentation is nearly complete permitting the direction of many activities 
of this  project towards the obtainnient of applicable engineering data. With the accumu- 
lation of experimental information, it is intended to  develop additional instrumentation 
to  measu re  mechanical and chemical charrges. Concur rc~ t ly ,  a thevrelical approach will 
be crystall ized to  determine m o r e  accurately the causes of property changes resulting 
f rom radiation. 

Pre l iminary  studies with models of motors  (motorettes) have been completed, and the 
functional eva.luation of insulation systems has been formally s tar ted.  

Davidson R A and Rosen B H 
EFFECTS O F  RADIATION ON VIDICON PERFORMANCE, 
IRE Transact ion on Nuclear Science, Vol. 5, No. 2, pp. 46-49, August.(lD58). 

A commercial  1-inch vidicon was exposed to a total  radiation dosage of approximately 
lo1" nvt in the Brookhaven National Laboratories Nuclcar P i le  ~ e a c t o r .  Quantitative 
t e s t s  were  devised for  measuring tube aperture response, signal, noise, and photocon- 
ductor "dark" current .  

No measurable degradation of performance occurred, except for decrease in signal out- 
put, which was attributed to  radiation b~wwllirlg of vidieon g l ~ o c  faceplate. . 

Pigg J C 
THIRD QUARTERLY LETTER PROGRESS REPORT, 
Oak Ridge' National Laboratory, Oak Ridge, Tenn., Contract No. AF3 3 (6 16) -57 - 17, 
December 23, 1957. 

This  report  contains two ar t ic les .  The first ,  entitled "Irradiation Effects in Photo 
Cells,  I '  d i rects  i t s  attention toward the effects of neutron and gamma radiation on chern- 
ically deposited, thin fi lms of lead sulfide. The second, entitled "~ r rad ia t ion  Effects in 
Semiconductor Ba r r i e r s ,  I '  p resents  a survey of pertinent work in this a r e a  a t  ORNL, 
along with a summary of the basic concepts-upon which this  work is based. Both semi-  
conductor mater ia l s  and semiconductor devices a r e  discussed. 



Stilson C E 
THE EFFECT OF RADIATION ON A DIFFERENTIAL TRANSFORMER, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., August 16, 1948, 12 pp. 

This  report  describes the testing of a differential t ransformer  in an  operating pile t o  
determine the suitability of the differential t ransformer  a s  a position-sensory instru-  
ment in determining the elongation of a tes t  bar  in c reep  tes t  radiation damage studies; 

Sturn W J and Jones R J 
APPLICATION OF THERMOCOUPLES TO TARGET TEMPERATURE MEASUREMENTS IN 
THE INTERNAL BEAM OF A CYCLOTRON, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.,  Contract No. W-7405;Eng-26, 
November 17, 1953. 

Results obtained with lead (m. P. 960.5C) a r e  shown. In each case, the measured melting 
point was within +3.7OC of the melting point, and the accura,cy of the measurement was 
well- within 'potentiometer c ircui ts  used in this typical application. 

ORNL- 1700 

Weeks R A and Binder. D 
EFFECTS OF RADIATION ON THE DIELECTRIC CONSTANT AND'ATTENUATION OF 
TWO COAXIAL CABLES, 
Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn. , 'Contract No. W - 7405 -Eng- 26, 
March 19, 1954, 13 pp. (8 refs).  

. - 
~ e a s u r e r n e n t s  have been made on radiation-induced changes in the phase constant and 
attenuation of two coaxial cables while being irradiated. The measureme,nts were  .made 
in the region of, 4 MC. At this frequency the change in dielectr'ic constant'was '. 

1:4 + 0.4 % for both dielectr ics  a f te r  roughly 2 x 1'0" nvt: The change in attenuation was 
9 ? 2% for  polyethylene and within the range of e r r o r  for  teflon. The phase constant and 
attenuation were  found by measuring the input impedance of an  open-ended length of cable 
in the neighborhood of i t s  quarter-wave frequency. Assuming a uniform cable dielectric 
and.-no other .variables; the input impadance has a ,minimum at this  frequency; F rom the 
minimum the attenuatioii and phase constant.are found. .' . . . ' .  

. . . . .  . . .  . . .  Howe ,J, T (Editor). . . . . 

SEMIANNUAL P.ROGRESS .RE,PORT FOR PERIOD ENDING FEBRU,ARY' 28, 1955, 
. . .  Solid State Divisivri, Oak Ridge National Laboratory,' Oak Ridge; Tenn., , .  

Contract No. W-7-7405-Eng-26, June 10, 1955, 161 pp. (101 refs) .  . . ' . , . ,  . . : Z  . . . .  . . . . 
. ,  . . . .  . . . . . . 

' This report  covers  workJperformed a t  OFtNL'in the Solid State Division. The subjects 
investigated a re .  as.fol1ows: '(1) enei-gy.levels in fast-nCeutrod irradiated p-typ.e .: 
germanium, (2)  effect of bombardment, o n ~ h o l e ~ o b i l i ' t y  .in.p-type~'germanium, ..(3') photo- 
conductivity and minori ty-carr ier  t raps in  bombarded n-type germanium, (4) annealing 
bf irradiated.germanium, a n d .  (5) d e t e ~ m i n a t i ~ n  of energy levels' in germanium by. t rans - 

. . . . . . . , . , . .  mutation doping. 



ORNL- 1945 

Billington D'S (Director) 
SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING AUGUST 30, 1955, 
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. 
W-7405-Eng-26, January 30, 1958, 81 pp. (21 re fs ) .  

This  report  covers  the progress  of the Solid State Division during the period 
Februa ry  28 through August 30, 1955. Work in each of four a r e a s  is outlined below: 

Solid State Reactions 

Fast-neutron irradiation was found to  produce inters t i t ia ls  and vacancies in the semi -  
conducting, intermetallic compound gallium antimonide, and vacuum heat t reatments  
preferentially anneal the intersti t ials,  leaving an  excess  acceptor concentration. The 
effects of reactor  irradiations on the electr ical  propert ies  of e lectr ical  insulation were  
found to be accelerated aging plus the generation of semiconductor-like propert ies  in  the 
insulator.  Fur ther  work was performed on neutron irradiation and magnetic suscepti-  

. bility of indium antimonide . In additon, magnetic susceptibility studies of germanium, 
quartz,  and TiD, were continued with successful resul ts .  

Optical spec t ra  propert ies  of i r radiated silicone glasses  were measured and efforts were 
made to  determine annealing processes .  

Engineering Propert ies  

A study is being made of the physical propert ies  of a var iety of ceramic  mater ials  which 
have been exposed to  reac tor  irradiation. 

Radiation Metallurgy 

Metallurgy during the period was confined to pre  - and post -irradiation t e s t s  of s tee ls  in 
the Homogeneous Reactor Project .  

Nuclear Measurements 

Flux-depression experiments were conducted a t  MTR to  compare l / v  absorbers  to  
resonance -type absorbers ,  a l so  miniature fission chambers  using N ~ ~ ~ ~ ,  u ~ ~ ~ ,  and some 
othcr materials. 

Flux measurements  of the BNL Graphite Reactor were completed. The use of gamma- 
r a y  scintillation spectr,o&e t e r  techniques for  analysis of beryllium is discussed. 

. .. . 
Special ~ r o j e d t s  

Resistivity changes in alpha b r a s s  a s  a function of neutron irradiation were detected but 
not correlated.  Agreements in resu l t s  were obtained in both single c rys ta l s  of b r a s s  and 
polycrystal experiments.  The neutron radiation effect on precipitation hardening in 
nickel-beryllium correlated well with theoretical analysis.  . . .  

Electron-Spin resonances in i r radiated Corning sil ica g lass  were measured and analyzed. 
The annealing kinetics of neutron-irradiated lithium fluoride were  derived from data on 
i r radiated crystals .  The quenching effects gold-cadmium alloys were  investigated. 
These included measurements  of resistivity and density. 

X-ray  diffraction measurements  of i r radiated ceramics  and glasses  were made and 
studied. Results of these studies a r e  included. 



Simon A 
DIFFUSION O F  IONS IN A PLASMA ACROSS A MAGNETIC. FIELD, . 
Applied Nuclear Physics Division Annual Report for  period ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 1 p.  

The diffusion r a t e  of ions ac ros s  a magnetic field has been investigated both experiment- 
ally and theoretically. The resultant diffusion coefficient is found to vary inversely a s  
the square of the magnetic field strength, in accordance with the usual collision-diffusion 
theory. The magnitude of the coefficient is much la rger  (x 700) than the coefficient p re -  
dicted by the usual ambipolar diffusion theory. This discrepancy is resolved by showing 
that diffusion ac ros s  a magnetic field is not ambipolar in character  in most a r c  experi-  
ments.  The final experimental and theoretical values a r e  in good agreement,  and i t  is 
unnecessary to postulate any additional diffusion mechanixms, such a s  plasma oscilla - 
tions . 

. . 
Simon A 
DIFFUSION OF LIKE PARTICLES ACROSS A MAGNETIC FIELD, 
Applied Nuclear Physics Division Annual Report for period ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn.., November 20, 1956, 2 pp. 

The diffusion ra te  ac ros s  a magnetic field due to collision of like charged particles is 
derivable from the macroscopic equations of the plasma. However, i t  is necessary to 
include the off-diagonal t e rms  in the s t r e s s  tensor.  The resultant diffusion ra te  does 
not obey Fick 's  law and i s  proportional to the inverse fourth power of magnetic field 
strength. 

- - - -  
ENVIRONMENTAL REQUIREMENTS GUIDE FOR ELECTRONIC PARTS, 
Department of Defense, Advisory Group on Electronic Pa r t s ,  Office of the Assistant 
Secretary of Defense, Research and Engineering, October (1957), 7 pp. 

Electronic par t s  must be capable of sustained operations not only under the conditions 
required of the pr ime equipment to which they a r e  applied, but a lso in their environ- 
ments within that, equipment. To a s s i s t  in achieving these objectives, this document 
establishes a guide for research  and development requirements for environmental 
design, to be used in cur ren t  and future electronics planning, a s  well a s  app.ropriate 
tes t  procedures.  

Environmental requirements a r e  broken down into 10 categories o r  groups by use to 
which the component is to be put. The requirements  of each group a r e  outlined in each 
of the environments listed below: 

Temperature Explosive Atmospheres . 

P r e s s u r e  Nuclear Radiation 
Moisture Sand and Dust . 

Vibration Salt Spray 
Shock Flammability 
Air -Induced Vibration ' Fungus 
Acceleration Life 



The methods of testing and measurements  for each condition a r e  explained. 

PDCPC - 3 742 -MM 

Arbuthnott J, Jr. and McKean A L 
STYR0FL;EX CABLE CHARACTERISTICS UNDER NUCLEAR RADIATION, 
~ h e l p s - ~ o d g e  Copper Products  Corporation, Research Laboratories,  Yonkers, N. Y . ,  
April  20, 1959, 6 pp. . . 

The Research  Laboratory was requested to  study the performance of styroflex cable in  
s t rong nuclear radiation fields such a s  those where control cables must run  to monitor 
radiation intensity in nuclear reac tors .  One, of the most cr i t ical  problems associated 
with this  application is one of noise. It was considered most essent ial  to  measure the 
effect  of nuclear ionization in the styroflex cable caused by nuclear bombardment with 
reference to  increased noise levels in the cable. This  report  summar izes  the resu l t s  
of e lec t r ica l  measurements  made on 318, 50-ohm styroflex cable while exposed to  strong 
nuclear fields in the r e sea rch  reac tor  a t  Brookhaven National Laboratory. 

Bemski G and Augustyniak W M 
ANNEALING OF ELECTRON BOMBARDMENT DAMAGE IN SILICONE CRYSTALS, 
Phys. <Rev. ,  pp. 645-648, October-December (1957). 

s i l icon crys ta l s  were  bombarded at room temperature with electrons of 700 Lev from a 
Van de Graaff acdelerator.  The annealing of the bombardment damage was studied be-  
tween 200O and 400°c by observing the recove'ry of the minority-carrier lifetime. The 
annealing was found to prodeed with an  activation energy of 1.3 ev. This  is interpreted 
a s  being the activation energy associated with the lattice jump frequency. 

The kinetics of the annealing a r e  identical in most p-type and n-type crystals .  A second 
o r d e r  process  has Been identified toward the end of the annealing. ~ v i d e n c e  is given 
that crystall ine defects can influence the annealing kinetics. 

. . 
Longo ~ h o m a s  Anthony 
NUCLEAR IRRADIATION 0 k  SILIC,ON SEMICONDUCTORS, 
Department of Physics,  ~ u r d u e  Univ.', Purdue, Ind., August (1957), 180 pp. (36 refs).  

 here] is a great  interest  in  the effects of high energynucleon irradiation on matter .  In 
particular,  the physical propert ies  of s emicondu~ to r s  have been found to  be v e r y  sensi-  
tive to  the disorder  introduced by energetic nucleon irradiation. how eve^., rnusl: of the 
pievidus informktioq had bekn obtained for germanium. Therefoye, the object of this 
work was t o  investigate' the effects of nucleon irradiation, on the electr ical .and .optical 

. . .  
propert ies  of silicon. 

' . .  ~, . . . 

After fast-neutron irradiation, the inverse temperature dependence of the logarithms of 
Hal l  coefficient and resis t ivi ty  of both n-type and p-type single c rys ta l  silicon samples  
indicated that intrinsic behavior was approached in each sample. A 1 . 7 5 ~  peak in the 
optical absorption coefficient was observed. This peak is believed to resul t  f rom optical 
excitation ra ther  than ionization of an  introduced defect .level, .since it is not accompanied 



by a n  increase in  photoconductivity. Appreciable photoconductivity was observed beyond 
the' fundamental region t o  about 1.45 microns.  

Annealing experiments were  continued on a polycrystalline p-type silicon sample which 
had been previously i r radiated with fast  neutrons. After annealing a t  temperatures  
ranging from 150' to 250°c, the slopes of the logarithms of Hall coefficient and 
resistivity v s  1 0 3 / ~  decreased, suggesting the rearrangement  of introduced defect levels 
accompanying annealing. During annealing, the absorption peak a t  1 . 7 . 5 ~  gradually dis-  
appeared and an absorption ta i l  extending past 30p increased. 

Quantitative information was needed in order  to  establish the nature and numbers of the 
defects introduced by the irradiation. Therefore,  n- and p-type sil icon were i r radiated 
with 9.6 Mev deuterons from the Purdue cyclotron. The Hall coefficient and conductivity 
of degenerate and nondegenerate samples  were measured a s  a function of irradiation. 
The c a r r i e r  concentrations of a l l  samples  were reduced by irradiation. 

Fo r  n-type degenerate samples, the change in  c a r r i e r  concentration with flux A'n/+ = -67 
electrons cm-' per  deuteron, and for  p-type degenerate samples  Ap/$ = -750 holes cm-' 
per  deuteron. These compare favorably with a calculated ra te  of defect pair  introduction 
A N / A ~  = 775 defect pa i r s  cm-l per  deuteron, with one c a r r i e r  removed per  pair.  

This work supports the belief that the introduction of close vacancy inters t i t ia l  pai.rs is 
the predominant effect of irradiation. , .  

The changes of c a r r i e r  concentration with flux decreased rapidly a s  the F e r m i  leve l ,  
moved into the forbidden band. The intersti t ial  s ta tes  appeared to  be at  0.025 ev from 
conduction band and the vacancy s ta tes  at  0.055 ev from the valence band. 

Fo r  heavy irradiations,  the removal r a t e s  were lower in the degenerate and higher in  
the nondegenerate regions than what was observed for  sma l l e r  irradiations.  This  sug- 
gested clustering of defects and the s ta tes  associated with these c lus te rs  appeared to be 
introduced deep in the forbidden gap. 

REIC - 1 

Reid F J, Moody J W and Willardson R K 
THE EFFECT OF NUCLEAR RADIATION ON SEMICONDUCTOR MATERIALS, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, December 20, 1957, 32 pp. (44 refs) .  . . 

. . 

This  report  is a .  survey of the present state of the a r t  of radiation effects in semiconduc- 
t o r  mater ials .  This work is pr imar i ly  of a fundamental nature. The experiments 
described were designed t o  reveal  basic types of damage. .In some cases ,  it will be noted 

. that ve ry  large fluxes-(up t o  about 1019 .nvt in case'of neutrons) were used in these ex-  
per iments  to  produce significant changes. With proper  understanding.of the .mechanisms 
involved.in radiation damage,, as obtained from.these exper.iments, useful predictions 

' 

concerning the damage of many mater ia l s  will be possible'. . . 

At present,  it appears  that germanium is relatively radiation resistant.  Fo r  germanium 
which is presently being used for devices (1 to 30 ohm-cm), the minori ty-carr ier  life.- 
t ime and the conductivity begin t o  be affected around 10". fast. neutrons per  cm2 . ,  If , l e s s  
pure germanium is usqd (.<I ohm-cm), it. becomes. more  radiation resistant. ,  Since g e r -  
mal?ium devices a r e  unable to  operate a t  temperatures  much in'kxcess of ~ O O O C ,  they . s .  a r e  



being replaced by silicon in mil i tary applications where high ambient temperatures  a r e  
involved. On the other hand, silicon appears  to be much l e s s  radiation resis tant  than 
germanium, by a s  much a s  a factor of 2. There  i s  a significant lack of information about 
i r radiat ion damage in silicon. 

With the information obtained thus far,  it appears  that the development of compound semi-  
conductor mater ia l s  suitable for  devices is the next logical step. These mater ia l s  should 
have high mobilities and would have to possess  a large energy gap (1.1 to  2 ev)  to  permit  
operation a t  elevated temperatures .  They should consist of atoms which a r e  at  least a s  
massive a s  germanium atoms to  be radiation resistant.  It would be desirable to develop 
a ma te r i a l  such that when operated a t  temperatures  between 2 ~ 0 ~  and 500°c, the ra te  of 
annealing is comparable to the ra te  of radiation damage for pract ical  equilibrium defect 
concentrations and levels of irradiation. 

To  have a complete picture of the mechanisms involved in annealing, more irradiation 
should be performed at ve ry  low temperatures  (at and below 80oK). Thls  I s  pal.llculal.ly 
t rue  in the case  of compound semiconductors wiiere annealing studies rrlay help lu cliffel.- 
entiate between the various types of delects. 

Aukerman L W 
THE E'FFECT OF NUCLEAR RADIATION ON SEMICONDUCTOR MATERIALS, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
M,arch 31, 1959, 30 pp. (116 re fs ) .  

The l i terature on the effects of high-energy-radiation serrlicurlductvr l ~ l a t e ~ i a l s  received 
by the REIC during 1958 and 1959 has been reviewed and compared. The mater ia l s  
covered a r e  germanium, silicon, and severa l  compound semiconductors including indium 
antimonide, gallium antimonide, indium arsenide, aluminum antimonide, and gallium 
arsenide.  All types of i r radiat ion capable of producing permanent damage a r e  considered. 
A ra ther  ser ious discrepancy between theory and experiment appears  to be present  in  
most cases  investigated.. 

Hansen J F, Harr i son  S E and Hood W L 
THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS AND SYSTEMS, 
REIC, Battelle Memorial Institute, Columbus 1, Ohio, Contract No. AF33(616)-5171, 
December 31, 1957, 20 pp. 

  his report  presents  the state of the -art  of the effect of nuclkar radiation on electronic 
components and sys tems from 1947 to  the present.  A brief history of radiation effects 
work is followed by a tabular presentation summarizing radiation effects information on 
electron tubes, capacitors,  res i s tors ,  semiconductors, magnetic core  material ,  trarls- 
formers ,  batteries,  printed-circuit boards, thermocouples, tapes, and s t ra in  gages. 

Aukerman L W and Reid F J 
ENERGY LEVELS PRODUCED IN SEMICONDUCTORS BY HIGH-ENERGY RADIATION, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, July 15, 1958, 30 pp. (47 r e f s ) .  



The objectives of this report a r e  to review and compare the methods employed by various 
investigators for determining bombardment-produced energy levels in semiconductors 
and to compare their  resul ts .  The grea te r  portion of the report  i s  concerned with the 
methods for  determining the energy levels. 

I 
There  a r e  four of these methods which a re :  (1) c a r r i e r  concentration ve r sus  flux; (2) 
temperature dependence of c a r r i e r  concentration; (3) minority c a r r i e r  lifetime measure-  
ments;  and (4) photoconductivity and optical absorption. 
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Hass le r  .K E, Hansen J F and Wyler E N 
THE EFFECT OF NUCLEAR RADIATION ON TRANSISTORS, 
~ a d i a t i o *  Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, November 30, 1958, 13 pp. (14 re fs ) .  

The designer, in  selecting a t ransis tor  type for a specific application, must consider the 
radiation-induced transient effects  that a r e  manifested a s  increased leakage cur ren ts  and 
induced voltages, semipermanent effects which disappear af ter  removal of the radiation, 
and the permanent effects that increase a s  a function of continued exposure. Silicon 

. t rans is tors  a r e  generally more  susceptible to radiation damage than a r e  germanium units; 
thick-base t rans is lor~s  a r e  more susceptible than thin base. Both the method of encase-  
ment and the contents used to backfill the case influence radiation damage susceptibility. 

REIC -TM -6 

Dreiiiidli J E arld Har- ison on S E 
THE EFFECT OF NUCLEAR RADIATION ON SEMICONDUCTOR DIODES, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, December 31, 1958, 16 pp. (32 refs) .  

This  memorandum discusses  the effect of nuclear .radiation on semiconductor diodes. 
Several i l lustrations show the effect of radiation on the forward and r eve r se  charac te r -  
is t ics  of a' number of diodes. 'Semiconductor diode behavior under nuclear radiation is 
summarized.  Both silicon and germanium type diodes a r e  discussed. 

REIC -TM - 7  

Hansen J F 
EFFECT OF NUCLEAR RADIATION ON ELECTRONIC TRANSFORMERS AND TRANSFORMER 
MATERIALS, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, November 30, 1958, 4pp.  (5 re fs ) .  

This  memorandum presents  a summary  of the informatidn.aSailable in the REIC files on 
the effects of 'nuclear radiation on t ransformers  and t ransformer  mater ials .  Recommen- 
dations regarding mater ials  for t ransformer construction a r e  a l so  presented. The 
mater ia l s  discussed a re :  t ransformer iron; and t ransformer  insulations, windings, i m -  
pregnations, ' structures ,  terminals,  and fittings. 

. . 



Reid F J and Moody J W 
THE EFFECT OF NUCLEAR RADIATION ON MAGNETIC MATERIALS, 
Radiation Effects Information Center,  Battelle Memorial Institute, Columbus. 1, Ohio, 
December 31, 1958, 14 pp. (28 refs) .  

This  memorandum discusses  the effect of nuclear radiation on soft and hard magnetic 
mater ia l s .  Information is given showing the change in permeability, coercive force and 
remanence a s  a function of radiation levels.  A list  i s  included which gives the. organ- 
izations presently doing work on radiation effects in magnetic mater ials .  

Moody J W 
THE EFFECT OF NUCLEAR RADIATION ON ELECTRICAL INSULATING MATERIALS, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
March 31, 1959, 10 pp. (11 refs) .  

The failure of e lectr ical  i n ida t ion  in 'nuclear-radiation environrrlents is primari ly  due .to 
the mechanical and physical deterioration of the mater ia l s  I-atlier than Lu glx~ss  chat~ges 
in  the i r  dielectric propert ies .  The ionizing effects of radiation in organic insulators lead 
to  a s e r i e s  of complex chemical reactions (predominantly cross-linkage o r  chain cleavage) 
which drastically a l te r  the nature of the mater ial .  The integrated fast-neutron break-  
down flux for the most radiation stable of the organic insulators,  polystyrene and poly- 
ethylene, i s  estimated to  be lo2' and 10'' n/cm", respectively. Elevated temperature,  
a c,ommon adjunct of a nuclear-radiation environment, tends t o  advance the deterioration 
of organic mater ia l s .  

Except for  glass, the inorganic mater ia l s  used a s  insulators a r e  much more radiation 
resis tant  than a r e  the organic polymers. Damage in ceramic substances a r i s e s  from 
atomic displacements and is manifested a s  changes in the lattice parameters ,  strength, 
e lec t r ica l  properties; and dimensions. Most ceramic  mater ia l s  a r e  able to  withstand 
integrated fast-neutron fluxes of lo2"  n/cm-e before they becorrle unsatisfactory a s  in- 
sulators .  The radiation damage suffered by ceramic  insulators may be annealed at 
elevated temperatures .  

Both types of material ,  organic and inorganic, show strong photoconductive effects when 
placed in a radiation field. The increased current  leakage resulting from this effect may 
constitute a problem for  cer tain applications of insulators.  

REIC-TM -01 1558 

Lamale G E and Schall P 
ELECTRICAL LEAKAGE IN INSULATORS EXPOSED TO A NUCLEAR ENVIRONMENT, 
REIC, Battelle Memorial Institute, .Columbus 1, Ohio, Contract No. AF33(616)-5171, 
January 15, 1958, 4pp. (5 re fs ) .  . 

Thi s  technical memorandum discusses  briefly the history of t ransient  behavior of 
radiation-induced changes in electr ical  resis tance of insulators.  The more  recent work 
i s  a lso discussed. 

Two tables a r e  included: resistivity of insulators af ter  reaching equilibrium and resis t iv-  
ity a s  a function of dose for various insulators.  



SCTM 90-59(51) 

McIver F M 
INSTRUMENTATION O F  EXPERIMENTS ON N-TYPE GERMANIUM AT THE LOS .ALAMOS 
GODIVA FACILP'I'Y, 
Sandia Corporation, Albuquerque N. M.,  Contract No. AT-(29-1)-789, March 24, 1959, 11 pp. 

The sample preparation, instrumentation, and control sys tems for severa l  experiments 
made on N-type germanium at the Godiva radiation facility a r e  described. 

SCTM 181-58(16) 

Tschaeche A N  . 

THE PENETRATION O F  PRINTED CIRCUIT BOARDS BY ETCHING SOLUTION, 
Sandia Corporation, Albuquerque, N. M.,  Contract No. AT -(29-11-789, June 12, 1958, 20 pp. 
(4 refs) .  

The penetration of etching solution into: the unfinished edges of printed circuit  boards 
1/16-inch thick was studied using radioisotope t r a c e r  techniques. It was found that the 
etchant, in this case  fe r r ic  chloride, penetrated boards with the following types of insul- 
ation to a depth of about 118 inch: glass  epoxy, glass  melamine, paper phenolic, and 
nylon phenolic. Boards using glass  silicone insulation were penetrated to a depth of a t  
least  112 inch. Very little, if any, further penetration occurred after the boards were 
removed from the etchant. The amount of etchant penetrating the f i r s t  1/8 inch of the 
boards varied from 2.50 x grams of FeC1, per  inch of exposed edge in the case of ' 

glass-epoxy insulation, to  260 x 10" grams of FeC1, per  inch of exposed edge in  the case  
of glass -melamine insulation. 

SCTM 187-58(51) 

Stein H J ,  Berner  R R and ~ c 1 v e r  F M 
THE EFFECTS OF A PULSE OF NEUTRONS AND GAMMAS ON N-TYPE GERMANIUM, 
Sandia Corporation, Albuquerque, N. M. , Contract No. AT- (29- 1)-789, June 19, 1958. 

The effects of a pulse of neutrons on the hole lifetime in N-type germanium were investi- 
gated and compared with the effects of reac tor  irradiation on s imi la r  mater ial .  Informa- 
tion on the minority c a r r i e r  decay immediately af ter  the neutron pulse was also obtained 
along with conductivity changes in a 30-minute period af ter  the pulse. No dose rate  
effects could be established from a peak exposure ra te  of 1019 nfvt/sec by making before 
and after (5 days) irradiation measurements of the minority c a r r i e r  lifetime. A minority 
c a r r i e r  lifetime determined from the photoconductivity-decay immediately af ter  the burst  
is la rger  by approximately a factor of 8 than a lifetime measured 5 days la te r .  The con- 
ductivity decreased during the f i r s t  5 minutes af ter  the burst .  However, 10 minutes af ter  
the burst, the conductivity began to increase again. The temperature change of the sample 
was 0.S0C. The conductivity changes therefore suggest that an annealing process  must  be 
occurring immediately af ter  the burst .  

SCTM 207-58(51) 

Berner  R R and Stein H J 
A PROPOSED THEORY TO EXPLAIN ANNEALING OF RADIATION-INDUCED CHANGES OF 
CONDUCTIVITY IN GERMANIUM AFTER A SHORT PULSE OF NEUTRONS, 
Sandia Corporation, Albuquerque, N. M. , Contract No. AT-(29-1)-789, July 23, 1958, 9 p. (5 r e f s )  



Annealing of radiation-induced changes of conductivity in germanium was observed a s  a 
function of t ime af te r  a short  pulse of neutrons. The observed changes a r e  explained in 
a qualitative theory a s  being due to  the recombination of "near" and "far" vacancy- 
inters t i t ia l  pairs .  A discussion of the.validity of the theory and substantiating experi-  
ments  is presented. 

SCTM 210-57(51) 

Stein H J 
IRRADIATION DAMAGE TO SEMICONDUCTORS, 
Sandia Corporation, Albuquerque, N. M., Contract No. AT-(29-1)-789, August 28, 1957, 
17 pp. (14 refs) .  

A survey  of l i terature on the effects of neutron and gamma irradiation of semiconductor 
ma te r i a l s  has  been made to  determine the present  ideas regarding the nature of radiation 
damage and the effort being applied t o  the studies throughout the nation. 

The re  is a gap at present  between the capability of measuring the bulk propert ies  of ir- 
radiated mater ia l s  and adequately predicting device behavior. Sulrle wurk  a1 uL11e~ 
laborator ies  i s  being directed toward closing lhe gap. I1 luay Le valuable to follow 
experiments and paral le l  them using high dose r a t e s  f rom Nevada t e s t s  and Godiva. 

Since Sandia Corporation is in an  advantageous position for utilizing high dose ra te  
facilities, we should be capable of making contributions to  the existing fund of knowledge 
on radiation effects to  semiconductor mater ials  and devices. 

SCTM 385-58(14) 

W e s t m a r k  C. T 
TRANSIENT BEHAVIOR O F  SELECTED SEMICONDUCTOR DEVICES 1)UHlNG l'JUCLJ3AR 
RADIATION, 
Sandia Corporation, Albuquerque, N. M . ,  Contract No. AT-(29 -1) -789, January 22, 1959, 
39 PP. , 

This  report  deals with semiconductor device t ransients  during bursts  of neutron and 
gamma radiation. Radiation-induced permanent damage data are recorded; however, 
t h i s  aspect  of the t e s t  program is not discussed herein. 

Baldock C R and Hudson E D 
ELECTRICAL EQUIPMENT FOR TANKS AND MAGNETS, 
USAEC, Technical Information Service, Oak Ridge, Tenn.., Contract No. W-7405 - ~ n g - 2 6 ,  
April  (19471, 401 pp. 

It is the purpose of this  report  t o  give an account of the electr ical  engineering phases of 
the electromagnetic separation process  a s  they relate particularly to  the electr ical  
equipment for  the tanks and magnets used in operating the calutron for the separation of 
isotopes. 

In general  each topic is t reated on five points: (1) equipment a s  received on the job, 
(2) changes made in the equipment a s  received to make it operable,, (3)  service conditions, 
(4) se rv ice  record, and (5) experimental and theoretical studies made. 



The main subjects covered include the magnet with supply equipment and controls, the 
high-voltage supplies for tanks used, and the tank auxiliary electr ical  equipment. The 
pr imary  power-distribution system was omitted since it i s  conventional. In the section 
on the magnet, details of the magnet and i t s  supply along with two types of cur ren t  
regulators used a r e  presented. A discussion of protective gaps is also included. In the 
section on the electr ical  equipment for tanks and, magnets, the two high-voltage power 
supplies associated with the three types of calutrons used in the plant and the auxiliary 
power supplies that were required for operation of the ion sources  a r e  discussed. 

Voelker Ferdinand and Leavitt Menard A 
A MAGNETOMETER FOR MEASURING FIELDS TO 300 GAUSS, 
University of California Hadiation ~ a b o r a t d r ~ ,  Berkeley, Calif . ,  Contract No. W-7405-~ng-48 ,  
July (1955) 8 pp. 

This  report  descr ibes  the development of an instrument for the measurement of a magnetic 
field in an  electron cyclotron which has the following character is t ics :  (a) accuracy of 
0.170 to fields of 100 gauss, (b) continuous monitoring of magnetic field to allow automatic 
plotting of field versus  position of the probe, and (c) quadrupole probe construction, mini- 
mizing the effect of nearby i ron on the measurements .  Two newer versions of the probe 
have been built, one for  measurement of the ear th 's  field which sacr if ices  field range 
above 1'0 gauss for  sma l l  size,  and the other for  fields to  300 gauss which sacr if ices  
quadrupole construction. 

Long Alton L and Degenhart Hans J 
TRANSIENT EFFECTS OF PULSE NUCLEAR RADIATION ON ELECTRONIC PARTS AND 
MATE RIALS, 
U . S. Army Signal Research and Development Laboratories,  Fo r t  Monmouth, N. J .  , 
January 20, 1959, 52 pp. (3 refs) .  

Transient changes of the electr ical  character is t ics  of selected electronic pa r t s  (capaci- 
to rs ,  res i s tors ,  semiconductor diodes, re lays and cables) induced by the i r  exposure to 
the short-t ime high-peak neutron flux pulse of the Godiva I1 reactor  were  recorded 
dynamically a s  they occurred, by using a specially developed monitoring system consist  - 
ing essentially of frequency deviation oscillators and multi-channel high-speed magnetic 
tape recorders .  

The resu l t s  obtained for these par t s  show a very wide range of response to  the nuclear 
pulse irradiation. No detectable effects occurred in relays.  Coaxial R F  cable showed a 
slight transient decrease in capacitance. Ceramic and glass  capacitors increased in 
capacitance by severa l  t imes  their  original value, recovering completely within a few 
milliseconds. The leakage current  of tantalum capacitors behaved in a complex manner 
recovering within 6 seconds o r  less .  Changes in capacity, however, of this  type of 
capacitor were not measured. One-megohm carbon film re s i s to r s  increased in  r e s i s t -  
ance by more  than 1070 (limit of measurable range) requiring recovery time from 1 1 2  to  
10 seconds depending on the integrated neutron flux. Silicon and selenium diodes showed 
pronounced transient effects  with respect to  both leakage cur ren t  and forward voltage 
drop. 



This  f i r s t  experiment has  conclusively demonstrated that low dose', high peak intensity 
nuclear radiation pulses can cause ser ious malfunctioning of cer tain electronic par t s  and 
mater ials ,  and that this  behavior i s  not always related to  the effects observed af te r  low 
intensity radiation exposure of equal o r  high cumulative dosage. 

Pallus R J 
GAMMA IRRADIATION O F  GERMANIUM TRANSIST.ORS, 
Wright Air  Development Center, Wright -Pat terson Air  Force  Base, Ohio, ~ e c e m b e r  (1955), 
45 pp. 

One-hundred germanium t rans is tors  were i r radiated by a gamma source, co60, for  
var ious periods of t ime.  This was done to determine the effect of controlled amounts of 
radiation on these t rans is tors .  As the exposed radiation time i s  increased, a cur.respund- 
ing increase is observed in the change of the four parameters  under. study from the initial 
values . 

Panos R J 
GAMMA IRRADIATION O F  GERMANIUM AND SILICON TRANSISTORS, 
~ r i g h t ' ~ i r  Development Center,  Wright-Patterson Air  Fo rce  Base, Ohio, March (1956), 
103 pp. (Refs.). 

Two-hund,red t rans is tors  were exposed to a gamma s,ource, coS0, for  various periods of 
t ime varying from 25 hours  to approximately 2UU hours.  'I'hese unlts were electrically 
tes ted before radiation and at the following intervals af ter  radiation: 0, 25, 50, and 
100 hours.  One-hundred units were germanium and the other one hundred were silicon 
t r ans i s to r s .  Alpha (current  gain) decreased a s  the period of radiation increased for  both 
germanium and sil icon t rans is tors .  Silicon Type 904A had the least negative slope and 
sil icon Type 905 had the greatest  negative slope. With increasing radiation, I .  increased 
great ly  fo r  germanium t r ans i s to r s  with increased radiation. The silicon units did not 
recover  as rapidly as the germanium units after radiation. More data and tes t s  must be 
made in o r d e r  to  conclude which type of t rans is tor ,  silicon o r  gerrrlaniurn, is l e s s  sus -  
ceptible t o  radiation. Also neutron radlatlon, which has not been covered by this ~ ~ e p u r l ,  
mus t  be taken into account in  the final analysis. 

Ha rms  Harold B and F r a s e r  J'ames C 
ULTRA HIGH TEMPERATURE MINIATURE POWER. TRANSFORMERS AND INDUCTOR 
MATERIALS, 
Specialty Transformer  Dept., General Electr ic  Co., Contract No. AF33 (6 16) -3623, May (1958). 

The development of electronic power t ransformers  capable of operation in a 500°C 
ambient temperature and in intense nuclear radiation. Steps to accomplish this  involved 
(1) evaluation of the t ransformer  basic mater ials  alone, (2)  evaluation of combinations of 
the basic mater ia l s  in t ransformers ,  and (3) the development of ceramic  processes  and 
supporting members  to give mechanical and moisture protection to  the t ransformers .  
T e s t s  were performed under combined high temperature and radiation conditions. Mechan- 
ical  t e s t s  were a l so  combined with high temperatures .  



Harms Harold S and F r a s e r  James  C 
ULTRA HIGH TEMPERATURE MINIATURE POWER TRANSFORMERS AND INDUCTOR 
MATE RIALS, 
Specialty Transformer  Dept., General Electr ic  Co. ,  Contract No. AF33(6 16) -3623, May (1958). 

Three  tes t s  were car r ied  out at  the Brookhaven National Laboratory under environmental 
conditions of high temperature and nuclear radiation. 

Component t e s t s  show that t ransformers  can be built to operate satisfactorily for  1000 
hours under the required radiation and temperature conditions. These tes t s  indicate that 
the g rea t e r  effect, by far,  on mater ial  propert ies  and t ransformers  operating values i s  
that of high temperature.  

Osborn J A, e t  al .  
SOLID STATE RESEARCH FOR THE ADVANCEMENT O F  ELECTRONIC MATERIALS, 
Aeronautical Research Laboratory, Westinghouse ~ l e c t r i c  Corp . ,  Eas t  Pittsburgh, P a . ,  
Contract No. AF33(616)-304, ~ i r i u a r ~  (1958), 16 pp. (7 refs) .  

The final summary report  includes: the resul ts  of measurements  of the magnetostriction 
and anisotropy constants of 31 different single c rys ta l  alloys, the s tatus  of.the 'Magnetic % 

Materials  Handbook, the high temperature measurements  of the nickel-iron alloys, and 
the effects of composition and processing variables on the inagnetic propert ies  of 50-50 
nickel i ron.  

The crys ta l s  whose data a r e  reported a r e  those to be subsequently irradiated; following 
this  treatment,  changes in their  magnetic and s t ructural  propert ies  will be studied. Be-  
s ides  the 7 aluminum-iron alloy compositions previously reported, c rys ta l s  of 6 nickel- 
iron, 5 silicon-iron, 3 cobalt -nickel, 3 cobalt-iron, 2 molybdenum -nickel-iron, 1 cobalt - 
nickel-iron, and molybdenum-aluminum-iron alloys have been prepared together with 
pure nickel and pure iron. A magnetite c rys ta l  has  been obtained from an outside source.  
The magnetostriction and anisotropy constants of.the abovd alloys have been measured; 
in addition, for  those systems showing disorder  effects, these constants have been 
measured for  both the ordered and disordered s tates .  New data a r e  reported on some of 
the alloy systems not previously available in the l i terature.  Prel iminary analysis indi- 
cates  good agreement with some of the older data. However some of the data differ 
considerably from that previously reported--particularly,  the anisotropy constants or ig-  , 

inally obtained from magnetization curves.  

Ruffennach R L 
INFORMATION PERTAINING TO THE USE OF THERMOCOUPLES IN HIGH NEUTRON 
FLUX, 
Westinghouse Electr ic  Corp. ,  Atomic Power Division, Bettis Field, P .  0. Box 1468, 
Pittsburgh 30, Pa .  , May 24, 1954, 2 pp. 

This  is a le t te r  concerning the subject-information pertaining to  the use of thermocouples 
in high neutron flux. The le t ter  points out that, based on available information, no 
appreciable effect on the thermoelectric propert ies  of a thermocouple resu l t s  when ex-  
posed t o  1014 n/cm2 /sec.  



Irradiation has an  adverse effect on the insulation propert ies  of most mater ials .  As of 
this  date, insulation mater ia l s  that have proven satisfactory a r e  magnesium oxide, 
aluminum oxide, lava, and ceramic  insulation produced by the Stupakoff Company of 
Latrobe, Pa .  

.Glass and asbestos  a r e  sat isfactory insulators for room temperature,  but fail a t  higher 
tempera tures .  As of this  date, no flexible insulation has .been found that will hold up 
under  ir.ra,dlallull. 

Palladino N J 
TNFORMATION PERTAINING TO THE USE OF THE RMOCOUPLES IN HIGH N E  U'l'KUlV 
FLUX. 
Westinghouse Electr ic  Corp. ,  Reactor Dept. , Small Reactors Subdivision, Bef f iS  r'ield, 
P.O. Box 1468, Pittsburgh 30, P a . ,  May 24, 1954, 2 pp. 

This  document concerns the effect of neutron flux on thermocouple calibration and in- 
su la t i ig  111alerials. 

WAPD -STR(Ph) -83 

Rus s William 
NEUTRON BOMBARDMENT EFFECTS IN SEMICONDUCTORS, 
Westinghouse Elec t r ic  Corp . ,  September (1955), 23  pp. (25 refs) .  

Th i s  report  covers  the theory of neutron bombardment in  semiconductors. 

Experimental work was done and reported here.  

High energy radiations may  bring about extensive changes irl the properties of solid sub- 
stances.  In particular,  fast  massive part ic les  (alpha particles,  protons, deuterons, 
neutrons, fission fragments,  and to a certain extent e lectrons)  possess  sufficient 
momentum to  produce atomic displacements directly and, hence, induce effects in solids 
a t  all temperatures .  . Consequently, radiations of this type may be expected to  induce 
atomic rearrangements  in  mater ials  which a r e  normally very  stable and would not be 
influenced readily by part ic les  possessing a low momentum. 

It is evident, therefore, that the properties of any solid will be drastically altered if an 
appreciable fraction, say, 107'0, of i t s  atoms a r e  displaced and if the back diffusion of 
displaced atoms is not sufficiently rapid to  undo the influence of the displacements. 

The fundamental theory of radiation effects centers  around the laws of energy dissipation 
of a fast  charged particle a s  it moves through a lattice. Radiation effects a r e  conveniently 
grouped into two quite distinct categories, namely, ionization effects and displacerne~lt 
effects. 

Young Robert C . 
GAMMA IRRADIATION OF CRYSTAL DIODES, .- 

Wright Air Development Center,  Wright-Patterson Air Force  Base, Ohio, December (1954), 
6 PP. 



This  report  outlines the progress  on studies concerning the effects of nuclear radiation 
on semiconductor components. In general, there  is an  increase in back current,  when 
the diodes a r e  placed in gamma radiation, which re turns  to normal upon removal i f  the 
dose is low. No change is observed in the forward curve. Above a cer tain dose (which 
was much higher for the silicon IN137 diodes than the germanium 1N83), the diode held 
up a s  long a s  irradiation continued, but deteriorated upon removal. There  seems t o  be 
a concurrent increase in forward resistance, but this seems to be negligible until af ter  
the decrease. in reverse  resis tance makes the diode unusable. 

Rozman I M and Ts immer  K G 
INVESTIGATION O F  THE ELECTRIC CONDUCTIVITY O F  INSULATING MATERIALS 
BEFORE, DURING, AND AFTER IRRADIATION, 

. Zhurnal Teknicheskoi Fiziki, Vol. 26, pp. 1634-1641, July-December (1956), (18 re fs ) .  

A,new and simple method is' described for  measuring the electr ic  conductivity of insulat- 
ing mater ials  before, during, and af ter  subjection to ionizing radiation, and for measu r -  
ing the temperature dependence of the conductivity. This  method is used to perform 
measurements  on compressed amber,  polystyrene of various purit ies,  polymethyl 
methacrylate, polyethylene, and polychlortrifluorethylene . 





METALS, ALWYS, AND CERAMICS 

Nightingale R E D  et al .  
DAMAGE EFFECTS TO GRAPHITE IRRADIATED UP TO ~ O O O ~ C ,  
Hanford Atomic Products.  Pape r  presented at the 2nd United Nations International Conference 
on the Peaceful  Uses of Atomic Energy, June (19581, 13 pp. (15 refs) .  

The effect of reac tor  irradiation on polycrystalline graphite a t  room temperature was r e -  
ported during the 195 5 Geneva Conference. Changes in propert ies  with neutron exposure 
a t  30°c a r e  now quite predictable. Although the fundamental processes  in such a complex - 
sys tem a r e  fa r  f rom being well understood, considerable progress  has  been made in this - 
area ,  and a description of radiation damage in graphite has been developed. T h e  i r rad ia-  
tion effects in graphite above 3 0 ' ~  a r e  l e s s  well known. A limited amount of data up to 
200°C has been reported.  This paper extends the 3 0 ' ~  irradiation data reported 
previously t o  higher exposures, descr ibes  the effect of long-term irradiations at  400° 
to  5 0 0 ~ ~  and presents  a limited amount of data from i r r a d i 9 t i ~ n s  at  600' to 1 0 5 ~ ~ ~ .  An 
interpretation is suggested for some of the damage effects observed. 

Bartz  M H 
PERFORMANCE O F  METALS DURING SIX YEARS SERVICE IN THE MATERIALS TEST- 
ING REACTOR, 
Phill ips Petroleum Company. Paper  presented at the 2nd United Nations International 
Conference on the Peaceful Uses of Atomic Erlergy, June (1958), 23 pp. 

The  MTR has  operated for s ix  years  without a single failure of equipment that can be 
attributed solely t o  the effects of radiation changing propert ies  of the metals  used in i t s  
s t ruc tura l  and fuel components. The fact that the MTR to  date has  not been troubled by 
failure of components does not mean that i t s  future will be a s  pleasant nor does it mean 
that other reac tors  will be trouble f r ee  in this  respect .  The propert ies  of mater ia l s  used 
in  reac tor  core  construction a r e  changing constantly and surveillance programs should 
be in  effect, in any reac tor  operation, by which it is possible to determine changes in  
propert ies  that may resul t  in equipment failure. As more  and accurate  information 
covering long-time effects of radiation on mater ia l s  propert ies  becomes available, i t  
may be possible t o  design reactors ,  with complete assurance of long-time satisfactory 
operation. Unfortunately, that satisfying condition does not exist  with today's informa- 
tion on radiation damage to  metals  and alloys. 

Wilson J C 
EFFECTS O F  IRRA*IATION ON THE STRUCTURAL MATERIALS IN NUCLEAR POWER 
REACTORS, 
Oak Ridge National Laboratory. Pape r  presented at the 2nd United Nations International Con- 
ference on the Peaceful Uses of Atomic Energy, June (1958), 26 pp. (26 refs) .  



Structural and nonfissile metals  a r e  among the least sensitive of mater ia l s  to  radiation 
effects that would injure their  engineering propert ies  for use a s  reac tor  components. 
There  are inslances, however, where the engineering propert ies  of metals  a r e  adversely 
affected by irradiation. The problem of evaluating the influence of irradiation effects i s  
difficult because there  a r e  s t i l l  very  few data; the influence of a number of irradiation 
and mater ia l  var iables  is unknown; some data suggest that i r radiated mater ia l s  have dis- 
tinctly different, if not new, properties compared to  unirradiated mater ials ;  and because 
the exact exposure conditions of metals  in service in power reac tors  a r e  not well known. 

The grea te r  par t  of this paper will be concerned with the effects of irradiation in p re s su re  
vesse l  mater ials .  In addition, the general  nature of radiation effects in the face -centered 
cubic metals  and alloys will be described. 

Holmes K, e t  a.1. 
ON THE INTERPRETATION OF RADIATION EFFECTS IN THE .NOBL;E METALS,' 
Oak Ridge National Laboratory. Paper  presented at the 2nd United Nations International 
Conference on the Peaceful Uses of Atomic Energy, June (1958). 20 pp. (30 refs) .  

Since 1950 there  has been a concerted effort t o  understand the nature of the changes pro-  
duced by radiation in the noble metals,  particularly copper, at low temperatures .  The 
analysis of the experiments has encountered many difficulties and ambiguities which have 
made it possible for  a number of independent schools of opinion to develop. An attempt 
t o  sum'marize some of the points of view in conjunction with a survey of the quantitative 
aspects  of the subject of radiation effects in  solids was -presented a t  the 1955 Geneva 
Conference and published in more complete detail e a r ly  in 1956. In the meantime, 
severa l  decisive experiments have been car r ied  out which have clarified a par t  of the 
picture.  This  report  attempts to ,survey the present status of the topic.,even though un- 
certainties s t i l l  pers i s t .  

Shelberg W, e t  a l .  
CHEMICAL DECONTAMINATION O F  STAINLESS STEEL AND 24ST ALCLAD ALUMINUM, 
Final Report, Technical Objective AW -5c. Applied Research Branch, Chemical ~ e c h n o l d ~ ~  
Division, U. S. Naval Radiation Defense Laboratory, San Francisco 24, California, July 24, 
1951. 24 pp. (8 re fs ) .  

Comparisons a r e  made regarding the abili t ies of a number of surface active agents, 
complexing agents, commercial  detergents, and mixtures of these mater ia l s  t o  decon- 
taminate surfaces of s ta inless  s tee l  and alclad aluminum (24ST) contaminated with 
neutral mixed-fission-product contaminant (strontium, yttrium, zirconium and niobium); 
comparisons a r e  made at room (20-5 '~)  and s team cleaning (70-~OC) temperature.  
Several reagents a r e  quite efficient at  room temperature,  and a tendency for a n  increase 
in decontamination with an iricrease in temperature is frequently noted. Graphs define 
the dependency of decontamination upon pH at both temperatures  for s ta inless  s t ee l  and 
alclad aluminum. 

Epstein Benjamin (Project Director) .  
OUTLINE O F  RESEARCH IN LIFE AND FATIGUE TESTING, 



Final  Report, April  (1951) - January (19541, Department of Mathematics, Wayne University, 
Detroit, Mich. , Contract Nonr -451(00) (NR -042-017), 24 pp. (45 refs).  

On April 1, 1951, a research  project on the statistics of life and fatigue testing was in- 
itiated at Wayne University. The principal objective of the research  was to develop 
statistical techniques of estimation and decision making which make maximum use of the 
information arising from life and fatigue tests .  A characteristic feature of such tes ts  is 
that information becomes available continuously and failures, when they do occur, a re  

I naturally ordered. In the course of this research, statistical procedures were developed, 
in life testing, which a r e  optimum. 

The research  done under this project represents substantial progress in a field about 
which little was known two to three years  prior .  On the theoretical side, fundamental 
work was done in estimation and hypothesis testing, in stochastic processes, continuous 
and ordinary sequential analysis, nonparametric theory, and order  stati8tics. 

The report  covers personnel'on the project, reports  and papers resulting from the 
project, summary of the results  obtained under the project, related work. by other 
mathematical statisticians, and some remarks  on the application of this work. 

- - - -  
THE EFFECTS O F  RADIATION ON MATERIALS, 
Report Bibliography, Compiled by ASTIA Reference Center, Library of Congress; Washington, 
D. C., February (1956), 13 pp. - 

This bibliography is a reproduction of catalog cards which refer  generally to the i111- 

mediate holdings of the Armed Services Technical Information Agency, Reference Center, 
Library of Congress, on the indicated subject. 

In most cases  these reports  have originated from the government-sponsored research  
program and, unless they have appeared in published literature, a r e  in turn available 
only t o  that program, Contractors requesting ,reports should indicate the contractual 
connection in which they a r e  needed. Requests for ~.epor.ts should be sent to the Armed 
Services Technical Information Agency, Dayton, Ohio. Requests from the Washington, 
D. C. a r e a  should be sent to the ASTIA Reference Center, 'l'echnical Inforination 
Division, Library of Congress. 

For  TIP reports,  the number which appears in the upper left-hand corner is sufficient 
identification. F o r  reports  not bearing TIP o r  AD numbers, the request should be made 
by the issuing agency and the contract number. The distribution of the reports  will be 
governed by the classification of the report. . . 

This bibliography contains reference information pertaining to alkali halide crystals,  
crystals  and semiconductors, glass and optical materials, rnetals and alloys, organic 
compounds, packaging materials,  photographic film and emulsions, and plastics and 
elastomers. 

An-93436 ARC-3694 Suppl 1 
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THE EFFECTS OF RADIATION ON MATERIALS, 



A Report ~ i b l i o g r a ~ h ~ ,  ASTIA Reference Center, Library of Congress, Washington, D. C . ,  
April (1956), 10 pp. (66 refs). . 

This is a report bibliography which contains reference information pertaining to  glass 
and optical materials,  inorganic compounds, metals and alloys, organic compounds, 
photographic film and emulsions, and plastics and elastomers. 

Blewitt T H and Coltman R R, J.r. 
THE EFFECT OF REACTOR IRRADIATION ON THE STRESS-STRAIN CURVE OF COPPER, 
(Copy available in Sandia Corporation Library), 4 pp. 

A single crys ta l  of copper was grown under high vacuum by the Bridgeman method. The 
copper was irradiated to  a fast flux of about 2 x lo1' nvt'. A s t r e s s  -.strain curve of the 
copper crystals  before and after irradiation is shown, 

Untermyer S and Weills J T 
HEAT GENERATION IN IRRADIATED URANIUM, 
Argonne National Laboratory, Chicago 80, Ill. , Contract W-(3 1 - 109) -Eng-38, February 25, 
1952, 20 pp. (13 refs). 

This report presents data on the heat generated in irradiated uranium. ~ e s u l t s ' a r e  
presented both a s  curves and formulae. The data cover the range between 10-I and l o e  
seconds. 

Heat is produced in uranium from the following causes after a chain reaction is stopped: 

1. Fissions from delay neutrons 

2. Decay of radioactive fission products 
. . 

3. ~ e c a ~  of'U-239 an.d'Np-239 

Determination of decay heating can be made in two ways : 

1. Radiochemical: by measuring the number of disintegrations. 

2. Calorimetric: by measuring heat produced by radioactive decay. 

Appendix I - A and B a re  included which cover "A Calorimetric Measurement of Fission 
Product Heating in a Uranium Rod", and "Radioactive Decay of Fission Products," 
respectively. 

Appendix I1 - Steinberg, E P, " ~ o w e r  Decay of Fission.Products.  I' 

Spalaris C N 
ADSORPTION PROPERTIES O F  VIRGIN AND IRRADIATED GRAPHITE, 
Hanford Atomic Products operation, Richland, Washington, Contract No. W-(31- 109)-Eng-52, 
November 24, 1954, 85 pp. (Bibliography; 29 refs).  



The introduction discusses  theoretical considerations of the experimental problem, 
general  character is t ics  of the graphite used in the experiments,  and radiation flux used 
for  sample exposure. The report  consists of additional sections on experimental methods: 
experimental resul ts ;  surface character is t ics  of virgin graphite; surface character is t ics  
of i r radiated graphite; discussion of experimental findings; and conclusions. 

Graphite is a crystall ine solid whose importance occupies a prominent position in the 
development of atomic energy. The use of graphite a s  moderator mater ia l  in atomic 
r eac to r s  has  necessitated a large quantity of information concerning the effects of 
radiation flux on i t s  physical and chemical propert ies .  Research undertaken a1 v a r i o u s  
laborator ies  dealt p r imar i ly  with the effects of radiation flux on physical propert ies  of 
graphite such a s  dimensional character is t ics ,  e lectr ical  resistivity, thermal  conductivity, 
Hall  coefficient, crystall ine s t ructure and s tored energy. All of these propert ies  undergo 
significant changes when graphite is sub~ec ted  to  radiation flux, and in particular ener -  
~ u t i u  I I V U ~ L ~ U I !  f lux.  

One of the most important effects induced by neutron irradiation on. graphite, in a low- 
0 temperature (20'- 100 C)  environment, is the changes of i t s  physical dimensions. 

Cooper E P and Mills M M 
THE POSSIBILITY OF .FREEZING-IN RADIATION DAMAGE EFFECTS IN SIMPLE .METALS, 
North Amer i~an~Avia t ion ,  Inc.,  Downey, Calif. , Contract No. AT-(1 1 - 1)-Gen-8, June 20, 1950. 
11 pp. (8 re fs ) .  

The desirability of observing radiation damage effects in simple metals  has  led to  the 
suggestion that damage could be I '  frozen-in" by conducting experiments at low tempera-  
tu re .  Vand's data has  been utilized to estimate the necessary low temperature for a 
number of metals,  with the resul t  that exposures at  solid CO, temperatures  will probably 
be adequate in many cases  and experiments conducted a t  liquid a i r  temperatures  will a l -  
mos t  certainly be successful.  This  conclusion is supported by experimental data for 
copper, for  which damage effects have been retained at -lOO°K. 

This  report  is based on studies conducted fo r  the Atomic Energy Commission under 
Contract AT-(11-1)-Gen-8. 

This  report,  although not conclusive, provides combined experimental-theoretical indi- 
cations that radiation damage may be "frozen-in" at  low temperatures  in simple metals.  

. . 
F a r i s  F E 
RADIATION EFFECTS QUARTERLY PROGRESS REPORT, JANUARY - MARCH, 1954, 
Atomic Energy Research '  Department, North ~ m e r i c a n  Aviation, ~ n c . ,  Downey, Calif . ,  
Contract No. AT-(11-1)-Gen-8, August 15, 1954, 48 pp. (22 re fs ) .  

Th i s  report  discusses  the following topics relative to  graphite: thermal  conductivity of , 

graphite; thermal  conductivity of Brom-Graphite residue compounds; field dependence of 
the Hall  Coefficient and the Magneto Resistance of i r radiated graphite; cyclotron i r rad ia-  
t ion of graphite; 'and a ~ y & ~ t o t i c  aging experime.nts . 



~ e l a t i v e  to  metal; the following topics a r e  discussed: cyclotron irradiation of thorium, 
uranium, and gold 3% thorium; annealing studies of cold-worked and irradiated thorium; 
X-ray diffraction; imperfections in copper in  t e r m s  of e lectr ical  resistivity and thermo- 
electr ic  power; and elast ic  constants and internal friction. 

In addition to these, radiation damage in insulators, cyclotron ope r a t  ion, and stati tron 
operation is discussed. 

Zakharov A I and Maximova 0 P 
THE INFLUENCE O F  NEUTRON IRRADIATION ON MARTENSITE TRANSFORMATIONS, 
Translated from Russian by S. J. Rothman, Central  Scientific Research Institute of Fe r rous  
Metallurgy, 4 pp. (16 re fs ) .  

This  paper  descr ibes  the effect of in-pile irradiation of the o rde r  of 1017 neutrons p e r  
cm2 on severa l  steels,  some of which were  austenitic. The irradiation increased the 
intensity of the martensite transformation which followed the deep cooling. In the case  
of the manganese steel,  some transformation occurred under radiation. 

The activation effect of the austenite was removed by aging and by low temperature 
annealing. A theory of activation is postulated, explaining some of the effects in t e r m s  
of exposure. 

AECU -2906 

Wmck D and Wert C 
THE ROLE O F  CRYSTAL STRUCTURE AND IRRADIATION EFFECTS ON MATERIALS, 
University of Illinois, Urbana, Il l . ,  Apri l  (1955), 24 pp. 

The resis t ivi ty  of i ron has been determined to increase more  than that of cobalt and 
nickel when these metals  a r e  bombarded at - 1 5 0 0 ~ ~  by 12 Mev deuterons. The same 
effect was observed for iron and nickel by neutron irradiation a t  room temperature.  
This  resul t  may be interpreted. a s  indicating that i ron is affected to  a grea te r  extent than 
ei ther  cobalt o r  nickel by heavy particle bombardment, though other interpretations may 
also be made. Annealing of the cyclotron i r radiated samples  showed that a smal le r  
fraction of the effect produced in i ron remained a room ' temperature anneal than cobalt 
and nickel. Also bombarded were titanium and vanadium. 

Koehler J S, e t  a l .  
IRRADIATION DAMAGE AT LOW TEMPERATURES IN THE NOBLE METALS, 
Department of Physics, University of Illinois, Urbana, Ill. , Contract No. AT(l1-1)-182, 
May (1958), 26 pp. (22 re fs ) .  

This  report  is a survey which attempts to a s s e s s  the knowledge in the field of irradiation 
damage a t  low tempera tures  in  the noble metals.  

At present there  i s  every reason to believe that the damage introduced into a metal  by 
nuclear irradiation consists of c lus te rs  each containing intersti t ials and vacancies plus 
some close pa i rs .  The simple theory of damage using a discrete  displacement energy 



predicts  amounts of. damage which a r e  too large.  There  a r e  three possible reasons for  
the discrepancy. F i rs t ,  the agitation of it, particularly in close pa i rs .  Second, the 
assumption of a single d iscre te  displacement energy is probably an over-simplification 
which may  not be allowable: Third, if focussing is important then much of the theory 
involved in  the calculation of v, the total number of displacements p e r  pr imary,  will r e -  
quire  revision. At present  the third possibility seems unlikely in copper because reason-  
able numbers  of close pa i r s  a r e  found. 

Sangster D F 
THE GASES EVOLVED DURING THE DECOMPOSITION OF ANTHRACENE BY FISSION 
FRAGMENTS, 
Atomic Energy  Research Establishment, Harwell, Berkshire,  England, September (1957), 7 pp. 

A mixture of anthracene and uranium dioxide has been irradlaled 111 lhe Hal.wsll pile 
BEPO. The gases  evolved were  collected, measured and analysed. G values found for 
the mixture were: hydrogen 0.38, acetylene 0.09, ethylene 0.04, methane.0.01. These 
values decreased as the i r radiat ion continued and possible reasons for this  a r e  given. 

Wright J and Brook D W 
EXPERIMENTS ON THE STRENGTH O F  GLASS AFTER FAST NEUTRON IRRADIATION, 
Atomic. ~ n e k ~ ~  Research Establishment, Harwell, Berkshire,  ~ n g l a n d ;  May (1949) .. 

Thin rods  of various g lasses  were i r radiated inside a hollow uranium cylinder near the 
ceritre of G. L.  E.  E. P. They were thcn tested to  destruction by loading the mid.'point 
of each rod while it was supported horizontally on two knife-edges. The resu l t s  of these 
tests were  compared with those on. s imi l a r  unirradiated glass  rods. Soda glass, lead 
glass ,  Phoenix, Pyrex, Hysil  and fused s i l ica  were studied. 

Zimen K E and Schmeling I? 
THE DIFFUSION O F  NOBLE -GAS FISSION PRODUCTS IN URANIUM, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, (1955), 4 pp. (2 refs) .  

A range of isotopes of krypton and xenon is formed a s  fission products when uranium is  
i r rad ia ted  with neutrons. The diffusion of these atoms of noble gases  in metallic 
uranium is of interest  in connection with the operation and control of nuclear reac tors .  
Some resu l t s  a r e  communicated in  respect  of the diffusion of ~e~~~ in uranium. 

Thompson M W 
THE STRENGTH OF SILICA GLASS AFTER PILE I'RRADIATION AT IOOOC AND -196Oc, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, June (1957)'. 

The. s t rength of s i l ica  glass ' rods,  measured a t  ~ 1 9 6 ~ ~ ~  has been observed af ter  i r rad ia-  
t ion in BEPO at 1 0 0 , ~ ~  and at - 196 '~ :  No. changes grea te r  than 1070 were observed af ter  
'2.4 x 10'' 'n/cm2 at + 1 0 0 ~ ~ ' o r  af ter  1.6 x 10'' n/crn2 a t  -196OC. 



Churchman A T, e t  a l .  
THE TENSILE PROPERTIES OF STEEL IRRADIATED WITH NEUTRONS, 
Atomic Energy Research Bstablishment, Harwell, Berkshire,  England, March (1958). 

The tensile propert ies  of ~ n '  s t ruc tura l  s tee l  have.been measured before and af te r  ir- 
radiation with neutrons to a maximum dose of 9.1 x 10'' n /cm2.  The effect of grain s ize 
and testing temperature on the yield and fracture strengths have been determined. 

The resu l t s  have been analyzed in the light of Cottrel l ts  relation for  the transition from . 

ductile to  brit t le f racture.  

13urnett I3 C, Allen J M W and Har r i e s  U K. 
THE EFFECTS O F  NEUTRON IRRADIATION ON THE DUCTILE-BRITTLE TRANSITION 
TEMPERATURES O F  WELDABLE STRUCTURAL STEELPLATE--EXAMINATION O F  A 
WELDED DUCOL W-30 STEEL PLATE O F  4-518 INCH THICKNESS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, April  (195 8). 

Nentron irradiation effects on the notched-bar propert ies  of a 4-51 8 in. thick welded 
Ducol W. 30 s teel  plate a r e  described. Notched specimens machined f rom various levels 
in the parent plate and weld metal were  i r radiated to integrated neutron doses of 
4 x 1019 nlcm?: a t  both 50° to 60°c and 130' to 1 4 0 ' ~  and tested in  slow bend. . 

Hull D and Mogford I L 
ESTIMATION O F  THE INCREASE IN NOTCHED IMPACT TRANSITION TEMPERATURE OF 
STEELS IRRADIATED WITH NEUTRONS, 
Atomic Energy Research Establishment, Harwell, Berkshire., ~ n ~ l a n d ,  April (1958). 

The method, developed by Cottrell, of estimating the increase in notched impact 
transition temperature,  AT, with irradiation dose, 41, f rom tensile experiments is 
described. The value of the constant AT/+ 1 /3 is calculated for  four grain s izes  of En2 
s teel .  There is reasonable agreement between the estimated values and experimental 
resul ts .  The value of th i s  method of determining the sensitivity of s tee ls  t o  radiation 
embritt lement is emphasized and the experimental work required to  produce the data is , 

out lined. 
. .  . 

. . 
A E R E - M / R - ~ ~ ~ ~  . . 

. . . . , ' .  . .  akin M J ' 

WORK SOFTENING IN SKRA~IATET) COPPER, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, May .(1958). 

The temperature dependence of .the flow s t r e s s  of polycrystalline copper, both unirridiated 
and after neutron irradiation, has been investigated by repeated tensile te'sting f i r s t  at  one 
temperature and then at another temperature.  In this  way rkversible and i r revers ib le  
temperature effects can be separated. 



Glen J W 
A SURVEY O F  RADIATION EFFECTS IN METALS, 
Atomic Energy  Research Establishment, Harwell, Berkshire,  England, July 15, 1954, 6 3  pp 
(177 refs) .  

The unclassified l i terature on the various effects which irradiation with nuElear particles 
.has on the propert ies  of metals  is surveyed. Effects in other mater ials  have been in- 
cluded where they help to  explain those in metals .  Subjects dcalt with include the nature, 
theory and annealing of radiation damage; the effects on the electr ical  resis tance of pure 
meta ls  and alloys and their  annealing; radiation effects on the propert ies  of semi- 
conductors, and on the mechanical propert ies  of metals,  radiation induced phase changes; 
effects on X-ray  and electron diffraction patterns.  The experimental data a r e  summarized 
in a table.  

Levy M 
RADIATION COLORATION IN GLASSES, 
Atomic Energy Research Establishrrlent, Harwell, Berkshire,  England, December 3, 1954. 
ti pp. (33  refs). 

Radiation coloration in ordinary g lasses  has  been proposed a s  being due to a super-  
position of severa l  absorption bands, each one having character is t ics  s imi la r  to  those of 
an alkali  halide F-hand. The centres  in glass  a r e  called G-centres  and each centre i s  
proposed a s  being due t o  a n  electron trapped at an oxygen ion vacancy in the neighbour- 
hood of a par t icular  group of one of the many cations in the glass. 

Inhibition t o  coloration may  take place by the addition of specific amounts of a high valent 
cation to the glass melt while sensitization occurs  when ve ry  low additions a r e  made. 
These phenomena a r e  s imi la r  to  those observed in the alkali halides and models have 
been proposed by the author to  explain them in the case of glasses .  

Higgins H M 
THE REACTION OF MOLTEN URANIUM AND ZIRCONIUM ALLOYS WITH WATER, 
Aerojet-General Corporation, Underwater Engine Div., Underwater Fuels  Sect . ,  Azusa, 
Cali.f.,  Contract No. AT-(04-3)-44, April  30, 1956, 48 pp. 

The molten metals  uranium and aluminum and alloys of uranium-molybdenum, uranium- 
zirconium, and zircaloy-B were dispersed in water in order  to  determine i f  the reaction 
of these mater ials  would go to completion and i f  the reactions were explosive in character .  
Tes t  data substantiated predictions based on theory that droplet s ize and metal  tempera-  
t u re  were  important factors  in determining the extent and violence of the reactions.  

Zirconium-base alloys were  found to reac t  violently under cer tain conditions, whereas 
uranium and uranium alloys reacted less  violently under the same  cbnditions. Small 
percentages of beryllium were added to  zircaloy-B in an  effort t o  reduce i t s  reactivity.  
This  effort was successful in that severa l  of the resulting alloys. were l e s s  reactive. 



Makin M J 
HOW RADIATION DAMAGES METALS, 
Atomics and Nuclear Energy, Vol. 9, No. 8, pp. 260-263, August (1958), (23 refs) .  

Many subjects which were formerly studied for  academic interest  a r e  now essent ial  to 
the success  of the nuclear power program. One of these is the effect of radiation on 
solids.  Extensive research  is now under way involving attempts to understand .and avoid 
radiation damage. The effects of subjecting metals to high energy radiation a r e  dis-  
cussed here,  from both the theoretical and pract ical  aspects.  Four  different ways a r e  
described in which a fast  particle can interact with a metal.  

Hennig G R and Kurs A F 
CARBON 11 TRACER EXPERIMENTS ON THE FATE OF DISPLACED CARBON ATOMS IN 
GRAPHITE, 
Argonne National Laboratory, Chemical Div., Lemont, I l l . ,  Contract No. W-(31-109)-Eng-38 
June 29, 1951, 21 pp. (14 re fs ) .  

Radiation-damaged graphite containing radio active displaced carbon (cl1) atoms has 
been prepared by cyclotron o r  betatron irradiation. 

The i r radiated samples  were annealed, and the distribution of radiocarbon was  then de- 
termined by controlled combustion of the graphite. 

It was concluded that a considerable fraction, possibly all, of the recoi l  displaced a toms 
annealed t o  the discontinuities surrounding the perfect regions within the graphite 
par t ic les .  This annealing appeared to  be complete at  temperatures  below 750 '~ .  

These 'investigations have been temporari ly  interrupted since sufficiently high energy 
gammas o r  neutrons a r e  at  present unavailable. 

Pr imak W L and Quarterman L A  
THE HYDROLYSIS O F  THE COMPOUND O F  POTASSIUM WITH IRRADIATED GRAPHITE, 
Argonne National Laboratory, Chemistry Div., P .  0. Box 299, Lemont, I l l . ,  Contract No. 
W-(31-109)-Eng-38, September 12, 1955, 6 pp. (6 refs) .  

Potassium, the reaction product of graphite with potassium, and the reaction product of 
i r radiated graphite with potassium were subjected to hydrolysis. The gases  evolved from 
the respective samples  were analyzed mass  spectroscopically. Hydrocarbons (methane 
and a t race  of ethane) were found in the gas evolved from the i r radiated graphite com- 
pound only, and the quantity was about that which would have been expected from the 
number of nonaggregated displaced atoms.  The ,result  was obtained for a single set  of 
experiments and must be conside red suggestive rather  than conclusive. 



Paine S H, Brown F L and Murphy W F 
PRELIMINARY STUDIES O F  IRRADIATION DAMAGE TO URANIUM-ZIRCONIUM ALLOYS, 
Argonne National' Laboratory, Metallurgy Div. , P. 0. Box 299, Lemont, Ill. , Contract No. 
W-(31-109)-Eng-38, October (1956), 28 pp. (Bibliography-4 refs).  

The addition of zi.r.conium to uranium is shown to  have a beneficial effect upon the i r r a d -  
iation stability of the. fuel alloy. Prel iminary r~lethods used to  discover this  fact, and 
experimental problems encountered a r e  described in this  report.  

Kittel J H and Kelman L R 
EFFECTS O F  IRRmIATION ON SOME URANIUM-PLUTONIUM ALLOYS, 
Argonne National Laboratory, P .O .  Box 299, Lemont, I l l . ,  Contract No. W-(31-109)-Eng-38, 
June (i958), 2 3  pp. 

I rradiat ions were made on a number of uranium-plutonium alloy specimens from both 
cas t  and extruded mater ia l s .  The cas t  alloys included alloys of uranium wlth 3.7, 6.6, 
and 13.0 w/o plutonium, and the extruded alloys included alloys of uranium with 9.5, 
14.1, and 18.7 w /o plutonium . One -half of the extruded specimens were given a heat 
t reatment  consisting of heating to  6 4 5 O ~  and cooling t o  and holding a t  5 0 0 ' ~  for  one hour 
in an  attempt t o  remove the prefer red  orientation that was antlclpated from ext~ .us iur~ .  
The specimens were i r radiated to  bur.nups ranging up to 0.84 a / o  (7100 MwD/T) with 
cent ra l  t empera tures  ranging up to 490°C. The cast  specimens were  a l l  found to  have 
developed severe  surface roughening as a resul t  of the i r radiat ion liley received, p r e -  
sumably because of excessively large grain s i ze s  present  before irradiation. Identically 
fabricated unalloyed uranium specimens showed s imi la r  behavlor. The as-extruded 
alloy specimens maintained good surface smoothr~ess  urlder irradiation, but showed 
elongations which were dependent on plutonium content. F o r  example, in samples  with 
0.4 a / o  burnup, a 14.1 w/o plutonium alloy specirner~ eluugated 9Gq1, v\rhcrcag an  18.7 w/o 
plutonium alloy specimen elongated only 8.4%. The heat-treated extruded specirrlens did 
not elongate anisotropically, indicating that the heat t reatment  used was effective in 
randomizing the grain orientation. However, the heat -treated specimens developed ex-  
cessive surface roughening, apparently because the 11ea.t trcatmcnt c a u ~ e d  an  undesirably 
large gra in  s ize.  

Bailey R E 
IRRADIATION EFFECTS ON ZIRCONIUM-CLAD URANIUM-ZIRCONIUM FUEL PLATES, 

.Argonne National Laboratory, P. 0 .  Box 299, Lemont, I l l . ,  Contract No. ~ - ( 3 ' 1 - 1 0 9 ) - ~ n ~ - 3 8 ,  
February  (1958), 10 pp. . . 

This  report  summar izes  the se r i e s  of irradiations conducted in a   an ford reac tor  on 
specimens of zirconium-clad, uranium-zirconium fue.1 plates containing 3, 6, and 
14 wt-percent highly (93.4%) enriched uranium. More than 30 fuel plates were  exposed 
during the tes t  program, which extended over a period of severa l  years .  



Fields  Paul  and Weiss Molly A~I I I  
THE COMPOSITION OF PLUTONIUM, AMERICIUM, AND CURIUM RESULTING FROM 
IRRADIATION OF  AM^^^ IN A HIGH NEUTRON FLUX, 
Argonne National Laboratory, Lemont, I l l . ,  ~ o n t r k t  No. W - (31 - 109)-Eng-38, February 20, 
1953, 7 pp. 

The isotopic composition of Americium, and to some extent, the plutonium and curium 
formed in a high neutron flux bombardment of ~m~~~ have been calculated using the 
latest  neutron cross-section data. All the calculations assumed that the starting mater ia l  
was one gram of ~m~~~ and that it was exposed to  a flux of 2 x 1014 nv. The calculations 
were car r ied  out using the general equation @en in ANL-WMM-1029. The major com- 
ponents of the plutonium and curium fractions from the ~m~~~ irradiation were a l so  
calculated.where sufficient data on c ros s  sections was available. 

BMI-962 

Hedden W A, e t  a l .  
EXPERIMENTAL CARBONS AND GRAPHITES FOR IRRADIATION STUDIES, 
Battelle Memorial Institute, 505 King Avenue, Columbus 1, Ohio, 
Contract No. W-(7405)-Eng-92, October 26, 1954, 46 pp. ( 3  refs) .  

As part  of a program to study the effect of the constitution of graphite on i ts  stability 
under neutron irradiation, tes t  specimens were made from a broad selection of raw 
mater ia l s  and by a variety of fabrication and processing techniques. Data on the raw 
mater ials ,  techniques of fabrication, and properties of the tes t  specimens a . re  given i n  
this  rcport .  

The raw mater ia l s  selected for  study included the conventional, easy-graphitizing cokes,.  
laboratory cokes made from commercial  asphalts and pitches, carbon blacks, and cokes 
made f rom phenolic res ins  and cane sugar .  The techniques used in processing the raw 
'mater ials ,  fabrication, and heat t reatment  were varied to  produce tes t  specimens having 
a wide range in physical propert ies  and in s t ructural  charac te r i s t ics .  The bulk density 
of specimens was found t o  depend on type of fi l ler,  type of binder, and processing va r i a -  
bles .  

Fifty-four groups of tes t  specimens were submitted to  Hanford for exposure to  neutron 
irradiation. The effect of irradiation exposures,  and correlat ions of radiation damage 
with properties of the specimens, will be given in a future report .  

BMI-980 

March L L,  Muehlenkamp G T and Manning G K 
EFFECT OF HYDROGEN ON THE TENSILE TRANSITION IN URANIUM, 
Battelle Memorial Tnstitute, Columbus, Ohio, Coatract No. W-(7405)-Eng-92, February  14, 
1955, 15 pp. (4 refs) .  

A study has been made of the effect of hydrogen and heat treatment on the ductility t rans i -  
tion in alpha uranium. A transition from ductile t o  a semibritt le behavior in tension has 
been observed in the temperature range 75' to  approximately 150 '~ .  The transition is 
sensitive to  residual s t rain,  s t ra in  rate ,  hydrogen content, and .to a smal le r  extent to  
heat t reatment .  On the basis of the data available, the transition appears  to  be s imi la r  



to, transitions observed in other metals  not of the face-centered-cubic type, and i s  not 
the resul t  of hydrogen embritt lement.  The effect of hydrogen in the composition range 
0.3 to 4.7 ppm hydrogen seems to be observed principally in the values for reduction in 
a r ea .  At 4.7 ppm hydrogen, the amount of necking, i .  e .  , the reduction of area,  at  
f rac ture  i s  noticeably l e s s  than for  mater ial  that has been dehydrogenated. 

Hittman F and Kuhl, D A 
INITIAL STUDIES ON THE EFFECT OF HIGH LEVEL GAMMA RADIATION ON CORROSION 
O F  METALS, 
13rookhaven National Laboratory, Upton, N. Y. , July (1955), 2 1  pp. (10 r e f s ) .  

Dotailed ~nnlysis nf the elfects of radialion on v a r i o u ~  mater ials  9 nrl c:l~ellrical colllpound~ 
has  heen made. The resu l t s  of these sludies a r e  discussed. 

The resu l t s  of initial studies on the effect of high level gamma rnadialioil on 246T 
aluminum in tap and distilled water  at room tempera ture , .  1020 mild s tee l  in fused NaNo, 
a t  35o0c, copper in 2N HC1, aiid 1020 mild ~ t e e l  in  2N HCl a r e  presented and discussed. 

Moller Marx ?I3 
INDUCED RADIOACTIVITY O F  SOME STRUCTURAL ALLOYS, 
The Glenn L .  Martin Co. ,  Baltimore 3, Md., January (1954), 16 pp. (2 re fs ) .  

A designer of nuclear-powered vehicles i s  faced with the p rob le~n  of evaluating the be- 
havior of materia1.s which a r e  exposed to the radiation from an ope~.ating nuclear reac tor .  
 his evaluation must include the consideration of changes in the physical and rriechanical 
propert ies  of the mater ial ,  and any tendericy to exhibit induced radioactivity af ter ,  the r e  - 
ac tor  has ceased operating. 

This  rcport  concerns itself with the metals  and alloys corr~lllvnly used in aircraf t  s t ruc  
tures .  These include alloys of aluminum, magnesium, titaniurri, nickel, and irwn 
(including corrosion-resis tant  s teels) .  Unclassified information available fo r  these 
mcta ls  indicates that atomic r a d i a l i u ~ ~  u l  the i n t c n s i t i e ~  investigated tn date has a 
negligible effect on the physical and mechanical propert ies  of their  alloys. A lendency 
of some 'meta ls  to show an effect akin to  a smal l  degree of work hardening has been 
found, accompanied by slight changes in electr ical  resistivity.  

All of the metals studied, however, have the property of.giving off a measurable and 
sometimes dangerous induced radiation after being exposed to  reactor  radiations. The 
intensity, type, and duration of this  induced radioactivity depends on the intensity and 
duration of the pr imary  radiation to which the metal has been exposed, the elements 
present  in the alloy, and the time which has elapsed since the exposure. 

In the alloys investigated, the radioactivity consists of beta particles,  gamma rays,  o r  
a combination of the two. The beta particles have a considerable range in .a i r ,  but pro-  
te.ction against their  effects can be afforded with protective clothing including masks  
and goggles. The gamma rays  have an extremely long range and high penetrating power, 
and protection against the i r  effects i s  difficult. If gamma rays  a r e  present,  it will be 
necessary  to  wait until the i r  activity decays to a safe level before approaching a s t ructure 
which has been exposed to atomic radiation. By a proper selection of mater ials  this  -- 



waiting t ime can be shortened to  a period which will permit a pract ical  maintenance 
schedule for the s t ructure.  'With t h i s  in mind, the scope of this  report  i s  limited to an  
investigation of the gamma radiation from various alloys. 

- - - -  
EFFECT O F  GAMMA RADIATION ON FM-47 BONDED METAL-TO-METAL JOINTS AND . 

SANDWICH PANELS, 
The Glenn L. Martin Co. ,  Materials Laboratory, Baltimore, Md. ,  September 23, 1955, 38 pp. 

This tes t  was for  the purpose of determining the effect of gamma radiation of lo5, lo6 ,  
lo7,  and lo8  R on FM-47 adhesive bonded panels. 

The test  resul ts  of 112 in. lap tensile shear  specimens indicate no change in tensile shear  
slm-e11g1h a1 rourrl Lerrlpem-alum-e om- 220°F as a r-esult of irradiation. 

Honeycomb flexure specimens were tested and the resu l t s  show no change in room temp- 
e ra ture  flexure strength and an inconclusive variation at 220°F due to  irradiation. 

A tes t  was performed to determine the effect of gamma radiation of lo5 ,  lo6 ,  lo7,  and 
, . , . 

10' R on joints bonded with Shell 422 adhesive. 
. . 

. . 
GI-0152-1 

Otley Kurt 0 
EFFECTS O F  HICH-ENERGY RADIATION UPON CLASSES, 
Glass Industry, Vol. 33, No. 1, pp. 24-27, January (195 2), (42 re fs ) .  

This  i s  a l i terature survey which discusses  the effects of high-energy . , radiation upon 
glass .  , 

, '' 

GI-1050-1 
. . 

Sun Kuan-Han and Sun Laura L . 

NEUTRON ABSORBING AND T-RANSMITTING,. GLASSES, 
Glass Industry, N-01. 31, No. 10, pp. 507-515, October (1950), (21 refs) .  

. . .  , . 

In this article,  the Glass Industry presents  a comprehensive treatment,  both theoretical 
and experimental, on "Neutron Absorbing and Transmitting Glasses,  " by Kuan-Han Sun, 
nuclear physicist and glass  scientist .  The ar t ic le  is believed to be the f i r s t  on the sub- 
ject ever  to be published. The'.conc.ept outlined enab1e.d Dr .  Sun to  develop, the f i rs t  
neutron.glass four years  ago, a s  well a s  more recent ones,, and this ar t ic le  i s  the second 
in which the Glass Industry has presented fundamental information on the. radiation ab-  
sorption and t ransmission of glasses.  The f i r s t  paper on-X-ray absorbing and t rans-  
mitting g lasses  appeared in the December 1948.issue. . 

Sun Laura L ' a i d  .sun Kudn-Han 
X-RAY ABSORBING AND TRANSMITTING GLASSES, 
Glass Industry, Vo1.29, No. 12, pp.686-691, 714, 716, December (1948), (8 refs).  



This  paper  discusses  the absorption o r  t ransmission of electromagnetic waves of o r  thru 
a homogeneous substance. A general expression i s  given for this .  The equation i s  a 
universal  one and i s  applicable t o  radiations such a s  gamma-rays, X-rays, ultraviolet 
rays,  though visible to  long. infrared rays.  Tables  and curves a r e  included which 
present  m a s s  absorption coefficients of some oxides and oxygen. 

Moore R H 
THE ANALYSIS O F  PILE IRRADIATED HYDROCARBONS WITH THE INFRARED 
SPECTROMETER, 
Hanford Works, Technical Services Div:, ~ n a l ~ t i c a l  Sect. ,  Richland, Wash. , Contract No. 
W-(31.-109)-Eng-52, April  20, 1950, 11 pp. ( I  ref).  

This  work i s  being done in the hope that the resu l t s  will shed light on the nature of the 
changes which occur in graphite upon irradiation in the pile. 

Inf ra red  analysis of i r radiated samples  of benzene, naphthalene, anthracene, phenan- 
threne,  1, 2-benzanthracene, pyrene, and 1, 2, 5, 6 -didenzanthracene has been 
c ~ m p l e t e d .  A sample of i r radiated anthracene has been analyzed chromatographically 
with resu l t s  in excellent agreement with the infrared analysis.  Combined chromato- 
graphic and infrared analysis show the presence of phenyl derivatives in the irradiation 
products f rom naphthalene, anthracene, and phenanthrene. The la t ter  two a r e  also 
found to contain naphthyl derivatives.  

Kemper !AS,  Jr. and Kelly W S 
THE E F F E C T  O F  IRRADIATION ON THE MECHANICAL PROPERTIES O F  ARC-MELTED 
BUREAU OF MINES ZIRCONIUM WITH VARIOUS DEGREES OF  COLD WORK, 
Hanford Atomic Products  Operation, Engineering Dept. , Pile Technology Sect . ,  Richland, 
Wash . ,  Contract No. W -(31-109)-Eng-52, July 29, 1955, 32 pp. (16 re fs ) .  

Data a r e  presented to  show the effects of cold-working and subsequent neutron i r rad ia-  
tion on the tensile propert ies  and hardness of arc-melted Bureau of Mines zir.co~iium. 
Material  in s ix  initial s ta tes ,  annealed and with lU, ZU, YU, 4U, and 50% reducrfon i n  a w a  
by cold swaging, was i r radiated at 50' to 60°C (120' - 1 4 0 ' ~ )  to  integrated thermal  flux 
levels of approximately 5.7 x lo1', 1.5 x 10", and 2.4 x lo2' nvt. The resu l t s  of post- 
i r radiat ion vacuum annealing at 250°, 300°, and 350°C (480°, 575O, and 660°F) of 
tensile. specimens a r e  given. 

Increases  in hardness and yield strength resulting from the irradiation were more pro-  
nounced in the annealed mater ia l  and were progressively l e s s  at  increasing levels of cold 
work. More uniform increases  in ultimate strength and decreases  in ductility were 
found. The 'radiation damage observed in the mechanical propert ies  was essentially 
saturated at exposure levels investigated. Slight annealing of radiation induced in- 
c r e a s e s  in yield strength occurred in 100 hours at 2 5 0 ' ~  (480'5') and approximately 70% 
of the radiation damage was removed in 160 hours  at 3500C (660°F). Recovery of the 
radiation damage in annealed, i r radiated mater ia l  was grea te r  than recovery of s t ra in  
hardening in 50'70 cold -worked, unirradiated mater ia l  f o r  the s a m e  annealing conditions. 



Huenshen R E and Kaulitz D C 
AN APPAR.ATUS FOR OBTAINING THE TENSILE PROPERTIES O F  IRRADIATED 
MATERIALS AT ELEVATED TEMPERATURES, 
Hanford Atomic Products Operation, Engineering Dept., Pile Technology Sect . ,  Richland, 
Wash. ,  Contract No. W-(31-109)-Eng-52, September 14, 1955, 2 2  pp. 

A tensile testing unit is described which permits  the testing of highly radioactive speci-  
mens at temperatures  up to  800°C (1475OF). The vacuum tensile furnace, mounted on a 
60,000-pound Baldwin tensile machine, is constructed to  permit the measurement  of elon- 
gation by a newly developed optic a1 instrument . Tensile elongation measurements  of 50% 
with 1-inch gage length specimens make the unit a relatively long-range extens,ometer. 

Mallett G R 
MACROE TCHING OF TRRADIATED URANIUM, 
Hanford Atomic Products Operation, Engineering ~ e p t  ., Pile Technology Sect ., Richland, 
Wash. , Contract No. W-(31-109)-Eng-52, October 17, 1955, 6 pp. (4 refs) .  

An electrochemical method, using a hydrochloric -phosphoric acid bath, has  been devel- 
oped which gives a good macroetch on uranium irradiated up to 1550 Mwd/At. No special 
surface preparation is required unless the abrasive cutoff wheel produces burn marks  on 
the cut surface. The burn marks  can be removed by grinding with a 600-grit cloth p r io r  
t o  electrochemical etching. 

The sample is made of the anode in the etching bath at a current  density of 500 amps/sq  ft 
for  30 seconds, then 50 amps/sq  ft fo r  10 to 30 minutes. To determine the rlecessary 
etching time, the etched surface may be observed at 10-minute intervals.  After etching, 
the sample is cleaned in nitric acid and rinsed in water .  By rinsing immediately in ethyl 
alcohol, and then in n-octyl alcohol, the etch is preserved for  two hours,  allowing suffi- 
cient t ime fo r  macrophotography work to  be done before surface oxidation obliterates the 
etch. 

HW -39805 

Wheeler R G and Kelly W S 
IRRADIATION. O F  ZIRCALOY-2 IMPACT SPECIMENS CONTAINING HYDROGEN, 
Hanford Atomic Products  Operation, Metallurgy Research Subsection, Richland, Wash. , 
Contract No. W-(31-109)-Eng-52, November 2, 1955, 6 pp. (3 refs) .  

The affinity of z irco~lium fo r  a l l  but the inert  gases,  a property that makes it valuable a s  
a getter, .caus.es some concern when zirconium o r  i t s  alloys. a r e  used in a reactor  where 
the meta l  is exposed t o  a gaseous atmosphere o r  to  high temperature water .  

Eighteen spec imenswere  charged with hydrogen holding them in a m m  of mercury  
vacuum for  one hour at 5 0 0 ' ~  and allowing them to  soak up a measured amount of:hydro- 
gen and homogenize for  four hours at  600°C. 

The specimens were exposed t o  an integrated flux of 1.9 x 10'' nvt at  150' to  200°C in a' 
pressurized water  loop running'through the cent ra l  zone of the Hanford pile.' The . resul ts  
were  no detectable pickup of hydrogen in Zircaloy-2 specimens .located both in and out of 

. . , the central  flux zone.' . . 



Merchx  K R 
A MODEL OF MECHANICAL BEHAVIOR EVALUATED WITH CREEP TESTS APPLIE.D TO 
ALPHA URANIUM, 
Hanford Works  Produc t s  Operation,  ~ e t a l l u r g ~  R e s e a r c h  Sub-section, P i l e  Metallurgy Unit, 
Richland, Washington, November 17,1955, 17 pp. 

Tb1.s i c p d y t  p roscn t s  a r n ~ d e l  f o r  the mechanical  behavior of a meta l  which cons iders  the 
s t r e s s ,  s t r a i n ,  t ime, and t empera tu re  dependence u f  slraim .rate, The p a r a m e t e r s  in  
the model  a r e  evaluated with c r e e p  t es t s .  A s e r i e s  of c r e e p  t e s t s  fo r  uranium a r e  
analyzed to give a n  equation of mechanical  behavior f o r  uranium.  The mettiod appl ies  

0 0 
f o r  uranium in the t empera tu re  range of 100 to 300 C but must  be modified in the 
higher t empera tu re  ~ a n g e s  . 

Bush  S H 
I'RKAUIATIOPJ EFFECTS ON URANIUM, 
Har'efsrd Atolmic P r o d ~ l r t s  Operation,  Richland, Wash .  , Cur~lr .act  No. W-(3 1 - 109)-Eng-52, 
JULY 19, 1957, 17 pp. (4.5 refs), 

A review is presented of pert inent physical  metal lurgical  p roper t i e s  of i . rradiated 
ur.aniurn. Illcludcd under mechanical  p r o p e r t i e s  a r e  ha rdness ,  bend, and tensile data .  
In the c a s e  of tensile p roper t i e s ,  va r iab les  cons idc~ .ed  a r e  hlrrnup, i r rad ia t ion  t e m p e r -  
a t u r e ,  d3' content, compositiorl (to 3 w / o  alloy), post - i r radia t ion annealing, and tensile 
t e s t ing  t empera tu re .  Dras t i c  reductions in ductility occur  a t  burnups as low a s  0.02 
ator11 percen t .  Recovery of damage is l i r~i i ted  on post - i r radia t ion annealing.  

Changes  in  such physical  p roper t i e s  a s  density, the rmal  conductivity, e l e c t r i c a l  r e s i s -  
tivity, and modulus of e las t i c i ty  a r e  reported. T h e r m a l  conductivity d e c r e a s e s  10 to 
1570 a t  nominal burnups .  

' l 'he c f f eu l  of i r radia t ion nn the m i c r o s t r u c t u ~ . e  of uranium i s  r epor ted .  Macroscopic,  
opt ical  and e lec t ron  microscopic ,  and f ractographic  r e s u l l s  a1.s prccented.  Precipi ta t ion,  
microcracking,  and microbr i t t l eness  w e r e  detected.  Solid-state s tudies ,  including r e  - 
crysta l l iza t ion,  and solid and rlulrle ga3 diffusion a r e  repor ted .  No d i rcc t  evidence of a 
change in diffusion due to i r rad ia t ion  h a s  been obtained. 

Str*uctural  changes  have been observed by m e a n s  of X- ray  diffraction; line broadening, 
line a s y m m e t r y ,  and s o m e  line shift  have been obse~mved. 

Dimensional ins tabi l i ty  of uranium is discussed;  typical  r e s u l t s  and poss ible  mechan isms  
advanced to explain these  r e s u l t s  a r e  repor ted .  

The impact  of these  changes in  physical  metal lurgical  p roper t i e s  on the behavior of 
uranium.  fuel  e lements  is discussed.  

Kemper  R S and Z i m m e r m a n  D L 
NEUTRON IRRADIATION E F F E C T S  ON 'THE TENSILE PROPERTIES O F  ZIRCALOY-2, 
Hanford Atomic Produc t s  Operation,  Richland, Wash. , Contract  No. W-(3 1 - 109)-Eng-52, 
August 22, 1957, 24 pp.  (12 r e f s ) .  



The changes produced in the room temperature tensile properties, of annealed and 5070 
'cold-worked Zircaloy-2 a s  a resul t  of irradiation to  an estimated integrated thermal  
neutron flux of 1.4 x loz1 nvt at 40' to 6 0 ' ~  have been determined. The resu l t s  obt.ained 
a r e  compared with previous resu l t s  on Kroll-type zirconium. Recovery of radiation 
damage in initially annealed mater ia l  was studied in the temperature range 250° to  400°C. 
This  recovery was found to require temperatures  equivalent to  those for recovery of cold 
work and the activation energy for the proce.ss was found to be consistent with.that r e -  
ported for self-diffusion in zirconium. 

Evans E . A  
FABRICATION AND ENCLOSURE OF URANIUM DIOXIDE, 
Ha.nford Atomic Products Operation, Reactor and Fuels Research and Development Operation, 
Richland, Wash.,  Contract No. W-'(31-109)-Eng-52, September 18 , .  1957, 36 pp. (49 re fs ) .  

TTr anium dioxide compacts of high density can be economically produced by conventional 
ceramic  processes ,  such a s  cold pressing, isostatic pressing, hot pressing, extrusion, 
and slip casting. Greatly reduced cos'ts and improved quality have been made possible 
by new powder t reatments  and fabrication techniques. Typical of the. recent developments 
a r e  (1) powder activation by reduction in a fluidized bed, (2)  combined powder compaction 
and cladding by swaging, without subsequent sintering, and (3) finishing of sintered ware 
by belt center less  grinding. 

To overcome the disadvantage of poor neutron economy, uranium dioxide fuel assemblies  
require  not only high-density oxide, but a lso an  efficient arrangement of the fuel. It is 
now economically feasible to fabricate uranium dioxide cores  for relatively simple fuel 
assemblies  which will meet this requiremcnt.  

Problems of providing safe, durable, economical enclosures for uranium dioxide fuel 
cores  a r e  rapidly being solved. Techniques ,have been developed fo'r forming and a s sem-  
bling tubing, and fittings, and supporting members  from alloys of zirconium, iron and 
aluminum. Less  conventional techniques, such a s  vacuum casting of zirconium alloys 
and high-frequency welding, a r e  being studied. Standardization of fabricating processes  
and fuel element designs i s  an extremely desirable objective which will be partially 
realized a s  the operating behavior of uranium dioxide fuel elements becomes better under- 
stood. 

Andelin R L and Anderson E L 
RADIATION STABILITY OF CHROMIUM VI IONS IN ACETATE BUFFERED SOLUTIONS, 
Phillips Petroleum Co . ,  Idaho Fal ls ,  Idaho, Contract No. AT-(10-1)-205, August 22, 1955, 

' 25 pp. ( refs) .  

Chromium VI ions -are  reduced to trivalent chromium in acidic acetic acid-sodium 
acetate buffered solutions when subjected to  intense gamma irradiations.  The reduction 
rate  of a 0.5M chromate solution buffered with 4.0 M acetate is 2.35 + .15 millimoles 
per  kilocalorie at  pH 4 in a gamma field of approximately l o 7  roentgens per  hour. The 
decomposition ra te  is reduced to 0.51 5 .15 millimoles per  kilocalorie by the addition of 
0.5M sodium bromide. The reduction ra te  i s  independent of intensity of irradiation, of 
chromate concentration in the range 0.05M to 0.5M, and of bromide concentration in the 
range 0.1M to 1.OM. It i s  a function of acetate concentration, however, and decreases  



with decreasing acetate concentration in the range 4.OM to O.1M. In a 0.1M chromate 
solution buffered with 0.1M acetate a t  pH 4.0 and containing O.1M sodium .bromide a s  a 
protector,  the chromate reduction ra te  is 0.18 2 .03 millimoles per  kilocalorie. 

Burnham J B and Bartz M H 
DIMENSIONAL STABILITY O F  IRRADIATED THORIUM, 
Phill ips Petroleum (30. , Atomic Energy Div. , Idaho Falls,  Idaho, Contract No. AT-(10- 1) - 205, 
April  13, 1954, 10 pp. ( 1 2  refs) .  

Twenty Hanford s ize thorium slugs were irradiated in two MTR ref lcctor  positions to a 
maximum'exposure of 10"' nvt. Four slugs were sent to ORNL for  measurement and the 
r e s t  were  checked in the MTR hot ccll. Results of these rrieasurements show that hot 
rolled thorium is  dimensionally stable under irradiation. 

Fas t  E 
GRAPHITE UAMAQE AS ABT INDEX TO THE INTEGRA'I'ED DAMAGING NETTTRON FLUX, 
Phill ips Petroleum Co. ,  Atomic Energy Div., Idaho k'alls, Idaho, Contract No. AT-(10-1)-205, 
September 28, 1954, 25 pp. (13 re fs ) .  

Radiation damage in CS-GRF graphite, a s  measured hy changes in electr ical  resistivity,  
crystal l i te  Co spacing, physical dimensions, and s tored energy, has  been related empir -  
ically to the fast  neutron flux above 1 Mev. The purpose of this  work was to evaluate 
s eve ra l  propert ies  of graphite a s  a possible index to damaging neutron flux in radialion 
damage studies. A brief summary  of useful nvt range and standard deviation of poirils 
f rom the best-fit curve is a s  follows: 

Property 

Elec t r ica l  
resistivity 

C, spacing 

Usei'ul rarigc 
nvt 1 Mev. 

Standard deviation in 
relative e r r o r .  derceat 

Stored energy lo1? - 6 x lo1* 18.8 
11.3 (above 10 cal /g)  

? '  

Physical dimension 5 x l O l D  - 15 ..2 

In addition to having the best repr.udilcibility; ,X-ray r ~ e a s u r e m e n t  of Co spacing covers  
the range most frequently encountered in in-tank exposures a t  the MTK.  Au'gl~lelited by 
electr ical  resistivity and dimensional measurements,  made on the same samples,  both 
lower and higher exposures can be read. . . 

Graphite radiation damage a s  flux monitor has  the advantage of giving a value proportional 
to  total  damaging nvt. The relatively low activation,even for very  high exposures, a,llows 
handling of i r radiated specimens without special shielding. \ 



Robinson M S 
RADIATION DAMAGE STUDIES PROGRAM ETR LOOP MATERIALS PROGRESS REPORT, 
Phill ips Petroleum Co. ,  Idaho Fal ls ,  Idaho, Contract No. AT-(10-1)-205, April 19, 1957, 
2 2  PP. 

The design of experimental loops for the ETR has required the consideration of some 
structural  metals  for which there is little engineering data concerning the change of 
mechanical propert ies  with neutron irradiation. Samples of these mater ials  have been 
obtained and sub-size impact and tensile samples  a r e  now being i r radiated in the MTR. 
F r o m  these samples  changes in such properties a s  tensile strength, hardness,  ductility, 
corrosion resis tance and impact strength will be determined. The f i r s t  group of tensile 
samples,  consisting of: Hastelloy-X, Zircaloy-2, 410 Stainless Steel, 2 -  114 Croloy and 
Inconel-X, has been tested in the MTR hot cell. The 2-114 Croloy, which was nickel- 
plated before reac tor  insertion, corroded too much to permit  further reactor  testing. 
Tes t  data for the other mater ials  and photographs of the samples  a r e  presented. 

Watanabe H T and Schaffnit W 0 
RADIATION DAMAGE STUDIES OF BORON STAINLESS STEEL, 
Interim Report, Phillips Petroleum Co . ,  Idaho Operations Office, Contract No. AT-(10-1)-205, 
September 18, 1958, 19 pp. 

With the use of boron s tainless  s tee l  in control rods  in a reHctor, it is  important to know 
whether the operating conditions of temperature and radiation will effect changes in 
mechanical propert ies  and dimensions and to know the magnitude of such effects i f  they 
occur.  Tensile specimens of 18-8 stainless s teel  containing 170 boron, enriched to  9370 
in boron-10, were fabricated and i rradiated in the Materials Testing Reactor to 15% and 
2570 burnup of boron-10. These were tested f o r  tensile strength, hardness  and elongation, 
and examined metallographically to  observe changes in microstructure.  The i r radiated 
mater ia l  was extremely brit t le and a reas  that appeared to be vacancies were seen in the 
photomicrographs. 

Schaffnit W 0 
RADIATION DAMAGE STUDIES .OF BORON STAINLESS STEEL FINAL REPORT, 
Phillips Petroleum Co. ,  Atomic Energy Div.,  Contract No. AT-(10-1)-205, January 28, 1959, 
27 PP. 

With the use of boron s tainless  s tee l  in control rods  in a reactor ,  it is important to know 
whether the operating conditions of temperature and radiation will effect changes in me-  
chanical propert ies  and dimensions and to  know the magnitude of such changes i f  they 
occur.  Tensile specimens of 18-8 s tainless  s teel  containing 170 boron, enriched to 9370 
i n  boron-10, were fabricated and i rradiated in the Mater ials  Test ing Reactor to 1570 and 
2570 burnup and in the Engineering Tes t  Reactor to 4070 and 90% of the boron-10 isotope. 
These were tested for tensile strength, hardness and elongation, and examined metallo- 
graphically to observe changes in microstructure.  The i r radiated mater ia l  was ex- 
t r e m e . 1 ~  brittle, changes were noted in the microstructure,  and a c rack  was discovered 
in one of the higher burnup specimens. 



This  i s  a final report  and includes mater ia l  previously reported in IDO-16483, titled 
"Radiation Damage Studies of Boron Stainless Steels Interim Report. 

Vook Richard Werner  
EXPANSION O F  COPPER UPON LOW TEMPERATURE DEUTERON IRRADIATION, 
Univ. of Illinois, Dept. of Physics; Urbana, I l l . ,  Contract No. AT-(11-11-192, September 
(1957), 31 pp. (26 refs).  

The imperfections existing in crystall ine solids greatly influences the propert ies  of 
c rys ta l s .  There a r e  many ways in which these imperfections may be studied; one of 
these  involves the use of high energy particle irradiation. This report discusses  expan- 
sion of copper upon low temperature deuteron ir'radiation. 

Irradiation effects generally fal l  into two categories;  those occurring during bombardment 
and those associated with thermal  recovery. Each gives useful information about the 
defects produced by irradiation. The amount and type of bombardment and the tempera-  
t u re  of lrradlatlon determine the concentration of defects produced. 'l'he kax imum con- 
centration for  a given irradiation dosage will be obtained i f  the temperature of irradiation 
is kept low enough s o  that thermal  recovery does not occur.  

The  experiment described in this  report  presents  measurements  of the length charge in- 
duced in high purity copper at 17O1< by deuteron irradiation. It was demonstrated in two 
bombardments, one short  and one somewhat longer, that the damage was introduced 
linearly with integrated deuteron flux. In addition,. the annealing processes  between the 
bombardment temperature and room temperature were studied. 

Meechan C J 
ANNEALING OF COLD-WORKED COPPER BY ZLECTRON IRRADIATION, 
Journal  of Applied Physics,  Vol. 28, No. 2, February (1957), 4 pp. (5 re fs ) .  

Copper wires  were cold worked at room temperature to approximately a 15% reduction 
in a r e a  and were then i r radiated at temperatures  between l u O O  and 15U°C with 1.25-Mev 
electrons.  The residual  resis t ivi ty  was observed to decrease a s  a function of exposure 
a t  temperatures  above 1 0 0 ~ ~ .  The higher the temperature at which the irradiation was 
performed, the grea te r  was the rate, of resistivity decrease.  F rom these data, it is 
concluded that one of the pr imary  defects produced by electron irradiation becomes 
mobile in the temperature range, 100° to 150°C. It is '  suggested that intersti t ials and 
vacancies produced by the irradiation initiate a process  which resu l t s  in the. annihilkion 
of dislocations. F rom an analysis of the temperature dependence of the ra te  of decrease, 
a value for  the activation energy for vacancy migration in: copper has  been deduced: 
1.28 + 0.10 e v .  . . 

Hines R 0 
RADIATION EFFECT O F  POSITIVE ION BOMBARDMENT ON GLASS, 
Journal  of Applied Physics,  ~ o l . '  28, No. 5, pp. 587-591, May' (1'957); (12 refs) .  ' 

. . 



+ 
Bombardment of a silica-soda-lime glass (n = 1.5246) by more than 5 x lo4 A ions/cm2 D 
with an energy of 33.5 kev reduces the reflection coefficient to 0.36 of i t s  normal value 
for  light of wavelength X = 0 . 6 ~ .  The change in reflection coefficient is attributed to the 
formation of an al tered glass layer .  Fo r  a bombardment by 40-kev A+ions, the layer  
has a thickness of 0 . 0 9 5 ~  and an  effective refractive index of 1.343. The depth of the 
layer  is determined by the ion energy and agrees  approximately with the theoretical 
range of the incident ions. The refractive index of the altered layer is determined by 
the integrated flux of positive ions and the type of ion. The magnitude of the positive ion 
flux employed here is shown to be o rde r s  of magnitude la rger  than the flux of pr imary  
"knocked-on" atoms produced by fast  neutron bombardment in a reac tor .  

Mylonas C, e t  a l .  
BIREFRINGENCE IN NEUTRON-IRRADIATED BORON GLASS, 
Brown Univ., Providence, R. I. Paper  published in Journal Applied Physics, Vol. 29, 
pp. 864-865, May (1958). 

Samples of boron glass  were irradiated (slow flux approximately 2 x 1012nv) in the 
Brookhaven Reactor for studies of the resulting ultrasonic attenuation and velocity 
changes. The plates invariably cracked after about an hour's irradiation; af ter  i r rad ia-  
tion for  severa l  hours  they fell to pieces. Examined in polarized light incident normally 
on their  largest  faces, the plates showed little birefringence, but in an end-to-end view- 
ing they exhibited relative retardation of severa l  wave lengths. The disappearance of the 
birefringence in the neighborhood of certain s t r e s s  -relieving cracks  proved that the 
birefringence was caused by mechanical s t r e s s .  There  was evidence that the s t r e s s  was 
tensile near  the surface and compressive at the center.  The dependence of the contrac- 
tion on neutron flux can provide new information on the damage produced by energetic 
heavy par-ticles in the interior of a solid and is the object of further investigation. 

Dienes G J and Damask A C 
RADIATION ENHANCES DIFFUSION IN SOLIDS, 
Journal of Applied Physics,  Vol. 29, No. 12, pp. 1713-1721, December (1958), (25 ' refs) .  

A simple theory of radiation enhanced diffusion has been worked out which descr ibes  the 
dependence of this enhancement on flux and temperature under steady-state conditions. 
The theoretical study also shows that the measurement of enhanced diffusion a s  a function 
of ' temperature can indicate the mechanism by which defects a r e  removed from the lattice. 
Alpha-brass was chosen for the experimental work because it i s  a kinetically simple 
system, not complicated by nucleation, in which diffusion is easi ly  followed by measuring 
the electr ical  resis t ivi ty  changes associated with changes in short-range order .  The en- 

' 

hanced diffusion ra te  during irradiation in the Brookhaven reac tor  has been measured in 
this alloy a t  severa l  temperatures  in the range O0 to 1 9 0 ~ ~ .  This enhancement is in- 
dependent of temperature from 0' t o  150°C, in excellent agreement with the theoretical 
predictions for the case  where the radiation induced defects finally disappear a t  internal 
surfaces.  Some implications of radiation enhanced diffusion and suggestions for  further 
study a r e  also discussed. 



Cottrel l  A H 
EFFECTS O F  NEUTRON IRRADIATION ON METALS AND ALLOYS, . 
Atomic Energy Research  Establishment, Harwell, Berkshire,  England. Paper  published in 
Journal  of Bri t ish Nuclear Energy conference, Vol. 3, pp. 50-67, January (1958). 

The behavior of metals and alloys under neutron irradiation in a reac tor  is investigated. 
An explanation of how damage originates f rom the collision and absorption of neutrons by 
nuclei, and a descr.iption of the behavior of the fast  ions, produced from these neutrons 
encounters, a s  they penetrate the surrounding mater ial  a r e  given. The estimated amount 
of damage is compared with measured values. Annealing of the damage in which dis-  
placed atoms gradually migrate back into latt ice positions under the action of thermal 
agitation is discussed. The effects of irradiation on the mechanical properties of metals 
and alloys a r e  discussed. Radiation growth in uranium and the effects of irradiation on 
the corrosion resis tance of metals a r e  discussed. 

Wilson J C and Billington D S 
E F F E C T  O F  NUCLEAR RADIATION ON STRUCTURAL MATERLAL, 
Journal of Metals, pp. 665-672, May (1956), (28 re fs ) .  

The propert ies  of engineering interest  in a wide variety of mater ials  have been reviewed 
as  they a r e  known to be affected by irradiation..  In addition, some of the possible impli- 
cations of the property changes have been pointed out, and logical paths fur  fulure 
r e sea rch  have been deduced f rom the limited data a t  hand. 

Attempting to predict the effects of radiation on metal is difficult, while changes from a 
few percent to perhaps a factor of three may occur in the various properties.  It has, in 
many cases ,  been observed that the magnitude and direction of the change in these prop- 
e r t i e s  occur separately o r  independently in  a manner that is new compared to the way the 
propert ies  may be changed by variations in analysis,  metallurgical pr-aclice, working or 
heat treating. Adverse (or  beneficial) changes in the propert ies  of s t ructural  metals 
brought about by irradiation generally do not appear large o r  significant for  any one 
property.  It is ra ther  the combination of new and different values for  the various 
propert ies  that makes one hesitate to approve a giver1 metal for  reac tor  applications. 
It is believed that radiation effects in metals  have the potential of making some metals 
unsuitable in the absence of irradiation. To determine whether th is  puterllial w i l l  be 
realized is extremely important and exceedingly costly. The answers  a r e  important to 
the builder, the operator,  and the insurer  of a nuclear' reac tor .  

It has  not been the intent of the authors to be .overly about the effects of 
radiation on metals.  The desire  has been to show that there a r e  s t i l l  many mater ial  
problems remaining to be answered before the reac tor  designer can proceed with com- 
plete confidence in  the reliability of many of our  commonly used metals and alloys. 

Chipman D R and Warren B E 
AN X-RAY METHOD FOR STUDYING RADIATION DAMAGE IN GRAPHITE, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , and Massachusetts Institute of 
Technology, Cambridge, Mass . ,  Contract Nu. W-(31-109)-Eng-52 and AT-(30-3)-49, 
February  1, 1952. 28 pp. (3 refs).  



Radiation.damage in graphite produces in cer tain X-ray reflections a broadening of the 
diffraction peak, accompanied always by a shift of the peak position toward smal le r  
angle. A treatment  analogous to that used fo r  cold work distortion in metals is appli- 
cable, and the analysis outlined by Warren and Averbach is presented for  the case 
damaged graphite. Using severa l  o rde r s  of the (002) reflection, the complex Fourier  
coefficients a r e  obtained, and from these a function i s  synthesized giving the distribution 
of changes in distances perpendicular to the graphite layers .  The present report  i s  ' 
intended only to present a method for the X-ray diffraction study of damaged graphite 
and not to give reliable resul ts  on the nature of the damage. 

Coffin L F, Jr. and Wesley R P 
AN APPARATUS FOR THE STUDY O F  THE EFFECTS O F  CYCLIC THERMAL STRESSES 
ON DUCTILE METALS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W-(3 1 - 109)-Eng-52, 
October 27, 1952, 47 pp. (6  refs) .  

In ca ses  in which very high r/ates of heat t ransfer  exist, a s  in nuclear reactors ,  severe  
thermal  s t r e s s e s  can be developed in s t ructural  metals .  These s t r e s s e s  can be relieved 
by plastic flow and, consequently, a r e  not regarded a s  ser ious when steady-state con- 
ditions prevail .  Under the action of thermal  oscillations, however, cyclic thermal  
s t r e s s e s  a r e  developed. Depending on the frequency of thermal  cycles 'and the severity 
of the thermal  s t r e s s ,  fatigue failure can resul t .  Because of i t s  low thermal  conductivity 
and high thermal  expans ion 1870 chromium-8% nickel s ta inless  s tee ls  a r e  particularly 
prone t o  this  effect. 

An investigation of this  p rob len~  has Lee11 under way for some t ime.  The object has been 
twofold: (a) to  obtain information s o  that a par t icular  mater ial  may be a s ses sed  crit ically 
for i ts  resis tance to thermal  s t r e s s  fatigue damage under specified conditions, 'and 
(b) to investigate the fundamental aspects  of the problem in o r d e r  to learn  more  about . 
the fatigue phenomenon. 

The present report  describes the tes t  apparatus developed for this study. A report  in 
preparation gives the tes t  resul ts  to  date and their  interpretation. Essentially, the ' . . 

apparatus subjects a tubular tes t  specimen of a s t ructural  mater ia l  to a o'ne-dimensional 
constraint. By subjecting the specimen to cyclic temperatures ,  an alternating uniaxial 
s t r e s s  is developed which will produce a fatigue failure in the specimen af ter  a sufficient 
number'of s t r e s s  cycles.  The device has considerable flexibility in ad judment  of t em-  
peratures  of cycling and fre,quency of oscillation. A control system permi ts  the cycle 
to continue automatically to  failure of the specimen. Modification of the,  apparatus per  - 
mits  the .strain cycling of tes t '  specimens at constant temperature.  

. . 
The apparatus has  the advantage of subjecting mater ials  to a simple s t r e s s  system which 
can be measured directly. It i s  possible to  separate  out e last ic  and inelastic s t ra ins  and 
to, study the effect of s t rain hardening with cycling. Effects of p,restraining and s t r e s s  

. , concentrat ions can be investigated readily. : .  . 

. . 

~t t e l$ i&i  has been given to  temperature distribution in  the specimen; 'a l l  other possible 
s t r e s s e s  which may a r i s e  a r e  found to be secondary in effect:, .Randomness in fracture 
location substantiates this. 



Coffin L F ,  Jr. 
A STUDY O F  THE EFFECTS O F  CYCLIC THERMAL STRESSES ON A DUCTILE METAL, 
Knolls Atomic Power Laboratory, Schenectady, N. Y.,  Contract No. W-(31-109)-Eng-52, 
June 3, 1953, 129 pp. (54 re fs ) .  

The resu l t s  of a study of cyclic s t ra in  and fatigue failure ar is ing from cyclic thermal  
s t r e s s e s  a r e  reported. By means of a tes t  apparatus described in a companion report,* 
a cyclic tempera ture  is imposed on a thin tubular' t es t  specimen subjected to complete 
longitudinal constraint. Hence, the cyclic s t ra in  is the independent variable.  

The following studies a r e  reported: (1) effect of thermal  s t r e s s  cycling on s t ra in  
ha.rdsning and life-to-failure for  a fixed mean terrlperature, (2) effect uf degree and kind 
of previous cold w o r k  on strain hardening and cycles-to-fai.lvrr., (3 )  cifcct of mean ternl.1- 
e r a tu re  on thermal  s t r e s s  cycling, (4) effect of period of cycle on cycles-to-failure, . - 

15) effect of pr ior  s t ra in  cycling on s t r e s s - s t r a in  character is t ics ,  and (6) effect of s t r e s s  
concentrations on fatigue by cyclic thermal  s t r e s se s .  

The significance of factors such a s  hysteresis ,  Bauschinger effect, st~'a111 ha~.der~iag,  
s t r a in  aging, and fatigue crack formation a r e  discussed, and a r~leclla~lisin is described 
to relate  the.se factors .  Evidence is presented to Show that slra111 Ilarxleiiiilg i s  not an 
important factor in the problem. The concept of total  plastic s t ra in  i s  discussed. 

*KAPL-830, "An Apparatus f o r  the Study of the Effects of Cyclic Thermal  S t r e s ses  on 
Ductile Metals," L. F. Coffin, Jr. ,  R. P. Wesley, October 27, 1952. 

KAPL- 1037 

Tucker  C W, Jr. and Sampson J B 
INTERSTITIAL CONTENT OF RADIATION DAMAGED MATERIALS FROM PRECISION 
X-RAY LATTICE PARAMETER MEASUREMENTS. -:I. PRINCIPLES O F  THE MEASURE - 
MRNTS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W - ( 3  1 - 109) -Eng-52, 
January 26, 1954, 22 pp. (22 refs).  

An.X-ray method' f o r  determining the inters t i t ia l  content of i r radiated metals  is suggested 
and analyzed. This  approach offers the following advantages: 

1. The X-rays "see" mainly the intersti t ial  a toms since the i r  effect'outweighs that 
of vacancies by a 5: 1 ratio. 

2. The interpretation i s  straightforward and may be made quantitative. 
3. The method is sensitive, since 0.01 atomic p e r  cent and perhaps l e s s  of the 

intersti t ial  may bc detected. 

These conclusions a r e  based upon a combination of theory and experiment. The theory 
is based upon an  elasticity interpretation which predicts Vegardls  law and severa l  other 
experimentally confirmed X-ray effects. The possibilities of the method a r e  confirmed 
by prel iminary observations in  this  laboratory of X-ray detected lattice, expansions of 
s eve ra l  neutron i r radiated metals.  



KAPL- 1095 

Eruch C A, McHugh W E and Hackenbury R W 
EMBRITTLENIENT OF MOLYBDENUM BY NEUTRON RADIATION, 
Knolls Atomic Power Laboratory, Schenectady, N. Y., Contract No. W -(31-109)-Eng-5 2, 
March 1, 1954, 53 pp. (17 r e f s ) .  

Commercially molybdenum specimens were i r radiated in the MTR for  an  estimated 
exposure of 1.9 to  5.9 x 10" thermal  nvt. P r io r  to irradiation, the mater ial  was ductile 
in the tension test ,  whereas af ter  irradiation it was brit t le.  The resu l t s  of tension t e s t s  
conducted a t  various temperatures revealed that the transition temperature for this 
mater ia l  had been increased for -30°C to  +70°C a s  a resul t  of the radiation exposure.' 
F r o m  metallographic studies it i s  concluded that the embrittlement i s  due to submicro-  
scopic changes which ra i se  the flow curve of the mater ial .  The , resul ts  presented show 
that comercially pure molybdenum i s  an  unsafe mater ia l  for  low -temperature (below 
1 0 0 ~ ~ )  use in load-carrying reactor  components. 

Cashin W M and Tucker C W, Jr. 
X-RAY DIFFRACTION EFFECTS TO BE EXPECTED FR.OM IRRADIATED URANIUM, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W -(31-109)-Eng-52, 
August 13, 1954, 5 pp. 

The expected X-ray effects ' in i r radiated uranium a r e  compared with effects in ionic, 
covalent, and metallic crystals .  The unique changes due to fission product formation 
a r e  discussed. Some cr i te r ia  for  the suitability of experimental techniques, in  the study 
uf damage a r e  pr.esented. 

Sowman H G and Lukesh J S 
AN EXPLORATORY INVESTIGATION O F  GLASSES EXPOSED TO INTENSE NEUTRON 
RADIATION, 
Knolls Atomic Power Laboratory, Schenectady, N. Y.,  Contract No. W -(3 1 - 109) -Eng-52, 
November 15, 1954, 14 pp. 

Seven glass  specimens of binary and t e rna ry  compositions were observed af ter  exposure 
to  ~a total  thermal  integrated flux of approximately 2 x loz0  nvt. All of the glass  
specimens retained the i r  vitreous character ,  original surface texture,  and gloss af ter  
irradiation. No.visible mechanical damage was evident in any of the samples.  All were 
discolored to some extent, and significant density and hardness changes occurred in 
some.  

. Lukesh J S 
AN X-RAY STUDY OF THE EFFECTS O F  INTENSE NEUTRON IRRADIATION ON THE 
STRUCTURE O F  SOME GLASSES, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W - (31 - 109)-Eng-52, 
March 29, 1955, 13 pp. ( refs) .  

Detailed X-ray  scattering curves have been obtained for four glasses  subjected to intense 
neutron irradiation. No evidence indicating incipient devitrefication was observed. 



Kunz F W 
INFLUENCE O F  NEUTRON BOMBARDMENT ON COLD-WORKED AND CARBURIZED IRON 
SINGLE CRYSTALS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y . ,  Contract No. W -(31-109)-Eng-52, 
June 23, 1955, 29 pp. (17 re fs ) .  

Carburized and cold-worked single c rys ta l s  of i ron were i r radiated a t  room temperature 
to a total  integrated flux of 10" nvt t o  determine the effect of neutron irradiation on'the 
mechanical propert ies  of i ron  c rys ta l s  hardened by other means pr ior  to irradi,ation. 
The resu l t s  presented show that the effect of solute atom hardening plus irradiation 
hardening can be described a s  an additive process;  in contrast ,  the hardening effect of 
i r radiat ion decreases  with increasing amounts of cold work. The data have been inter-  
preted on the basis of defect agglomerates of vacancies and i r~ lers t i t i a l  atoills produced 
during collision events.  

Beard A P ,  e t  a l .  
PREPARATION O F  NUCLEAR POISON AND CONTROL ALLOYS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W - ( Y  1-1UY)-Eng-52, 
June 17, 1955, 31 pp. (10 refs) .  

Stainless s tee l  base boron alloys with nominal compositions of 18 wt 70 chromium, 
14 wr 70 nickel, a ~ ~ d  0.4 lu 3 . 2  w 1 70 LUL.UII w e 1  e j u c ~ t ~ ~ l i l l l y  cast illto i i~gota  by \.ncuum 
induction melting. Alloy ingots containing up to 2.4 wt 70 boron were fabricated into 
0.100-inch s t r ip  by forging and rolling at 1 140° to  1175OC. An ingot corrtainir~g 3.2 wt 70 
boron could not bi fabricated by the same procedure. Chemical analyses on as -cas t  
ingots and rolled s t r i p  indicated very high boron recovery and good horrioyeneity. 
Brine11 hardness  numbers of the alloys were directly proportional, and measured 
densities were inversely proportional to  boron content. 

KAPL- 1403 --.- 

, 'V'alovage 'W D 
EFFECTS O F  IRRADIATION ON HOT-PRESSED BORON CARBIDE, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W-(31- 109) -Eng-52, 
November 15, 1955, 45 pp. (2 re fs ) .  

Hot-pressed boron carbide was irradiated. in vacuo, in helium, and in sodium to  determine 
the quantity of helium released and the physical stability of this  mater ia l  af ter  burnups a s  
high a s  3670 of the B-10 atoms. The quantity of helium released, in t e r m s  of the percent: 
age of generated helium, was determined a s  a function of burnup and temperature.  

It was found that extensive physical damage occurs,  beginning with loss  of hardness  and 
cracking af ter  very  low burnup and increasing with burnup until complete granulation r e  - 
su l t s  af ter  3670burnup. At each level of burnup investigated, those specimens ' irradiated 
in sodium were damaged more  extensively than specimens in vacuo o r  in helium: . 



KAPL- 1416 

Baldwin E E 
EFFECTS O F  TEMPERATURE AND RADIATION UPON THE TENSILE AND IMPACT 
PROPERTIES OF ASTM-A-302-E MANGANESE -MOLYBDENUM STEEL 
Knolls ~ t o m i c  Power Laboratory, Schenectady, N. Y. , Contract No. W-(3 1 -109)-Eng-52, 
October 1, 1955, 61 pp. (1 re f ) .  

With the use of high'yield-strength low -alloy s teels  for  nuclear reac tor  pressure  
vessels ,  i t  i s  important to know whether the operating conditions of temperature and 
radiation w i l l  affect the mechanical properties of these s tee ls  and the magnitude of .such 
effects.  Tensile and impact specimens of ASTM-A-302-51T Grade B manganese- 
molybdenum steel  were fabricated, canned, charged into the Brookhaven reactor ,  and 

0 
i r radiated to an  integrated fast  neutron flux of 3.7 x lo1' nvt a t  500' and 700 F. Com- 
parison of tensile and impact test  data on i r radiated and unirradiated specimens showed 
that the separate  and combined effects of temperature and radiation had only minor 
effects ( less  than 1070) upon the tensile and impact propert ies  of the s tee l  tested. 

Merten U and Belouin D C 
CORROSION BEHAVIOR O F  ZIRCONIUM-BASE URANIUM ALLOYS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W-(3 1 -109)-Eng-52, 
June 15, 1956, 39 pp. (8 r e f s ) .  

The corrosion behavior in  high-temperature water  of zirconium-base alloys containing 
7 to 8 wt 70 of uranium has been studied. A marked dependence of behavior on pr ior  
heat treatment was observed. In the annealed condition the alloys lost weight atorates 
of the order  of one milligram per  square decimeter per  hour of exposure to 360 C 
water .  In the quenched condition the same alloys gained weight consistently, without 
any visible loss  of oxide, fo r  periods up to 4000 h r  in length. The use of sponge 
zirconium o r  a Zircaloy in place of c rys ta l  ba r  zirconium in preparing the alloy had 
no noticeable effect on the corrosion resis tance of the annealed material ,  but appeared 
to increase the corrosion ra te  observed af ter  quenching. 

KAPL- 1874 

Mehan R L and Baldwin E E 
EFFECT O F  NEUTRON RADIATION ON NOTCHED BEND AND TENSILE PROPERTIES 
O F  ASTM A-201A CARBON STEEL, 
General Electr ic  Co . ,  Knolls Atomic Power Laboratory, Schenectady, N. Y . ,  Contract No. 
W-(31-109)-Eng-52, November 8,1957, 37 pp. (9 re fs ) .  

Notched bend and tensile tes ts  were conducted on ASTM A-201 Grade A carbon s teel  
0 

i r radiated in the Materials Testing Reactor a t ' temperatures  of 300 F k 100 to a maxi- 
niuril integrated fast  flux of 4.3 x 10" nvt. Mechanical propert ies  changed drastically; 
the yield strength increased to a maximum of 19570 above the pre -irradiation value. 

0 
The transition temperature increased an  unknown amount, probably in excess  of 400 F .  
It was ve.rified that recovery of radiation-induced damage follows an equation of the 
form 7 = A ~ ' Q / ~ ~  that re la tes  the time and temperature of recovery. . 

The resul ts  indicated that the KAPL-30 in-pile loop could be operated safely to an inte- 
g r a t e d  fast  flux of -%x lo2' nvt provided the loop received an annealing treatment of a t  
l eas t  one hour a t  600 F subsequent to each operating cycle. 



KAPL- 1877 

Ahmann D H, e t  a l .  
A UO, -BISMUTH SYSTEM AS A REACTOR FUEL, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. , Contract No. W-(3 1 -109)-Eng-52, 
July 1, 1957, 21 pp. (3  r e f s ) .  

0 0 
Capsule experiments made with U0,-bismuth s lu r r i e s  a t  500 to 600 C indicate that 
titanium is the best additive to use to promote the wetting of UO, by bismuth. It was 
found in these capsule experiments  that 10 to. 12 wt OJo UO, could be uniformly dispersed 
in bismuth. Loop studies demonstrated that i t  i s  possible to pump a t  least  an 8 wt 70 

0 
UO, in bismuth s lu r ry  in a loop'with an  electromagnetic pump a t  450 C. 

Morgan C E 
E F F E C T  O F  RADIATION ON 'I'HE CRITICAL SHEAR STRESS O F  A METAL SINGTJF 
CRYSTAL, 
Convair, Div. of General Dynamics Corp . ,  Fo r t  Worth, Tex. Paper presented a t  the 31-d 
Semi-Annual Effects Symposium, October 28-30, 1958, Lockheed Aircraf t  Corp . ,  Marietta, 
Cn., 10 pp. (18 ref$) 

A mechanism i s  postulated to account for the radiation hardening of a metal  single 
c rys ta l .  The mechanism is based on a latt ice defect consisting of interlocking dis-  
location r ings.  According to this model, the cr i t ical  shea r  s t r e s s  of a metal  single 
c rys t a l  va r i e s  a s  the cube root of the integrated fasr neutr-UII flux. This ngrcco woll 
with the reaiilts of experiments by Blewitt, e t  a l . ,  on i r radiated high-purity copper 
orjrstals.  

K u l g  B A and Reynolds D C 
EFFECTS O F  ELECTRON BOMBARDMENT UN CAUlVllUIVi' SULFIDE WIII3IiJ3llE;, 
Wright A i r  Development Center, Wright-Patterson Air  Fo rce  Base, Ohio. Pape r  presented 
a t  the 3rd  Semi-Annual Radiation Effects Symposium, Octobcr 28-30, 1958, Lockheed Ai r -  
c r a f t  Corporation, Marietta, Georgia, 3 pp. (12 re fs ) .  

Edge emission normally found in large c rys ta l s  of CdS i s  not.found in CdS whiskers and 
platelkts in'thk as-grown condition. Bombardment of these whiskers by 700 and 500 kev 
electrons has brought out this emission.  The threshoyd for  the effect is being 
determined.  

Bauerlein R R 
THE PLA TE SHEAR METHOD FOR DE TERMIN ING RADIA TION EFFECTS ON T HE 
MODULUS O F  RIGIDITY O F  HONEYCOMB SANDWICH PANELS, , 

Convair, Div. of General Dynamics Corp. ,  For t  Worth, Tex. Paper  presented a t  the 3rd 
Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraf t  Corp . ,  
Marietta,  Ga . ,  6 pp. 

A new testing method--the Plate Shear Method--has been developed for obtaining the 
modulus of rigidity in a mixed radiation field. The Plate  Shear Method.has proved to be 
more  consistent and more  reliable than the Beam Deflection Method. Furthermore,  it 
is adaptable to testing during the i r radiat ion process .  



This  paper  desc r ibes  the P la te  Shear  Method, i t s  application, and the remote ly  con-  
t ro l led  equipment required fo r  i t s  application. In pa r t i cu la r ,  i t  d i scusses  the advanta,ges 
of the new method in yielding design data on honeycomb sandwich panels  being tes ted f o r  
use  in a nuclear-powered a i r c r a f t .  

Steele R V and Wallace W P 
THE E F F E C T  O F  NEUTRON FLUX ON THE MECHANICAL PROPERTIES O F  ALUMINUM 
ALLOYS, 
California R e s e a r c h  and Development C o . ,  L i v e r m o r e  R e s e a r c h  Laboratory ,  L ivermore ,  
Cal i f . ,  May (1954), 20 pp. 

Aluminum al loys  2S0, 2SH14, 502S0, 52SH34, 61S0, 61ST6, and A54S w e r e  i r rad ia ted  a t  
a maximum tempera tu re  of 150 F to  a total  neutron i r radia t ion of 1.26 x 1021 n / s q  c m  
in o r d e r  to dctcrminc the effect of ~ ieu l l .u l l  ir-r-adiation on the mechanical  p roper t i e s .  It 
w a s  determined that the flow s t r e s s  was  inc reased  markedly ,  par t icular ly  f o r  the so f t  
t empers ,  by the neutron exposure .  The usual  tens i le  s t rength  was  inc reased  by the. 
i r radia t ions ,  whereas ,  the percentage of elongation w a s  decreased ,  but not in e v e r y  c a s e  

F o r  the s a m e  value of i n c r e a s e  in flow s t r e s s  ( o r  the usual  tensile s t rength) ,  the ductility, 
a s  measured  by the percentage of elongation, is markedly  g r e a t e r  when this i n c r e a s e  is 
accomplished by neutron exposure  r a t h e r  than by mechanical  s t r a i n  hardening.  

F o r  a given t rue  s t r e s s  of 0.05 t rue  s t r a i n ,  the s t r a i n  hardening exponent is g r e a t e r  f o r  
i r rad ia ted  specimens than fo r  control  spec imens .  Also,  f o r  a given value of unstrained 
s t rength ,  the s t r a i n  hardening exponent is g r e a t e r  f o r  i r rad ia ted  spec imens  than f o r  
control  spec imens .  

MIT-1085 

Klein J L and Nowak W B 
E F F E C T  O F  IRRADIATION ON THE X-RAY LINE SHAPE O F  2 s  ALUMINUM FROM A 
HANFORD WATER-COOLING TUBE, 
Massachuset ts  Institute of Technology, Cambridge,  M a s s .  , Contract  No. AT-(30 -1 )-981, 
December  7, 1955, 24 pp. (4  r e f s ) .  

Measures  of the in ternal  d is tor t ions  in cold-worked and i r rad ia ted  2s  aluminum have 
been made by means  of a F o u r i e r  analys is  of X- ray  line shapes .  The (220) and the (311) 
ref lect ions  w e r e  recorded  on a Norelco High-Angle Spec t romete r .  Changes in  the 
resolution of the K, doublet indicated that a f a s t  neutron i r radia t ion of about 4 x lo2' 
n / c m 2  produced fu r the r  d is tor t ions  in previously  cold-worked 2s  a luminum. The F o u r i e r  
coefficients yield quantitative values f o r  the r m s  dis tor t ions  produced by cold work,  and 
by cold work plus i r radia t ion.  Residual  r m s  s t r a i n s  at tr ibutable to i r rad ia t ion  a r e  of the 
s a m e  o r d e r  of rnagnitudc (0.170) a s  those caused by cold wurk. 

Aronin L R 
E F F E C T S  O F  FAST NEUTRON IRRADIATION ON ORDER-DISORDER IN NICKEL - 
MANGANESE ALLOYS, 



Massachusetts Institute of Technology, Cambridge, Mass.  , Contract No. AT(30- 1)-981, 
April 28, 1953, 60 pp. (26 re fs ) .  

Ef fec ts  of fas t  neutron irradiation in a Hanford reac tor  on order -d isorder  iii a s e r i e s  
of nickel-manganese alloys ranging from 16.5 to  3 1.9 atomic percent manganese have 
been studied by resis t ivi ty  and magnetic induction measurements .  Attainment of an 
" irradiated state" differing from either cold work o r  thermal  disordering is suggested 
by comparison of exposure resu l t s  on initially cold work disordered and initially 
thermally disordered alloys at  the 1V'i Mn campositiwn. 111 a regiun froin 16.6 to  appro>[ -, 
imately 22% manganese, propert ies  of thermally disordered alloys a r e  markedly 
affected by irradiation. These effects a lso appear t o  be superposed on the disordering . 

produced by irradiation of initially ordered alloys. F r o m  theoret ical  exponential de - 
pendence on period of irradiation, fast  neutron disordering of Ni,Mn i s  determined by 
relating the'ssagg and Williams order  parameter  quaduma.tically w i t h  resistivity and 
l inearly with ma.&etic induction. ~ n d e - r .  cond-itions of the i r radiat ion it is estiniated 
that each lattice s i te  undergoes, on the average, one atomic replacement when the ther -  
m a l  component of integrated flux Peaches 2 x 10"' rl/cn12. This  leads t o  a figure of 5000 
for  the rat io  of the number of atomic replacements to  the number of pr i inary collisions 
with neutrons of energy in excess  of 0.5 Mev - - subject, however, to uncertainty 
a r i s ing  from estimation of the fast  flux. 

Zaehringer  Alfred J 
IGNITION OF SOLIUS, 
Missiles and Rockets, Vol. 5, No. 4 . ,  p. 43, January 25, 1959. 

Ignition of solids is undergoing considerable research .  Work in Zurich has show11 .lhal; 
high intensity light can initiate detonations. At the University of Cambridge, e lcctr ic  
fields have been used fo r  ignition. On the olher hand, neutrons, alpha particles,  and 
other  large fission fragments were not capable of pr-oducing ignition hot spots.  At lo4  

7 roentgens, there is no great eitece. To 10 rue~~ lge l l s  ullly d t co i~~pas i t i on  r a t o ~  nro 
changed. . At Princeton University, shock waves have been used to  ignite solid pro-  
pellants (double base and composite). A helium shock wave of Mach 4 can ignite the 
solids.  Aberdeen Proving Ground repor t s  shock initiation of solids.  University of Utah 
work outli.nes the t ransi t ion ~ I W ~ Y I  Beilagrakfu~~ cuu~lus l iu l l  to dato~latisn whcn an iner t  
solid medium interrupts  deflagration. 

NAA-SR- 13 

Gilmore F R, Malmstrom C R and Ja r r e t t  A A 
TECHNIQUE O F  RESISTIVITY MEASUREMENTS ON CYCLOTRON BOMBARDED GRAPHITE, 
North American Aviation, Inc.,  Contract No. AT-(11-1)-Gen-8, April  4, 1949, 17 pp. (7 re fs ) .  

Graphite, exposed to  proton, deuteron o r  alpha particle bombardment i n  thc 60-inch 
cyclotron a t  Berkeley, undergoes large changes in electr ical  resistivity.  The change is 
a function of the exposure and of the distance along the path of the part ic les  in the graph- 
i te.  

A previous report  described a method for measuring these changes in resis t ivi ty  and in- 
cluded some prel iminary experimental resul ts .  The present  work descr ibes  fur ther  
refinements of both the experimental technique and the analytical procedures.  The 
resis t ivi ty  change in layers  0.001" thick in graphite can be measured to  an  accuracy of 
about 570 using these techniques. 
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Parkins  W E, Nuding J M and Eggen D T 
RESULTS OF' PU LSE -ANNEALING MEASUREMENTS ON THE ELECTRIC RESISTIVITY O F  
IRRADIATED GRAPHITE, 
North American Aviation, Inc. , Los Angeles, Calif . ,  Contract No. AT -( l l -1)-Gen-8,  
October 17, 1949, 29 pp. (8 refs) .  

Improvements a r e  described in  the experimental technique of measuring electr ic  r e s i s -  
tivity changes in i r radiated graphite by pulse -annealing. Results of annealing measure - 
ments up to about 2 0 0 0 ~ ~  a r e  given for  graphite subjected to  short  exposure on a cyclotron 
and to a wide range of exposures in a Hanford reactor .  The dependence of the annealing 
measurements  o,n the graphite tempera ture  during irradiation and on the length of 
exposure a r e  discussed. 

Bowen D 
THE ELECTRICAL CONDUCTIVITY OF IRRADIATED GRAPHITE, PART I, 
North American Aviation, Inc.,  Los Angeles, Calif . ,  cont rac t  No. AT-(11-1)-Gen-8, 
September 29, 1949, 13 pp. (3 refs) .  

A theory' of the eledtr ical  conductivity of irradiated graphite has been developed which 
explains t.he saturation of resistivity a s  a function of exposure. 

The saturation effect resu l t s  f rom a competition between the increased number of 
c a r r i e r s  created by the atoms knocked from the lattice, and increased electron scattering 
caused by these displaced atoms and holes. 

A comparison of the theory with existing measurements  on resis t ivi ty  is given. 

Bowen Dwain 
THE THERMAL CONDUCTIVITY O F  IRRADIATED GRAPHITE, 
North American Aviation, Inc. , Los Angeles, Calif. , April 20, 1950, 21 pp. (8 refs) .  

A theory of the electronic thermal  conductivity of i r radiated graphite is developed. 

It i s  found that for  unirradiated graphite the Lorenz number (Wiedemann-Franz law for  
metals)  t imes  T~ is a constant. The available experimental data fit this  law reasonably 
well; hence, it may be concluded the major  portion of the thermal  conductivity of graphite 
i s  electronic.  

This  report  is based on studies conducted fo r  the Atomic Energy Commission under 
Contract AT - ( l l -  1)-Gen-8. 

Dienes G J 
A PROGRAM FOR THE STUDY OF RADIATION EFFECTS ON MECHANICAL 
PROPERTIES, 
North American Aviation, Inc. , Downey, Cal i f . ,  Contract No. AT-(1 1 -1)-Gen-8, June 7, 1950, 
29 pp. (48 re fs ) .  
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The main purpose of this  report  i s  to  indicate the most promising avenues of approach in 
studying the effect of radiation on mechanical propert ies .  F i r s t ,  a cr i t ical  analysis of our  
fundamental knowledge of the mechanical propert ies  of solids is presented and the main 
gaps in theoretical understanding a r e  pointed out. Consequently, some mechanical 
propert ies  a r e  f a r  more  suitable than others for  a fundamental study of radiation effects. 
A brief description of radiation effects i s  given. This  is followed by a discussion of the 
mechanical propert ies  most  profitably studied from a fandamental standpoint and those 
which can only be t reated empirically at  the present  t ime. A se t  of specific suggestions 
is given for  an exploratory program. 

NAA-SR-165 
. . 

Green L 
HIGH TEMPERATURE COMPRESSION TESTS ON GRAPHITE, 
North American Aviation, Inc. , Downeg, cal i f .  , Contract No. AT- (1 1 -1) -Gen-8, January '/, 
1952, 1 7  pp. (7  refs) .  

Experiments  on the compression of graphite cylinders at  temperatures  up to  about 2ti0U0~ 
a r e  described. It i s  found that the short-t ime compressive strength increases  with t em-  
perature in the range from room temperature t o  2 0 0 0 ' ~  in a manner paralleling the 
tensi le  strength behavior. Typical s t r e s s - s t r a in  curves a r e  presented, but the limited 
degree of experimental control dictated by the available tes t  equipment makes the resul ts  
only semiquantitative in nature. The large, mutually opposing influences of temperature 
and s t r a in  rate  a r e  i l lustrated by photographs of typical failures.  

NAA-SR- 168 

Duwez Po l  and Johnson R D 
THE EFFECT O F  IRRADIATION ON DIFFUSION IN COPPER-GOLD AND COPPEK- 
NICKEL POWDER COMPACTS, 
North American Aviation, lnc. ,  Uowney, Calif. , Contrnact Nu. AT-(1 1- 1)-Gen-0, March 7, 
1952, 3 1  pp. 

Techniques a r e  described for performing intermetallic diffusion experiments in the p r e s -  
ence of both cyclotron and reactor  irradiations.  Diffusion specimens a r e  in the form of 
powder compacts of definite particle s ize .  The progress  of diffusion is determined by 
X-ray diffraction measurements  of the lattice parameter  of one phase of the solid 
solution. Results a r e  presented for experiments in the gold-copper and copper -nickel 
sys tems i rradiated on the 60-inch University of California cyclotron and in a Hanford hot 
tes t  hole. No significant effect of irradiation on the ra te  of intermetallic diffusion has 
been detected in the two sys tems studied, although both sys tems diffuse by substitutional 
methods. An interpretation of the resu l t s  i s  presented on the basis  of theory previously 
reported for  intermetallic diffusion in powder compacts.  

McClelland J D 
CHANGE IN MAGNETIC SUSCEPTIBILITY O F  IRRADIATED GRAPHITE DURING PULSE 
ANNEALING, 
North American Aviation, Inc. , Downey, Calif. , Contract No. AT-(1 1- 1)-Gen-8, December . . 
18, 1952, 11 pp. (5 re fs ) .  



Pulse annealing studies a r e  presented of the magnetic susceptibility of AGOT-KC 
graphite with irradiations of 12.5, 48, 146, 460 and 1534 mwd/ct in the Hanford "B" test  

0 
hole. .The  samples  were pulsed stepwise in s teps of approximately 100 C to a tempera-  

0 
ture  of 2180 C where the samples  showed complete recovery.to their preirradiation 

0 0 
value. The curves show two active annealing regions, the f i r s t  be tween 100 and 500 C 

0 
and the second between 1100 and 1 5 0 0 ~ ~ .  The data a r e  in good agreement with theory. 

Brinkman J A and Gilbert W S 
EFFECTS OF FISSION FRAGNIENTS ON RADIATION DAMAGED METALS, 
North American Aviation, Inc., Downey, Calif. , Contract No. AT-(1 1- 1)-Gen-8, November 15, 
1953, 34 pp. (5 refs) .  

Thorium metal  and Au-3% Th alloy specimens were i r radiated with both 9 Mev protons 
and 18 Mcv dcuterans.  The J e u l e ~ . u ~ ~  irradiation was found to  anneal some of the damage 
produced by the protons and t o  produce a different type of damage. These effects a r e  
interpreted a s  the resul t  of fission fragments produced by the irradiation of thorium with 
deuterons. It is believed that the damage annealed by these fission fragments consists 
of interstitial-vacancy pairs ,  and the damage produced by the fission fragments consists 
pr imar i ly  of dislocation loops. 

Austerman Stanley B 
ACTIVATION. TEMPERATURES FOR ANNEALING OF NEUTRON-DAMAGED GRAPHITE AS 
DETERMINED RY TSCYC'HERMAL PULSE ANNEALING, 
Nuclear Engineering and Manufacturing, North American Aviation, Inc. , Downey, Calif. , 
Contract No. AT-(11-1)-Gen-8, September 1, 1955, 52 pp. '(17 refs) .  

As part  of the program to  understand the mechanisms of annealing behavior in irradiated 
graphite, specimens of 48 M W  d/ct pile -irradiated graphite were subjected to pulse - 
annealing, and simultaneous measurements  were made of thermal  and electr ical  res i s t iv -  
i t ies  and thermoelectric power. Activation temperatures ,  calculated for annealing at 
temperatures  up to 1850°C showed a continual r i s e  from about 18, OOO°K a t  the beginning 
of low temperature annealing to about 70, OOO'K a t  1 4 0 0 ~ ~  annealing temperature.  
Analysis of the annealing ra tes  in conjunction with the calculated activation temperatures  
shows that. the annealing processes  cannot be explained by simple chemical kinetics, but 
that a model of overlapping annealing s tates  governed by increasingly higher activation 
temperatures  a s  annealing progresses  must be used. In the region of 1200°C the anneal- 
ing behavior demonstrates a system involving at least  two opposing processes .  

Bowen D B 
SOLID-STATE ,PHYSICS QUARTERLY PROGRESS REPORT, JANUARY-MARCH, 1955, 
Nuclear Engineering and Manufacturing, N.orth A.merican Aviation, Inc.,  Downey, Calif . ,  
contract  No. AT-(11-1)-Gen-8, September 15, 1955. 25 pp. (14 re fs ) .  

This progress  report  covers  work in solid-state physics performed by the above group 
during the period stated. Work during this quarter  covered Graphite, Metals, and 
Cyclotron Operation and Development. The following i s  a l i s t  of problems covered. 



I. Graphite 
A. Survey of Radiation Damage. in Graphite 
B. Theoretical Rate of Defect Production in Graphite 
C.  Post  -Irradiation Measurements of Cyclotron and Neutron-Irradiated Graphite 
D. Stored Energy Release Experiments 
E .  Low Temperature Therma1,Conductivity of Potassium Chloride 

11. Metals 
A. Electron Irradiation of Copper at  - 1 9 6 ' ~  
B. Tensile Proper t ies  of Electron Irradiated Copper 

111. Cyclotron Operation and ~ e v e l o p m e n t  
A. Operation 
B: ' Impi~r i ty  Atom Experiments 

NAA-SR- 1398 

Hove John E 
THERMAL CONDUCTIVITY O F  GRAPHITE - 'I'HEUKE'I'ICAL STUDY OF ELECTIZON-I'EIOTON 
SCATTERING, 
Nuclear Engineering and Manufacturing, North American Aviation, Tnc . , Downey, Calif. , 
Contract No. AT-(11-1)-Gen-8, January 1, 1956, 43 pp. (3.3 refs) .  

A calculation has been made of the contribution t o  the thermal  resis tance in graphite of 
the scat ter ing of the photons by the conduction electrons.  This  investigation was under- 
taken in o r d e r  to determine whether the effects of neutron damage on the the rma l  
conductivity could be explained by the change in the number of effective electrons caused 
by trapping of the electrons.  The conclusion reached is that this  cannot be done, princi- 
pally because it is found that the thermal  conductivity, due t o  this  mechanism, should 
become more  strongly dependent on temperature as electrons a r e  removed from the 
conduction band, whereas it i s  observed that this  temperature dependence is weakened. 
The important implication of th i s  result  i s  that the thermal  conductivity is a sensitive 
probe f o r  detecting the lattice defects introduced by neutron damage, since it is not 
complicated by electronic effects. 

Bowen Dwain 
'SOLID-STATE PHYSICS QUARTERLY PROGRESS REPORT, APRIL-JUNE 1955, 
Atomics International Div. of North American Aviation, Inc. , , Canoga Park ,  Calif. , 
Contract No. AT-(11-1)-Gen-8, March 15, 1956, 35 pp. ( 2 1  re fs ) .  

This  document covers  the progress  of Atomics International in the field of solid-state 
physics.  The f i r s t  portion i s  devoted to the radiation damage in graphile aliil presents  
data on a model analysis and the correlation of neutron flux with radiation damage. 
Further ,  work on low temperature annealing of graphite and s tored energy in graphite 
i s  discussed. 

P a r t  2 of the publication covers  efforts in the field of metals a s  used for reac tor  con- 
struction. The meta ls  investigated include thorium and nickel.   he changes in X-ray 
l ines ,  cold working effects, mechanical properties,  and energy bands in thorium a r e  
discussed, a s  a r e  the displacement energy of nickel and a rlew method of determining 
activation energies.' 



NAA-SR- 1464 

Hove John E 
THEORY O F  THE MAGNETIC SUSCEPTIBILITY O F  GRAPHITE: THE VARIATION WITH 
TEMPERATURE, .BROMINATION AND NEUTRON DAMAGE, 
Atomics International, Div. of North American Aviation, Inc. , Canoga Park ,  Calif. , -. 

Contract No.. AT-(11-1)-Gen-8, March 15, 1956, 28 pp. (18 refs) .  

The.magnetic susceptibility of graphite shows a very  high diamagnetic value which is 
extremely anisotropic. Previous theoretical interpretations of this  have utilized the 
two -dimensional approximation, wherein only a single basal  plane of graphite 'is con- 
sidered. Such a theory will explain the varietion of the susceptibility with neutron 
damage o r  with the formation of bromine-graphite compounds, but only in a qualitative 
way. The quantitative resu l t s  of the theory disagree r a the r  badly with the experimental 
data, especially a s  regards  the variation with temperature.  In the present report ,  the 
three -dimensional graphite s t ructure is utilized, adopting the elec'tron energy band 
approximation of Wallace. In the la t ter  work, two parameters  appear (the so-called 
resonance integrals between nearest  neighbors in a plane and nearest  neighbors in 
adjacent planes) which a r e  t reated a s  disposable constants in the present paper  and 
evaluated by fitting appropriate experimental data. In this  way, the respective values 
for these resonance integrals a r e  found to be 1.63 and 0.5 ev. Theoretical es t imates  
used in previous work a r e  1.0 and 0.1 ev  for these values, and it is seen that the 
difference i.n the  magnitudes for the adjacent plane parameter  i s  appre,ciable. This 
implies that the three -dimensional effects in graphite may have been ser iously under - 
estimated in some previous work. Using the experimentally determined parameters ,  
this wr i te r  has found that the relative temperature dependence of both unirradiated and 
neutron-irradiated graphite can  be satisfactorily predicted. Similarly, the relative 
variation of the susceptibility with bromination can be accounted for on a quantitative 
basis.  However, the absolute magnitude of the susceptibility, a s  determined theoreti- 
cally, is lower by a factor of 40 than the observed value. The reasons for  this  
discrepancy a r e  not yet well known. 

F o r  neutron damages less  than about 100 Mwd/ct, i t  is found that the electron trapping 
rate  va r i e s  f rom 1 x to  about 0. 3 x e l e c t r ~ n ~ / a t o m / ~ w d / c t  a s  the damage is 
increased. This agrees  reasonably well with the trapping ra te  of 0.9 x a s  estimated 
from the Hall coefficient variation in a previous work by Eatherly.  

Johnson R E and Sicilio F 
RADIATION DAMAGE TO METAL BONDED AND SANDWICH PANELS - I, 
Engineering Dept., Convair, Div. of General Dynamics Corp . ,  Fo r t  Worth, Tex . ,  
Contract No. AF33(600)-32054, November 26, 1957, 38 pp. (13 re fs ) .  

Samples of three types o'f panels were irradiated in a i r  using the Ground Tes t  Reactor in 
bctober  1955. The three  types.were lap shear  panels, aluminum- and fiberglas-core 
honeycomb panels, and corrosion-resistant s tee l  honeycomb panels. In addition, two 
groups of clad aluminum lap shear  panels were i r radiated while immersed  in various 
lluids. ' 

In the a i r - immers ion  irradiations,  flux levels of 6 x id4 nfvt, 6 x 1013 ntvt, and 
5 x 1016 y/cm2 were  attained. In the fluid-immersion irradiations,  fluxes of 
6 x lo1* ntvt and 5 x 1016 y/cm2 were  attained. 



After irradiation, engineering t e s t s  were made on both i r radiated and control samples.  
Comparisons were made of the tes t  resu l t s  of the two groups to determine the effect of 
radiation on the mater ials .  

Most of the panels were found to  be resis tant  to radiation at the levels experienced. Only 
the following changes were  noted: 

1. Lap shear  panels made with Plastilock 620-626 adhesive on magnesium to 2024-T3 
clad aluminum showed a decrease in  shear  strength. 

2. Fiberglas-core aluminum-skin honeycomb panels made with Hexcel 422-5 adhesive 
exhibited a decrease in column creep  and shear  strength. 

3. Corrosion-resis tant  s t ee l  sandwich panels decreased in face compression strength. 

Morgan C E 
EFFECT O F  NEUTRON IRRADIATION ON THE CRITICAL SHEAR STRESS O F  A METAL 

* SINGLE CRYSTAL, 
Engineering Dept. ,  Convair, Div. of General Dynamics Corp . ,  Fo r t  Worth, Texas, 
Contract No. AF33(600)-32054, March 20, 1958, 62 pp. (28 refs) .  

A mechanism is postulated to account for the change in the cr i t ical  shea r  s t r e s s  of a 
meta l  single c rys ta l  upon irradiation. This mechanism is based on a lattice defect con- 
s is t ing of interlocking dislocation r ings.  The dislocation r ings a r e  formed by plastic 
deformation of the mat r ix  around thermal  o r  displacement spikes in the metal, a s  
suggested by Seitz. They remain in the lattice after irradiation to impede the movement 
of slip-dislocations. F r o m  this  model, an  expression for  the c r i t i ca l  shear  s t r e s s  var ies  
a s  the cube root of the integrated neutron flux. The variation (after irradiation) of the 
c r i t i ca l  shea r  s t r e s s  with temperature i s  a lso discussed from the standpoint of this  
mechanism. 

Other  radiation-hardening mechanisms (Giz., interaction of slip dislocations with i n t e r -  
s t i t i a l ~  and vacancies, formation of stacking faults o r  agglomerations of intersti t ials and 
vacancies and formation of jogs on dislocations) a r e  discussed and the dislocation ring 
mechanism compared with them. The agglomerated point defect o r  stacking fault 
mechanism and the dislocation ring mechanism differ in that, while the former  requires  
diffusion of intersti t ials o r  vacancies before the i r radiated meta l  is hardened, the dis-  
location r ing method predicts that metals  will be hardened by radiation even at the lowest 
tempera ture  without warning. 

To  tes t  the theory, the c r i t i ca l  shear  s t r e s s  of copper was calculated for  neutron doses 
up to  2 x lo1' nvt. The calculated values agree quite well with available experimental 
data on i r radiated high-purity copper crystals .  

Extension of the theory of polycrystalline metals and alloys is also discussed. 

Bauerlein R R 
RADIATION DAMAGE TO METAL-BONDED AND SANDWICH PANELS -11. EFFECTS O F  
RADIATION ON HEXCEL 91LD AND HEXCEL F-120 HONEYCOMB CORE REINFORCED 
WITH FIBERGLAS, 
Convair, Fo r t  Worth, Tex . ,  Contract No. AF33(600)-32054, December 17, 1958, 14 pp. ( 2  re fs ) .  



In an experiment to investigate the effects of radiation on the compressive strength of 
honeycomb cores ,  samples  of Hexcel 91LD and Hexcel F-120 honeycomb core, each r e -  
inforced with fiberglas, were i r radiated with the Ground Tes t  Reactor.  Specimens were 
i r radiated at ambient temperature at  four different radiation levels with the maximum 
being a gamma dose of 9.3 x 10' e rgs /gm (C) and an  integrated fast-neutron flux of 
1.2 x lo1' n /cm2.  

Within the s tat is t ical  accuracy of the tes t s ,  the compressive strength of neither type o f  
honeycomb core  was found to  be adversely affected by the irradiation. 

Smoluchowski R 
SURVEY OF RADIATION EFFECTS, 

. Carnegie Institute of Technology, Pittsburgh, Pa .  Paper  given a t  Conference on Effects of 
Radiation on Dielectric Materials held a t  Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 4 pp. (6 refs) .  

Most of our  knowledge of the influence of nuclear irradiation on solids is based on study 
of these phenomena in metals  ra ther  than in other mater ials .  This  is s o  in spite of the 
fact that the commonly measured effect is the change of the metallic e lectr ical  resistivity 
which is often quite difficult to interpret .  Fo r  this reason in this  brief summary of 
various radiation effects, an attempt will be made t o  s t r e s s  the differences and similar- 
i t ies between effects occurring in metals  and in nonmetals. This  i s  approached from the 
theoretical interaction standpoint with little reference to experimental proof. 

Pearls tein E and Ingham H 
CHANGES OF ELECTRICAL CONDUCTIVITY O F .  ALKALI HALIDES UNDER IRRADIATION 
WITH HIGH-ENERGY PROTONS AND GAMMA-RAYS, 
Carnegie Institute of Technology, Pittsburgh, Pa .  Paper  given at Conference on Effects of 
Radiation on Dielectric Mater ials  held at  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 6 pp. (2 refs) .  

The experiments on proton irradiation of alkali halides were s tar ted with the hope that 
some basic information could be obtained about the number of vacancies and intersti t ials 
produc'ed by high-energy ionizing part ic les  and also about the behavior of these imper-  
fections'. The resu l t s  do not as yet point definitely to any simple interpretation, and a 
number of questions a r e  raised, some of which can be answered by additional experi-  
ments.  

Pearls tein F: and Ingham H 
ENERGY DEPENDENCE O F  RADIATION EFFECTS, 
Carnegie Institute of Technology, Pittsburgh, Pa .  Paper  given at Conference on Effects of 
Radiation on Dielectric Materials held a t  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 1 p. (1 ref) .  

The original object of this  experiment was to  tes t  the validity on the 1 / ~  dependence of 
radiation effects upon energy of the incident charged particle,  a s  predicted in the formu- 
las  of Seitz. The measure of radiation effect was the change in electr ical  resistivity of 
tungsten at room temperature.  
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Delbecq C J, et a l .  
SOME EFFECTS OF RADIATION ON ALKALI HALIDES, ALKALI NITRATES, AND 
DIAMOND, 
Argonne National Laboratory, Lemont, Ill. Paper  given at Conference on Effects of Radiation 
on Dielectric Mater ials  held a t  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 9 pp. (18 refs) .  

Various c rys ta l s  have been exposed to X-rays, gamma-rays, fast  electrons, deuterons, 
neutrons, and ultraviolet light, and some of the effects of the impinging radiation have 
been observed. The changes in the opticai absorption of the c rys ta l s  have' been studied 
in greatest  detail; however, changes in chemical, electrical,  and para-magnetic proper-  
t i e s  and birefringence have also been measured. Although the alkali  halides, because of 
the relatively simple structur.e a ~ i d  availabili.l;y, llavc .been sludie J ill gl-eateot cxtcnt, 
some attention has been given to alkali nitrates and diamond. 

NAVR-SYM-ACR- 2(10) 

~ r e i d l  i\T J ' 

b 

RADIATION EFFECTS ON GLASS, 
Bausch & Lomb Optical Co. ,  Rochester, N. Y. Paper  given at Conference on Effects of Radia- 
tion on ~ i e l e c t r i c  Materials held at  Naval Research Laboratory, Washington, D. C . ,  
December 14-15, 1954, 2 pp. 

This  i s  a two-page abstract  which discusses  the'effects of 'radiation on sil icate and 
phosphate glasscs .  

Wittels M C and Sher r i l l  F A 
PILE BOMBARDMENT EFFECTS IN SOME REFRACTORY CRYSTALS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  given at Conference on Effects of 
Radiation on Dielectric Mater ials  held at Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 3 pp. (7 refs) .  

A group of natural c rys ta l s  having comparatively high melting tempera tures  were 
bombarded with fast  neutrons at  a temperature of approximately 100°C. Prel iminary 
X-ray  examination of these mater ials  following irradiation indicates that many of these 
c rys ta l s  undergo large disordering effects a s  resul t  of knock-on displacements. Most 
of the c rys ta l s  examined a r e  in the c lass  of low density insulators with oxygen atoms 
forming the s t ructural ly  dominant component of the lattice. In addition, a considerable 
degree of covalent binding i s  a common character is t ic  of these c rys ta l s .  

NAVR-SYM-ACR-2(16) 
. . 

Sturm W J. . , 
THE EFFECTS.  OF. P ILE  :NEUTRON . . IRRADIATION . . ON THE STRUCTURE O F  LITHIUM ' 
FSdlJORIDE, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  given at Conference on Effects of 
Radiation on Dielectric Mater ials  held a t  Naval Research . Laboratpry, . Washington, D. C . ,  
December 1.4-15,.,1954, 5 pp. ,. 

, .  . 
. . . . 



The object of the work discussed here  has  been to  determine the type of lattice defect 
induced in lithium fluoride by pile neutron bombardment. The parameter  chosen for the 
observation was the lattice parameter ,  and the measurements  made were those of 
changes in this  parameter  a s  a'function of pile bombardment and of t ime and tempera-  
tu re  of thermal  anneal. Lithium fluoride was chosen for the work partly because it i s  an 
easi ly  available single c rys ta l  having simple and well-determined s tructure.  

NBS -5272 

Swerdlow M and Geller R F 
SURVEY OF RADIATION-RESISTANT GLASS, 
National Bureau of Standards, Washington, D. C . ,  May 1, 1957, 48 pp. ' 

This  report  presents  a survey of radiation-resistant glass.  The topics discussed a r e  
effects of radiation; sources and kinds of high energy radiation; types of' interaction with 
matter ;  radiological quantities, units, a d  symbo'ls; and nuclear radiation environment 
associated with System 125A. . . . . 

The information presented was obtained from a selected bibliography and can be summa-  
r ized a s  follows: 

At dosages of approximately lo6  roentgens of co60 gamma radiation, many optical glasses  
become darkly colored and practically opaque to  visible radiation. At dosages over lolor 
the discoloration reaches a saturation point. The brown coloration 1s not stable but fades 
with t ime, temperature and exposure to  ultraviolet o r  visible radiation. The color in- 
duced in a crown glass  exposed to l o 6  r could be completely bleached in a few hours by 
heating a t  4 0 0 ~ ~ .  The flint glasses  color more readily than crown glasses,  but fade more  
quickly. As the gamma radiation dosage i s  increased beyond the saturation point, the 
glasses .can be ruptured o r  cracked. Because optical glass  becomes useless  a s  an image- 
forming mater ia l  long before mechanical damage occurs,  gamma radiation dosages below 
10l0 r a r e  considered the present pract ical  l imit 'for the use of optical instruments in 
such a radiation flux. I 

Some irradiated glasses,  especially phosphate glasses  containing cobalt, will exhibit 
fluorescence with ultraviolet excitation. Other' i r radiated glasses  containing t races  of 
thorium, cerium, s i lver ,  chromium, cobalt, and manganese will 'exhibit the phenomenon 
of thermoluminescence, that i s ,  visible radiations of definite wavelengths will be emitted 
when the glass is heated af ter  irradiation: The liberation of heat f rom a nuclear reac tor  
will be 'an important consideration in :regions .close to the r eac to r . .  .. 

. , , . .  . . .  , . . .  " . . . . 

Capture  of thermal  neutrons by glasses,containing potassium,. calc'iuin; zinc, arsenic ,  
cer ium, and especially 'cobalt, can resul t  in making the glass:hazardousl j~ r'adioaclive 

. . for  some time af te r  nuclear irradiation. 

Proc tor  Joseph H . '. 
APPLICABILITY OF CLAD STEELS TO HEAVY WATER PIPING, 
Lukens Steel Co. ,  'Coatesville, Pa .  Published by the American Society of Mechanical . . 
Engineers,  2nd Nuclear Engineering . . and Science Cqnference, ~h i l ade lph ia ,  . . . .  Ph.  ; ~ & ? k h . ' l  I- 14, 

. . . . .  . . . . . .  . .  . ,  . .  . . . .: . . 
1957; 7 pp. (2 re fs ) .  . . . -  1 . :  
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This report  i s  an evaluation of the applicability of clad s tee l  in,hkaGy b & e r  $ipilig. Clad 
s teels  made up of the following alloys: stainless steel, nickel, monel, inconel, and 



copper, bonded to  carbon s teel  backing were evaluated. 

T e s t s  were  made to  determine that clad s tee l  could withstand service conditions of heat 
and p re s su re  encountered in reac tor  operation. 

Fabrication considerations we r e  investigated and welding techniques proposed. 

Furlong L R 
.A SURVEY O F  THE THEORETICAL ASPECTS O F  THE LUMINESCENCE O F  INORGANIC 
CRYSTALLINE SOLIDS, 
Naval Research Laboratory, Washington, D. C. , July 28, 1950, 36 pp. (44 refs) .  

A general  mode of attack ra ther  than a time-tested formulation of luminescence theory 
i s  presented--because the. la t ter  does not exist. The various phases of luminescence 
have been studied independently of the other phases, using individual luminescent sys tems 
Consequently, the "theory11 of luminescence actually consists of a number of theories,  
each of which has  been constructed t o  describe the propert ies  of a particular luminescent 
system. The theories  presented, therefore, apply to individual systems,  but they a r e  
indicative of the way in which luminescence problems a r e  handled in general and they do, 
at  least, lead to some understanding of the processes  involved. No attempt a t  unification 
of these theories  has  been made because more  concrete knowledge (for example, concern- 
ing the constitution of electron t raps)  will have t o  be obtained before a consistent, over-  
a l l  theory of luminescence can be constructed. 

Wikle K G and Beaver W W 
ELEVATED TEMPERATURE PROPERTIES OF BERYLLIUM, 
Brush Beryllium Co. , C.leveland, Ohio, Contract No. AT-(30-1)-541, July 15, 1952, 22  pp. 
( 3  refs). 

The elevated temperature tensile properties of hot-pressed QMV beryllium have been 
studied from 250' to  950°C. Also those of warm-pressed,  hot-extruded beryllium have 
been investigated from 250° t o  600°C. 

Data obtained to date indicate that 'the ultimate tensile strgngth of the hot-pressed 
mater ial  decreases  slowly f rom room temperature to 600 C and r a  id1 from there on. CP 
Ductility increases  above room temperature to a peak a t  about 450 C then rapidly de- .  
c r e a s e s  to a low value. Material that is more  ductile a t  room temperature i s  a lso more 
ductile a t  the 4 5 0 ' ~  peak. 

0 
Special equipment developed f o r  tensile-testing beryllium up to 950 C is il lustrated and 
described. 

Smoluchowski R, et a l .  
RADIATION EFFECTS IN SOLIDS--PROGRESS REPORT FOR JANUARY 1 TO JULY 1,1954, 
Carnegie Institute of Technology, Pittsburgh, P a .  , Contract No. AT-(30- 1)- 1193, 
September 24, 1954, 5 pp. 



Large effects of proton and of gamma irradiation on electr ical  conductivity of alkali 
halides were observed and studied during continuous heating. A tentative interpretation 
i s  suggested. Measurements  of mechanical propert ies  a r e  s t i l l  hampered by lack of r e -  
producibility. Study of surface effects by means of multiple beam interferometry has  
been completed. Optical absorption measurements on alkali halides and on sapphire a r e  
continuing and also on small-angle X-ray scattering in diamond. The dependence of 
resistivity increase in tungsten upon the energy of the incident protons is being studied 
in order  t o  verify the proposed role of "star" formation in radiation effects. 

Ricker C W, Schaf H F and Werme J V  
DEVELOPMENT OF RADIATION PYROME TRY TECHNIQUES FOR MEASUREMENT O F  
TEMPERATURE DURING THE ROLLING OF URANIUM, 
Minneapolis -Honeywell Regulator Co.,  Philadelphia, Pa . ,  Contract No. AT-(30-1)-1316, 
May 1, 1953, 74 pp. 

This report  covers  work performed on Contract 'No. AT -(30-1)-13 16 between the Brown 
Instruments Division of the Minneapolis-Honeywell Regulator Company and the New York 
Operations Offide of the ~ t o m i c  Energy Commission. 

The emittance of salt-coated uranium (a eutectic mixture of lithium and potassium 
carbonates) was found t o  be about 0.86 between the tempera tures  of 900° and 12000F. 
The emittance of uranium oxide (U, 0, ) was found t o  be about 0.82; the emittance of the 
salt  mixture was 0.9; and the emissivity of uranium metal  between 2000 and 600°F was 
0.15. A holder and housing for  the Brown Miniature Radiamatic Radiation Pyrometer  
was developed which was flexible and could be used to  advantage measuring the temper - 
a ture  of iiranium ingots and ba r s  during the rolling operatiori. A number of these units 
were fabricated for the Feed Materials Center  at  Fernald, Ohio. A calibration panel 
was designed and built which permitted easy calibration of the Radiamatic assemblies.  . 
This  panel contained a blackbody furnace a s  a radiation reference source. 

Kreidl N J 
IRRADIATION DAMAGE TO GLASS, 
Bausch & Lomb Optical Co. ,  Rochester, N. Y., Contract No. AT-(30-1)-1312, March 12, 1953, 
14 pp. (7 refs).  

\ 

The irradiation damage to g lass  is being studied in three  phases. F i r s t ,  a fundamental 
investigation is being made of the change of physical properties with irradiation'in 
simple glasses  containing controlled simple components; e .  g. , cerium. Second, the 
relation between protection, quality, intrinsic color, and composition of glasses  required 
in  specific designs i s  inirestigated in detail with the a im of developing glasses  for  par t ic-  
ular  irradiation levels.  Third, instruments incorporating these glasses  a r e  being 
dcsigned for use where resis tance torad ia t ion  is required. 

The five glasses  selected for  development have been "protected" against exposure to  
l o 6  r gamma radiation. Results a r e  given of the change in absorption with exposure of 

I 1  protected1' and "nonprotected" glass .  The development of two of these glasses  is com-  
pleted. The remaining three require  some improvement in quality o r  adjustment of 
optical properties.  



The  fundamental study is guided by effects and methods 'known in the case of irradiation 
of crystals- the measurement  of absorption.and fading, a s  affected by irradiation and 
heat t reatment .  In a sil icate-base glass,  the ultraviolet absorption bands of cer ium a r e  
concealed by the character is t ic  absorption of the glass .  By using a phosphate-base glass,  
the cer ium absorption bands in the ultraviolet 'and the i r  change with irradiation were 
c lear ly  observed. The oxidation level of cerium in sil icate- and phosphate-base glasses  
was  controlled. 

Kreidl  N J and Hensler J R , 

IRRADIATION DAMAGE TO GLASS, 
Bausch & Lomb Optical Co . ,  Rochester,  N. Y . ,  Contract No. AT-(30-1)-1312, ' ~ o v e m b e r  1, 
1954, 91 pp. 

Silicate and phosphate g lasses  exposed to gamma radiation develop a visible absorption 
s imi l a r  t o  the F-band developed in alkali-halide c rys ta l s .  In optical glasses  Ll~is de - 
c r e a s e  in transmission prevents their  use under exposure conditions. Cerium in the 
g lass  prevents th i s  culu~.aliou. Fivc conventional optical glasseq containing cer ium 
were  developed, rnai~ltaining the optical constants, high quality, and good color while 
"protecting" them against exposure to  l o 6  roentgens. 

Optics and instruments utilizing these glasses  were developed and tested, particularly 
a s t e r eo  re lay  system, a remote viewing microscope. 

' The function of c e r h m  in preventing coloration of the glass was studi.ed in. detail in an 
' 

ultraviolet transmitting phdsphate-base glass,  where it was established that the visible 
absorption caused by radiation was well resolved with respect  to the ultraviolet absorp-  
tion produced by radiation. The absorption in the ultraviolet region produced by cerium 
in this i l a s s  could he observed a s  affected by oxidation-reduction, c.oncent,ration of 
cerium', and radiation. With oxidation-reduction and radiation, the absorption change 
was in the region of the cer ium absorption but not coinciding with the cer ium absorption 
maxima. It was concluded that the presence of enough cer ium to permit interaction of 
f reed  electrons, normally inclined tu P U ~ I I I  F-type eentcro, with vacancies w a r  t.he 
specific electronic system of the cer ium ion o r  with the resonating associat iur~ of cer ium . 
ions in the vicinity of each other,  produces a center  of high energy absorption in .prefer- 
ence to 'the one associated with the vacancies of thc c e r l u ~ n - f r e e  glass.  

On this basis ,  transition ions of s imi la r  electronic s t ructure were introduced regardless  
of whether the ions cause color in the'unirradiated glasses thus making them impractical' 
for  "protection. " It was found that iron, manganese,. cobalt, nickel, vanadium, and 
copper do suppress  the formation of the visible absorption band formed in the base glass 
by radiation while forming more o r  l e s s  prominent bands in other spec t r a l  ranges. The 
colorless  iron phosphate,glass remained colorless  under radiation. a.nd could be con- 
s idered "protected. " Conversely, with cobalt, the new band which reached into .the 
visible, was relatively intense and. stable suggesting i ts .  use ,to indicate .radiation. dose. 
Certain elements of this group, which in glass  a r e  particularly stable in their higher 
valency, were ineffective in that the base glas.s,irradiation character is t ics  were not 
suppi-essed. Among these were T'i4+, . w 6 + ,  and sn4+ .  However, by use of chemical 
reducing conditions in the glass melt, some ~ i ~ +  was formed.and the glass .was 
."protected. " This mechanism may allow some generalizati.ons. , .  



Kreidl N J and Hensler J R 
IRRADIATION DAMAGE TO GLASS 
Bausch & Lomb Optical Co . ,  Rochester, N. Y . ,  Contract No. AT-(30-1)-1312, March 1,  1956. 
25 PP. 

Visible coloration typically formed by radiation in phosphate base glass was accompanied 
by electron spin resonance. When this particular coloration was prevented by the addi- 
tion of small  amounts of transition elements td the glass,  the spin'resonance was also 
prevented, even though a'new coloration appeared upon irradiation. Spectroscopic 
splitting fac tors  indicated that paramagnetic centers  which also gave r i s e  to the visible 
absorption typica1,of the irradiated phosphate' glass were associated with the p31 nucleus. 

The effect of radiation dn GeO, glass  showed some similar i ty  to effects with SiO, in that 
pure GeOz was ra ther  insensitive. ~ o w e v e ' r ,  the addition of smal l  amounts of alkali to 
G e 0 2  decreased i t s  sensitivity not only to irradiation but a lso to chemical attack by 
water .  The explanation may lie in the polymorphism of GeO,. 

The investigation of the effect of transition elements present in a glass,  on the sensitivity 
and stability of colors formed by radiation, showed that a borosilicate glass containing 
cobalt had both high sensitivity and high,stability making i t  useful in dosimetry. Satura- 
tion could be controlled to some extent by controlling transition ion concentrations. 

Kreidl N J and Hensler R 
IRRADIATION DAMAGE TO GLASS, I _ 
Bausch & Lomb Optical Co. ,  Rochester,  N. Y. ,  Contract No. AT-(30-1 ) - I3  12, October (19571, 
18 PP. 

Investigation of irradiation of very pure S i02  powder, the basic glass  making raw ma-  
terial ,  doped with controlled impurities in very smal l  amounts allowed synthesis of 
known color centers  and discovery of new centers .  Thermoluminescence measurements  
were fruitful in the investigation of mechanisms of repa i r  of radiation damage. Inter- 
action of centers  responsible for  ultraviolet and visible bands was indicated by the 
partial  quenching of luminescence during thermal  bleaching of samples  showing visible 
coloration. 

Smoluchowski R, et  a l .  
RADIATION EFFECTS IN SOLIDS, 
P rog res s  Report for  July 1954- July 1955, Carnegie Institute of Technology, Pittsburgh, P a .  , 
Contract No. AT-(30-1)-1193, September 9, 1955, 8 pp. 

+ 
.   on metals .-  - Electr ical  conductivity, density, e l a s  tic constants, stored energy, ' and 
.optical absorption have been measured on irra'diated and nonirradiated KC1 and NaC1 
crys ta l s .  Among others  the resu l t s  indicate that there a r e  severa l  thousand vacancies 
produced per  incident high energy proton. The mechanism of annealing is being in- 

. . . " . vestiga'ted in detail. 

Metals - -  Experimental resu l t s  on the dependence of irradiation effects in tungsten upon 
the energy of the incident protons agree with theoretical calculations based on the 



previously proposed s t a r  formation model. Neutron irradiation of alpha b ra s s  can be 
accounted for in t e r m s  of the formation of short  -range order .  

Bray  P J 
RADIATION DAMAGE STUDIES IN SOLIDS; NUCLEAR RESONANCE ABSORPTION 
TECHNIQUE. 
Brown University, Providence 12, R. I . ,  Contract No. AT(30- 1)-1880, September 1, 1956, 
17 pp. ( re fs ) .  

A complete nuclear magnetic resonance spectrometer  has been placed in operation. 
Many necessary and useful modifications of the commercial design a r e  incorporated. The 
resultant instrument i s  exceptionally good for  the observat ion of resonances which can 
be studied with high r. f. levels.  Subsidiary equipment (magnet, cryostat,  etc. ) is also 
in operation. 

NMR stu'dies of damaged metals  a r e  being s tar ted in copper, copper-beryllium alloys and 
beryllium. Investigation of radiation damage in molecular solids will begin shortly. 

Three  appended abs t rac ts  summarize the publishable work to date on boron carbide, 
g lasses  containing boron, and ionic c rys ta l s  containing boron o r  aluminum. 

Bray  P J 
RADIATION DAMAGE' STUDIES IN SOLIDS; NUCLEAR RESONANCE ABSORPTION 
TECHNIQUE, 
Depart.  of Physics,  Brown University, Providence 12, R. I. , Contract No.. AT-(30-1)- 1880, 
September 1, 1957, 22 pp. (15 re fs ) .  

Radiation damage effects have been observed and measured in seve 1x1 alkali halides 
(NaI, KI, LI, and KBr) which have received reac tor  irradiation. The data have been 
used to determine the defect density in  the i r radiated crystals  and the mean f ree  path 
between displacement collisions. The resul ts  a r e  in substantial agreement with the cal-  
culations of Seitz and Koehler. 

Preirradiat ion s tudies  of boron carbide have shown that the central  "carbon" position in 
the "three-carbon chain" of this s t ructure is often occupied by a boron atom. 

-Preirradiation studies of boron oxide-alkali oxide glasses  have uniquely determined the 
boron-oxygen configuration and bonding behavior a s  a function of the glass  composition. 
The  , resu l t s  offer an  explanation of the thermal  expansion and volume per  oxygen depend- 
ence on the oxygen content of the glass.  

The bonding electron distributions in severa l  metal  borides and boron nitride have been 
determined from the effect of B~~ electr ical  quadrupole coupling constant on the nuclear 
magnetic resonance. 

Studies a r e  in progress  on radiation damage effects in metals,  corundum, and molecular 
compounds. 



Sherby Oleg D 
AACHEN CONFERENCE ON METAL PLASTICITY AND IRRADIATION DAMAGE IN METALS, 
Office of Naval Research, Branch Office, London, England, June 19, 1958, 19 pp. . 

A conference on the plasticity of metals  and irradiation damage in metals  was -held at the 
Technical University, Aachen, Germany, March 3 - 7, 1958. It was organized pr imari ly  
t o  bring together young German metal  physicists active in the subject mat te r  of the con- 
ference. The emphasis was on informality and on extensive discussion of each paper.  
For ty  attended the conference, of whom thir ty  read  invited papers .  This report  is a 
summary  of the various papers presented. 

English James  L 
THE CORROSION O F  356 ALUMINUM IN SIMULATED COOLING WATER FOR THE PRO- 
POSED MATERIALS TESTING REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , Contract No. w -(7405) - ~ n ~ -  26, 
July 20, 1950, 107 pp. 

A report is presented on the corrosion of 356 T-7  aluminum in simulated cooling water  
fo r  the proposed Materials Testing Reactor.  Stagnant and dynamic corrosion t e s t s  were  
conducted in demineralized water  containing smal l  amounts of hydrogen peroxide a t  a pH 
range of 5.5 to  6.5 and a temperature of 85OC. Corrosion behavior of the uncoupled alloy 

, was investigated a s  well a s  i ts  galvanic corrosion behavior with 2s aluminum, 43 alurni- 
num, extruded beryllium, and 347 stainless  s teel .  Sodium chromate and sodium di- 

- chromate were  tested a s  possible corrosion inhibitors. 

The corrosion character is t ics  of 356 aluminum a r e  greatly influenced by oxygen 
concentration pH and contact with diss imilar  metals .  Heat t reatment  of the alloy affected 
the corrosion resis tance slightly; cast  aluminum showed a slightly superior  corrosion 
resis tance t o  the heat-treated alloy. Corrosion attack on the alloy at 90°C was of s imi l a r  
magnitude a s  attack at 30°C; and maximum corrosion attack occurred at 50°C. Stagnant 
v s  dynamic tes t  resul ts  indicated that pitting intensity was reduced under dynamic condi- 
tions, but the general corrosion rate  was increased. Corrosion attack generally in- 
c r eased  a s  the hydrogen peroxide concentration increased from 0.0005 M t o  0.005 M. 
Galvanic corrosion attack on the alloy was most severe  when coupled to  347 s tainless  
s teel .  Sodium chromate in concentration of 10 ppm was effective for  reducing corrosion 

' 
attack. A general  observation of a l l  t es t  resu l t s  indicated that an incubation period of 
500 to 700 hours  was required for  the formation of the protective hydrated aluminum 
oxide film. 

The average over-al l  stagnant corrosion ra te  for  356 aluminum in deaerated water,  
0.0005 M and 0.005 M hydrogen peroxide solutions for  1008 hours,  was 0.007 millmonth; 
the average dynamic corrosion ra te  for  s imi la r  conditions was 0.067 millmonth. In 
deaerated water,  the presence of 10 ppm of sodium chromate resulted in negligible 
corrosion ra tes ;  in waters  containing 0.0005 M and 0.005 M hydrdgen. peroxide, concentra- 
tions, the average corrosion rate  was 0.020 millmonth with almost complete elimination 
of pitting attack. 

Galvanic corrosion of 356 aluminum in contact with 2s aluminum, 43 aluminum, extruded 
beryllium, and 347 s tainless  s tee l  in deaerated water,0.0005 M hydrogen peroxide, and 
0.005 M hy,drogen peroxide solutions, averaged 0.013, 0.010, 0.025, and 0.355 millmonth 



for  1008 hours  exposure, respectively. wi th  5-10 ppm. of sodium chromate in the tes t  
solutions these corrosion r a t e s  were reduced to 0.007 millmonth in contact with 2s 
aluminum, 0.001 mil lmonth in contact with extruded beryllium, and 0.007 millmonth in 
contact with 347 s tainless  s teel .  The maximum pit depth encountered on stagnant 
356 aluminum tes t  specimens was 16.4 mi ls  in 1008 hours; for  dynamic tes t  conditions, 
the maximum pit depth encountered was 8.0 mi ls  for the safe t ime.  

Kernohan Robert H and McGammon Grace M 
FADING CHARACTERISTICS O F  GAMMA-INDUCED COLORATION IN HIGH DENSITY 
GLASS, 
Fairchild Engine and Airplane Corp. , and Oak Ridge National LaLuralur.y, Contract No. 
W-(7405)-Eng-26, March 20,1957, 14 pp. 

Specimens of a lead sil icate glass  manufactured by Lhe Pe11be1.111y I l l b t r u i ~ ~ e i ~ t  company 
were  measured for  t ransmission character is t ics .  The specimens were given varying 
dosages from a YOO curie  cobalt-60 garrlrlla soul.ce. T ~ + a a s i ~ ~ i s s i o i s  charactcri3ticc wcre 
measured a s  a function of time follow irlg irradiation. The gamma-induced coloration 
faded and this  fading could be accelerated by illuminating the specimens with an  ordinary 
light bulb. All specimens nearly recovered the i r  original t ransmission character is t ics .  

Thurber  W C, Milko J A and Beaver R J 
BORON-ALUMINUM AND BORON-URANIUM-ALUMIN U'M ALLOYS FOR HEACTOR 
APPLICATION, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , Contract No. W-(7405)-Eng-26, 
October 18, 1957, 23 pp. (7 r e f s ) .  

Additions of smal l  quantities of the burriaijie poisuri (buru l~)  ill dl~llliiiillll reactor fuol 
e lements  offer the possibility of reducing undesirable neutron-flux perturbat iu~ls ,  espe-  
cially those caused by fuel burnup. This repor t  descr ibes  techniques for  induction 
melting of boron-aluminum and boron-uranium-aluminum alloys fo.r producing mater ials  
with maximi.~m homogeneity. Of the severa l  Lol.on additions invcatigated, a nominal_ 
12 wt O/o B-Ni mas ter  alloy was the most sat isfactory for  preparing boron-uranium- 
aluminum castings,  while both 1.5 to 5 wt 70 B-A1 and 12 wt O/o B-Ni mas te r  alloys were 
suitable for  prepar ing  boron-aluminum castings.  Data a r e  presented which indicated 
that boron improves the strength of aluminum. The corrosion resis tance of a nominal 
0.1 wt % B-0.8 wt % Ni-$1 alloy i z  comparable with Type 1100 aluminum in distilled and 
aerated water  at  both 60 and 100 C .  Without the nickel, this alloy appears  to be 
ma.rgi.na1 in these environments. 

- - - -  
SOLID STATE DIVISION ANNUAL PROGRESS REPORT FOR PERIOD ENDING AUGUST 31, 
1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.,  Contract No. W-(7405)-Eng-26, 
November 26, 1957, 126 pp. ( refs) .  



This  r e p o r t  s u m m a r i z e s  the p r o g r e s s  made in  the  Solid-State Division of the  ORNL f o r  
the period ending 813 1 / 57. The subject  mat te r '  covered includes the following: (1) low - 
t empera tu re  bombardment  of m e t a l s ;  (2) the t empera tu re  dependence of the mechanical  
p roper t i e s  of meta l s ;  (3) Youngs modulus and in te rna l  fr ict ion s tudies ;  (4) s m a l l  angle 
X- ray  sca t t e r ing  s tudies  of fas t -neutron i r radia t ion effects  in  a n  a luminum-si lver  p r e -  
cipitate al loy; (5) effect of neutron i r rad ia t ion  on copper  b a s e  al loys;  (6) the precipitation,- 
hardening react ion in nickel -beryll ium; (7) e lect ron microscope  s tudies ;  (8) chemical  
p roper t i e s  of meta l  s u r f a c e s ;  (9) low - tempera tu re  i r rad ia t ion  of n-type germanium; 
(10) minor i ty  - c a r r i e r  l ifet ime s tudies  in germanium; ( 1  1)  mobili ty changes in  i r rad ia ted  
n-type germanium; (12) annealing s tudies  of i r rad ia ted  germanium; (13) optical  a b s o r p -  
tion in germanium; (14) activation energ ies  and total  energ ies  of localized s t a t e s  in 
semiconductors ;  (15) magnetic p roper t i e s  of arsenic-doped s i l icon;  (16) magnetic 
suscept ibi l i ty  of molybdenum; (17) instrumentation f o r  susceptibil i ty s tudies ;  (18) mag-  
netic defects in covalent and ionic c r y s t a l  sys tems ;  (19) super-heterodyne e lect ron-spin  
resonance s p e c t r o m e t e r ;  (20) optical  absorption s tudies  of i r rad ia ted  sol ids ;  (21) X- ray  
diffraction s tudies ;  (22) low - tempera tu re  the rmal  conductivity of potass ium chlor ide  
c r y s t a l s ,  including the effects of s t r a i n  and par t ic le  i r radia t ion;  (23) low-temperature  
t h e r m a l  conductivity of nonmetals;  (24) low - tempera tu re  the rmal  conductivity in neutron- 
i r rad ia ted  vi t reous  s i l i ca ;  (25) proposed r e a c t o r  bombardments  a t  40 Kelvin; (26) gamma- 
s o u r c e  faci l i t ies ;  (27) automat ic  l iquid-gas level  control;  (28) HRP radiation metal lurgy;  
(29) radia t ion s tabi l i ty  of c e r a m i c  m a t e r i a l s ;  (30) In f ra - red  s p e c t r a  of p las t i c s  and 
e l a s t o m e r s  a f t e r  i r radia t ion;  (3 1)  effects of high-energy radiation on polymers ;  (32) ana l -  
y s i s  of gases  evolved by i r radia t ion of polymers ;  (33) effects of radia t ion on engineering 
p roper t i e s  of polymeric  m a t e r i a l s ;  (34) high-frequency e1e;trical p roper t i e s  of s o m e  
i r rad ia ted  plastic m a t e r i a l s ;  (35) a t tempt  a t  the' separat ion of neutrons and g a m m a - r a y  
i r radia t ion effects by means  of a hydrogenous a b s o r b e r ;  (36) a n  investigation of the 
p roper t i e s  of two uranium-bear ing zeol i tes ;  (37) forced-cooled ce ramic- fue l  exper iments ;  
(38) h igh- temperature  c e r a m i c  fuels;  (39) radiation effects in thermocouple insulation; 
(40) chemical  effects of nuclear  reactions; '  (41) absorption of f i ss ion g a s e s  by activated . 
charcoal ;  (42) investigation of su l fu r  contamination of a d r y  box of neoprene rubber ;  
(43) neutron flux monitoring in  high- temperature  in-pile exper iments ;  (44) ORR exper i -  
mental  facility; (45) f iss ion reac t ions  a s  threshold de tec to rs ;  (46) hot l ab  s tudies .  

Magnuson G D, P a l m e r  W and Koehler J S 
ISOTHERMAL ANNEALING BELOW 6 0 ' ~  O F  DEUTERON IRRADIATED NOBLE METALS, 
Phys ics  Review, Vol. 109, No. 6 ,  pp. 1990-2002, March  (1958), (29 r e f s ) .  

F o i l s  of 99.99970 pure  copper ,  99.999% pure  s i lve r ,  and a copper  alloy containing 3.78 
ato'mic pe rcen t  nickel w e r e  i r rad ia ted  n e a r  liquid helium tempera tu re  with 10.7 Mev 
deuterons .  Annealing up to  6 0 ' ~  was  performed.  in  a s e r i e s  of i s o t h e r m a l  s t e p s .  
During each anneal the decrease  of the radiation-induced res i s t iv i ty  inc rement  with 
t ime was  observed.  Resis t iv i ty  distr ibution curves ,  obtained by assuming  that r ecovery  
p r o c e s s e s  with a continuum of activation energ ies  a r e  p resen t ,  show s e v e r a l  s m a l l  
peaks  followed by a l a rge  peak. The maxima  occur  a t  0.048. 0.080, 0.091 and 0.113 ev  
in copper and a t  0.045, 0.058, 'and 0.079 e v  in s i l v e r .  The frequency fac to rs  f o r  both 
m e t a l s  w e r e  found to l ie  between 7.2 x lo1' and 3.9 x 10'" sec''. Alloying s e r v e d  to  
broaden the energy distr ibution of the recovery  p r o c e s s e s .  Changes in the Debye 
c h a r a c t e r i s t i c  t empera tu re  of - ( I 5  f 1)OK and - ( l o  f 1 ) ' ~  w e r e  a l s o  observed in copper  
and. s i lve r ,  respe'ct ively.  Annealing of these  changes was  about 8070 complete  a t  500K. 
The dominant mechanism in the low-temperture  recovery  is believed to be the annihi- 
lation of Frenke l  pa i r s ,  with the in te r s t i t i a l s  a s  the mobile defects .  A trapping model 



is proposed to explain why a l l  the res i s t iv i ty  inc rement  does not anneal  out once i n t e r -  
s t i t ia ls  begin to move.  

G r o s s  B e r n h a r d  
THERMOVOLTAIC E F F E C T  IN GAMMA-IRRADIATED BOROSILICATE GLASS, 
Phys ica l  Review, Vol. 110, No. 2, pp.337-338, Apri l  4, 1958, , ( 4  r e f s ) .  

~ o r o s i l i c a t e  g lass  was  i r r a d i a t e d  with a high dose of gamma r a y s  f rom a co6 \ource .  
A f t e r  i r r ad ia t ion  the g l a s s  was  heated while a t e m p e r a t u r e  gradient  w a s  maintained be -  
tween i t s  s u r f a c e s .  During the heating an ex te rna l  c u r r e n t  w a s  obse rved .  The di rec t ion 
of the c u r r e n t  in the d ie lec t r i c  corresponded to a t r anspor t  of negative charge  to the 
e lec t rode  with the h igher  t e m p e r a t u r e .  

Corbe t t  J W and Walker  R M 
DISCRETE RECOVERY SPECTRUM BELOW 65OK IN IRRADIATED COPPER,  
P h y s i c a l  Review, Vol. 110, No. 3, pp.767-768, May 1, 1958, (5 r e f s ) .  

1 

This  s h o r t  a r t i c l e  r e p o r t s  a n  exper iment  o n  e lec t ron- i r rad ia ted  copper  which demon-  
s t r a t e s  d i rec t ly ,  independent of analys is ,  that  a t  l eas t  four  r eg ions  of r e c o v e r y  ex i s t  
in the t e m p e r a t u r e  range  20° t o  80°K. 

Levy M and Var ley,  J H 0 
RADIATION-INDUCED COLOUR CENTRES IN FUSED QUARTZ, 
P h y s i c a l  Society Proceedings ,  Vol. 68B, pp.  223-233, (1955), (18 r e f s ) .  

Samples  of fused quar tz  ( 'V ' i t reos i l ' )  have beer1 ir.r.adiatecl by pile,  g a m m a  or  X - r a y s  
and th ree  absorpt ion bands a r e  produced with m a x i m a  a t  2 .3  ev ,  4.1 e v  and approxi-  
ma te ly  5.6 ev .  It is suggested that the 2.3 ev  band is due to sodium bora te  impur i t i e s  
i n  the g 1 a . s ~ .  

All  t h r e e  bands can  be bleached e i the r  optically o r  the rmal ly  o r ,  m o r e  rapidly,  by a 
combination of both p r o c e s s e s .  An e m p i r i c a l  law desc r ib ing  the t h e r m a l  bleaching r a t e  
of the 2.3 ev  band o v e r  a l a r g e  range of n is dn/dt  = - ~ e ~ ~  w h e r e  n is number  of colour  
c e n t r e s  p e r  cm3 a t  t ime  t ;  A, b a r e  cons tan t s .  

Bleaching of the 2.3 ev  and 4.1 ev  bands c a n  a l so  be  brought about by l a r g e  d o s e s  of pile 
i r r ad ia t ion .  This  is a t t r ibuted to vacancies  caused by a tomic  displacements  combining 
with e lec t ron  t r a p s  . to produce new c e n t r e s .  These  l a t t e r  a r e  a ssumed  to give a n  ab-  
so rp t ion  outside the range  of observat ion in  these  exper iments ,  v iz .  6.2 e v  to 1.2 e v .  

Al len  B C,  e t  a l .  
THE E F F E C T  O F  NUCLEAR RADIATION ON STRUCTURAL METALS, 
Bat te l le  M e m o r i a l  Institute, Columbus 1, Ohio, Contract  No. AF33(616)-5171, May 3 1, 1958, 
22 pp.  (62  r e f s ) .  



This report  presents the state of the a r t  on the effects of nuclear radiation on s t ructural  . 

metals  from 1943 through 1957. 

The general effects of various types of radiation on metals  a r e  discussed and the damage 
mechanisms a r e  outlined. Following this is a topical discussion of the effects of fast  
neutrons on the physical and electr ical  properties and coi-rosion resis tance of metals . 
Tabular data a r e  presented on these effects. 

Experimental evidence to date indicates that s t ructural  metals a r e  quite resis tant  to 
nuclear radiation when compared to such things a s  organic compounds o r  electronic 
components. Fas t  neutrons in integrated flux levels above lo1" nvt represent  the only 
reac tor  radiation that can significantly affect the properties of s t ructural  nonfissionable 
metals .  

An appendix is included which gives tabular data on effects of radiation on propert ies  
of metals and alloys. 

Riley W C, et  a l .  
THE EFFECT O F  NUCLEAR RADIATION ON GLASS, 
The Radiation Effects Information Center,  Battelle Memorial Institute, Columbus 1, Ohio, 
November 30, 1958, 24 pp. (130 re fs ) .  

The purpose of this technical memorandum is to present available information on 
radiation effects in glass and to recommend a reas  that require  fur ther  investigation. 
The topics discussed a r e  physical -property changes, optical systems,  glass tubes, 
dosimeter glass,  and a table summarizing radiation effects in glass.  

Krueger Helmut . 

A SHORT STUDY O F  IRRADIATION EFFECTS ON VARIOUS LEAD TITANATE ZIRCO- 
NATE COMPOSITIONS, 
Clevite Research Center,  August 16, 1956, 3 pp. 

A preliminary irradiation of some lead titanate zirconate (PZT)  and barium titanate 
disks has been done. Four samples  each of seven different formulations of P Z T  were 
.exposed to gamma irradiation. The resu l t s  a r e  briefly a s  follows: 

( I )  All capacitances dropped from 3 to 10 70. 
(2)  All dissipations dropped. 
(3) All resonant frequencies rose,  seldom a s  much a s  1%. 
(4) Planar couplings of the three and five valent additions rose  slightly. All others  

dropped slightly. 
(5)  With one exception, a l l  mechanical Q's  rose,  one a s  much a s  100%. 
(6) As a rule,  the greater  total irradiation produced the greater  change in the 

measured properties of the disks.  
(7 )  Many of the changes a r e  comparable to aging in magnitude and direction for  the 

time difference involved. One month passed between initial premeasurements  
and postirradiation measurements .  



Brusch C A and McHugh W E 
RADIATION DAMAGE STUDIES O F  SEVEN NON-FISSIONABLE METALS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. Paper  presented at Nuclear Engineering 
and Science Conference, March 17-21, 1958, Chicago, Ill.,  69 pp. 

Seven metals  were  i r radiated under a variety of irradiation exposure conditions in three 
types of nuclear reac tors .  Measurements were made of both the exposure conditions 
and the resulting changes in propert ies .  All of the metals experienced the same general 
effects, including increases  in strength, hardness,  and electr ical  resis tance and de- 
c r e a s e s  in  ductility. It i s  doubtful that the range of neutron exposures covered was 
adequate to achieve saturation of the irradiation effects. Based on the experimental 
observations a qualitative picture of the radiation-damage process  is suggested. If this 
proves to be correct ,  i t  may be possible to accelerate  the evaluation of radiation damage 
to meta ls .  Several general and empir ical  relationships a r e  suggested which describe 
.maximum observed changes in severa l  properties.  

Greene Charles  H A 

THE RELEASE O F  STRAIN IN PRINCE RUPERT'S DROP O F  GAMMA IRRADIATION, 
Alfred University, N. Y.  Paper  presented a t  Nuclear Engineering and Science Conference, 
March 12-21, 1958, Chicago, I l l . ,  6 pp. 

Pr ince  Rupert ' s  drops made from two kinds of glass were subjected doses of cobalt-60 
gamma radiation ranging up to 3.45 x l o 7  r. A slight amount of re lease  of s t ra in  was 
observed after the maximum irradiation in drops made of soft lead glass,  Corning 
brand 0120. The brown color developed in the strained drops of the lead glass was more  
intense than that in control samples.which had been annealed. These effects were  much 
l e s s  marked in drops made from a hard borosilicate glass,  Pyrex brand 7740 which was 
also l e s s  colored than was the lead glass  by the same amount of irradiation. 

Koerbel C J 
A RADIATION-SENSITIVE ALKALI-BARIUM GLASS FOR POSSIBLE USE AS A 
DOSIMETER, 
Signal Corps Engineering Laboratories,  Evans Signal Laboratory, Belmar,  N. J . ,  
Novcmbcr 22, 1955, 21 pp. 

Although a satisfactory glass fo r  dosimetry has not been developed, this report  descr ibes  
the testing procedures and the nature of the failure of the glass to provide reproducible 
resul ts ,  r e s i s t  fading on exposure to ultraviolet, white light, tungsten light and infrared. 

Saint-James D 
A NEW ATTEMPT TO EXPLAIN THE PHENOMENA O F  COLOR CENTERS, 
A translation from Le Journal de Physique e t  Le Radium, Vol. 17, pp. 907-908, October (1956). 

The interpretation of experiments with coloration of alkaline halides by means of i r rad ia-  
tion presents  numerous difficulties.' Two types of models have been proposed in order  to 



explain the experimental resul ts  of the bands "V". F. Seitz suggests for  those centers  
the models deduced from those utilized for  the absorption bands "F". J. H. .O. Varley, 
on the other hand, advances the idea of interpretation which is based on the creation of 
atoms in a3 in te rs t i t i a l  position, entailed by a process  of multiple ionization. The 
author discusses  the new attempt to explain the phenomena of color centers .  

Adolphson Donald R 
-ELEVATED TEMPERATURE PROPERTLES O F  2014-T6 ALUMINUM ALLOY, 
Technical .Memorandum, Sandia Corporation, Albuquerque, N. Mex., Contract No. 
AT-(29-1)-789, ~ e ~ t e m b e r  16, 1958, 22 pp. (6 refs).  

This technical memorandum is a compilation of available elevated temperature data for  
201 4-T6 aluminum alloy. Included a r e  mechanic-a1 and thermal  data. Besides the 
variablc of tempel-ature, the effects of t ime a t  temperature, ra te  of loading, and r a t e  of 
heating a r e  includcd. 

Wilson J C, e t  a l .  
TENSION TESTING O F  RADIOACTIVE SPECIMENS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  given. at  Foui-th Annual Symposium 
on Hot Laboratories and Equipment, held in  Washington, D. C. , September 29 and 30, 1955, 
18 pp. (4 refs) .  

This paper constitutes a Eummary of experierlce, a t  Oak Ridge National Laboratory, 'in 
carrying out tension tests  on numerous metals  and with a wide variety of sizes.  and 
shapes of tes t  specimens. Starting with a consideration of the types of testing machines, . 

' 

grips,  and extensometers available, the c r i te r ia  for  choice of each component a r e  dis- 
cussed. 

It will be shown that the testing operations can be conveniently car r ied  out in a hot .cel l  
with a single window, with floor dimensions of three by five feet, and a single m a s t e r  
slave manipulator. 

Ferguson K R 
WINDOWS FOR REM0T.E VIEWING, 
Remote Control Engineering Div.,  Argonne National Laboratory, Lemont, Ill. Paper  given a t  
Fourth Annual Symposium on Hot Laboratories and Equipment, held in Washington, D. C . ,  
September 29 and 30, 1955, 22 pp. (8 refs) .  

The use of dense transparent mater ia l s  a s  a radiation protective shield through which 
radio-ac tive substances can be viewed is described. The properties of suitable 
commercial  mater ials  a r e  tabulated. A digest of information includi~lg the effects of 
high intensity .radiation, engineering considerations necessary to the design of a window, 
and pertinent details of construction a r e  included. 



F e r g u s o n  K R 
THE PERFORMANCE OF RADIATION PROTECTED MICROSCOPE OBJECTIVES, 
Argonne National Laboratory ,  Lemont,  I l l .  P a p e r  given a t  Four th  Annual .Symposium on Hot 
L a b o r a t o r i e s  and Equipment,  held in  Washington, D. C . ,  September  29 and 30, 1955, 12 pp. 
( 2  r e f s ) .  

T h e  colora t ion of mic roscope  object ives  exposed to beta  and gamma radia t ion is d i s -  
c u s s e d .  The per iod of use  of spec ia l  objectives p repared  fr .um radia t ion protected 
g l a s s e s  is compared  to that  f o r  s t andard  l enses .  T e s t  r e s u l t s  a're given f o r  beta e x -  
p o s u r e  up to l o 6  r and gamma exposures  up to 10" r .  Resul ts  of i r r ad ia t ion  t e s t s  on. 
l e n s  c e m e n t s  a r e  included.  

WoncJr.uff E M 
DIMENSIONAL CHANGES ON IRRADIATE0 GRAPHITE, 
Hanfosd Atomic  Produc t s  Operation,  Richland, Wash.  P a p e r  p resen ted  a t  the US/UK Graphite 
Confe rence  held a t  St. Gibs Cour t ,  London, England, Deceinber 16.18,  1957, 11 pp .  (9 refs) ,  

1 

Studies of the i r r ad ia t ion  stability of g r a p t ~ i l e s  l ~ a v t  lsccn mado in s u p p n r t  nf t he  design 
and opera t ion of Hanford r e a c t o r s .  Por t ions  of these s tud ies  per ta in ing to dimensional  
changes  in  i r r ad ia ted  graphite a r e  d i scussed .  Two types of r e a c t o r - g r a d e  graphite 
i r r a d i a t e d  a t  low and high t e m p e r a t u r e s  provide data demonstra t ing the ef fects  of 
f ab r ica t ion  and i r r ad ia t ion  va r i ab les .  Studies of exper imenta l  graphi tes  demons t ra te  
the possibil i ty of ta i lor ing i r r ad ia t ion  stabil i ty during fabr ica t ion.  

Mechan i sms  fo r  length changes  in graphi te  resull ir lg f rom i r rad ia t ion  a t  low arld'high 
t e m p e r a t u r e s  and the r e s u l t s  of annealing p roper ty  changes a r e  d i scussed .  

P a t t e r s o n  Louige D 
GAMMA RADIOGRAPHY OF METAL CASTINGS A T  SANDIA LABOKA1l'OR.Y, 
Technical  lnformation Division, Sandia Corporat ion,  .Tanuary (1956), 4 pp. 

Considera t ion is given to the advantages of a re la t ively  portable,  inexpensive cobalt-6U 
g a m m a  s o u r c e  f o r  high-penetrat ion radiography of m a t e r i a l s .  In genera l ,  ' s u c h  gamma 
s o u r c e s  a r e  not capable  of the resolution o r  s h o r t  exposure  t i m e s  of the high-energy,  
m o r e  expensive X - r a y  mach ines  o r  beta t rons;  however, the re  exis t  many  appl ica t ions ,  
i n  indus t r i a l  radiography where  suc,h f a c t o r s  a r e  not of p r i m e  considera t ion.  A high 
d e g r e e  of safety and convenience is obtained with the equipment desc r ibed  h e r e .  

Antal  J J and Goland A N ' 

A STUDY O F  REACOTR-IRRADIATED -A1203, . ,  . 

M a t e r i a l s  R e s e a r c h  Labora to ry ,  Ordnance 'Mate r i a l s  R e s e a r c h  Office, Watertown, M a s s . ,  
Sep tember  (1958), 23 pp. I .  . , . .  . 

Studies a r e  p resen ted  h e r e  on r e a c t o r - i r r a d i a t e d  alpha-aluminum oxide s ingle  c r y s t a l s .  
T h e s e  a r e  p r i m a r i l y  a continuation of the u s e  of long-wavelength neutron t r a n s m i s s i o n  



for  determining the concentration and types of defects produced in solids by high-energy 
particle irradiation. The material  exhibited crystallographic stability to fast  neutron 

0 
irradiation a t  temperatures  < 40 C, and the resu l t s  indicate a total number of defects 
approximately 40 times l e s s  than that predicted by current  theories.  Correlation with 
microscopic density changes is good. Examination of the wavelength dependence of the 
neutron scat ter ing indicated that the damage may be partly A1-0 vacancy pa i rs  a t  room 
temperature.  Annealing of the mater ial  produced no decrease in the concentration of 

0 0 
defects f rom 400 to 1250 C, and nonuniform changes in neutron scattering and visually 

0 0 
observable optical coloring beyond 1250 C.  Annealing a t  a temperature of 1800 C did 
not remove'the coloring, although the density returned to i t s  preirradiation value. 

WA-OMRO- 13A-B5 

Ar.uLunian G arid Rerlius 0 
THE EFFECT O F  X-RADIATION ON THE OPTICAL PROPERTIES O F  QUARTZ CRYSTALS, 
Detroit Arsenal.  Presented a t  Conference on Effects of Nuclear Radiations on Materials, 
October 1 and 2, 1957, Watertown Arsenal, Watertown 72, Mass. ,  15 pp. ( 2  re fs ) .  

The Detroit Arsenal has conducted a study to determine the effects of X-radiation upon 
the optical properties of natural quartz c rys ta l s .  The quartz,  upon exposure to ionizing 
radiation, changes transmission propert ies  in the ultraviolet, visible, and infrared 
portions of the spectrum. 

Samples of natural quartz crystals  were exposed to X-radiation ranging from 50 kev to 
15 Mev. The transmission properties of the quartz crystals  were then evaluated in the 
wavelength range 0.2 to 15 microns.  The t ransmission properties of the c rys ta l s  were 
related to the radiation dose received for  each source.  Indices of refraction of the 
quartz were also measured before and af ter  irradiation of the c rys ta l s .  

The transmission, properties of the c rys ta l s  were re-evaluated af ter  removing the effects 
0 

of X-ray irradiation by heating the speci&ens a t  a temperature,between 300 and 5 0 0 ' ~  
for  a per'iod of two hours to d,etermine the recovery effect of the c rys ta l s .  

. . 

WA-OMRO- 1 3 A ' - ~ 6  

Mapes J E and Dreyfus R W 
GAMMA-RAY INDUCED COLORING O F  POTASSIUM AZIDE, 
Picatinny Arsenal.  Presented a t  Conference on Effects of Nuclear Radiations on Materials,  
October 1 and 2, 1957, Watertown Arsenal,  Watertown 72, Mass. ,  13 pp. (5 r e f s ) .  

. . . . 

The coloring of single c rys ta l s  of potassium azide (KN3) by gamma rays  has been: 
determined by optical transmission measurements  in the visible and ultraviodet. . . : 

After each exposure, the spectrum was measured immediately af ter  removin'gsthe . . 

sample from the co60 source and at intervals thereaf ter .  The observed spectrum can 
be resolved into 'individual absorption bands. 'Each additional exposure increases  the 
intensity of the induced color bands, but par t  of the increase decays with time. One 
group of bands decays slowly while another decays very rapidly: The application of 
color c'enter rdata to the measure,ment of radiation damage i s  discussed. 

WAPD-25 

Cook L A, Castleman L S and Johnson W E 
PRELIMINARY REPORT ON THE ELECTRICAL RESISTIVITY O F  ZIRCONIUM, 

'3 



Westinghouse Electr ic  Corp. ,  Atomic Power Div., Pittsburgh, P a . ,  Contract No. 
AT-(11-1)-Gen-14, December 20, 1950, 19 pp. (4 refs) .  

Pre l iminary  data have been obtained concerning the effects of temperature,  cold work, 
i r radiat ion and alloying additions of uranium upon the electr ical  resistivity of zirconium. 

The resis t ivi ty  v s  temperature curve fo r  zirconium has a relatively constant slope from 
- 1 8 6 ~  t o  200°C; above 2000C, the slope of the curve decreases  smoothly, and the r e -  
s is t ivi ty  approaches a maximum value in the vicinity of the CY +/3 transition temperature 
(about 8600C) dropping abruptly thereaf ter  t o  a minimum between 8750 and 9500C. Above 
950°C, the resistivity r i s e s  gradually and again with constant slope. 

Cold work introduced by swaging operations has no effect upon the slope of the resistivity 
vs  temperature curve a t  room temperature; however, the magnitude of the resistivity i s  
increased by 4 to 6'70 a f te r  an 84% reduction in a rea .  Also, the preferred orientation 
resulting from an 84% reduction in a r ea  followed by an anneal above the recrystall ization 
temperature increases  the resistivity by about 2%. 

Irradiation of one sample of zirconium indicates that the. resistivity of zirconium in- 
c r e a s e s  by about 3% after  a s ix  months' exposure in neutron fluxes character is t ic  of 
those found in a Hanford process  hole. 

Bleiberg M L, Ely R L,  Jr. and Witzig W F 
CORRELATION OF ZIRCONIUM ELECTRICAL RESISTIVITY WITH FAST FLUX, 
Westinghouse Electr ic  Corp . ,  Atomic Power Div.,  Pittsburgh, P a . ,  Contract No. 
AT-(11)-Gen-14, May 20, 1953, 21 pp. (6 re fs ) .  

The integrated fas t  flux distribution in the L-41 hole of the Materials Testing Reactor 
was determined f o r  neutrons with energies between 2 and 7 Mev by using a fas t  
flux monitor, s3" (n, p) P ~ ~ .  It was possible to correlate  these values of integrated 
fast-flux with changes in electr ical  resis t ivi ty  of c rys ta l  bar  zirconium and a 2.5% tin- 
c rys ta l  ba r  zirconium alloy. 

Witzig W F 
WAPD-1 EXPERIMENTS IN THE MATERIALS TESTING REACTOR - I. GAMMA HEATING. 
WAPD-1-1, 
Westinghouse Electr ic  Corp.,  Pittsburgh, Pa . ,  Contract No. AT-(11-1)-Gen-14, March (1953), 
3n pp (refs) .  

An experiment has  been performed to measure  the gamma heating effect in aluminum in 
the L-42 location within the active lattice of the Materials Testing Reactor.  At full 
power a maximum value of 12.5 watts lgm was obtained a t  the reactor  centerline. This 
value was approximately proportional to reac tor  power level a t  steady-state conditions. . 

The value of gamma heat was found to be dependent upon vertical position in the reac tor .  
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NUCLEAR FAClLITIES AND ASSOCIATED TOPICS 

Swop H Gladys . . 

THE ARGONNE HIGH LEVEL GAMMA IRRADIATION FACILITY - -DESCRIPTION ' AND 
OPERATING PROCEDURES, 
Argonne.Nationa1 Laboratory ,  Lemont,  Ill.. P a p e r  presented in  Atomproxis,  Vol. 4, 
pp. 249-254 (1958). . . .  

The facil i ty i 6  a canal. i n  whieh sperll fuel  r o d s  f rom the ' M a t e r i a l s - ~ e s t i n ~  Reac to r  a r e  
contained in specia l ly 'const ructed r a c k s ,  'the l a t t e r  being a t  the bottom of the canal .  The 
canal  is 28 feet  long, 14 fee t  wide,  and 24 fee t  deep. The wa te r ,  level  v a r i e s  f r o m  16 to 
20 feet .  The w a t e r  is used a s  coolant and shie'ld f o r  the spent  fuel  r o d s .  The 'water is 
demineral ized and 1s continuously rec i rcu la ted  through a mixed bed ion-exchange unit a t  

0 
the r a t e  of 800 g a l / h r .   h he a v e r a g e  t e m p e r a t u r e  of 'the w a t e r  is 76 F. T h e r e  a r e  t h r e e  
under -wa te r  i r r ad ia t ion  r a c k s  in the gamma canal..  In the main  r a c k  the re  a r e  12 fuel  
r o d s  a r r a n g e d  in  the f o r m  of a honeycomb, s o  that  t h e r e  a r e  s i x  s a m p l e  p o r t s , s u r r o u n d -  
e d  by four  fuel  r o d s  and s i x  sample  por t s  adjacent t o  two fuel  r o d s .  Where  four  fuel  
r o d s  su r round  a sample ,  the sample  bejng 4 in.  in d i a m e t e r ,  in tens i t ies  a s  high a s  . 

3.5 x l o 6  r a d s / h r  have been obtained.  

A/Conf .  151 P/ 424 

Averbach T ,  e t  a l .  ' 

PRELIMINARY DESIGN O F A  HIGH FLUX, EPITHERMAL RESEARCH REACTOR FOR. - 
THE BROOKHAVEN NATIONAL LABORATORY, 
P a p e r  presented a t  the. 2nd United Nations.Internation,al Conference  on the Peaceful  Uses  of 
Atomic Energy,  June. (1958), 16 pp. , (3 r e f s ) .  

The ~ ~ o o k h a v e i  High Flux Iptermed,iate Reac to r  (HIFI) provides  a n  intensive neutron 
s o u r c e . a t  low powFr, facil i tat ing effective and economical  neutron re , sea rch .  A p r e -  
l iminary  design concept based on calculat ions f o r  this  reac , tor  type p.r.oduces f luxes,  

2 "  both t h e r m a l  and ep i the rmal ,  in  the range of lo1* to lo1' n / c m  - s e c . ,  and is the re fo re  
competi t ive with the b e s t  exis t ing r e a c t o r  s o u r c e s .  

, 
The new f e a t u r e s  .of the r e a c t o r  a r e  i ts , low power l eve l  of 10 to 20 Mw, and the. spa t i a l  
separa t ion  of peak ep i the rmal  a n d ' t h e r m a l  f luxes  i n  the c o r e  and re f l ec to r  r e spec t ive ly .  

McReynolds A W, St,ein J M and T a y l o r .  T B 
PULSED SOLID HOMOGENEOUS 'REACTORS .FOR RESEARCH, 
P a p e r  presented a t  the 2nd United Nations International  c o n f e r e n c e  on the Peaceful  Uses  of 
Atomic Energy ,  June (1958), 18 pp. (5 r e f s ) .  



The development of nuclear reac tors  has  s o  f a r  been directe'd exclusively toward reactors  
designed to operate a t  approximately steady power level. This paper considers the need 
for  the properties of a second, complementary type - pulsed reactor ,  designed to operate 
in very shor t  but very intense flashes.  A graphite-uranium.solid homogeneous reactor  
sys tem,  re fer red  to here  a s  a FLASH reactor ,  i s  des'cribed with respect  to i ts  design 
and physical properties.  

- - - -  
AN ENRICHED HOMOGENEOUS NUCLEAR REACTOR, 
Los  Alamos Scientific Laboratory, Los Alamos, N. M. , January 25, 195 1, 2 1 pp. (8 re fs ) .  

A decision was reached in August 1943 to build at  Los Alamos a smal l  homogeneous 
r eac to r  that would use an  aqueous uranyl sa l t  solution enriched in u ~ ~ ~ .  This reactor  
became known a s  the "water boiler" and went cr i t ical  in May 1944 with 565- g of u ~ ~ ~ .  
This design i s  re fer red  to a s  LOP0  (lower-pow e r  water boiler).  

Thi.s report  also discusses  a higher-power water boiler (HYPO) reac tor .  This design 
i s  discussed with respect  to construction details ( spl~er .e  assembly; reflector,  thermal 
cn1umt-1, and radiation shield; control, shim, and safety rods; detectors  and indicators; 
sa fe ty  devices; and automatic pilotj, 6peratlurl (appraaeh to orit ical;  rnd calibration; 
temperature effect; loss  of nitrate and water;  and controls and operational procedure),  
and performance (flux'and power, and steadiness of operation). 

Photographs, diagrams, and curves a r e  included. 

Dakcr C. P, et 81, 
WATER BOILER, 
Los  Alamos Scientific Laboratory, Los Alamos, N. M . ,  September 4,1944, 32 pp. 

The s t ructural  featu1.e~ of the uranyl sulfate water boiler in use a t  Site Y a r e  given in 
detail  with a full account of the safety features.  Results of the corrosion tests  on 
s tainless  steel of which the sphere was made a r e  presented,, and the fabrication of the 
B e 0  tamper surrounding the sphere is describecl. Tilt: structiirc and function nf the 
contro1,rod and the safety rod, with their related mechanical sys tems,  ' a re  explained, 
and an account is given of the temperature-controlling system. 

The activity of the boiler was measured a s  the m a s s  of active mater ial  approached 
crit icality; the resu l t s  a r e  discussed in detail. The control rod was calibrated, and the 
effect of temperature change was noted. Measurements were  also made on the super -  
cr i t ical  period. Substituting graphite for B e 0  a s  tamper mater ial  increased the crit ical 
amount; the insertion of tuballoy* slugs did not improve the effectiveness of graphite 
tamper greatly. 

J- P 

"Tuballoytt is used in  this report  to designate processed uranium with composition 
essentially the s a m e  a s  that of naturally occurring uranium. 



Bentzen F L,  e t  a l .  
HIGH-POWER WATER BOILER, ' 

L o s  Alamos Scientif ic Laboratory ,  Los  Alamos,  New Mexico, Contract  No. W - 7405 -Eng-36, 
September  19, 1945, 59 pp. 

A detailed descr ipt ion of the des.ign and construction of a 5.5-kw wate r  boi ler  a t  Site Y 
is given. A 1470 enr iched uranyl n i t r a te  solution in  wa te r  is used a s  the r e a c t o r  and 
m o d e r a t o r .  The 13.5 l i t e r s  of solution, containing 870 g of u"~', is held in a 1-ft dia 
s ta inless-s teel  s p h e r e .  The t amper  cons i s t s  of a B e 0  c o r e  surrounded by graphite.  
A the rmal  column is connected to one s ide  of the t a m p e r .  The operat ion and p e r f o r m -  
ance of the boi ler  a r e  descr ibed.  

Schultz M A 
AUTOMATIC CONTROL O F  POWER REACTORS, 
Westinghouse Atomic Power  Division, Pi t t sburgh 30, P a . ,  Contract  No. AT-(1  1 -1)-Gen- 14, 
November 6, 1950, 40 pp. (5 r e f s ) .  

The use  of automat ic  controls  f o r  power producing r e a c t o r s  is d i scussed  with re fe rence  
to s t a r t -up ,  operating,  and shut-down prob lems .  The  t r a n s f e r  function of a r e a c t o r  is 
obtained theoret ica l ly  and the requ i rements  of a s e r v o  sys tem design d i scussed .  Auto- 
mat ic  control  s y s t e m s  a r e  presented f o r  subcr i t ica l  operation a s  well  a s  f o r  power 
range work.  The use  of the control  sys tem in  prevention of enforced shut-downs is 
a l s o  indicated. 

AECD-3435 ORNL-1105 (Rev) 

Breazea le  William M 
A LOW COST EXPERIMENTAL NEUTRON CHAIN REACTOR - PART I, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn . ,  Contract  No. W-7405-Eng-26, 
Apr i l  15, 1952,.,59 pp. 

This  . r e p o r t  desc r ibes  a low cos t  neutron chain r e a c t o r  which was originally wri t ten  in 
the Spring of 1951 f o r  declassif ication purposes .  Also included is a descr ipt ion of the 
r e a c t o r  'and controls  and  appendices discuss ing health physics aspec t s ,  abnormal  
behavior,  and cor ros ion  problems.  

Appendix I - -  Burnet t  T H J, "Health Phys ics  Ins t ruments  for  the Low Cost  Reac to r  
Installation. I '  

Appendix I1 - -  Cla i rborne  H C and Poppendiek H C, "Transient  T h e r m a l  Behavior 
of Low Cost  Reactor  When P r o m p t  Cr i t i ca l .  I '  

Appendix I11 - -  Drawings a r e  included which desc r ibe  the main fea tu res  of the r e a c t o r  
and control  c i rcu i t s .  

Appendix IV - -  Olsen Arnold R,  "Corrosion Studies on Aluminum Clad Reac to r  Fue l  
Element .  

McMurry ' H L 
PERTURBATION THEORY AND APPLICATIONS, 



Phi l l ips  P e t r o l e u m  Company, Idaho Fa l l s ,  Idaho, Con t rac t  No. .AT-(10- 1 ) -  205, 
June 11, 1952, 19 pp. 

P e r t u r b a t i o n  methods  f o r  ca lcula t ing changes  in react iv i ty  due to s m a l l  changes in  r e -  
a c t o r  composit ion o r  s t r u c t u r e  a r e  developed.  The equations f o r  the reac t iv i ty  changes 
a r e  valid f o r  nonuniform a s  we l l  a s  uniform changes in the r e a c t o r .  They fo rm a con- 
venient  b a s i s  f o r  in te rp re t ing  s o m e  of the operational  c h a r a c t e r i s  t ics  of the MTR.  

Garabedian H L 
CONTROL ROD THEORY FOR A CYLINDRICAL REACTOR, 
Westinghouse Atomic Power  Division, Pi t t sburgh,  P a . ,  Contract  No. All'-(1 1 - 1)-Gen- 14, 
Augusl 9, 1950, 87 pp. 

The  work  repor ted  in  this  paper  w a s  c a r r i e d  out speci f ica l ly  .'or the purpose  of making 
c a l c u l a t i ~ n ~  assoc ia ted  with the control  r o d  sys tem f o r  a cyl indr ica l  r e a c t o r .  It i s  con- 
s i d e r e d  .:D be a combination and extension of the b e s t  r e s u l t s  he re to fo re  available in  the 
A m e r i c a n  and Canadian l i t e r a t u r e  on s y s t e m s  of r i n g s  of control  r o d s  in  a cyl indr ica l  
r e a c t o r .  It gives a c r i t i c a l  equation in the form of a deterrn.irierita1 cr-i l ical  eyualiuu ful. 
two r i n g s  of r o d s  and a c e n t r a l  rod  and spec ia l  c a s e s  of such  a syslerrl, Por.mulas f o r  
f lux dis t r ibut ions ,  a d i scuss ion  of r i n g s  of r o d s  in  a ref lec ted r e a c t o r ,  a discussicjri of 
extensions  to h igher  o r d e r s  of approximations,  and the foundation fo r  f u r t h e r  p a p e r s  
on the sub jec t  of both analyt ica l  and computational  c h a r a c t e r .  

Garabed ian  H L 
THEORY O F  HOMOGENEOUS CONTROL O F  A CYLINDRICAL REACTOR, 
Westinghouse E l e c t r i c  co rpora t ion ;  Pi t t sburgh 30, P a . ,  Contract  No. AT-(1  1 -1)-Gen- 14, 
Sep tember  20, 1950, 79 pp. 

T h i s  p a p e r  is concerned speci f ica l ly  with the possibil i ty,  f rom a theoretical point ot 
view, of controll ing a cyl indr ica l  r e a c t o r  with the aid of a l a r g e  number  of tubes of s m a l l  
d iamete r ,  containing m e r c u r y ,  which a r e  s y m m e t r i c a l l y  and uniformly distr ibuted about 
the a x i s  of the r e a c t o r .  Techniques a r e  developed which a r e  . indispensahle. to design 
s t u d i e s  of a r e a c t o r  wlth a s y s t e m  of homogeneous control  of the type desc r ibed .  The 
exposit ion on per turbat ion methods  contained in th is  paper  is applicable to a wide var ie ty  
of r e a c t o r  p rob lems .  

Two appendices  a re . inc luded :  . , 

Appendix I - -  Derivation of the Two-Group Two-Region Perturbat ' ion F o r m u l a .  

Appendix.11 - -  ~ e r i v a t i o n  of the o n e - ~ r o u ~  Two-Region Per tu rba t ion  Formula :  
. . . . . - . a 

., . Die t r i ch  .J R 
EXPERIMENT INVESTIGATION O F  THE SELF-LIMITATION O F  POWER DURING 
REACTIVITY TRANSIENTS IN A SUBCOOLED WATER-MODERATED REACTOR, 
B o r a x - I  Exper iments ,  Argonne National Laboratory ,  Lemont,  I l l . ,  Con t rac t  N o .  , ' . . .  . 

W-31-109-Eng-38 (1954), 84 pp. 



During the ea r ly  Summer of 1954 a s e r i e s  of experiments was made on the Borax:I 
reac tor  to investigate the abislity of the reactor ,  when operated in the subcooled con- 
dition, to protect.itself against the resu l t s  of sudden, artificially induced increases  in 
reactivity. Inasmuch a s  this s e t  of experiments completed the program for  the Borax-I 
reactor ,  the final runaway experiment was intentionally made under conditions which led 
to destruction of the reac tor .  In the final experiment a control rod worth 4% keff was 
ejected from the reac tor  core,  inducing an  exponential power increase of period 2.6 
milliseconds. The resul ts  of this final experiment when combined ,w  ith those obtained in 
the preceding milder tests indicate the behavior of the reactor  over a wide range of con- 
ditions' 'of excess  reactivity. 

The maximum power attained during the final experiment was determined to be between 
13 x 10' and 20 x 10' watts, and the total energy liberation was approximately 135 
megawatt-seconds. This energy release resulted in melting of most  of the fuel 
and failure of the reactor  tank. Fuel plate fragments were scat tered for  a distance of 
200 to 300 feet from the reactor ,  but no widespread dangerous dispersal  was observed. 

The nuclear energy re lease  during the final experiment was not f a r  different from that 
which would be expected by extrapolation of the resu l t s  of previous milder  experiments. 
The thermal  conditions induced by the energy re lease ,  however, a r e  out of the range of 

, . previous experience, and i t  is' therefore difficult to determine whether the ultimate 
' destructive effects a r e  consistent with the hypothesis of a simple steam explosion. 

Luckow William K, Mesler Russell  B and Widdoes Lawrence C. . 

THE NUCLEAR RESEARCH REACTOR AT THE UNIVERSITY OF MICHIGAN-AN EVALU - 
ATION O F  THE HAZARDS OF OPERATION AND PROVISIONS FOR LIMITING THESE 
HAZARDS, 
University of Michigan, Ann Arbor,  Michigan, April 22, 1954, 28 pp. ' 

An evaluation of the hazards of operation and the provisions for limiting these hazards 
in the nuclear research  reac tor  a t  the University of Michigan a r e  discussed. 

It is pointed out that the maximum credible accident to this reac tor  is believed'to be 
slow dissolution of the fuel elements with the subsequent release of fission products 
to the pool water.  . An est imate is,given of the radiation dose ' to  an observer  outside 
the reac tor  building during the f i r s t  hour following the s t a r t  of the maximum credible 
accident. Automatic monitors will be employed to se t  off a r ea  alarms,  during the ear ly  
stages of such an accident. 

. . . . I . .  

. . 
, . I .  . . . 

. . 
Bright G 0 
NEUTRON FLUX DISTRIBUTIONS IN THE MATERIALS . . 

TESTING REACTOR. 1 PART 11 I. 
FUEL BURNOUT IN THE 3 X9 LOADING, . . . . 

Atomic Energy.Div., Phillips Petr.oleum Co.,  Idaho Falls,  Idaho, Contract No. 
AT-(10-1)-205; July 27, 1954, 48 pp. (4  re fs ) .  . . 

The distribution of fuel burnout in the Materials Testing Reactor af ter  the f i r s t  oper-  
ating cycle h a s  been computed; The work involves 'the use of flux distribution functions 
which were  obtained experimentally' during the acceptance testing period of the reactor .  
A process  of numerical integration is used which yields resul ts  compatible with the 



a c c u r a c y  of the exper imental  data.  The r e s u l t s  a r e  shown a s  a s e t  of c u r v e s  in which 
each  fuel  e lement  and fuel -bear ing shim-safety  rod  is repr 'esented.  

Two appendices a r e  included: 

Appendix I - -  Derivation of K, the Rat io  of the Volume Integral  of the Clean,  Cold 
Reac to r  Flux Distribution Function to  the Volume Integral  of the Depleted 
Reactor  Flux Distribution Function, and F ,  the Maximum Burnout a t  any 
Point .  

Appendix I1 - -  27 C u r v e s  Represent ing the Average Fue l  Burnout i n  Each Fue l  E lement  
and Each  Fue l  Shim-Rod f o r  Cycle No. 1. 

Leyse  C F 
FACILITIES FOR IRRADIATIONS WITHIN THE MTR REACTOR TANK, 
Atomic Energy  Division, Phi l l ips  Pe t ro leum C o . ,  Idaho Fal ls ,  Idaho, 
Cont rac t  No. AT-(10-1)-205, June 5, 1953, 72 pp. (11 r e f s ) .  

Since the i s sue  of ORNL-963 "Mater ia ls  Test ing Reac to r  Pro jec t  Handbook, I t  t he re  has  
been considerable  p r o g r e s s  in  providing additional facil i t ies . for  i r rad ia t ions  within the 
r e a c t o r  tank of the  MTR. This  r e p o r t  provides information regard ing  both these  a d -  
dit ional  exper imental  fac i l i t ies  and associa ted exper imental  fac i l i t ies  and r e a c t o r  com - 
ponents. . 

The faci l i t ies  d i scussed  in sect ions  of th is  r e p o r t  a r e  a s  follows: 

a .  Heactor  'Yank Exper imental  Access  Holes 
b .  Reactor  Lat t ice  Faci l i t ies  
c .  Beryl l ium Reflector  Faci l i t ies  
d .  Hydraulic Rabbits  
e . Pneumat ic  Rabbits  

Huffman J R 
MTR TECHNICAL BRANCH QUARTERLY REPORT FOR FIRST QUARTER - 1955, 
Atomic Energy  Div. ,  Phi l l ips  Pe t ro leum Co. ,  Idaho Fa l l s ,  Idaho, Contract  NO. 
AT-(10-1)-205, October  5, 1955, 38 pp. (25 r e f s ) .  

E a r l i e r  difficulty w a s  encountered of MTR fuel  a s s e m b l i e s  bulging under  hydraulic p r e s -  
s u r e  di f ferent ia ls .  Th i s  appears  to be.solved success fu l ly~  by using 0.065 in. outside 
 fuel pla tes ,  0.1875 in. s ide  plates and lower end boxes of p r o p e r  d imensions .  Use was  
m a d e  of the C a r d  P r o g r a m m e d  Calcula tor  (CPC) available a t  Bar t lesvi l le ,  O k l a . ,  to 
handle the growing number  of machine calculations on c r i t i ca l  m a s s ,  c r y s t a l  ref lect iv-  
i t ies ,  decay -production chains,  and c r o s s  sect ions .  

New cross-sect ion data have been collected on the c r y s t a l  and time-of-flight spec t rom-  
e t e r s ,  but they have not been reduced to repor table  f o r m .  

A potentiometric t i t ra t ion method of determining c e r i c  ion concentration in the chemical  
d o s i m e t e r  f o r  m e a s u r i n g  gamma i r radia t ion is under development.  



P r e l i m i n a r y  work h a s  shown that  counting of delayed neutrons  f rom i r r a d i a t e d  s a m p l e s  
of u~~~ is a feas ible  method f o r  "nucleonic" assaying.  . 

AECD-3707 

Huffman J R 
MTR TECHNICAL BRANCH QUARTERLY R E P O R T  FOR FOURTH QUARTER - 1954, 
Atomic Energy  Div. ,  Phil l ips Pe t ro leum C o . ,  Idaho Fa l l s ,  Idaho, Con t rac t  No. 
AT-(10-1)-205,  March  31, 1955, 39 pp.  

The  f i s s ion  b r e a k s  which have o c c u r r e d  i n  the MTR, f i r s t  r e p o r t e d  l a s t  q u a r t e r ,  h a v e  
been t r aced  to the bulging outward of the lower ends  of the outside concave fuel  p la tes  
of the fuel  a s s e m b l i e s .  It w a s  found by hydraulic t e s t s  in  the.MTR and p r e s s u r e  t e s t s  on 
a s s e m b l i e s ,  both a t  the MTR and ORNL, that  a p r e s s u r e  differential  outward of g r e a t e r  
than 5 ps i  will cause  this  bulging on 0.050 in. thick pla tes  with 0.1 10 in.  s ide  p la tes .  

A s u m m a r y  of the cross-sect ion work  f o r  the y e a r  is given. Tota l  c r o s s  sect ions  on the 
c r y s t a l  s p e c t r o m e t e r  have been repor ted  on z i rconium,  hafnium, Np-237, Li-7 ,  sodium,  
potass ium,  and rubidium.  

Activa'tion c r o s s  sec t ions  of Pa-233 have been refined.  The p r o g r a m  on the determinat ion 
of activation c r o s s  sec t ions  by second o r d e r  cap tu res  h a s  produced r e s u l t s  fo r .  the c r o s s  
sec t ions  of Y-90, Pr-142, Ta-182, and Tb-160. 

The Reactivity Measurement  Faci l i ty  h a s  been undergoing mechanical  and operational  
t e s t s .  Approach to c r i t i ca l i ty  is planned during the f i r s t  q u a r t e r  of 1955. 

Leyse  C F L 

IMPROVEMENTS IN MTR FUEL ASSEMBLIES AND OPERATING PROCEDURES, 
Atomic Energy  Div., Phil l ips Pe t ro leum Co. ,  Idaho Fa l l s ,  Idaho, Con t rac t  No. 
AT-(10-1)-205,  F e b r u a r y  1, 1954, 13 pp. 

The  changes in fuel  a s s e m b l i e s ,  sh im rods ,  c o r e  geometry ,  and r e a c t o r  cycle  that  have 
been made  s ince  the MTR w a s  placed in opera t ion have been s u m m a r i z e d .  These  
changes have reduced the cos t  of fabr ica t ing fuel  f o r  the r e a c t o r  f r o m  a n  init ial  value of 
$ 5  1.8/MWD to about $14.51 MWD a t  p resen t .  Some ways  in  which , fu r the r  improvements  
might be rea l i zed  a r e  s u m m a r i z e d  br ief ly .  

Paxton H C, Mal lary  E C and Horvath L S 
OPERATING REGULATIONS FOR THE PAJARITO REMOTE C'ONTROL LABORATORIES, 
L o s  Alamos Scientif ic L,a.boratory, L o s  Alamos,  N. M . ,  Con t rac t  No. W-7405-Eng-36, 
~ a n u a r ~  18, 1956, 11. pp. 

Th i s  d o c k n e n t  p resen t s  r u l e s  that  govern the conduct of expe+ih i r? t s  with f issionable 
m a t e r i a l s  in  Group W-2 of the L o s  Alamos Scientific Laboratory .  It s u p e r s e d e s  
LAMS-456(1) and includes  modifications suggested by exper ience  kccumulated o v e r  a 
five y e a r  period.  The pr incipal  changes  a r e  intended to i n c r e a s e  flexibility without 
compromis ing  safety.  



Becaush of the potential danger of fissionable mater ials ,  the most important concern of 
the regulations is the control of personnel hazard. Other significant purposes a r e  to 
protect valuable fissionable mater ia l s  and to minimize loss  of operating potentiality 
of the group. 

T,ink L E and Guzik R F . 
ADDENDUM TO REACTOR BUILDING HEPUK'I', 
Ma,terials Testing Reactor Project,  Design Report No. 26A, Argonne National Laboratory, 

.Lemont, Ill. , ~ o v e m b e r  .17,1949, 4 pp. 

Changes, cbirect ions and additions to the origirial report  a r e  included in this addendum. 
' 

. Thsse gyp '  hrni1p;ht about by fur lher  development of lhe design by Blaw Knox, ANT #, unrJ 

ORNL. The .changes a r e  'listed in  accur.clallce with' thc mu111 Iictading~, IlH.gl!:i ulid pare 
graphs to 'which they, apply. 

. , .  . 

Guzik R F and Link L E 
REACTOR BUILDING. WING, : . '  I . .  . . 

Materials  Testing Reactor project ,  Design Report No. 27, Argonne National Laboratory, 
Lemont, I l l . ,  October 12, 1949, 16 pp. 

I .  ' 

A reac tor  building wing is required. to provide the laboratories,  offices, and. operational 
facili t ies necessary  for the initial phase of the Materials Testing Reactor Project .  

This  repor t  covers  proposed design, recommendations, detailed disclosure of problem, 
design data, and detailed disclosure of design proposal. Four appendices a r e  included. 

Link T , F: and Guzik K, b' 
ADDENDUM TO REACTOR BUlLDING WING REPOH'I', 
Mater ials  Testing Reactor Project,  Design Report No. 27A, Argonne National Laboratory, 
I,amont, Ill.,  N u v e ~ ~ ~ l s t r  25, 1919, 2 pp. 

Changes, 'corrections and additions to the'loriginal repor t  a r e  .included in this addendum. 
These a r e  brought about by further development of the'design by Blaw-Knox, ANL, and 
ORNL. The changes in the original writings a r e  listed below in accordance with the 
main headings, pages and paragraphs to which they apply. . . %  

. .  . . . . . . . 
Guzik R F and Link L E . . 

REACTOR BUILDING, 
Mater ials  Testing Reactor Project,  Design Report No. 26, Argonne National Laboratory, 

. . Lemont, Ill., October 10, 1949, 23' pp. . . .. . . . ., 
. .: . . . . ,. 

This report  is relaterl ' to the rkactor  building associated'with the Materials Testing 
' . ~ e a c t o . r  Project  a t  ~ r g o n n e  National ~ a b o r a t o k ~ ;  The report  covers  propbsed design, 

recommendations, detailed disclosure of problem, design data, 'and detailed disclosure 
of design proposal. Building s t ructure is discussed and four appendices a r e  included. 



Browder  F N 
SUMMARY O F  SURFACE DECONTAMINATION' EXPERIENCE A T  OAK RIDGE NATIONAL 
LABORATORY, 
November 1943 through ~ u l y  1948, Oak Ridge ~ a t i o n a l  Labora to ry ,  Oak Ridge,  Tenn . ,  
Con t rac t  No. W-7405-Eng-26, (1948), 39' pp. 

The exper ience  a t  Oak Ridge National Laboratory  i n  decontamination equipment and 
working a r e a s  a r e  s u m m a r i z e d .  

Webs te r  J W 
PRACTICAL REACTOR THEORY, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn. ,  Con t rac t  No. W-7405-Eng-26, 
October  21, 1953, 146 pp. 

The purpose  of this  wri t ing is to provide a p rac t i ca l  type of text in r e a c t o r  theory f o r  
the use  of nuc lea r  eng inee rs  engaged i n  r e a c t o r  des ign.  Methods a r e  der ived f o r  ca lcu-  
lat ing c r i t i c a l  m a s s ;  power distr ibbfion;  react iv i ty  effects  of t empera tu re ;  depletion, 
and f iss ion-product  poisons;  the n e c e s s a r y  number  of control  rods  to compensate  f o r  
these  effects;  and the kinetic behavior  of flux and t e m p e r a t u r e s  in a r e a c t o r  with r e g a r d  
to r e a c t o r  s tabi l i ty  and se l f - regula t ion.  

It is the opinion of the .author that  methods  in the f ield of r e a c t o r  theory m u s t  be  s h o r t  
and simple, . in application if they a r e  to be of r e a l  a s s i s t a n c e  to r e a c t o r  design.  An 
a n s w e r  that can  be obtained in a day o r  two with a n  a c c u r a c y  of 5070 is often v e r y  ~isefi!l  
to a des igner ,  w h e r e a s  one that is a c c u r a t e  to within 1070 but takes  a month to obtain 
m a y  be obsolete and u t t e r ly .use less  by the time i t  is presented to the des igner  by the 
physic is t .  

An understanding of fundamental  ideas  such  a s  c r o s s  sect ion and m e a n  f r e e  path a r e  
a s s u m e d  h e r e .  An excel lent  r e fe rence  f o r  such  definitions is P a r t  I  of TID-384 by 
Glass tone and Edlund. 

The sub jec t s  d i scussed  i n  this  r epor t ,  i n  the o r d e r  l i s ted ,  a r e :  

1 .  The one-group theory  f o r  the calculat ion of c r i t i ca l  m a s s  and power distr ibution. ,  
~ The one-group model  is v e r y  c rude  and is given par t ly  fo r  pedagogical r e a s o n s ,  but 
- it does have p rac t i ca l  usefulness .  

2: The. ,Fer in i  agk 'theory f o r  calculat ing c r i t i ca l  m a s s .  The F e r m i  age  theory i s  one 
. . . . .  

of the m o s t  useful  approaches  to c r i t i c a l  m a s s  determinat ion,  i n  spi te  of the fac t  
that i t ' c a n  be applied only to unreflected r e a c t o r s .  The ref lec ted r e a c t o r  can be 
approximated by a n  equivalent  unreflected r e a c t o r ,  a s  d i scussed  in Chapter  2 .  The 
f o r m u l a s  obtained b y ' ~ e r m i  age  theory a r e  s imple  and re la t ively  a c c u r a t e  f o r  r e -  

. . 
' a c t o r s  moderated with beryll ium ' o r  carbon,  and a modification of .the fo rmulas  can  

be  applied to make  the method reasonably  a c c u r a t e  f o r  hydrogen-moderated reac to r s .  

3 .  The two-group theory fo r  calculat ing c r i t i c a l  m a s s  and power distr ibution.  The 
two-group model  can be  used in conjunction with the F e r m i  age  method by de te rmin-  
ing the c o r e  constants  f o r  the f o r m e r  by m e a n s  of the l a t t e r .  Th i s  is discussed 
in  Chapter  3 .  



4 .  The effect of temperature,  depletion, and fission-product poisons, such a s  xenon 
and samar ium.  These effects act  to decrease the effective neutron multiplication 
constant, and therefore the fuel inventory must be sufficient to ensure crit icality 
when these effects a r e  a t  their maximum. 

5.  The necessary number of control rods (shim rods)  to offset the virtual super -  
crit icality that exis ts  in a reactor  at  startup when the effects described in Item 4 
a r e  a t  a minimum. 

6. The kinetic behavior of flux and temperatures in a reactor .  The kinetic self-  
regulation, stability to accidents, and response to control rod (regulating rod) 
motion must be investigated for  a reac tor  design proposal. 

BOBBY TRAPS, 
Talk f o r  Pittsburgh Meeting of American Nuclear Society, June 1 2 ,  1957, 18 pp. 

This paper outlines briefly the situations that have led to accidental prompt-crit ical 
radiation bursts  (nuclear accidents) in critical. assembly laboratories,  and mentions 
a few bthers  that appear to be risky. 

- - - -  
FUNCTIONAL REQUIREMENTS FOR THE PWR CONTROL ROD MECHANISM, 
Atomic Power Div., Westinghouse Electr ic  Corporation, Pittsburgh 30, P a . ,  20 pp. 

This repor t  covers two topics: (1) functional requirements for  control rod drive mecha- 
n isms  and (2) supplementary design information for control rod drive mechanism. The 
information in the above two topics is presented in the form of two check l i s t s  whose 
i t ems  define the functional requirements of these mechanisms. Also, three appendices 
a r e  included which serve  lo amplify and explain the dala cotltained in the check l is ts .  

- - - -  
CATALOGUE O F  NUCLEAR REACTORS, 
Atomic Energy of Canada Limited, Chalk River Project,  Chalk River,  Ontario, August (1955). 

This catalogue has been compiled from the unclassified l i terature and r e fe r s  to reac tors  
which a r e  known to have reached crit icality by July 1955. Additions and revisions will 
be prepared a s  they become necessary to keep the collection up-to-date. 

This  catalogue gives information on classification which covers  neutron speed, fuel con- 
figuration, kind of moderator,  purpose, thermal power, and neutron flux; and construc- 
tion details.  



, . 

Lewis W B 
REACTOR DESIGN AND TECHNOLOGY PRESENTE.D AT THE UN GENEVA CONFERENCE 
ON THE PEACEFUL USES O F  ATOMIC ENERGY, AUGUST, 1955, 
Atomic Energy of Canada Limited, Chalk River Project,  Chalk River,  Ontario, August (1955), 
16 pp. (36 re fs ) .  

This report  discusses hazards of reactor  fission products a s  a resul t  of a reactor  ex- 
plosion o r  accident. It is pointed out that any reac tor  explosion would a t  the most be 
no grea te r  than an ordinary chemical explosion. However, the resulting danger would 
be from possible escaping fission products. 

Coolant categories such a s  gas, water,  liquid, metal, and organics a r e  discussed 
qualitatively. The ideal coolant is not known. 

It is pointed out that nuclear physics requirements affect mainly the choice of reactor  
mater ials  and the choice of fuel cycles.  

Grigorief' W W (Editor) 
PROCEEDINGS UNIVERSITY RESEARCH REACTOR CONFERENCE, 
Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn. , February 17-1 8,1954, 221 pp. 

The proceedings of the University Research Reactor Conference held in Oak Ridge cover 
the mater ial  presented in the formal  papers,  in the round table discussions, and in the 
question periods of the conference. The formal manuscripts and the verbatim record-  
ings of the meeting have been reviewed by the authors,  compiled and edited by the 
1istitute staff, and represent  a complete summary of the information made available 
by the conference. 

Davis Frank W 
FEASIBILITY STUDY O F  PRESSURE VESSELS FOR NUCLEAR POWER GENERATING 

. REACTORS, 
Engineering Branch, Division of Reactor Development, USAEC, Washington, D. C . ,  
December (1955), 366 pp. 

All power generating nuclear reac tor  concepts include the use of p re s su re  vessels .  In 
many cases  the vessels  indicated a r e  of unconventional design. Large volumes and high 
p re s su res  a r e  involved. Because of these factors  the several  groups studying the 
problems involved in producing economical nuclear power have experienced difficulty 
in evaluating proposed 'pressure vessel  design from either the standpoint of feasibility 
o r  cost.  In o rde r  to a s s i s t  the study groups the Engineering Branch of the Reactor 
Development Division undertook a study of pressure  vessel  design a s  applied to nuclear 
power development. Since it is recognized that manufacturers of large p re s su re  vessels  
a r e  best qualified to evaluate special design problems, three representative companies 
were selected for  this phase of the program. Four design concepts for  pressurized 
water reac tors  which has been submitted by two of the study groups a s  being representa-  
tive of present thinking were selected on this basis for the study. 



This study consists of four repor t s  which a r e :  

1 .  'Design, Fabricatiqn and Feasibility Studies of Four Reactor P r e s s u r e  Vessels  for  
United States Atomic Energy Commission, " Combustion Engineering, Inc.,  N. Y . ,  
Contract No. AT-(30-3)-147, pp. 1-110, October 30,1954. 

This report  contains detailed information with respect to examination and verifica- 
tion of service requirements by s t r e s s  analysis methods, determination of design 
details necessary for  improved fabrication procedures,  preparation of the antici-  
pated fabrication procedures,  and est imates  of cost of final design and fabrication 
ior  each of the pressure  vessels .  , Whiie this study was car r ied  out by reference 
where applicable to Section VIII of the Unfired P r e s s u r e  Vessel Code of the Ameri-  
can Society of Mechanical Engineers, it is strongly recommended that vessels  of 
this nature be constructed i n  accordance with Section, I, the Power Boiler Code of 
the American Society of Mechanical Engineers.  

It is believed that little value would be obtained from studies car r ied  out beyond 
the range reported here.  While the report  points out the a r e a s  in which develop- 
ment work on fabrication procedures might be car r ied  out, the iull useiuPriesB of 
such work would be best obtained in reference to vessels  actually to be constructed 
and utilizcd. 

2. "Report on Feasibility Study of P r e s s u r e  Vessels, " conducted by The Midvale ' 
Company in collaboration with The Franklin ~nsf i tute ,  Contract No. AT-(30-3)-145, 
pp. 111-224, March 12,1954 to January 31,1955. 

This contract encompasses design and fabrication feasibility studies of four p re s  - 
s u r e  vessels  whose basic design features were  transmitted by the AEC. These 
vessels  a r e  well suited to production facilities a s  now designed. No way was found 
to overcome the objection of having s tainless  s teel  tubes welded into the heads and 
tube sheets .  

3. Pfeiffer, L. G., "Reactor Vessel Study, " Process  Equipment Division, A. 0. Smith 
Corporation, Milwaukee, Wisconsin, Contract No. AT-(1 1-1 )-290, pp. 225 -354, 
.Tune 15, 1955. 

. An engineering study covering the mechanical design, manufacturing procedures,. 
and cost es t imates  for  three reac tor  vessels  based on specified d iameters , .  lengths, 
numbcr and s ize of openings, and fixed opening locations for specified uperaling 
pressures  and temperatures,  both for  specified operating p re s su res  and temper-  
a tures ,  both for  single plate and multilayer construction. 

The mechanical designs and manufacturing proce.dures a r e  based upon standard 
present  day maiufacturing facilities following the 1952 ASME Unfired p r e s s u r e  
Vessel Code where applicable, particularly the formulas for obtaining shell  and 
head, thicknesses and reinforcing re,quirementS for  openings. .Any spe,cifications o r  
modificati.ons necessary to meet nu.clear requirements,  sYch asckpecial  inspections 

. ' and cleaning standards a r e  not included in this design. . . 

4. Fratcher ,  G. E . ,   he 1nfluen=e of High Strength  ater rials on the ~ e s i ~ n ' a n d  
Fabrication of Layer  Vessels,  ' I  American Society of Mechanical Engineers,, 
Petroleum Division Conference, Los Angeles, Calif., September . - (1954), . . 

pp. 355-366, this . report.  . . " 



A multilayer vessel  is defined a s  a vessel  whose cylindrical portion i s  made up of 
two o r  more contacting bands o r  layers .  This report  gives a description of multi- 
layer  vessels  and character is t ics  of such vessels ;  and discusses layer  mater ials  
and development of high strength mater ials  for  super  pressures .  

- - - -  
PRELIMINARY DESIGN STUDY O F  A FOOD IRRADIATION REACTOR. Phase 2,  
Internuclear Co., Inc., Clayton, Mo., July 1, 1956, 92 pp. 

In April 1956, the Army Reactor Branch of the Division of Reactor Development of the 
AEC, through the Schenectady Operations OfNce, requested Internuclear Company to 
select the most promising reac tor  type for production of gamma radiation in a pilot 
plant for the food irradiation program of the Army Quartermaster  Corps and further,  
to' make a p re l iminary  design ~ t u d y  of thc sys t tn i ' ~e1ec led  to the point where the major  
research ,  development , design, and operational problems foreseen in the design, con- .. . 

struction, and operation of the reactor-radiator  complex could be pointed out. This 
report  presents a preliminary design study of the selected reactor  type. 

The general design features of the reactor-radiator  complex described in this report  
a r e  based on providing a system that is relatively simple and does not require  ex-  
tensive reactor  developmental work. The reference reactor  i s  intended to serve  a s  a 
basis  for future optimization through detailed study of the many parameters  affecting 
efficient generation and use of the gamma energy, and is not to be considered a s  an 
already optimized system. 

The reactor-radiator  curnplex described herein is not an "optimum" for  this type of 
sys tem.  Optimization of the design requires  more detailed heat t ransfer  and nuclear 
calculations a s  well a s  a thorough study of the factors  which affect the over-all  effi- 
ciency of the unit. The la t ter  includes: 

Production, dose, and dwell time specifications 
Size and composition of reactor  core  
Blanket tank mater ials  and s ize 
Indium solution concentration 
Reflector (and thermal shield) mater ial  and placement 
Blanket and indium solution cooling 
Radiator geometry, s ize,  volume 
Size and shape of food packages o r  i tems 

The inherent reactor  safety aspects  of this system a r e  favorable. Even rapid loss of a l l  
indium from the indium solution blanket presents no ser ious hazards.  The remaining 
safety character is t ics  a r e  quite s imi la r  to the MTR type reactor .  

The major  problems foreseen in the design, construction, and operation o f  the complex 
a r e  in the gamma radiator and i t s  loop. They a r e  the chemical behavior of the water 
indium sulfate loop, i .  e . , corrosion, crudding, stability under irradiation, and decon- 
tamination; maintenance and repa i r  of the indium loop; and the calculation and later  
actual measurement of max/min gamma dosages within the food. There do not appear 
to be any major  problems connected with the , reac tor  portion, although a cr i t ical  ex- 
periment to optimize fast  neutron leakage should be made. 



E l g e r t  0 J ,  Leyse  C F and Ott  D G 
PRELIMINARY INVESTIGATIONS FOR AN ADVANCED ENGINEERING TEST REACTOR, , 

Internuclear  Company, Inc. , Clayton, Missouri ,  F e b r u a r y  22, 1957, 124 pp. 

A s tudy was  c a r r i e d  out to de te rmine  a suitable r e a c t o r  sys tem o r  s y s t e m s  f o r  the 
tes t ing of wa te r ,  gas ,  and l iquid-metal  cooled fuel  a s s e m b l i e s .  The unperturbed 

2 t h e r m a l  neutron f luxes  in  the t e s t  holes  a r e  lo be 1 1.5 j r  lo1' n / r m  - s s p  A e rnup  
of s e v e n  separa te ly  cooled and controlled r e a c t o r s  assembled  in  a common shield a r e  
proposed to mee t  the t e s t  facil i ty requ i rements .  E a c h  of the r c a c t o r s  cons i s t s  of the 
c e n t r a l  t e s t  thimble, surrounded consecutively by a n  H,O annulus, r e a c t o r  c o r e ,  and 
D 2 0  re f lec to r .  The  es t imated  total power of the seven  r e a c t o r s  is about 450 Mw when 
the neutron flux requ i rements  are m e t  i l l  a l l  llle t e s t  holco. 

F o r  a m o r e  detailed r e a c t o r  'de s lgr~  see AECU..-3437 (add .  1. 

AECU-3427 - (Add. ) INTERNUC-9 (Add. ) 
- .  

Leyse  C F and Leonard ' B Ha Jr. 
PRELIMINARY LN"VESTIGATI0NS FOR AN ADVANCED ENGINEER JNG TEST REACTOR, 
Internuclear  Company,, Inc . ,  Clayton, Mo.,  Apri l  16, 1957, 12 pp. 

On F e b r u a r y  22, 1957, In ternuclear  Company in fulfillment of Contract  No. A T 4 1  1-l t500, 
submit ted a r e p o r t  ent i t ledl 'Pre l iminary Investigations f o r  a n  Advanced Engineer ing Tes t  
Reac to rH* to  the Atomic Energy  Commission.  Because  of the in te res t ing  and unique 
r e a c t o r  f e a t u r e s  which evolved f r o m  that study, and to fu r the r  demons t ra te  the pr-acti- 
cabil i ty and desi rabi l i ty  of the faci l i ty  recommended in that  study, In ternuclear  Company 

. decided to c a r r y  the design into a m o r e  detailed s tage .  It is the purpose  of th is  r e p o r t  
to p resen t  the r e s u l t s  of th is  additional work and to i l lus t ra te  the ref inement  of design.  

.,- 
'li 

INTERNUC -9 

- - - -  
0PERATING.MANUAL FOR THE CP-5 REACTOR, 
Labora to ry  Research  Reac to r  Operations Division, Argonne National Laboratory ,  Lemont,  
Illinois, .January 1, 1956, 29 pp. 

To a s s u r e  safe  and  re l i ab le  operat ion of the C P - 5  Argotlne R e s e a r c h  Reactor ,  ce r ta in  
t e s t  procedures ,  work  a r e a  checks,  routine inspections and operational p rac t i ces  have 
been es tabl ished as the r u l e s  concernirlg the operation of this r eac to r .  These  r u l e s  a r e  
s e t  forth in this opera t i t i i  manual.  

1 , 

Thompson A S 
GAS COOLED NUCLEAR REACTOR STUDY, 
Nuclear  Power  Department,  Studebaker-Packard Corporation,  Detroit,  Mich. ,  
Cont rac t  No. AT(30-3)-214, July  31, 1956, 105 pp. 



The investigation covered by this report  contains two main parts .  An investigation'was 
made of the performance of a gas-cooled reactor,  designed to provide a source of high 
temperature heat to a s t ream of helium. This reactor ,  in turn, is used a s  a source of 
heat for  the a i r  s t ream in a gas-turbine power plant. ,The reactor  design was predicated 
pr imari ly  on the requirement for t ransferr ing a large amount of heat to the helium 
s t ream with a pressure  drop low enough that it w i l l  not represent  a major  loss  of power 
in  the power plant. The mass  of uranium required for crit icality under various c i rcum-  
stances has been investigated by multigroup calculations, both on desk calculators and on 
a n  IBM-704 machine. The gas turbine power plant performance was studied based on a 
Studebaker-Packard-designed gas-turbine power plant for  the propulsion of destroyer-  
escor t  vessels .  A smal l  experimental program was car r ied  out to study some effects . 
of helium on graphite and on s t ructural  s teels .  

Stein Kalph P 
TRANSIENT HEAT TRANSFER IN REACTOR COOLANT CHANNELS, 
Engineering Research Laboratories,  Columbia University, N. Y. , N. Y. ,  Contract No. 
AT-(30-3)-187, October 31, 1957, 39 pp. ( 7  refs) .  

A'nTnalysis is presented of the transient behavior of a generalized coolant channel 
neglecting temperature dependent reactivity changes. The analysis i s  applicable to 
forced conviction cooling of heterogeneous reactor  fuel elements o r  electrically heated 
simulation thereof. Derivations a r e  given for  ca ses  of variation of coolant inlet temper-  
a ture  and of heat generation. An approximation is also developed applicable to thin 
fuel elements. From this, solutions a r e  obtained for  cases  of impulsive, step, l inear,  
and step-exponential variations of irilet temperature,, and, of impulsive and uniform 
variations of heat generation. The solutions presented will be of use during preliminary 
stages of design of new heterogeneous reactor  concepts (when the use of computing - 
machines may not be warranted),  and, in the design and interpretation of transient ex- 
periments simulating reactor  fuel channels. 

Lock C J L 
FISSION PRODUCT FORMATION IN A HOMOGENEOUS POWER REACTOR, ' 

Atomic Energy Research Establishment, Harwell, Berkshire,  England, June 28,1955, 41 pp. 

~ " g f ~ u l a t i o n  has been made of the weight, activity and total neutron absorption c ros s  
section of the individual fission product isotopes present af ter  i r radiat ing a mass  of 

2 uranium (u""') for periods of 3, 6, 9, and 12 months a t  a neutron flux'of 1015 n/cm s e c . ,  
the mass  of uranium being maintained a t  one kilogram. An indication is given of the way 
in which these resu l t s  can be applied to a homogeneous reac tor .  

Tables of data a r e  included which cover the following topics:. fission chains; weights, 
activities and c r o s s  section of fission products; weights of fission products formed 
assuming no neutron capture takes place; weights of fission products in groups in o rde r  
of increasing weight; total capture c r o s s  section of fission products in groups in in- 
creasing order;  actiirities of the fission products arranged in groups in o rde r  of in- 
creasing activity; and activity of fission products af ter  90 days irradiation and 3 months, 
1 year  and 20 years  decay. 



Williams K J 
DIDO REMOTE ACTIVE HANDLING FACILITY - FEEL -UNIT, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, June (1958), 12 pp. 

This memo describes  the unit which was developed to provide the operator of the Over- 
head Manipulator with a sense of "feel" during various operations with the manipulator. 

Chamberlain A C and Megaw W J 
SAFE DISTANCES IN REACTOR SITING, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, July (1956), 2 2  pp.  
(12 re fs ) .  

In this paper the assumptions and calculations used in derqlvlnp B ~ ~ i l i s l ~  r.eaclu~. sd fe l y  
distances a r e  reviewed, with particular reference to the possible e r r o r s .  Much of the 
mater ial  has been presented previously. The present  paper includes some new data on 
analysis of old data on t ravel  and depositing of clouds in Appendix I and 11, but the main 
object is to estimate the degree of possible e r r o r  in the conclusions on which the U. K.  
sit ing policy is a t  present  based. 

New march  D A 
THEORETICAL THERMAL NEUTRON FLUX DISTRIBUTION IN EMPTY CHANNE-LS - - - 

IN REACTORS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, December 30, 1956, 
28 pp.  

By means of the spherical  harmonics method, expressions a r e  derived for  the thermal 
neutron flux distributions in the a i r  channels of reactor  assemblies  where the fuel 
elements a r e  in the form of cylindrical rods arld lubes. 

These expressions have been evaluated for  a few cases  of graphite moderated a s s e m -  
blies.  

J a c k s o n  R F. 
A POSSIBLE ARRANGEMENT O F  A SWIMMING POOL TYPE EXPERIMENTAL REACTOR, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, May 19, 1955, 13 pp. 

It  i s  c lear  that there will be an  increasing demand from universities and r e sea rch  
establishments for  a cheap and flexible reactor  giving a maximum flux of from 1012 - 
10 l3 n/cm2 -sec.  

This repor t  re lates  to a preliminary design study of a general use experimental reactor  
of the swimming pool type in which an attempt has beer1 rr~ade to provide a s  wide a rangc 
of experimental facili t ies a s  possible a t  reasonable cost.  The treatment is not ex- 
haustive and many variants a r e  possible on the general theme.. 



Highly enriched fuel e lements  a r e  used with a n o r m a l  flux 10': n / c m 2  - sec  cor respond-  
ing to a heat  output of 100 kw while the possiblility of operat ion a t  1 Mw is a l s o  d i s -  
cussed .  

The engineering design is intended to allow considerable  prefabr icat ion and mechanical  
t e s t  a t  the manufac tu re r s  works  and to reduce specia l ized work on s i t e  to a minimum in . 
a way which would be advantageous f o r  erect ion o v e r s e a s .  

. . 
Campbel l  C G and F r e e m a n t l e  R G ' . ' .  

EFFECTIVE CROSS-SECTION DATA FOR. THERMAL.REACTOR CALCULATIONS, 
Atomic Energy R e s e a r c h  Establ ishment ,  Harwell, Berksh i re ,  England, July  (195 7), 
4 pp. (7  r e f s ) .  

Th i s  paper  contains two tables of cross-sect ion data f o r  t h e r m a l  r e a c t o r  calculations.  

- - - -  
.2"lJ rl* 

AGN ANNOUNCES THE FIRST COMPLETE REACTOR LINE, 
Aeroje t -General  Nucleonics, San Ramon, Calif .  , August (1 957).  

Th i s  is a n  adver t isement  which announces a complete line of m a s s  produced nuc lea r  
r e a c t o r s .  Also included is a repr in t  f r o m  Nucleonics. 

Biehl, A.  T . ,  e t  a l .  , "Compact, Low Cost  Reac to r  Emphas izes  Safety, " 

Nilclennirs; Vol. .14, No. 9, pp. 100=103, September  (1956), 

This  paper  d i scusses  a s m a l l  r e s e a r c h  r e a c t o r  designed fo r  use  in education, r e s e a r c h ,  
medical  diagnosis, and indust r ia l  p r o c e s s  control .  

Tr i l l ing C h a r l e s  
ORGANIC MODERATED REACTOR EXPERIMENT, 
Atomics  International, North Amer ican  Aviation, Inc. Published by Atomic Indust r ia l  F o r u m ,  
Inc . ,  3 E a s t  54th St . ,  New York 22., N.Y., October (1957), 12 pp. 

This  paper  is a r e p o r t  on  the operat ing exper ience of the Organic Moderated Reac to r  
Exper iment  (OMRE). Most  of the exper ience repor ted  h e r e  is concerned with the p r e -  
operational tes t ing of the instal lat ion.  A br ief  descr ipt ion of the p resen t  s t a tus  of 
OMRE is a l s o  presented.  

Stockman C h a r l e s  M, Dr .  
THE ECONOMICS O F  RADIATION PROCESSING, 
B. F. Goodrich R e s e a r c h  Center .  Published by Atomic Indust r ia l  Forum,  Inc., 
3 E a s t  54th St.,  New York 22, N. Y. ,  October  (1957), 12 pp. 



This paper discusses the general aspects of the economics of radiation processing. There 
has been a great deal said about what radiation can do to provide new and improved pro-  
ducts, but not very much has been said about how much i t  might cost to provide the radi-  
ation. F o r  all  the publicity given the radiation business the number of radiation treated 
products available is surprisingly small .  To obtain economy in commercial  radiation 
processing operations, radiation machines should be selected specifically for the jobs 
they w i l l  do. 

Radiation is s t i l l  in i ts  ear ly  infancy. It shows much promise, but i t s  high 
cost  a s  a process  tool has  hindered i t s  growth. Continued research  should a l te r  this 
situation, a t  least in some a r e a s .  For  the present,  however, radiation must be con- 
s idered  an  expensive tool, one which will be used only when it can provide a premium 
product o r  do a 'job which cannot be done economically by any other means. 

Montgomery Hugh 
PRODUCTION EXPERIENCE WITH THE AGN-201 REACTOR, 
Aerojet-General Nucleonics. Published by Atomic Industrial  Forum, Inc.,  3 East  54th St. ,  
New York 22, N.Y.,  October (.1957), 6 pp. 

'Aerojet-General Nucleonics, a subsidiary of the Aerojet-General Corporation, has 
designed and is producing a low power portable nuclear reactor ,  the AGN-201. The 
p r imary  use of this reac tor  has  been for  training, but other applications have been 
devised and a t  l eas t  one unit has been installed for the purpose of producing short  
half-life radioisotopes. This is the f i r s t  nuclear reac tor  in the world to be built on a 
production line basis .  This paper specifically discusses prototype design and unique 

- -. aspects  of reac tor  fabrication. - 

Nixor~ V D 
TRAINING REACTOR OPERATORS, 
General ~ l e c  t r ic  Company. Published by Atomic Industrial Forum, Inc. , 
3 E a s t  54th S t . ,  New ' ~ o r k  22, N.Y., October (1957), 7 pp. 

One of the important new a r e a s  of the nuclear power industry today concerns the plan- 
ning for  the safe and efficient start-up and operation of the various nuclear plants which 
a r e  now being built. Commonwealth Edison and General Electr ic  have been jointly giving 
careful consideration to the organization of the Dresden Station and to the training of i t s  
personnel. This paper reviews the main features of the Dresden plant and discusses  
what is being done to a s su re  the smooth operation of the plant from the personnel stand- 
point. 

AIF-57-104 
- 

Rosenbluth Marshall  
PROBLEMS O F  FUSION REACTORS, 
General Dynamics Corporation. Published by Atomic Industrial Forum, Inc., . 
3 E a s t  54th St., New York 22, N. Y., October (1957), 12 pp. 

The principal problem to date is that there i s  not a fusion reactor  in operation. This 
paper explains what the difficulties a r e ,  how these difficulties a r e  being met, .and what 
the pr ize for  success  would be. Also discussed is the fusion process .  



Chasta in  Joel  W, Jr. 
TRENDS .IN RESEARCH REACTORS, 
Bat te l le  Memoria l  Institute. Published by Atomic Industrial  Forum,  Inc., 
3 E a s t  54th St . ,  New York 22,  .N.Y.,  October (1957), 11 pp. 

This  paper  p r e s e n t s  a descr ipt ion of the bas ic  types of r e s e a r c h  r e a c t o r s .  By pointing 
out the r e s e a r c h  faci l i t ies  incorporated in these bas ic  types, thei r  a r e a s  of potential 
usefulness a r e  made c l e a r .  

A brief  discussion- of the c o s t s  f o r  the var ious  r e s e a r c h  r e a c t o r s  is presented.  Some 
t rends  in operational and r e s e a r c h  c o s t s  fo r  r e s e a r c h  r e a c t o r s  a r e  a l s o  included. 

The operational procedure  fo r  the Battel le R e s e a r c h  Reactor  is descr ibed in th is  paper .  
This "typical1' procedure  gives a n  insight into the regulations .provided to i n s u r e  a sa fe  
r e a c t o r  operation.  

Eukel W a r r e n  W 
ACTIVITIES O F  A COMMERCIAL IRRADIATION SERVICE CENTER, 
Applied Radiation Corporat ion.  P11bli.shed by Atomic Industrial  Forum,  Inc.  , 
3 E a s t  54th S t . ,  New York 22,  N . Y . ,  October (19571, 11 pp. 

The comments  i n  this paper  a r e  di rected to the use  of a s e r v i c e  facil i ty f o r  developing 
and expanding i r rad ia t ion  applications.  The information presented is based p r i m a r i l y  
on exper ience with the c o m m e r c i a l  i r r ad ia t ion  s e r v i c e  facil i ty a t  the Applied Radiation 
Corporat ion plant in Walnut Creek,  Calif .  Specific topics d iscussed a r e  purposes  of 
i r rad ia t ion  s e r v i c e  c e n t e r s  and different types of p r o g r a m s  undertaken in those faci l i t ies .  
Ultimately, s e r v i c e  i r rad ia t ion  may  develop into a n  indust ry  i tself ,  s i n c e  many com - 
panies m a y  find i t  advantageous to par t ic ipate  i n  a joint venture to o p e r a t e  a common 
facil i ty.  

- - - -  
ELECTRONIC REACTOR CONTROL SYSTEMS, 
Amer ican  Machine and Foundry Company, Greenwich Labora to r ies ,  Greenwich,  Conn.,  
May (19561, 7 pp. 

During the m o r e  than fifteen y e a r s  that AMF has  been actively engaged in  the Atomic 
Energy  field, spec ia l  emphasis  h a s  been placed on the design and development of c o m -  
plete r e a c t o r  control  s y s t e m s .  Through actual  exper ience with control  s y s t e m s  on 
equipment f o r  power, production, and r e s e a r c h  r e a c t o r s ,  an intimate working knowl- 
edge of the unique problems of nuclear  r e a c t o r  controls  has  been gained. 

The type of control  s y s t e m  recommended fo r  r e s e a r c h  r e a c t o r s  is descr ibed i n  this 
r epor t .  This s y s t e m  can be adapted to any type of r e s e a r c h  r e a c t o r ,  and employs all  
the fea tu res  n e c e s s a r y  fo r  safe,  re l iable ,  and a c c u r a t e  r e a c t o r  control .  



AMF-GR- 14-55 

. Poindexter A 
AMF RESEARCH REACTOR POOL-TYPE TECHNICAL DISCUSSION, 
American Machine and Foundry' Company, Greenwich Laboratory, Greenwich, Conn., 
January (1956), 40 pp. 

The AMF pool-type r e sea rch  reac tor  is a light-water-moderated, heterogeneous, solid 
fuel reac tor  in which water is also used for  cooling and shielding. The reac tor  core  is 
immersed  in a two-section concrete pool filled with water.  One of the sections of the 
pool contains an  experimental s ta l l  into' which beam tubes and other experimental facili-  
t i es  converge. The other section is an open a rea  for making bulk irradiatidns.  The 
r eac to r  can be operated in ei ther  section. 

Control of the reac tor  is accomplished by the temperature coefficient of reactivity and 
by insertion o r  removal of neutron-absorbing control rods Suspended from control . 
drives mounted on the bridge. The reactor  furnishes a high intensity source of neutrons 
and gamma ra.ys of a l l  energies  for experimental use.  

This repor t  gives a detailed description and discussion of reac tor  core,  reactor  control, 
pool and experimental facilities, and cooling and purification system. 

1 4 1 1  

H a r r e r  J M 
NUCLEAR REACTOR SIMULATOR, . . 

Argonne National Laboratory, Lemont, I l l . ,  Contract No. W - 3  1- 109 -Eng-38, June 1,1949, 
101 pp. 

The purpose of this report  is to describe the work done a t  Oak Ridge National Labora- 
tory in  the development of a nuclear reactor  simulator.  This work is part  of the total 
program of the ~ o w ' e r  Pile Division and was car r ied  on by the Control Section. The 
advantages to be gained from having available a simulator were sufficient to warrant  
directing the persons involved to put a s  much effort a s  possible into i t s  development. 

A great  deal has been learned about the possibilities of such a simulator and the diffi- 
culties which a r e  encountered in i t s  design. Iri lhis report  no attempt is made to draw 
any deflnlte conclusions. 

The simulator is an  electr ical  analogue computer. 'If. due consideration has been given 
to keeping the model s imi la r  to the physical phenomena described by the differential 
equations, the practical engineer has a t  his  disposal a means of studying the physical 
phenomena without continued reference to the differential equations involved. The 
s imulator  developed a t  ORNL meets  this requirement.  It consists of a network of elec- 
t r ica l  conducting elements and suitable sources of cur ren t  and cur ren t  sinks.  The design 
of this network is such that when the pr'oper electrical resis tance values a r e  assembled 
and the cur ren t  sources and sinks a r e  properly adjusted, the steady-state voltage dis t r i -  
bution on the network is the same a s  the steady-state flux distribution in the reactor  and 
the current' sources a r e  a measure  of the cr i t ical  mass  of the reac tor .  

This report  discusses  network development which covers  the derivation of formulae for  
the relations between reactor  constants and electr ical  network constants; construction 
of experimental networks which descr ibe the networks used to determine the feasibility 



of the simulator;  current  feeding equipment which gives a description of the methods 
used to feed electr ical  current ,  .which simulates the birth of neutrons in the reactor ,  
into the electr ical  network; and experiment and development work which describes some 
of the ideas which were tested during the development period. 

Winkleblack R K 
EXPERIMENTAL FACILITIES PROVIDED IN THE MATERIALS TESTING REACTOR, 
Materials Testing Reactor Project,  Argonne National Laboratory, P. 0. Box 5207, 
Chicago 80, I l l . ,  Contract No. W-31-109-Eng-38, December 29, 1949, 39 pp. (6 refs) .  

The purpose of this report  is to present to the scientists working in the Atomic Energy 
field a survey of the facilities that w i l l  be provided in the Materials Testing Reactor.  
A brief description of the general s i te  of the reac tor ' s  facilities, and a brief description 
or llle laborsclturies and shops tb be provided with the reactor  a r e  included along with a 
detailed description of the experimental facilities. 

Dietrich J R and Layman D C 
TRANSIENT AND STEADY-STATE CHARACTERISTICS O F  A BOILING REACTOR, 
Argonne National Laboratory, P .  0 .  Box 299, Lemont, Ill. , Contract No. W -31 -109 -Eng-38, 
February (19541, 141 pp. 

The character is t ics  of transient and steady-state boiling in a water-cooled, water-  
moderated rea.ctor have bden investigated i n  a reac tor  which was se t  up and operated 
a t  the Reactor Testing Station during the Summer and Fal l  of 1953. 

In a s e r i e s  of about 70 intentional "runaway" type tests  it was demonstrated that the 
formation of steam and consequent ejection of water from the reactor  core  can provide 
inherent protection against the runaway hazard in suitably designed reac tors  of the 
water.-cooled, water -moderated (H20  o r  D20) type. Power excursions of periods a s  
short  a s  0.005 second (2.1% excess  reactivity in the experimental reac tor )  were  te rmi-  
nated by this process .  Although the maximum power in the excursions went a s  high a s  

0 
2600 megawatts, fuel plate temperature never exceeded 640 F.' Maximum power, total 
energy liberation, and fuel plate temperatures  were investigated a t  atmospheric p re s -  
s u r e  as. functions of excess  reactivity in the excursion and initial reac tor  temperature.  

Operation of the reac tor  in steady boiling a t  p ressures  up to 130 psig and powers up to 
12UU kw demonstrated that quite smooth operation is attainable up to the point where the 
s team content of the reac tor  represents  about -27'0 keff in reactivity. At higher steam 
contents character is t ic  power fluctuations were observed. The reac tor  s team power was 
shown to be self-regulating. The effects of various operating conditions and system 
variables on reactor  power and operating character is t ics  were investigated. , 

. , 

Results of the investigation are 'bklieved to point the way toward more  economi'cal power 
reac tors  through minimization of the hazard problem, simplification of . reactor  design, 
and reduction of the temperature demands on reactor  mater ials .  

Four appendices a r e  included. These a r e  ''Detailed Composition and Calculated Nuclear 
Constants of Borax Reactor"; "Transient Instrumentation"; "Power Calibration of Ion 
Chambers"; and "Measurement of Steam Flow Through an Orifice a t  Cri t ical  P re s su re . "  



Diamond H e r b e r t  and B a r n e s  Raymond F 
PRODUCTION O F  P U ~ ~ ~  IN THE MTR, 
C h e m i s t r y  Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  I l l . ,  
Cont rac t  No. W-3 1 -109-Eng-38, November (1954). 

Th i s  is a s h o r t  paper  (3 pages)  which desc r ibes  the production of ~ . u ~ ~ ~  in the MTR. 

F r o m m  L W 
DESIGN EVALUATION O F  IN-REACTOR TUBE FOR ARGONNE WATER LOOP AT MTR 
(ANL-2), 
R e a c t o r  Engineer ing Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  I l l . ,  
Cont rac t  No. W-31-109-Eng-38, March (1955), 44 pp. (25 re f s ) .  

A r igorous  s t r e s s  ana lys i s  is performed on a presur ized ,  in - reac to r  tube t es t  facility 
(Type 3 4 7  s ta in less  s t e e l  tube with Type 318 l ip) to e n s u r e  conformity of the design with 
ASA and ASME Codes. Detailed calculations,  along with tabulatcd and graphical data,  
show that the maximum m e m b r a n e  s t r e s s  (14,200 ps i )  and the combined membrane  
and the rmal  s t r e s s e s  (22,200 ps i )  a r e  well  below the yield point of the s t ee l .  Calculated 
t h e r m a l  gradients a r e  lower  than those acceptcd in c o m m e r c i a l  pract ice .  Exper imental -  
ly  determined s t r e s s e s  and t empera tu re  gradients verify o r  a r e  m o r e  favorable than 
corresponding calculated values .  

Radiation damage data a r e  presented to show that even a t  sa tura t ion levels ,  the p r o p e r -  
t i e s  of Type 300 s e r i e s  s t a in less  s t e e l s  do not approach the l imi t s  a t  which embrf t t l e -  
m e n t  fa i lure  might be anticipated.  

McLain Stuar t  
REACTOR ENGINEERING LECTURES, 
Argonne National Laboratory ,  Lemont, I l l . ,  Contract  No. W-3 1- 109 -Eng-38, 
March  (1955), 353 pp. 

The twenty-eight l e c t u r e s  contained in th is  r e p o r t  w e r e  p repared  f rom notes used in a 
classi .f ied c o u r s e  in  Reactor  Engineer ing given a t  Argonne National Labora to ry  f rom 
September  1953 to  June 1954. An a t tempt  was  made to p resen t  the pr inciples  involved 
r a t h e r  than to cover  a l l  of the facts re la t ing to the var ious  subjects .  

The following is a l is t  of the topics covered in  these  l e c t u r e s :  

Nuclear '  Engineer-ing 0. 
T h e r m a l  vs  F a s t  Reac to rs  10.  
Light and Heavy Water  Reac to rs  11.  
Hanford and Savannah River  Reac to rs  - 12. 
Graphite Reac to rs  13.  
Homogeneous Reac to rs  14.  
Indust r ia l  Study Group Reports  15.  
Boiling Reac to rs  16 .  

Fluid Flow 17.  

Hcat T r a n s f e r  
Mate r ia l s  
P repara t ion  of P u r e  Mate r ia l s  
P repara t ion  of Alloys - P h a s e  Diagrams 
Prepara t ion  of F u e l  E lements  
c d r r o s i o n  of Reac to r  Mate r ia l s  
Radiation Damage 
Maintenance of Cool.ants 
Xenon and Samar ium;  Changes in  
Reactivity 



18. ,Reac to r  Control  23. Economic Considerations 
19. Shielding, Gamma-Ray Heating 24. p r i n c i p l e s  of Solvent Extract ion 
20. Seals ,  Pumps,  Heat Exchangers  25. Engineering and Solvent Extract ion 
2 1. Loading, Unloading, Cooling a f te r  Design 

Shutdown 26. Solvent Extract ion P r o c e s s e s  
22. Operational P rob lems  27.  Metallurgical  P r o c e s s e s '  

2 8. Effluent Control  

ANL- 549 1 

Okrent D (ANL) and Shepherd L S (AERE) 
JOINT STATUS REPORT ON FAST REACTOR PHYSICS, 
Argonne National Laboratory ,  P.O. Box 299, Lemont, I l l . ,  Contract  No. W-31-109-Eng-38, 
October (1955), 3 pp. (3  1 . t . f ~ ) .  

The au thors  have jointly examined the s t a tus  of f a s t  r e a c t o r  physics in the United 
Kingdom and the USA and find a gratifying degree  of agreement .  This  agreement  a p p e a r s  
not only in  the final pe r fo rmance  figure,  but a l s o  in  the detailed analys is  of a d i rec t  
comparison of Br i t i sh  m e a s u r e m e n t s  and American expectations of the breeding ra t io  
of a n  assembly  such a s  the Zephyr .  This repor t  br ief ly  d i scusses  and c o m p a r e s  the 
s t a tus  of fas t  r e a c t o r  physics in  the two countries.  

- - - -  
THE EXPERLMENTAL BOILING WATER REACTOR, 
Argonne National Laboratory ,  May (1957), 23 1 pp . .  

This r e p o r t  desc r ibes  the final design of the Argonne Exper imental  Boiling Wate r  
Reac to r  (EBWR) Power  Plant .  All phases  of the power plant f r o m . i t s  inception to f inal  
design a r e  discussed and the theory and operational p rob lems  s ta ted.  The .final design ~ 

of the EBWR is a 5 megawatt, enr iched uranium, light w a t e r  moderated reac to r .  

Lennox D H and Kelber C N 
SUMMARY REPORT ON THE HAZARDS O F  THE ARGONAUT REACTOR, 

. R e a c t o r  Engineering Division; Argonne National Laboratory ,  P. 0. Box 299, ~ e m o n t ,  Ill. , 
Contract  No. W-31-109-Eng-38, December  (1956), 106 pp. 

This  r e p o r t  covers  instal lat ion of a'n Argonaut Reac to r  a t  the Du-Page s i t e  of t h e  
Argonne National Laboratory .  The r e a c t o r  is to be .operated by t ra ined m e m b e r s  of the 
staff, a s s i s t e d  by o ther  l abora to ry  personnel,  and by students a t  the International School 
of Nuclear Science and Engineering, a s  . a  facil i ty f o r  nuclear  engineering training and 
r e s e a r c h .  The design ant ic ipates  use  of a n  Argonaut r e a c t o r  in  univers i t ies  and in  o ther  

. . . l e s s  specialized insti tutions.  Therefore ,  safe ty  is a p r i m e  design fea tu re  through 
choice of a self- l imiting sys tem.  

Argonaut is a 10-kw (max. ) t h e r m a l  r e a c t o r  moderated by wate r  and ref lected by 
graphite.  Plant-type fuel  e lements  a r e  spaced with graphite wedged to fo rm a n  annular  
c o r e .  The total f issionable m a t e r i a l  r equ i red  is about 4 kg u~~~ . The exper imental ly  
determined void coefficient for  the lat t ice is negative: -0.25% k p e r  void p e r  cent .  The 



t empera tu re  coefficient is a l s o  negative:  -10-4 k / C .  E x c e s s  k is l e s s  than 0.75y0. 
Rapid inser t ion of up to 4.75% k,,, poss ible  only by del ibera te  c i rcumvect ion of p r o -  
cedures ,  in ter locks ,  t r ips ,  and controls,  will r e su l t  in automatic shutdown through a 

~ 

nondestructive BORAX-type p r o c e s s .  This postulated si tuation will not r e s u l t  i n  
over -exposure  of personnel  n e a r  the r e a c t o r  o r  contamination of the immediate  vicinity. 
Complete  r e l e a s e  of f i ss ion products contained within the fuel  p la tes  by s o m e  p r o c e s s  
not eas i ly  imagined would requ i re  an  exclusion rad ius  of 875 ft ,  a s suming  no building 
containment.  

Th i s  r e p o r t  does not consider  in te rna l  multiplicative exper iments  which could be p e r -  
f o r m e d  by reloading the in te rna l  ref lector .  Such exper iments  mus t  be  subject  to a 
s e p a r a t e  h a ~ a r d s  review. 

P o r z e l  P' B 
DESIGN EVALUATION O F  BER (BOILING EXPERIMENTAL REACTOR) IN REGARD TO 
INTERNAL EXPLOSIONS, 
Argonne National Laboratory ,  P . O .  Box 299, Le.mont, I l l . ,  Contract  No. W-31-109-Eng-38, 
Jani.la.ry 11.957), 108 pp. 

An analys is  of the safe ty  a s p e c t s  of the Argonne National Laboratory  Boiling Exper i -  
menta l  Reactor  with r e g a r d  to in ternal  explosion h a s  been made.  On the b a s i s  of th is  
ana lys i s  the r e a c t o r  h a s  been adjudged reasonably sa fe  f o r  the es t imated r e l e a s e  of 
0.8 x 10' ca lo r ies .  

The ana lys i s  c o v e r s  the effect of a b las t  wave in  f r e e  concrete ,  with detailed cons ider -  
a t ion of the  shock wave equations of motion and the equation of s t a te  f o r  sol ids .  The i m -  
pulse  delivered to a s u r f a c e  f r o m  var ious  p r e s s u r e  decay laws and the energy d i s s i -  
pation due to was te  heat  is presented i n  detail .  

Since the Boiling Exper imenta l  Reac to r  is surrounded by water ,  the reflection and 
t r a n s m i s s i o n  of shock waves a t  a water-concrete  in terface  is t rea ted very generally in 
the r e p o r t .  F r o m  a study of the r a t e s  of energy t r a n s f e r  a c r o s s  such interfHces and 
the resu l t ing  shock wave diffraction pat terns ,  a protection scheme is developed. 

The  var ious  methods by which protection f rom shock waves can L e  provided are ex- 
amined ,  and i t  is shown that a new type b las t  shield would be the m o s t  p rac t i ca l  solution. 
The genera l  background of the blas t  shield design is developed and the mechanism of 
absorpt ion is discussed.  

The  design ru les  a r e  then applied to the Boiling Experilmental Reac to r  and a b las t  shie ld  
of the p roper  m a t e r i a l s  and dimensions is developed. This  design m a k e s  use  of the 
p r o p e r t i e s  of a number  of m a t e r i a l s  f rom Celotex t o  concre te  and will reduce the shock 
wave impulse  below that which might damage the r e a c t o r  s t ruc tu re .  

- - - -  
REACTOR ENGINEERING DIVISION QUARTERLY REPORT - SECTION I I, 
R e a c t o r  Engineer ing Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  I l l . ,  
Cont rac t  No. W-31-109-Eng-38, December  (1956), 68 pp. 



This  r e p o r t  s u m m a r i z e s  the Advanced Water  Reac to r  P r o g r a m  and the F a s t  B r e e d e r  
Reac to r  P r o g r a m .  Most  of the work  on the Advanced Wate r  Reac to r  P r o g r a m  involved 
completion of fabrication,  instal lat ion,  and checking out of equipinent. There fo re ,  th is  
r e p o r t  is a brief  s u m m a r y  only and deta i ls  of significant  events  will a p p e a r  i n  the next 
Quar te r ly  Repor t  (October,  November,  and December  1956). A m o r e  detai led dis-  
cuss ion is included on the Exper imenta l  B r e e d e r  Reac to r  I I (EBR-I I). This  d iscuss ion 
includes  coolant flow characte . r i s t ics  of the p r i m a r y  s y s t e m ,  r e a c t o r  t e m p e r a t u r e s  and 
fuel  expansions,  and information of th ree  pump s y s t e m s .  

Additional supporting work is repor ted  on. This work  includes  S, calculat ions to 
investigate inhomogeneit ies in  ZPR-111 a s s e m b l i e s ;  effect of high t e m p e r a t u r e  on 
i r r a d i a t e d  f iss ion .alloy; evaluation of g e a r s  and bea r ings  f o r  s e r v i c e  i n  sodium a t  
elevated t e m p e r a t u r e s ;  bellow's s e a l ' a n d  sodium condensation tes t ;  and sod ium-a i r  
r eac t ion  exper iments .  

Link L E ,  .et a l .  
THE MIGHTY MOUSE RESEARCH REACTOR PRELIMINARY DESIGN STUDY, 
Reac to r  Engineering Division, Ar'gonne National Laboratory ,  P .  0. Box 299, ~ e m o n t ,  I l l . ,  
Con t rac t  No. W-3 1 -109-Eng-38, March  (1957), 84 pp. 

The design qf.a 250-mw heterogeneous r e a c t o r ,  wf th .a  peak the rmal  neutron flux l eve l  
of about 5 x lo1' n / cm2-sec ,  is proposed f o r  b a s i c  r e s e a r c h ,  neutron-beam exper i -  
mentation,  and i r r ad ia t ion  s tudies  a t  a n  Argonne s i t e .  

The des ign concept f e a t u r e s  a D z O - c o ~ l e d ,  moderated,  and ref lec ted annular  c o r e  
(30 cm ID, 90 c m  OU, YU c m  high) of highly enr iched,  magnesium-clad fuel  e l ement  
contained in  a p r e s s u r e  v e s s e l  approximate ly  13 ft  in  d iamete r .  

Included a r e  the r e s u l t s  of p re l iminary  s tud ies  d i rec ted  toward es tabl ishing the avenues  
of r e s e a r c h  and development n e c e s s a r y  to r eso lve  the p rob lems  of heat  t r a n s f e r ,  fuel  
fabrikation and handling, control ,  and shielding inherent  to the proposed r e a c t o r  o p e r -  
a t ing cyc le  of 5 days .  

T h r e e  appendices a r e  .included. These  a r e  "Summary of P r e l i m i n a r y  Calculat ions of 
Xenon and Iodine Concentrat ion in the Mighty Mouse Reactor";  "A Two-Group I tera t ion 
Method f o r  Annular Cylinders";  and " ~ ~ e c i f i c a t i o n s  f o r  Burnable  Poisons .  I '  

ANL-5719 
. . 

Koch L J, e t  a l .  
HAZARD SUMMARY REPORT EXPERIMENTAL BREEDER REACTOR I 1  (EBR-11);. 
Argonne.Nationa1 Laboratory ,  P. 0 .  .Box 299, Lemont,  I l l .  , Cont rac t  No. W-3 1 - 109 -Eng-38, 
May (195.7), 384 pp. (11 r e f s ) .  

Argonne National Labora to ry  proposes  to const ruct  a n  Exper imenta l  F a s t  P o w e r  Re-  
a c t o r  a t  thc National Reac to r  Testing,  Station in Idaho, a s  a p a r t  of the Atomic Energy  
~ o m m i s s i o n ~ s  p r o g r a m  f o r  the development of power r e a c t o r s .  

The Exper imenta l  B r e e d e r  Reac to r  I 1  (EBR-11) is a n  unmoderated,  heterogeneous,  
sodium-cooled r e a c t o r  and power plant with a power output of 62.5 megawat ts  (mw) of 
heat .  The energy produced i n  the r e a c t o r  is converted to 20 mw of e lec t r i c i ty  through 



' a  conventional s team cycle. The reactor  is fueled with u~~~ o r  plutonium, and the plant 
includes an  integral fuel processing facility where the i r radiated fuel is processed, 
fabricated, and assembled for  re turn  to the reactor .  

The EBR-I1 reactor  consists of an enriched core surrounded on a l l  s ides  by a ferti le 
blanket of depleted uranium. The fuel elements which comprise the core  section of the 
reac tor  consist of smal l  diameter cylindrical pin assemblies .  The design of the fuel 
element i s  influenced by the des i r e  for high thermal performance, high burnup, and 
simplicity of construction. The fuel pin is a loose fit in a thin-walled tube which pro-  
vides a clearance annulus between the pin and the tube wall. This annulus is filled with 
s tat ic  sodium to provide a heat t ransfer  bond between the fuel and fuel tube. Heat is 
removed from the fuel element by the pr imary sodium flowing along the outside of the 
fuel tube. The fuel element lends itself to fabrication by remote control methods a s  
required by the particular fuel process  selected. Of par.licular significance i s  the fact 
t h a t  complete decontamination of the fuel i s  not ubtained. Cer.laill r iss iun product e lc  - 
ments,  notably molybdenum and ruthenium, a r e  not removed, and because of the high 
fission yield of these elements,  they tend to build up in significant concentration in the 
fuel alloy. The fuel alloy to be employed in the EBR-11, therefore, i s  established by 
the fuel process; fortunately, i t  appears to exhibit irradiation damage stability and 
thermal  cycling stability. To avoid large changes in alloy composition with each fuel 
cycle, the reactor  will be loaded initially with a synthetic alloy approximating the 
equilibrium composition, and consisting of enriched uranium plus approximately 570 
(by weight) of synthetic fission products. (Provisions a r e  made to permit  subsequent 
loading of the reactor  with plutonium -uranium alloys. The fuel process  and fabrication 
cycle is adaptable to this fuel system and the addition of fission products appears  to 
enhance the stability and fabricability of the alloy. ) 

The reac tor  operates with a maximum power density in the core  of approximately 1370 
kw / l i t e r  with a maximum coolant velocity of 26 fpi,  and reactor  coolant temperatures 

0 
of 7 0 0 ' ~  inlet and 900 F outlet. Reactor control is effected by the movement of fuel 
into and out of the reac tor  core.  This i s  accomplished by 1 2  modified movable fuel 
subassemblies which move vertically and a r e  located a t  the outer edge of the core.  

Heat is removed from the reac tor  by the pr imary sodium coolant system and t rans-  
f e r r ed  to the secondary sodium system i r~  a si1t.11-ad-lube Ileal exchanger.' The s e c .  
ondary system t ransfers  the heat to the s team generator where superheated steam i s  
produced to drive a conventional turbine -generator.  

The reac tor  and the entire pr imary coolant system, including heat exchanger, a r e  con- 
tained in a large vessel  (pr imary tank) and operate completely submerged in the coolant. 
This provides a high degree of reliability of containment of the pr imary coolant and of 
operation of the cooling system. 

The large volume of sodium in the pr imary  system provides a reliable source of con- 
s tant  temperature coolant to the reac tor .  Inlet sodium is pumped from the bulk sodium 
directly to the reac tor .  Because of the large heat capacity of the pr imary  sodium, the 
temperature of the sodium entering the reac tor ' remains  essentially constant i r r e - .  
spective of changes in reac tor  power o r  reactor  coolant outlet temperature o r  of temper- 
a tu re  changes in the secondary system o r  stkam system. 

Shutdown cooling of the reac tor  i s  accomplished by natural convection of the pr imary 
sodium through the reactor .  The-relative elevation of the reac tor  and heat exchanger 
provides natural convection of the coolant even though heat is not removed from the 
p r imary  sodium in the heat exchanger. If the secondary sodium sys1erz.1 i s  inoperative, 



the heat  is del ivered to the bulk volume of sodium in the p r i m a r y  tank. It is removed by 
shutdown coo le r s  in  the p r i m a r y  sodium, which opera te  by natural  convection and t r a n s -  
f e r  the heat  to the a tmosphere .  

The bulk volume of sodium in the p r i m a r y  tank is a l s o  employed a s  the coolant during 
r e a c t o r  unloading. The en t i re  loading and unloading operations a r e  ca r r i ed .  out with the 
subassembl ies  submerged in the sodium and with the f iss ion product decay heat being 
removed by na tu ra l  convection of the sodium. The i r rad ia ted  subassemb.lies a r e  p e r -  
mitted to cool in the p r i m a r y  sodium sys tem for  15 days before remova l  f o r  process ing.  

The r e a c t o r ,  p r i m a r y  coolant sys tem,  and a l l  associa ted equipment a r e  contained in  a 
building in the fo rm of a gastight cylindrical  s t ee l  she l l  designed to withstand a s t a t i c  
in ternal  p r e s s u r e  of approximately 25 ps ig  (with a n o r m a l  safe ty  fac to r  of approxi-  
mately  four).  P r e s s u r e  developed within th is  container m a y  be the r e s u l t  of energy 
re leased  in  a nuclear  accident,  energy  re leased  in a sod ium-a i r  reaction,  o r  a combi-  
nation of the two. The p r i m a r y  tank s t r u c t u r e  in  conjunction with the hiczlogioal ohield 
is d e ~ i g n c d  as a pl.ir11ary container to withstand the energy re leased  in  a nuclear  a c c i -  
dent. It is es t imated that the s t r u c t u r e  will  eas i ly  contain a nuclear  accident equivalent 
to the detonation of 300 l b  of TNT in  the c e n t e r  of the reac to r ,  and probably could con- 
tain a n  accident s e v e r a l  t imes  this l a rge .  Although the p r i m a r y  sys tem is expected to 
contain the nuclear  energy re lease ,  s o m e  p r i m a r y  sodium may  be expelled into the 
building a tmosphere .  Exper imental  work descr ibed in  this r e p o r t  indicates that p r e s -  
s u r e s  a s  high a s  80 ps ig  can be obtail-led under ve ry  idealized conditions; such  peak 
p r e s s u r e s ,  how ever ,  being of v e r y  s h o r t  duration. In a n  accidental  expulsion of sodium 
into the EBR-I1 r e a c t o r  building, i t  does  not appear  possible that p r e s s u r e s  of this 
magnitude could be developed. It is not expected that p r e s s u r e  due to sodium-oxygen 
react ion could exceed the s ta t ic  p r e s s u r e  ra t ing of the building shel l -25 psig. No w a t e r  
o r  appreciable  quantities of hydrocarbons a r e  employed in the r e a c t o r  building, thus 
el iminating possibil i ty of o ther  types of chemical  react ions  with sodium. 

ANL- 572 1 

Wal.ker D E, c t  a l .  
BORAX - I V  REACTOR: MANUFACTURE O F  FUEL AND BLANKET ELEMENTS, 
Metallurgy Division, Argonne National Laboratory ,  'P.  0. BOX' 299, Lemont, I l l . ,  
Contract  No. W-31-109-Eng-38, March (1958), 75 pp. (4  re f s ) .  

This r e p o r t  d e s c r i b e s  the p rocedures  used in  fabr icat ing the c o r e  loading f o r  the na tu ra l  
water-cooled Borax- IV r e a c t o r .  Manufacturin of the fuel p la tes  and blanket plates,  

2% , which contain f i s s i l e  ( u ~ ~ ' )  a n d / o r  fe r t i l e  (Th m a t e r i a l  in  d e r a m i c  fo rm,  lead-  
bonded within tubes in aluminum-1 w / o  nickel extrus ions ,  is descr ibed in  detail.  A 
brief  descr ipt ion of the assembly  and welding of the finished 'plates into subassembl ies  
and a s s e m b l i e s  is given. P repara t ion  of the c e r a m i c  bodies h a s  been descr ibed by 
o thers  in ANL-5669 and ANL-5678. 

Boland J F,  Smith R R and Rice R E 
A MEASUREMENT O F  THE TRANSFER FUNCTION O F  A FAST CRITICAL ASSEMBLY, 
Idaho Division, Argonne National Laboratory,  P. 0. Box 299, Lemont,  I l l . ,  
Contract  No. W-31-109-Eng-38, September  (1957), 16 pp. (7 re f s ) .  



The zero  power t ransfer  function of the ZPR-I1 I mockup assembly of EBR-I, Mark I1  I 
was obtained over a frequency range from 0.01 to 10 cycles per  second. Various oscil-  
la tor  rod mater ials  and shapes were investigated in o rde r  to determine the type of 
oscillator rod that would give the desired amplitude and wave shape for  use in future 
measurements  in the EBR-I, Mark 111. A null balance was used to obtain the amplitude 
and phase data to a reasonably high degree of accuracy. 

The conclusions drawn from this experiment were that the agreement between the calcu- 
lated t ransfer  function and the experimental transfer function of the EBR-I, Mark I11 
assembly, obtained with the null balance method, is satisfactory over the frequency 
range investigated; the detector location does not measurably affect the data over the 
frequency range investigated; and a s tee l  rod containing an eccentric hold filled with 
boron is a satisfactory reactivity oscillator for use in a ffasl reactor .  

Beckjord Er i c  S 
DYNAMIC ANALYSIS O F  NATURAL CALCULATION BOILING WATER POWER REACTORS, 
Argonne National Laboratory, P .  0. Box 299, Lemont, I l l . ,  Contract No. W-31-109-Eng-38, 
lviarch (1958), 29  pp. 

Linear  Feedback Control Theory is used to analyze the small-signal dynamic behav iu~  
of direct  cycle, natural circulation boiling water reactor  systems.  

Transfer  functions for thermodynamic and hydraulic effects a r e  derived in t e rms  of 
reac tor  core  and vessel  dimensions. They a r e  used to construct a theoretical system 
block diagram for  t'ne EBWR. 

Brittan R O ,  e t a l .  
HAZARD EVALUATION REPORT ON THE FAST REACTOR ZERO POWER EXPERIMENT 
(ZPR,-T T T), 
Argonne National Laboratory, P. 0.. Box 299, Lemont, Il l . ,  . . 
Contract No. W - 3  1 -109-Eng-38, April (1955), 7 5  pp. 

As a par t  of the program to establish the feasibility of a sodium cooled, unmoderated 
power breeder  reactor  (PBR) for  the production of economic power, and to facilitate the 
design, construction, and operation of a prototype reactor ,  the Experimental Breeder  
Reactor (EBR-II), Argonne Nalional Laborulury has constructed a cr i t ical  assembly 
facility located a t  the National Reactor Testing Station a s  a tes t  of the engineering and 
operational feasibility of PBR. The facility is designed to accommodate experiments 
investigating the nuclear character is t ics  of both EBR-I1 and PBR with either u"' o r  
plutonium, o r  a mixture of both, a s  fuel mater ia l s .  The current  program covers  the 
use of u~~~ a s  fuel in studies aimed pr1marSlly a1 the dcsign of EFR - T  T This report  is 
an  evaluation of the hazards associated with these studies.  

Specifically, this repor t  discusses the reactor ,  building, site,  management of the facil-  
ity, limitation on power level and activation of the core,  hazard of accidents, hazard 
of sabotage, and consequerlces of accidents. 

Two appendices a r e  included. One presents  calculations for a severe  accident and the 
other  discusses  reactivity coefficients. 
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HAZARDS SUMMARY REPORT FOR THE ARMY PACKAGE POWER REACTOR, 
k l c o  Produc t s ,  Inc. ,  P .O.  Box 414, Schenectady, N. Y. ,  Con t rac t  No. AT-(11-11-318, 
July 27, 1955, 292 pp. 

The A P P R - 1  is desc r ibed  and the va r ious  haza rds  a r e  reviewed. Because  of the r e -  
a c t o r ' s  location n e a r  the nation's  Capitol, containment is of the u tmos t  importance .  The 
maximum energy  r e l e a s e  in  any poss ible  accident is 7.4 mill ion BTU's  which is com-  
pletely contained within a 718 inch thick s t e e l  cyl indr ica l  she l l  with hemispher ica l  
ends .  The vapor  conta iner  is 60 fee t  high and 32 fee t  in  d iamete r  and is l ined on the 
iliside with 2 fee t  of re inforced concre te  which provides  m i s s i l e  protection. and is p a r t  
of the secondary  shie ld .  

All  possible nuc lea r  excurs ions  a r e  reviewed and the energy  f r o m  any  of these  is 
insignificant  compared  to the s t o r e d  energy  in, the wa te r .  

The maximum cred ib le  accident is caused by the r e a c t o r  running constantly a t  i t s  
maximum power of 10 megawat ts  and through a n  ex t remely  unlikely sequence of f a i lu res ,  
causing the t empera tu re  of the wa te r  i n  the p r i m a r y  and secondary  s y s t e m s  to r i s e  to 
sa tu ra t ion ;  whereupon a rup tu re  o c c u r s  r e leas ing  the s t o r e d  energy  of 7.4 mill ion BTU's  
into the vapor  conta iner .  If the r e a c t o r  c o r e  m e l t s  dur ing the incident, a maximum of 
10' c u r i e s  of activi ty is re leased .  

While i t  a p p e a r s  imposs ible  f o r  a rup tu re  of the vapor' conta iner  to o c c u r  except by 
sabotage o r  bombing, the h a z a r d s  of the surrounding a r e a  d i scussed  in the event of such  
a rup tu re  occur r ing  s imul taneously  with the maximum cred ib le  accident .  

APAE-5  and Suppl. 

Meem J L and Noaks J W 
HAZARDS SUMMARY R E P O R T  ON THE ZERO POWER EXPERIMENTS FOR THE ARMY 
PACKAGE POWER REACTOR, 
Alco Produc t s ,  Inc. ,  P. 0. Box 414, Schenectady, N. Y . ,  Con t rac t  No. AT-(11-1)-318,  
January  27, 1956, 93 pp. 

The Z e r o  Power  Exper iments  f o r  the A P P R - 1  and the Cr i t ica l i ty  Faci l i ty  a t  the Alco 
P lan t  i n  which the exper iments  wil l  be pe r fo rmed  a r e  descr ibed,  The speci f ic  topics 
d i scussed  re la t ing  to this  subject  a r e  s i t e  considerations,  exper imenta l  p rogram,  
opera t ion and control ,  nuc lea r  excurs ions ,  accident  sa feguards ,  and h a z a r d s  to s u r -  
rounding a r e a s .  

APAE - 8 

Noaks J W and Johnson W R 
ARMY PACKAGE POWER REACTOR ZERO POWER EXPERIMENTS ( Z P E - I ) ,  
Alco Produc t s ,  Inc . ,  P .O.  Box 414, Schenectady, N.Y. ,  Con t rac t  No. AT-(11-1)-318, 
F e b r u a r y  8, 1957, 133 pp. (5  r e f s ) .  

This  r e p o r t  contains the complete  r e s u l t s  of the A r m y  Package Power  Reac to r  Z e r o  
Power  Exper iments  pe r fo rmed  on the A P P R - 1  c o r e  a t  the Alco Cr i t i ca l i ty  Facil i ty.  



The fully loaded cold c lean  
of approximately 16%. The 
-0.67 A K I O F .  

co re ,  containing 22,480.1 g ram2 of u"', h a s  a n  e x c e s s  K 
tempera tu re  coefficient a t  170 F is approximately 

T h e  p resence  of f ine s t r u c t u r e  in neutron flux m e a s u r e m e n t s  and control  rod cal ibra t ions  
is evident and fu r the r  s tudy of these 'effects f rom a n  academic  point of view s e e m s  justi-  
f ied.  

P e a k  to average  flux in  the c o r e  is a s  much a s  4 to 1 in  the tip of the c e n t e r  control  rod 
fuel  e lement .  However, flux s u p p r e s s o r s  placed in  the w a t e r  hole in  th is  region a r e  
effective in reducing th is  value to approximately 3 to 1 .  

APAE - 10 (Vol. I) (Vol. 11) 

- - - -  
PHASE I11 DESIGN ANALYSIS FOR THE ARMY PACKAGE POWER REACTOR - .VOLUME I. 
DESIGN ANALYSIS, 
Alco p roduc t s ,  Inc., Schenectady, New York, Contract  No. AT-(11 -1)-318, 
August 15,1956, 266 pp. 

The design requ i rements  of the APPR-1  plant a r e  to  provide a nuclear  power plant 
location in the United States which will a id  in solving technical  construction and operating 
p rob lems  associa ted with a re l iable  nuclear  power plant, provide f i rm cos t  data, o p e r -  
a t ing p a r a m e t e r s  and engineering t es t  data f o r  adaptation to a remote ly  si tuated plant; 
a l so ,  to provide a crew t ra ining facil i ty.  

Th i s  r e p o r t  d i scusses  the buildings and grounds;  the secondary sys tem which includes 
heat  balance,  flow d iagrams ,  turbine gear  generator ,  auxi l iary  cooling wate r  s y s t e m s ,  
s u r f a c e  condenser  and auxi l iar ies ,  c i rcula t ing wate r  s y s t e m ,  feedwater hea te r  and 
evaporator ,  and e l e c t r i c a l  sys tem;  the p r i m a r y  sys tem which includes the r e a c t o r  
vesse l ,  p r e s s u r i z e r ,  s t eam generator ,  p r i m a r y  coolant pumps, p r i m a r y  piping, two- 
way valve and flowmeter,  c o r e  support  s t ruc tu re ,  fuel  e lements ,  control  rod assembly, 
control  rod  dr ives ,  shielding, fuel handling and equipment, and p r e s s u r e  rel ief  devices;  
r e a c t o r  analys is ;  shielding analys is ;  instrumentation; wa te r  t rea tment ;  health physics,  
and was te  disposal .  

Fa i rbanks  F B 
PREDICTED CORE PERFORMANCE FOR THE ARMY PACKAGE POWER REACTOR 
NO. 1. 
Alco Produc t s ,  Inc., P. 0. Box 414, Schenectady, N.Y., Contract  No.AT-(11-1)-318, 
August  31,1956, 100 pp. (18 re f s ) .  

The  predictions of A P P R - 1  c o r e  performance a t  z e r o  power and ' for  i t s  operat ing life 
a r e  repor ted,  with a descr ipt ion of the inethods employed. The window shade mudel  
h a s  been used to predic t  a t empera tu re  coefficient of -0.5 x lo-* A K/'F a t  6 8 ' ~  and 
-3.2 x 1 0 - * ~  K/'F a t  4 5 0 ' ~ .  The l ifet ime based on uniform m a t e r i a l  burnup is calcu-  
lated to be  12. 1 Mw - y r  fo r  a r e a c t o r  with equil ibrium xenon and s a m a r i u m  and 2'70 
available react iv i ty .  If nonuniform burnup effects a r e  considered,  the l ifet ime de - 
c r e a s e d  to 9.1 Mw -yr  f o r  the s a m e  conditions. 
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s m a l l  W J, Zegger J L and Medin A L 
LONG-LIVED CIRCULATING ACTIVITY IN THE ARMY PACKAGE POWER REACTOR, 
Alco Products,  Inc.,  Schenectady, N. Y . ,  Contract No. AT-(11-1)-318, August 28, 1957, 

. 33 pp. (5 r e f s ) .  

Recent experiences a t  various installations indicated a build-up of long-lived nuclides on 
pr imary  system surfaces and component par ts .  In time, this build-up might ser iously 
l imit o r  even r e s t r i c t  accessibili ty.  At present there is no information for  sys tems 
using a s ta inless  s teel  core.  However, the available data on other systems does indicate 
that the bulk of the activity can be attributed to the cobalt nuclide. It i s  conceivable 
therefore that the use of a s ta inless  s teel  core  may resul t  in activity levels higher than 
that reported for  the zirconium alloys. 

This report  discusses  a program car r ied  out at  the Army Package Power Reactor in 
which the radioactivity in the circulating water was analyzed for  long-lived nuclides. 
Long-lived nuclides resulting from (n - Y ) and (n - p) reactions on the clodding and/or  
s t ructural  mater ials  were found. The ra te  of accumulation and the interrelationship 
of these nuclides a r e  discussed. 

Noaks J W (Editor) 
EXTENDED ZERO POWER EXPERIMENTS ON THE ARMY PACKAGE POWER REACTOR- 
ZPE-2,  
Alco Products,  Inc. ,  P .  0. Box 414, Schenectady, N. Y . ,  Contract No. AT-(30-31-278, 
Novcmbcr 15,1357, 203 pp.  

Experiments were performed using APPR-1 fuel elements in co re s  having various di- 
ameters ,  metal-to-water rat ios  and boron-10 distributions. 

The presence of s t ee l  in the reflector made a noticeable increase in the core  reactivity 
under cer tain circumstances.  

A relatively simple technique was used to determine the gamma dose r a t e s  through 
shielding mater ials  yielding values in reasonable agreement with theory. 

Many gross  and fine s t ructure t raverses  were made with gold, indium and uranium foils 
including t raverses  in co re s  with uniform and nonuniform poison distributions and various 
control rod configurations Temperature coefficients of reactivity were  nearly identical 

0 0 
for  various cores  from 65 to 130 F. 

. . 
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Medin A L (Editor) 
LITERATURE SURVEY FOR ACTIVITY BUILD-UP ON REACTOR PRIMARY SYSTEM 
COMPONENTS, 
Alco Products,  Inc., P. 0. Box 414, Schenectady, N.Y., Contract No. AT-(11-1)-318, 
January 15, 1958, 79 pp. (35 r e f s ) .  



A s u r v e y  h a s  been made of the poss ible  build-up of long-lived radioactivity on p r i m a r y  
s y s t e m  components with i n c r e a s e d  r e a c t o r  operation.  P a r a m e t e r s  and mechan i sms  
that  m a y  contribute to th is  ac t iv i ty  build-up a r e  d i scussed .  

The  act iv i ty  build-up h a s  been a t t r ibuted to e i t h e r  deposit ion a n d / o r  a tom exchange.  
Exper imenta l  data to date is not sufficient to conclusively a t t r ibu te  the degree  to which 
e a c h  of these  m e c h a n i s m s  contr ibute  to the build-up. The need f o r  m o r e  exper imenta l  
information,  especia l ly  f o r  r e a c t o r s  employing s t a i n l e s s  s t e e l  c lad  fuel  e l ements ,  is 
discuoocd.  

Theore t i ca l  equations to p red ic t  the extent  of the activity build-up a r e  d i scussed .  To-  
date  these  equations have not been a c c u r a t e  in predic t ing the build-up of long-lived 
nuclides. 

Decontamination of p r i m a r y  s y s t e m  components m a y  b e  requ i red  to r e m o v e  this  build-up. 
A discuss ion of presen t -day  decontamination agents  and the i r  application is d i scussed .  

Brown W S, e t  a l .  
CORROSION PRODUCT ACTIVITY IN THE PRIMARY SYSTEM O F  THE ARMY PACKAGE . 
REACTOR, 
Alco Produc t s ,  Inc., P.O. Box 414, Schenectady, N. Y. ,  Con t rac t  No. AT-(11-1)-318, 
A p r i l  15, 1958, 70 pp. (3  r e f s ) .  

Exper imenta l  work h a s  been pe r fo rmed  to de te rmine  the extent  and mechanism of the 
build-upof activated c o r r o s i o n  products  in the p r i m a r y  s y s t e m  of the A r m y  Package 
P o w e r  Reac to r .  Th i s  r e p o r t  p r e s e n t s  the r e s u l t s  of radiochemical  ana lyses  of w a t e r  
and c rud  sampled  f r o m  the p r i m a r y  s y s t e m ,  and of deposi ts  r emoved  f r o m  the s u r f a c e  
of m e t a l  t e s t  spec imens  exposed to the p r i m a r y  coolant. In addition, the dose  r a t e s  
m e a s u r e d  during r e a c t o r  shutdown a t  the ex te rna l  s u r f a c e s  of p r i m a r y  syslerri c o m -  
ponents a r e  r epor ted .  

Wate r ,  crud, a n d  deposi ts  f r o m  the m e t a l  t e s t  s a m p l e s  w e r e  analyzed f o r  long-lived 
g a m m a  emit t ing nuclides only. Data are p resen ted  on the speci f ic  activi ty of these  
s a m p l e s  and the nuclide r a t i o s  of these  speci f ic  ac t iv i t ies .  The build -up of activi ty on 
the s u r f a c e  of the m e t a l  specimerls  is shown to be r e la ted  to t ime  uf exposure, ternper- 
a t u r e  of the coolant, and the type of s t e e l  spec imen  used .  

K r o e g e r  H R, Neou I M and Meem J L 
THE E F F E C T  O F  GAMMA HEATING ON THE APPR-1  PRESSURE SHELL, 
Advanced Scientific Techniques R e s e a r c h  Associa tes ,  Milford, Conn.,  Con t rac t  No. 
AT-(11  -1)-318, September  (19561, 222  pp. (20 refs) .  

Th i s  r e p o r t  is the culmination of s e v e r a l  months of detai led study of the problem of 
t h e r m a l  s t r e s s  in  a r e a c t o r  p r e s s u r e  v e s s e l ,  

F o r  the r e a c t o r ,  t h e r m a l  shie ld ,  p r e s s u r e  v e s s e l  configuration of APPR-1 ,  the computed 
maximum s t r e s s  in the p r e s s u r e  vesse l  is 16,820 p s i  a t  a n  opera t ing power of 10 Mw 
and  a p r e s s u r e  of 1400 ps ig .  The t h e r m a l  s t r e s s  port ion of the above total  s t r e s s  is 
computed to be not g r e a t e r  than 2640 ps,i a t  a point even with the r e a c t o r  midplane.  



0 
This s t r e s s  is due to a t empera tu re  difference in the p r e s s u r e  vesse l  wall  of 13.8 F 
which r e s u l t s  f rom a computed equivalent energy incident on the cladding of 43,550 BTU/ 
ft3'-hr. This value m a y  be compared to  cor rec ted  values of 45,500 and 42,400 BTU/ 
f t3-hr  found in t e s t s  a t  the LITR and the MTR, respect ively .  

The p rec i se  computation of energy values fo r  use  in  the rmal  s t r e s s  analys is  su f fe r s  by 
general  compar i son  of methods used in shielding. In computing the requ i red  thickness 
of a biological shield,  one can make a l l  a s s u m p t i o n s  conservat ive  without great ly  . 
affecting the thickness.  F o r  example,  if the total dose is overes t imated by a fac to r  of 
10, the requ i red  shie ld  thickness would be only about 20'70 g r e a t e r .  On the o ther  hand, 
a n  overes t imate  by a fac to r  of 10 in the rmal  s t r e s s  analys is  might eas i ly  indicate a 
completely nonfeasible design.  It is believed that the p resen t  computations a r e  s o m e -  
what conservat ive  but not over ly  s o .  

Kroeger  H R 
THE E F F E C T  O F  GAMMA HEATING ON THE A P P R - 1  PRESSURE VESSEL - NEW DESIGN, 
Advanced Scientific Techniques R e s e a r c h  Associa tes ,  Milford, Conn. ,  Contract  No. 
AT-(11-1)-318, July (1956), 33 pp. 

This  r e p o r t  examines  the effect on p r e s s u r e  vesse l  s t r e s s  of reducing the inside d iam-  
e t e r  of the v e s s e l  f r o m  the previous specified s i z e  ( see  ASTRA 41532.1). Although a 
reduction in d iamete r  d e c r e a s e s  the p r e s s u r e  s t r e s s ,  i t  exposes the vesse l  to a higher 
incident gamma energy  and the resu l t ing  t h e r m a l  s t r e s s  i n c r e a s e s .  A s  a resu l t ,  the 
total s t r e s s  is re la t ively  insensit ive to d iamete r .  

~Lallda1.d pract ice  f o r  a welded p r e s s u r e  vesse l  indicates  a 'maximum allowable design 
s t r e s s  of 16,600 (for ASTM-A 212-B s teel ) .  F o r  a 40.5-inch ID p r e s s u r e  v e s s e l  
(41 inches  ID neglecting the  c lad)  the required wall  thickness,  bas.ed on analyses  m n -  
tained herein ,  is 2.6 inches .  If boron-loaded s ta in less  s t e e l  were . to  be used f o r  th;- 
t h e r m a l  shield,  the wal l  thickness could be reduced to 2.3 inches.  

The substi tution of a canned lead s l a b  of equal weight, f o r  the p resen t  the rmal  shield,  
would allow the p r e s s u r e  vesse l  d iamete r  to be reduced to 39.5 inches.  Th i s  change in  
combination with the added efficiency of lead a s  a the rmal  shie ld  m a t e r i a l  r educes  the 
requ i red  wall  thickness to  2.'1 inches .  

F o r  the general  A P P R - 1  configuration, the p r e s s u r e  s t r e s s  r e p r e s e n t s  by f a r  the 
l a r g e s t  port ion of the total vesse l  s t r e s s .  The p r e s s u r e  s t r e s s  can  be  reduced by in-  
c r e a s i n g  the wall  thickness,  by reducing the vesse l  d iameter ,  o r  by lowering the de -  
s ign p r e s s u r e .  

An a l ternat ive  approach would be to accept  a higher p r e s s u r e  s t r e s s  and specify a s t e e l  
with a higher allowable design s t r e s s .  

F o r  r e a c t o r  vesse l s ,  e i the r  a reduction in  d iamete r  o r  a n  i n c r e a s e  in wall  thickness 
unfortunately tends to i n c r e a s e  the the rmal  s t r e s s .  

If the requ i rement  of minimum over -a l l  weight is added to the above considerat ions ,  the 
design of an  optimum sys tem becomes somewhat m o r e  complex.  Severa l  obvious guides 
can  be es tabl ished:  



1.  The thermal  shield should be positioned a s  close to the core  a s  is possible without 
adversely affecting the nuclear character is t ics .  

2. The thermal  shield should be a s  thin a s  possible (a heavy shield mater ial)  and should 
be designed to minimize secondary gamma generation. 

3 .  The p re s su re  vessel  should be of a high strength s tee l  which s t i l l  re tains  favorable 
properties,  i. e . ,  low coefficient of expansion and high thermal conductivity. 

4.  The clad mater ial  for  the p re s su re  vesse l  should be boron-loaded to minimize the 
generation of gammas (and heat) in the p re s su re  vessel  wall. 

Coneybear Frank J, e t  a l .  
PUMP FAILURE AND THE APPR-1, 
Advanced Scientific Techniques Research Associates, Milford, Conn., C o r l t r a ~ t  No. 
AT-(11 -1)-318, May (1956), 178 pp. 

The object of the work described in this report  was to find out huw suull, after failure 
of the pr imary  coolant pump, the APPfC-1 reactor  needed Lu be scl~allllnecl. The i-c- 
ac to r  was assumed to be operating, initially, a t  full normal  power. The resul ts  obtained 
indicate that the reac tor  need not be scrammed a t  all .  

This applies for a n  indefinite period if  the amount and p re s su re  of the water  on the 
secondary side of the heat exchanger remain essentially the same  a s  before pr imary 
pump fai lure .  It applies, in any case,  for  t imes on the order  of minutes. 

In attaining the results,  p r imary  flow momentum and free-convention effects were  in- 
vestigated, a s  well a s  the inter-relationship of temperature,  reactivity, and power. 

Oby P V . 

SCRAM I: CONTROL ROD WORTH CALCULATION ON THE IBM 650, 
Alco Products ,  Inc., ' P .O .  Box 414, Schenectady, N.  Y . ,  April  16, 1957, 15 pp. 

Scram I is a modified two-group code which determines the gross  rod worth of a central  
cylindrical control rod plus M identical rods  in a r ing concentric to the central  rod. The 
calculation in this report  is applicable only for  this rod configuration in a bare  cylin- 
dr ical  reactor.  The calculations may be used for  noncircular rods and reac tors  pro-  
vided their properties can be reasonably approximated a s  equivalent cylinders.  

Ingeneri Salvatore M 
COOLANT FLOW TAILORING PROGRAM O F  THE APPR-1 CORE EMPLOYING A FULL 
SCALE MODEL O F  THE REACTOR VESSEL, 
Alco Productq Inc., ~ c h e n e c t a d ~ ,  N. Y., Contract No. AT-(1 1 - 1)-318, APPR-1, 
November 15,1957, 68 pp. 



Control of fuel plate surface temperatures  in the APPR-1 core  is achieved by a non- 
uniform flow distribution through and between the 38 stationary fuel elements and 7 con- 
t rol  rods which comprise the whole core.  In order  to determine the flow distribution, 
i t  was necessary to build a model of the complete reactor  to simulate flow character-  
is t ics .  

The object of this work was to determine the existing flow distribution in the r i g  core  
without flow control devices; to regulate, by orificing in the test  rig, the coolant flow 
pattern in the core  with respect  to fuel elements, control rods,  and lattice flow to match 
the heat flux pattern anticipated in the core;  ,and upon obtaining satisfactory flow d is t r i -  
bution within the flow rig, to prescr ibe the necessary orifice diameters  for application 
in the APPR-1 reac tor  core.  

The resul ts  from experimental data obtained from a simulating a i r  flow r i g  indicate 
that though the fluid entering the fuel elements and control rods from the plenum 
chamber follows a ra ther  random behavior, there i s ,  however, a fair ly  consistent dis-  
tributional pattern. 

Herron D P,  Newkirk W H and Puishes A 
AN EVALUATION O F  HEAVY WATER REACTORS FOR POWER, 
American-Standard, Atomic Energy Division, Redwood City, Calif . ,  Contract NO. 
AT-(04-3)-109, October 1, 1957, 73 pp. ( refs) .  

This study was conducted fdr  the US Atomic Energy Commission in the Project  Size-Up 
s e r i e s .  Its purpose was to evaluate heavy water power-producing reac tors .  Part icular  
attention was paid to the mer i t s  of using natural uranium compared with enriched 
uranium in this reactor  type and to the hroblems of pressure-~vessel  and equipment de- 
sign. 

. Reference designs for pressurized and direct-boiling heavy water reac tors  were pre-  
pared for  e lectr ical  outputs of 20, 100, and 250 electr ical  megawatts. A number of 
possible core  designs were considered and those utilized seemed most appropriate to 
give low -cost power. The technology and costs  available today were employed in the 
preparation of the over-all  plant designs. The Consolidated Western Steel Division of 
US Steel Corporation assis ted in this study by preparing a comprehensive report  on the ' 

design of large pressure  vessels  and containment vessels .  Zirconium-clad metal 
uranium fuel elements were used a s  the bas is  for  this study, but the effect of using 
uranium oxide and stainless-steel cladding was also considered. 

APEX- 21 7 

Jones L 
DESIGN CRITERIA - SHIELD TEST FACILITY, 
General Electr ic  Co. ,  Aircraft  Nuclear Propulsion Dept., Idaho Test  Station, Idaho Fal ls ,  
Idaho, April 23, 1956, 28 pp. 

This report  defines the requirements fo r  the construction of a Shield Test  Facility 
(STF) a t  the Aircraft  Nuclear Propulsion Site, ~ a t i o n a l  Reactor Testing Station in Idaho. 
A description of the facility i s  included which discusses  the pool facility and pool facility 
building, i t s  function, description, services ,  and equipment; the platform facility, .its 
function, description, and services;  the control and equipment building, i t s  function, 
description, and services;  and the a r e a  serv ices  such a s  electrical,  water,  e tc .  



Cannon C B and Sabo J J 
DESIGN CRITERIA LET - EXHAUST FILTER ANP-NRTS, 
ANP Dept. , General Electr ic  Co., Idaho Test  Station, Idaho Fal ls ,  Idaho, Dec. 30, 1955, 14 pp. 

This document descr ibes  the physical features of the initial Engine Test  Facility (IETF) 
a t  the Aircraf t  Nuclear Propulsion Site, National Reactor Testing Station, Idaho. Dis- 
cussed in this report  is the control of design and construction, the operational consider- 
ations, the design considerations, and a description of the facilities. 

Collins " C G and Pomeroy G W 
APPLICATIONS AND REQUIREMENTS FOR THERMAL INSUT.ATION IN NUCLEAR 
REACTORS, 
General Elec t r ic  Co.,  Atomic Products Uix, ANP Dept., Cincinnati 15, Ohio, Contract No. 
AF33(600)-38062 and AT-(11-1)-171,  December 17,1958, 2 3  pp. (11 re fs ) .  

Applications and requirements a r e  considered in  the selection of mater ia l s  for  thermal  
insulation in a nuclear reac tor  environment. Important mater ials  c r i te r ia  include the 
concentration of neutron absorbers  and the stability of the mater ial  under bombardment 
by nuclear particles.  The concentration of neutron absorbers  should be minimized in 
insulation mater ia l s  used in  the reactor  core  o r  in a r e a s  where personnel access  is 
required.  

F rom the standpoint of stability to radiation, organic mater ials  a r e  limited to a r eas  
outside the reactor  core  o r  i t s  immediate vicinity; inorganic o r  ceramic  mater ials  
appear  suitable for  use in any reac tor  application. Since some inorganic solids expand 
'during irradiation, fibrous and pellet type of insulation a r e  the most promising for  
applications inside the reac tor  o r  on i t s  surface.  

BAC - 1 

- - - -  
THE BENDIX POOL REACTOR FOR RESEARCH USE, 
Presented by Bendix Internation Division of Bendix Aviation Corporation, New York, N.  Y. 
Prepared  by Research Laboratories Division, Bendix Aviation Corporation, Detroit, Mich. , 
January (1956), 45 pp. 

This report  outlines in some detail a r e sea rch  reactor  which the Bendix Aviation Cor -  
poration offers for  sale  under the United States "Atoms for Peace" proposal. The r e -  
ac tor  is a modifcation of the one in the Bulk Shielding Facility a t  ORNL. T11e design 
incorporates the essent ials  for safe  and convenient reactor  operation plus those features 
which experience has shown to be desirable in the greatest  number of applications. This 
repor t  gives a general description of the Bendix Pool Reactor and, in detail, describes 
the reac tor  core,  discusses instrumentation and control, describes the coolant systerrl, 
gives the general arrangement  of the shield, experimental facilities and bridge, and 
discusses  reac tor  safety. 



Thomas G R 
LIQUID METAL FUEL REACTOR EXPERIMENT - PRELIMINARY HAZARDS EVALUATION, 
The Babcock and Wilcox Company, Atomic Energy Div., Contract No. AT-(30-1)-194'0, 
July (1957), 123 pp. 

The Liquid Metal Fuel Reactor Experiment (LMFRE) is designed to provide information 
necessary for  the evaluation of the liquid metal concept and to yield data and experience 
necessary for  the design of large-scale  LMFR. This report  is an attempt to outline 
briefly the nature of possible accidents and resulting hazards a s  well a s  to describe the 
design features pertinent to such an analysis. 

A section is included which gives a general description of the reactor .  This section 
discusses  the reactor  core,  reflector,  reac tor  vessel,  control rods,  and test  holes. 
Additional sections a r e  included which discuss the heat removal system, plant layout 
and maintenance, containment, reac tor  kinetics, accident analysis, and environmental 
hazards.  

An appendix is included which discusses  xenon prompt temperature coefficient; minimum 
pump coastdown rate,  generalized transient analysis, radioactivity release rate ,  and 
equation for  a cloud due to continuous'release from the reac tor  building. 

BMI- 102 6 

Dingee David A, et  a l .  
HEAT TRANSFER FROM PARALLEL RODS IN AXIAL FLOW, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W -7405 -Eng-92, August 5, 1955, 
90 pp. (4 refs) .  

This report  covers work done a t  Battelle to .investigate the heat-transfer and p re s su re -  
. .  drop character is t ics  of heated rods in  axial flow with water a s  coolant. Three rat ios  of 

center-to-center spacing to rod diameters,  1.12, 1.20, and 1.27, in both the square-  and 
triangular-pitch a r ray ,  were tested a t  two Prandtl  numbers, 1.18 and 1.75, over a range 
of Reynolds numbers from about 3 x l o4  to 6 x l o 5 .  The magnitude of the peripheral 
variation of the heat-transfer coefficient.was found to be of the same  o rde r  of. magnitude 
a s  the experimental e r r o r ,  which is about 870 of reported values.:. . 

The variation of the heat-transfer coefficient down the length of the rod was found to be 
negligible under the assumption of no t ransverse mixing of the fluid within an a r ray ,  
which is believed to be the case. The experimental Nusselt numbers fall either on o r  
very close to the equation: 

depending on the particular .geometry of the, test model. The square-pitch a r r a y  showed 
slightly bet ter  heat-transfer c11ar.acteristics than the triangular pitch. '  Likewise, the 
la rger  spacing-to-diameter rat ios  showed improved heat- t ransfer  character is t ics .  These 
geometric changes varied [;he heat-transfer properties-about 15% from the extremes in 
the range considered. 

Friction factors  for  a l l  of the test  section stiowed satisfactory agreement with the stand- 
a r d  correlation curve for  smooth pipes. 



Dayton Russel  W 
THE EFFECTIVENESS O F  CONTROL-ROD MATERIALS, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W-7405-Eng-92, June 24, 1957, 
31 pp. (12 refs) .  

Studies were  made of empir ical  methods for computing the effectiveness of control rod 
mater ia l s .  In spi te  of the incompleteness of available cross-sect ion data, i t  was pos- 
s ible  to correlate  measured and computed effectiveness of a number of elemental ma-  
te r ia l s  and of dispersions within about 2'7'0. This is approximately the e r r o r  of measure-  
ment.  These calculational methods a r e  expected to prove useful in the development of 
improved control mater ia l s  by predicting combinations of mater ials  which will posses 
high control effectiveness. 

Gordon B B, Stone J J ,  Jr. and Boyd R S 
A SIMULATED STUDY OF A REFLECTOR CONTROL SYSTEM FOR A HETEROGENEOTJS 
BUlLlNG KEAC TOR, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W-7405-Eng-92, November 14, 
1957, 14 pp. (5 refs).  

A study was made of the feasibility of using a reflector control system for a hetero- 
geneous boiling reac tor  through use of analog simulation techniques. The reac tor  
kinetics, reactivity, and s team generation were simulated electronically while the 
hydraulic portion of the reflector system was represented by a full-scale physical o 
mock-up. - 

The two portions of the system were coupled together, and an  attempt was made to 
achieve a stable, monoscillating system. Various configurations o'f hydraulic coupling 
between the reflector tank and surge tank were  used in an  effort to produce the desired . 
representation of the frictional forces  in the system. A system of baffle plates in the 
coupling produced the desired clamping. 

Wi th  the stah1.e system, the effect of steam-load-derrland changes for various values of 
incremental moderator worth was examined. 

These studies showed that a reflector control system for  this type of reac tor  is feasible. 

RMT-1240 (Rev)  

Hogan William S, et al. 
HAZARDS SUMMARY REPORT FOR THE GCRE CRITICAL-ASSEMBLY EXPERTMENTS, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W-7405-Eng-92, 
July 22, 1958, 58 pp.' 

Cri t ical  experiments a r e  described and the hazards attendant to these experiments a r e  
evaluated for a gas-cooled, water-moderated reac tor  design. 

The proposed reac tor  has a core 28 in. high and a nomirial 2 ft in diar~icter.  The fuel 
elements will be concentric metal  tubes containing UO, dispersed in metal.  These 
elements will be  located in axial voids through the core .  The water moderator and 
reflector a r e  unpressurized. 



The fuel elements for  the cr i t ical  assembly w i l l  be uranium foil wrapped on metal  tubes 
located in s-led aluminum cans. These cans a r e  positioned by locating grid plates a t  
the bottom and top of the core.  

The reactor  design being studied will be controlled by horizontal-acting control blades. 
A mock-up w i l l  be made in the cr i t ical  assembly of blades of the desired mater ial  sup- 
ported by brackets mounted to the core  support s t ructure.  

Shutdown control of the cr i t ical  assembly is achieved by cadmium Control blades and by 
dumping the water into a storage tank. The maximum normal ra te  of reactivity addition 
is' limited to an estimated 0.04% per  s ec  fo r  a l l  remotely controlled operations. The 
system is interlocked to ensure that safe operational procedures a r e  followed. 

Hazard calculations a r e  made to determine the dosage from direct  radiation, fall-out, 
and inhalation from a radioactive cloud resulting from an accident. The exclusion a r e a  
is shown to be adequate for  even the maximum hypothetical accident. 

Dayton Russell  W and Tipton Clyde R, Jr. 
PROGRESS RELATING TO CIVILIAN APPLICATIONS DURING JANUARY 1958, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W-7405-Eng-92. 
February 2,1958, 62 pp. 

This is ,a progress  report  for  the month of January 1958, and discusses the following 
topics : 

Developments for  Zirconium-.Clad Fuel Elements 
Uevelopments for Aluminum-Clad Fuel  Elements 
Plant Assistance to MCW 
Processing of Feed Materials 
General Fuel-Element Development 
Studies of Uranium and Uranium -Alloy Fuels 
Fatigue Studies of Inconel . 
Reactor Materials and Components 
Physical Research 
Corrosion Problems Associated with the Recovery of Spent Reactor Fuel Elements 
Evaluation of a Reflector-Controlled Heterogeneous Boiling Reactor 
Studies of Sodium-Tantalum Compatibility a t  Elevated Temperatures  
Developmental Studies for  the PWR 
Evaluation of Uranium Monocarbide a s  a Reactor Fuel 

BMI-1258 

Orban Alexander R and Hazard Herbert  R 
STUDIES O F  UPPER-PLENUM COOLANT CIRCULATION IN'A QUARTER-SCALE 
AIR-FLOW MODEL O F  THE FWR, 
Battelle Memorial Institute, 'Columbus 1, Ohio, Contract No. W-7405-Eng-92, 
March 18,1958, 42 pp. . , . 

Air-flow studies were run  in a quarter-scale.flow model of the PWR'. to determine 
distribution of flow throughout the upper-plenum region with two different 
hold-down-barrel designs. With each hold-down bar re l ,  flow paths were  determined for  



operation with four loops, three loops, two opposed loops, and two adjacent loops. Ex- 
ploration of flow pat terns  and velocities throughout the upper plenum showed that c i rcu-  
lation of coolant throughout the upper plenum was satisfactory with ei ther  of the hold- 
down ba r r e l s  investigated. 

BMI- 129 0 

Bodnar George T, et  al .  
AN IN-PILE GAS-COOLED LOOP INSTALLEU A'l' 'I'HE BATTELLE RESEARCII REACTOR, 
Battelle Memorial Institute, Columbus 1, Ohio, Contract No. W-7405-Eng-92, 
September 16, 1958, 34 pp. 

A developmental program was conducted to provide a loop facility for* use in evaluating 
fuel sppr i rnens  for gas -c~o led - reac to r  applications. 'l'he program Included Llle c lcs ig~ ,  
construction, and 'operation of a recirculating in-pile loop I'ealur.ing high-pressurc g5s 
a s  the pr imary coolant. The loop facility was designed lor gas p re s su res  of up to 
200 psig and gas-flow r a t e s  up to 0.415 l b  per  see  with n i t ~ ~ u g t t ~ ~  as llle coolant. Dcaign 
fea tures  incorporated into the facility included the mounting of the complete "package" 
on the movable bridge a t  the Battelle Research Reactor (BRR). This provided ease  in 
moving the loop away from the reac tor  co re  for service and specimen t ransfers .  

The loop design featured an aluminum pressure  wall and concentric counterflow gas 
passages with s tat ic-gas insulation adjacent to al l  p ressure  walls.  The entire c i r -  
culating system was  located beneath the water level of the pool to provide shielding and 

0 
simplicity. The blower was designed for use a t  750 F inlet-gas temperature,  and i t  
featured both oil and water cooling. The instrumentation was designed to protect 
personnel and equipment, and to provide information on the specimen during irradiation. 
The specimen-transfer  mechanism was designed to utilize pool-water shiclding while 
moving a dry specimen from the loop cask located approximately 20 ft below the pool 
surface.  

The complete loop system was subjected to both out-of-pile and in-pile evaluation. The 
blower has operated satisfactorily over  2000 hours, and specimen t ransfers  have been 
effected without water  leakage into the loop o r  t ransfer  cask.  

BMI-ACRS-601 (Rev) 

Chastain J E, e t  al. 
HAZARDS SUMMARY REPORT FOR THE BATTELLE RESEARCH REACTOR, 
Battelle Memorial Institute, Columbus 1, Ohio, April 4, 1955, 46 pp. (5  re fs ) .  

This repor t  i s  submitted by Battelle Memorial lnstitute to the Advisory Committee on 
Reactor  Safeguards for  their consideration and action concerning the proposed Battelle 
Research  Reactor.  

The proposed reac tor  is a modified "swimming-pool" and will operate a t  1000 kw. At 
this power, i t  will provide fluxes of fast  and slow neutrons and gamma rays  sufficient 
for  a variety of experimental applications. After much study, a reac tor  incor.porating 
a n  experimental s ta l l  attached to a large pool was designed. The reac tor  can be oper-  
a ted in the s tal l  into which the beam tubes and thermal column converge. The reac tor  
can be operated also in  the open pool for  shieldirlg studies and large-scale  irradiations.  
The plans for  this facility and for the instrumentation, shielding, and controls a r e  
described in this report .  



~ i s c u s s i b n s  on the make-up of the surrounding a r e a ,  including cl imatology,  geology, 
hydrology, seismology,  and the distr ibution of population and indust ry ,  a r e  included 

The r e p o r t  f u r t h e r  d i s c u s s e s  the opera t ing procedure ,  the fuel  inventory requ i red ,  which 
is 5103 g r a m s ,  and the t ime  schedule,  which sugges t s  F e b r u a r y  15, 1956, a s  a t a r g e t  
date f o r  ini t ial  c r i t i ca l i ty .  

The l a s t  two sect ions  of the r e p o r t  a r e  devoted to h a z a r d s  dur ing n o r m a l  opera t ion and 
h a z a r d s  following a n  accident .  

Kaplan I and Chernick J 
THE BROOKHAVEN NUCLEAR REACTOR THEORY AND NUCLEAR DESIGN CALCU- 
LA TIONS, 
Brookhaven National Laboratory ,  TJptnn, N. Y . ,  Contract  No. AT-(30-2)-Gen-16, 
January  (1952), 80 pp.  (100 r e f s ) .  

The theory of n o r m a l  uranium,  graphi te-moderated,  a i r -cooled pi les  is reviewed 
c r i t i ca l ly  and applied to the des ign of the Brookhaven nuc lea r  r e a c t o r .  Calculat ions of 
the mult ipl ication fac to r ,  c r i t i c a l  buckling, c r i t i c a l  s i ze ,  effect  of the' c e n t r a l  gap, e x -  
c e s s  react iv i ty ,  t e m p e r a t u r e  coefficients,  xenon poisoning, and control  rod effective- 
n e s s  a r e  d i scussed  in  deta i l .  Some o t h e r  design p rob lems  a r e  d i scussed  m o r e  br ief ly .  
The r e p 0 r t . i ~  to s e r v e  l a t e r  a s  a b a s i s  f o r  a c r i t i c a l  compar i son  of the theory with the 
ac tua l  behavior of the r e a c t o r .  

F leck  J A, Jr. 
THE TEMPERATURE -DEPENDENT KINETICS O F  CIRCULATING FUEL REACTORS, 
Brookhaven National Laboratory ,  Upton, N. Y.,  Ju ly  (19551, 18 pp.  (5 r e f s ) .  

The kinetic behavior of c i rcula t ing fuel  r e a c t o r s  under  conditions of constant  in le t  
t e m p e r a t u r e  can be  formulated in  t e r m s  of pa r t i a l  differential  equations in  t ime  and 
displacement  along the c o r e  ax i s .  By m e a n s  of a F o u r i e r  expansion of the flux, these  
equations can  be reduced to a n  infinite s y s t e m  of integro-differential  equations of 
"delay" type in  the F o u r i e r  ampl i tudes .  F r o m  the boundedness and nonperiodicity of 
the solutions to these  equations,  i t  is s u r m i s e d  that  the osci l la t ions  of the s y s t e m  damp.  
When the flux is approximated by a single F o u r i e r  harmonic ,  the s y s t e m  reduces  to a 
s ingle  equation. F o r  s m a l l  ampl i tudes  of oscil lat ion and f o r  ce r t a in  values  of the p a r a m  - 
e t e r s ,  the re  exis t  per iodic  solutions to this  equation. Univac solutions of the p a r t i a l  
differential  equations show that f o r  these  p a r a m e t e r  values  even l a r g e  amplitude osc i l -  
la t ions  a r e  weakly damped. 

Raseman  C J, Susskind H and Waide C H 
LMFR-13 LIQUID METAL F U E L  REACTOR - IN-PILE F U E L  PRO.CESSING LOOP (LOOP B),  
Brookhaven National Laboratory ,  Upton, N .Y. ,  January  (1957), 40 pp. (24 r e f s ) .  

0 
A mol ten  solution of na tu ra l  uranium i n  b ismuth a t  500 C w a s  c i rcula ted  through the 
Brookhaven r e a c t o r  i n  a Type 347 s t a in less - s t ee l  s y s t e m .  'l'he uranium-bismuth s t r e a m  
leaving the r e a c t o r  w a s  equil ibrated with helium gas  and fused s a l t s  to de te rmine  



distribution coefficients for  cer tain fission products between metal  and sa l t  and metal 
and gas phases.  

0 
The solubility of xenon a t  500 C and 1 atmosphere (xenon) was found to be 0.4 ppm and to 
provide a value of 1.3 x l o 6  for  the Henry's law constant k in the expression p = kx. 
The removal of the xenon by reduction of i t s  partial  p ressure  i s  a resul t  of thk' removal 
of blanket gas at reduced p re s su re  was shown to be within LMER design requirements.  
More than half the iodine (the.xenon precursor )  in the loop was found to concentrate on 
the vessel  walls. Other fission products were also studied to determine the degree of 
deposition on the walls.  

Salt contacting experiments were  conducted with a LiC1-KC1 eutectic and a 
MgC1, -NaCl-KC1 eutectic, and the resu l t s  agreed favorably with previous small-scale  
t r ace r  experiments.  Indicative of these resul ts  a r e  the ranges of the partition coeffi- 
cients (ppm in sal t /ppm in metal) fur  the fo1l"wing fission products 2n.d t h e  
MgC1, -KCl-NaC1 sal t :  Cs ,  400 to 1020; Ba, 342 to 480: Sr, 125; Cb, 3.17 to 3 . 8 3 ;  
TRE, 4.07 to 7.55; Z r ,  0.03 to 0.14; Ru, 0.9; I, 48 to 235; and Po, 0.73 to 0.76. These 
a r e  compared to uranium, for separa t io t~  purposes, with coefficients of 0.03 to 0.06, 

The loop was operated continuously in the reac tor  for  6446 hours,  a t  the end of which 
  hut down was fnrced by a heater  failure.  Leakage was discovered a t  severa l  points 
in  the system, and it was decided to remove the loop from the reac tor .  

Campbell  C G and Car t e r  M D 
THE EXPERIMENTAL DETERMINATION O F  CONVERSION FACTORS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England. Paper  given a t  
Brookhaven Conference on Resonance Absorplion of Neutrons in Nuclear Rea.c.tors, 
~ e p t e m b e r  24-25,1956, 6 pp. (6 re fs ) .  

A technique i s  described for  the experimental determination of the initial conversion 
factor\of uranium -fueled sys tems.  Neutron fluxes down to --lo6 n/cm2- sec  a r e  suffi- 
cient for the measurements.  To character ize the ra te  of P U ~ ~ ~  formation, measure-  
ments a r e  made of the intensity of the 100-kev N ~ ~ ~ "  x-rndiation induced in n r a . n i ~ ~ r n  
foils distributed within a fuel element.  The rate  of destruction of u"' by fission is 
clcduced from the a.ctivation of fission product catcher. roils placed adjacent to u~~~ foi1.s 
and to foils of the fuel element mater ial .  Numericai c o r r e c l l u ~ ~ s  a l e  ilssdc for  tho r ~ t o  
of u~~~ destruction by neutron capture.  'L'he experimental resul ts  have bscn se t  on an 
absolute scale  by foil irradiations in  a thermal flux. The technique provides a simulta- 
neous measurement  of the fast  rission factor for  the system. Resi.11ts of experiments 
made in a variety of latt ices a r e  presented and compared with calculations. 

Kouts H and Sher R 
EFFECTIVE RESONANCE %INTEGRALS FROM EXPONENTIAL EXPERIMENTS, 
Brookhaven National Laboratory, Upton, N. Y .  Paper  given a t  Brookhaven Conference on' 
Resonance Absorption of Neutrons in Nuclear Reactors,  September 24-25, 1956, 3 pp. . 

Bulk experiments on reac tor  co re s  a t  Brookhaven have been found to be consistent with 
a single choice of n for  natural uranium: n = 1.309 * 0.006. This value has now been 
used to reinterpret  the resu l t s  of old and new exponential experiments on graphite, 



H,O, and D,O moderated reactors .  The resu l t s  of the analysis a r e  in each case values 
of the resonance escape probability and accordingly the effective resonance integrals.  
These have been analyzed in turn for  the separate  surface and m a s s  contributions. 

Manow itz B, e t  a l .  
DESIGN CRITERIA FOR GAMMA IRRADIATION DEVICES USING FLUIDS FLOWING 
THROUGH REACTOR LOOPS, 
Brookhaven National Laboratory, Nuclear Engineering Department, Upton, N. Y. , 
July (1956), 99 pp. (26 refs) .  

At the rcqucst s f  the Arr~ly Reactors Sranch,  AEC, preliminary design cr i te r ia  for  a 
food irradiation facility have been prepared. Three possible approaches to the use of a 
reactor  R.S a S Q U I - C ~  of gamma 1-adialiu~l are discussed:  (1) direct  use of gammas from 
fission, (2)  use of the fission gases a s  a source of gamma radiation, and (3) circulation 
through the reactor  of a mater ial  that will absorb neutrons and emit gammas some 
distance away. The third system, the circulating isotope case,  was selected a s  the 
approach requiring the least  engineering development work. 

0 

The major  problems in the design of a reac tor  and i r rad ia tor  a r e  discussed. These 
include the selection of the isotope to be circulated, the optimization of reac tor  ,power 
and engineering variables to meet the specifications se t  forth by the Army Reactors 
Branch, the heat t ransfer  and fluid flow considerations, and finally, the design of the 
i r rad ia tor .  

Thc object of this design is the development of a s  high a specific activity in the i r rad ia-  
tor a s  possible for  the least  power. The system should have minimal i r rad ia tor  and 
piping holdup and maximal reactor  blanket holdup. The flow ra te  should be high, the 
parent isotope concentration should be a s  high a s  chemically possible. The s tar t -up 
time, the time for the system to become saturated and reach i t s  maximum specific 
activity, has also been considered; it is a function of the isotope half life. 

The reac tor  blanket .and i r radiator  volumes have been optimized with regard to reactor  
power. The system under consideration consists of a reactor  surrounded by a blanket 
through which an isotope solution circulates  and then flows through a s e t  of s lab  ir- 
radiators.  From the equation that has been developed relating reac tor  power to specific 
activity, blanket and i r radiator  volumes, flow rate ,  and absorption c ros s  section, a 
good f i r s t  approximation to the power required to meet s e t  specifications a s  to food 
throughput and dose ra te  may be found. 

The i r rad ia tor  design, which represents  the major portion of this report ,  has been ap-  
proached in two ways: (1) what will be the theoretical design to meet the specifications 
of the Army Reactors  Branch and, (2) what will be the required mechanical design' of 
such a facility. 

The i r rad ia tor  has been conceived a s  two o r  more parallel s labs between which food 
packages a r e  made to pass .  The approach to the design of the gamma source is in three 
main s tages:  (1) the infinite plane source, (2) the infinite s lab source, and (3) a bank 
of parallel  infinite cylinders.  



The ability of an isotope to maintain a specified rat io  between the surface and center 
doses received by a food package i s  dependent upon the gamma photon energy of the 
isotope. Figures a r e  presented il lustrating the relation of source thickness, dose rate  
in  food packages, source density, and specific activity. 

A conceptual design of the complete food irradiation facility and i t s  auxiliaries has been 
prepared and i s  included. 

Finally, comparisons were  made of the power requirements for i~i~L11 cdustic and indium 
sulfate sys tems to meet the specifications se t  forth by the Army Reactors Branch. The 
power requirements were  found to be 35 Mw for a caustic system and 21.4 Mw for  an  
indium sulfate system for  the steril ization of 3000 lb /h r  of food. Thermal  c r o s s  sections 
h a w  heen used in a l l  cases ,  and the possibility of decreasing the power requirement by 
iisinp; the resonance capture of rleulr.ous by indiuiil exiuls. 

- - .- 
PROCEEDINGS O F  THE FRENCH-AMERICAN CONFERENCJ~ ON GRAPHITE REACTORS, 
Brookha.ven National Laboratory, Upton, N. Y.  , 304 pp. 

4 

This document contains in most  ca ses  the complete papers  a s  presented a t  the French-  
American Conference on Graphite Reactors .  However, in some instances only the 
abs t rac ts  and references a r e  included. The following is a l ist  of authors and paper 
t i t les:  

Pr imak,  W . ,  "The Radiation Damage Dosage" 
Hering, H . ,  e t  a l . ,  "Intercomparison of Graphite Irradiations" , 

Car t e r ,  R .  L . ,  "An Analysis of ~ a d i a t i o n  Damage Gradients i.n Moderator Graphite" 
Kernohan, R. H. ,  "The Effect of Fissionable Part ic le  Size on Fission Damage in 

Graphite" 

Session I 1  

Hcnnig, G. I?.. ( "The Slow Neutron Absorption Cross  Section of Graphite" 
Muehlhause, C. O.,  "The Slow Neutron Absul.pliulr Cra.ss Scction of I;r.alihi te'.' 
Horowitz, J., et  a l . ,  "Thermal Flux Flattening and Increase of Reactor Output" 

Session I I1  
. . 

Pr imak,  W.  , " ~ i n e  tics of Radiation Damaging" 
0 

Nightingale, R .  E . ,  "Radiation Damage to Graphite from 30 tu 1 5 0 ~ ~ "  
Mayer, G., e,t a l . ,  "Some Physical . . Methods for  Study of I rradiat ionEffects  in 

Graphitc" 
Meyer, R. A., et  a l . ,  "Effect of Pi le  Radiation on Mechanical arld Other Propert ies  

of Graphite" 
Powell, R. W . ,  ".Control of Radiation Damage in a Graphite Reactor Structure, by 

Annealing'' 

. . 

Session I V  . . 

Donahue, D. J . ,  et  a l . ,  "Determination of K from Critical Experiments with the 
PCTR" 
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Lanning, D. D . ,  e t  al'. , "The Nuclear P a r a m e t e r s  of Some Graphite,  National 
Uranium Lat t ices  Measured in the PCTR" 

Tanguy, P. , "Tempera tu re  Coefficient and  Neutron Tempera tu re  Measurements  i n  G. 1" 
Zaleski ,  C .  P . ,  "Bucklings and C r i t i c a l  Size Measurements  f o r  Var ious  Loadings in  

G.1" 
Hendrie,  J. M.,  "Graphite Tempera tu re  Coefficient of the Brookhaven National 

Laboratory  Reactor"  
Koechlin, J. C., "French Resul ts  on the Natural  Uranium - Graphite Lat t ices"  

Sess ion V 

Hennig, G. R . ,  "Effects of Radiation and Cata lys is  on Oxidation of Graphite" 
Kosiba, W .  L . ,  e t  a l . ,  "The Effect of Radiation on the Rate  of Oxidation of Graphite" 
Dzurus,  M.,  . "Chemical  Reactions of Graphite" 
Carniglia,  S. C . ,  "Interactions of Graphite with Liquid Sodium" 
Eiche lberger ,  R. L . ,  "Recent Information on Moderator  Sheath Cor ros ion  in  Liquid 

Sodium" 
Cunningham, J. E . ,  e t  a l . ,  "Alpha Canning of Uranium Slugs f o r  the ORNL Graphite 

Reactor1'  

Sess ion V I  

Clayton, E .  D . ,  "Buckling Measurements  with Enr iched Uranium' in  Graphite Systems" 
Richey, C .  R . ,  "The Calculation of the Thermal  Neutron Flux Distribution in a Unit 

Lat t ice  Cel l  - Comparison of Exper iment  and Theory" 
Koechlin, J. C . ,  "Slowing Down of Neutrons f rom 1.45 ev to T h e r m a l  Energy;  

Diffusion Length and Channel Anisotropy of G. 1 Graphite;  
Measurements  of p and f F a c t o r s  in G. 1" 

Brown, W .  W . ,  e t  a l . ,  "Physics  Exper iments  Per fo rmed  f o r  and on Sodium-Graphite 
Reac to r s1 '  

F i l lmore ,  F. L .  , " Two-Group Neutron Phys ics  Calculations f o r  the Sodium Reactor,  
Exper iments"  

Bernot,  J . ,  "Reactivity Meas,urements in  G.1" 

Sess ion V I 1  
' 

Zimmerman ,  E.  L . ,  "A Graphite Moderated Cr i t i ca l  Assembly - CA-4" 
Kirschbaum, A. ,  "Studies of Enr iched Uranium Graphite Reactor '  Systems" 
Byers ,  C . ,  "Graphite-Moderated, Graphite-Reflected Cr i t i ca l  Assemblies ' '  
.Hansen, G. E . ,  ' "Cri t ica l  Assembl ies  of Graphite and En'riched Uran ium with 

. . Beryll ium Reflectors" '  

R ichards  P and Rand A C 
SOME PIECES O F  EQUIPMENT DEVELOPED A T  BROOKHAVEN NATIONAL 
LABORATORY, 
Brookhaven National Laboratory ,  Upton, N. Y., (1954), 14 pp. 

A number  of s m a l l  equipment i tems have been.developed by Brookhaven that s e e m  to 
have s o m e  general  in te res t .  These  i t e m s  a r e  only br ief ly  descr ibed h e r e .  They a r e  
a ' s m a l l  r emote ly  operated bellows valve, a new manual manipula tor , ' .a  s imple  a i r  

' s a m p l e r ,  and a di.lution bench. 
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- - - -  
REACTOR HEAT TRANSFER INFORMATION MEETING HELD AT BROOKHAVEN 
NATIONAL LABORATORY, OCTOBER 18- 19,1954, 
USAEC and Brookhaven National Laboratory, December (1955), 193 pp. 

This document covers  the engineering phase of the Reactor Heat Transfer  Information 
Meeting held at RNL. 

- -- - 
THE PRELIMINARY DESIGN O F  THE LIQUID METAL FUEL REACTOR EXPERIMENT, 
Mechanical Engineering Division, Nuclear Engineering.Dept., Brookhaven lvaffdnal Laboratu~~y,  
Upton, N. Y., Apri l  30, 1956, 136 pp. 

The design of the Liquid Fuel Reactor Experiment presented in  this repor t  is preliminary. 
An effort has been made to touch on a l l  the essential  par ts  of a complete plant sufficient- 
ly  to prepare such data a s  flow diagrams, layouts, e q u i p l ~ l e ~ ~ l  s izes ,  and the likc. Thcoc 
were  done with enough completer~ess  lu p e r ~ ~ l i l  real is t ic  cost estimatcs,  but detailed 
engineering designs were not generally carr ied out. 

The Liquid Metal Fuel Reactor,  using uranium in liquid bismuth, offers a wide variety 
of possible designs. Only one type, the thermal  reac tor  with solution fuel, externally 
a i r  cooled, is considered in  this preliminary design. 

Fleck J A, Jr. 
TRANSIENT PRESSURES IN NUCLEAR REACTORS, 
Brookhaven National Laboratory, Upton, N. Y., August (1956), 17 pp. (2  refs) .  

A r igorous examination is made of the transient p re s su re  in  an  untapered reactor  core  
containing a frictionless compressible coolant. It is found that the maximum pres su re  
is determined primari ly  by the length of time required for  an acoustic signal ,to, t ravel  
f rom the' reactor  core  boundaries to the core  center.  F u r  a 'lillea1.1~. r is ing ternpcrnturc 
i t  is determined that the maximum transient pressure  is quite independent of the amount 
of.fluid in  the pipes leading to and from the core .  This resul t  disagrees significantly 
with those obtained on the assumption of an  incompressible fluid external to the core .  
Calculations for a liquid bismuth coolant indicate that excessive transient p re s su re s  
a r e  1.1nl.i ke1.y. 

Steele H L 
DESCRIPTION O F  BOEING COBALT-60 GAMMA FACILITY, 
Boeing Airplane Company, Seattle 24, Washington, (1957)~ 3 6 pp. 

The Physical Research Staff 600 curie  cobalt6' gamma radiation laboratory is described 
along with the accessor ies  necessary for  i t s  operation. The facility consists of a moni- 
tor  room, the shielded radiation vault and a ten-foot well of water in the floor of the 
vault. The cobalt is s tored in the well and is raised into the vault by means oP a s tee l  



wire and pulley system controlled manually by a winch in the monitor room. A dose 
rate  of l o 6  roentgens per  hour is obtained in the region within the r ing of the s ix 100 
curie  capsules which comprise the 600 curie  source.  At 112 inch from the r ing of 
source capsules, a dose ra te  of 5 x l o 5  roentgens per  hour i s  obtained. Since the dose 
rate  must be on the o rde r  of milliroentgens per  hour in the uncontrolled a reas  outside 
the vault, the walls were made of 3-112 fee tof  concrete.  The source can be viewed 
from the monitor room thru a 3-112 foot long window of zinc bromide solution. A door 
interlock and a la rm system i s  provided to prevent access  to the unshielded source and 
to warn of excessive radiation intensities in the monitor room. 

The gamma facility i s  being. used to study the effects of gamma radiation on mater ials ,  
components and sys tems used in a i rc raf t .  

- - - -  

SUMMARY O F  PROGRESS IN UNCLASSIFIED AREAS O F  REACTOR TECHNOLOGY, 
Combustion Engineering, Inc., Nuclear Division, Windsoi-, Conn., February 6,1958. 

One of the major  problems in a reac tor  pr imary  system is that of long lived activity due 
to cobalt if stainless s teel  of normal composition i s  used. In order  to minimiz.e this 
effect, the following mater ia l s  were considered: 

1.  Type 304L low cobalt s ta inless  s tee l  
2. 400 se r i e s  s ta inless  s teels  
3 .  Titanium 
4 .  Nonreactor grade zirconium 
5. Rhodium-plated stainless s teel  
6. Alcoa M388 (1% Ni) 

Of the above possibilfties, i t  was felt that the use of virgin melts of type 304L stainless  
s tee l  offered the greatest  potential degree of success  from both a cobalt and a s t ructural  
standpoint. 

CEP-0056 

Axtmann R C, Dessauer Gerhard and Parkinson , T G 
A SUBCRITICAL PILE FOR' RAPID REACTIVITY MEASUREMENTS, 
Chemical Engineering P rogres s  - Symposium Series,  Vol. 52, No. 19, pp. 165-171, 
(1956), (2 refs) .  

Some reac tors  contain 3 very large number of iderllical fuel elements, .and each fuel 
element is usually tested for  a number of possible defects before being charged into the 
reac tor .  The reactivity of the element is, measured in a tes t  pile by period o r  by con- 
t rol-rod compensation: A disadvantage of this method is that i t  takes about 15 minutes 
to measure a period o r  to determine the cr i t ical  position of the control rod with suf- 
ficient accuracy. 

The nuclear test gauge (NTG) eliminates this delay while maintaining the required 
sensitivity. It is a subcrit ical pile of smal l  cr i t ical  m a s s .  A change of reactivity, 
caused by the replacement of one sample by another, is accompanied by instantaneous 
readjustment of the neutron multiplication. 



The NTG contains a s t rong neutron source and operates a t  a multiplication,of approxi- 
mately one hundred. This is high enough for  accurate differentiation between acceptable 
and unacceptable fuel elements and low enough for quick response to changes in s i c -  
cessive samples .  

Among the design features that a r e  described a r e  a horizontal through-hole that can 
accommodate a large variety of reactor  elements, a safety valve that dumps the light- 
water  moderator within 15 sec, and a difference circuit  that plots the reactivity of the . 

tes t  samples  on a recorder  chart .  

Anderson J B 
SUMMARY O F  PROGRESS IN UNCLASSIFIED AREAS O F  REACTOR TECHNOLOGY, 
Combustion Engineering, Pnc. , Reactor U e v e l u p ~ ~ ~ t . l ~ l  L~i'v'ision, WIIICIYUL', CULIII. , 
October 18, 1957, 9 pp. 

An attempt i s  made to compute scat tered neutron doses for various geometries by' 
single scattering removal cross-section theory. The calculation for  s lab scattering 
geometry is compared to an experimentally determined albedo and shows ~ .easu l~aLle  
agreement.  An investigation, covering a range of fuel loadings arlJ ~ ~ ~ e l a l / l ~ ~ d i - o g e n  
rat ios ,  was car r ied  out for  the purpose 01 testing methods UP calculalillg f e w  group 
constants currently in vogue in reactor  design~calculations.  

Other topics discussed a r e  cold s tar tup analysis and flux behavior near  control rods.  

- - - -  
SUMMARY O F  PROGRESS IN UNCLASSIFIED AREAS O F  REACTOR TECHNOLOGY, 
Combustion Engineering, Inc. , Nuclear Division, Windsor, Conn. , February 6, 1958. 

One of the major problems in a reac tor  pr imary  system i s  that of long lived activity 
due to cobalt if s ta inless  s tee l  of normal  composition is used. In o rde r  to minimize 
this effect, the following mater ia l s  were considered: 

1 .  Type 304L low cobalt ~ t a i n l e s s  steel 
2 .  400 s e r i e s  s ta inless  s tee ls  
3 .  Titanium . . 

4.  Nonreactor grade zirconium 
5 .  Rhodium-plated s tainless  s tee l  
6 .  Alcoa M388 (1% Ni) 

Of the above possibilities, i t  was felt that the use of virgin melts  of type 304L stainless 
s t ee l  offered the greatest  potential degree of success  from both a cobalt and a s t ructural  
standpoint . 

- -- - 
SUPPLEMENT TO PROPOSAL FOR BULK SHIELD TESTING FACILITY, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , February 6,1950, 26 pp. 



This  memorandum is to supplement the init ial  proposal  f o r  a new bulk shielding tes t ing,  
facil i ty dated December  21, 1949. The topics d iscussed h e r e  a r e  plans fo r  n o r m a l  r e -  
a c t o r  operation; r e a c t o r  safety and control  rods  c i rcu i t s ;  shielding; the kinetic behavior 
of the r e a c t o r ;  the disposal  of wa te r  in the pool; and gaseous f iss ion products .  

Wilson R H 
LITERATURE SURVEY REGARDING BUBBLE FORMATION, 
Oak Ridge National Laboratory ,  Oak Ridge, Tenn. , Apr i l  27, 1950, 6 pp. (7 r e f s ) .  . 

This  paper  is a review of a number  of journal  a r t i c l e s  pertaining to  bubble behavior.  
The information was  reviewed s o  a s  to be able to predic t  bubble behavior in the 'oper-  
a t ing homogeneous r e a c t o r .  This paper  a l s o  d i scusses  su r face  tension and viscosi ty  a s  
well  a s  the laws of solutions of gases  in l iquids.  

CF-50-5-29 
. , 

Lane J A 
FISSION PRODUCT ACTIVITY O F  X SLUGS, 
Oak Ridge National Laboratory ,  Cen t ra l  F i l es ,  Oak Ridge, Tenn. ,  May 2, 1950, 6 pp. 

A knowledge of the energy  and intensity of the ha rd  gamma component of the f iss ion 
product activity a t  s h o r t  t imes  a f t e r  shutdown of the MTR is n e c e s s a r y  f o r  designing 
the shielding of the discharge chute o r  es t imat ing the required depth of the w a t e r  in the 
canal .  

In o r d e r  to de te rmine  the attenuation of the f iss ion product activity through wate r ,  a n  
e n t i r e  row of hot tes t  X s lugs  w e r e  pushed f r o m  the pile and the radia t ion intensity 
m e a s u r e d  through seven to eleven feet  of w a t e r .  A table of these m e a s u r e m e n t s  is in-  
cluded.  Also shown is a plot of intensity 30 minutes  a f t e r  shutdown as a function of 
depth of water .  

CF-51-8-216 

Sholl W E, Jr. 
ORNL RESEARCH REACTOR DESIGN DATA, 
Oak Ridge National Laboratory ,  P. 0. Box P ,  Oak Ridge, Tenn. , Contract  No. W-7405 -Eng-26, 
August 30, 1951, 32 pp. 

The p r i m a r y  purpose of th is  design data s u m m a r y  is to a guide f o r  a l l  e'ngineers 
actively engaged in the detailed design of the ORNL R e s e a r c h  Reac to r  P r o j e c t .  The 
information included i n  th is  r e p o r t  cons i s t s  of data which the r e a c t o r  design group 
bel ieves  should be held fixed wherever  possible.  Specifically the topics d iscussed a r e :  
r e a c t o r  s t r u c t u r e ,  r e a c t o r  controls ,  ref lector ,  exper imentA facil i ty design,  p r o c e s s  
w a t e r  sys tem,  nuclear  data, and shielding.  

Bennett M R 
PATENT.APPLICATION - 20 PERCENT HNO, - 3 PERCENT H F  (BY WEIGHT) REAGENT 
FOR THE DECONTAMINATION O F  STAINLESS STEEL,  
Oak Ridge National Laboratory ,  Oak Ridge, Tenn. ,  October  21, 1951, 2 pp. 



A reagent mixture of 20% HN03 - 370 H F  (by wt. ) has been found to exhibit extremely 
effective decontamination properties on both laboratory specimens and Pilot Plant 
contaminated s tainless  s tee l  mater ial .  Three outstanding observations were made after 
each decontamination: (1) the corrosion r a t e  was very low (less than 0.1 mi l /h r ) ,  
(2) the meta l  surfaces were clean and lustrous, and (3) there was no pitting. Decon- 
tamination factors  of 1000 to 5000 were obtained consistently on laboratory-contami- 
nated samples  (5.5 s q  in.  a t  3 x l o4  c t s /min / sq  in. ) within one hour 's  time at room 
temperature,  with the solution agitated. Similar decontamination was achieved on 
s tainless  s teel  mater ial  contaminated during long-term operation in the Pilot Plant, 
including a steam jet and a section of s ta inless  s tee l  pipe. 

Bennett M R 
EVALUATION O F  REAGENT DECONTAMINATION - QUARTERLY REPORT FOR PERIOD 
AUGUST 10,1951 TO NOVEMBER 10,1951, 
Oak Ridge National Laboratory, Unlt Oper'aliuns 3ectioi1, Chcmical Technology Divisinn, 
Oak Ridge, Tenn. , November 21, 1951, 11 pp. 

This report  discusses  the progress  i n  a program initiated to investigate the decontami- 
nation and corrosion propert ies  of various reagent mixtures on welded and nonwelded 
specimens of Types 309 and 347 stainless steel.  A reagent mixture,of 207'0 HN03 - 370 
HF (by weight) was found to be superior  to a l l  other reagents tested in both decontami- 
nation and corrosion properties,  giving decontamination factors  of over 1000, corrosion 
ra tes .of  l e s s  than 0.1 mi l s /h r  a1 25C, and clean, unpitted surfaces.  

Wilmer D B, e t  al .  
A PRELIMINARY STUDY O F  THE FEASIBILITY O F  A GAS-COOLED, GRAPHITE- 
MODERATED REACTOR FOR POWER PRODUCTION,. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , August 20, 1952, 120 pp. 

The repor t  covers  the prelirxiinary design o f  a helium-cuuled, graphite-modcrnted 
nuclear reactor  and the associated power producing system. The problem i s  approadhed 
with the viewpoint that the system need not represent  the economically optimum design, 
but one which would se rve  a s  a pilot plant for f u t u r e  des lg~ls .  rl'llc reactor io  dcoignud 
to operate  well within the known limits of safety for the mater ials  of construction, using 
only those mater ials  which a r e  available a t  the present t ime.  The fuel is enriched 
(93.4%) u~~~ in the form of UO, i n c l u s i o ~ ~ s  in a stainless s teel  mat r ix  and with a 
s tainless  s teel  cladding. The reac tor  is rated a t  200 megawatts and the net e lectr ical  
power output is 55 megawatts. The heliurn coolant for  the reactor  t ransfers  i ts  heat to 
a conventional s team power cycle. The capital cost, including chemical reprocessing 
and fuel fabrication plants, is estimated to be $39,000,000 and the cost of the electr ical  
energy is 28 mils  per  kilowatt-hour. 

Aven R E ,  Haubenreich P N and Tobias M 
ESTTMATE O F  THE EFFECT OF POISONS ON CRITICAL CONCENTRATION, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , October 30, 1952, 6 pp. 



If a highly-enriched reactor  is operated without removal of fission products, poisons 
will build up s o  that it i s  necessary to increase the fuel concentration to maintain 
crit icality a t  the original operating temperature.  Thus the fuel which must be added 
over  a period of time is grea te r  than that burned up by the amount necessary to increase 
the concentration. To determine the magnitude of this concentration change, calculations 
have been made for  a highly-enriched reactor  operating a t  50 megawatts. These calcu- 
lations indicate that af ter  the f i r s t  year  of operation, the necessary u~~~ concentration 
for  crit icality is 1.2 t imes the original concentration, and af te r  five years ,  about twice 
the original concentration is required. The exact value for  the concentration depends 
upon the assumed values of poison c r o s s  sections. 

Feldman M L and Rogers R F 
DEVELOPMENT O F  DECONTAMINATION REAGENT QUARTERLY REPORT FOR PERIOD 
NOVEMBER 1,1952 TO FEBRUARY 1, 1953, 
Oak Hidge National Laboratory, P. 0. Box P, Oak Ridge, Tenn.,  'January 26, 1953, 
5 pp.  (2 refs) .  

This development work was the resul t  of a r.equest that a decontamination agent be devel- 
oped for  s ta inless  s teel  (Type 3.47) of alkaline o r  low acid content. 

Tables a r e  included which l is t  the resul ts  obtained by decontamination with fifteen 
solution treatments.  Another table l is ts  solutions and procedures.  Two decontami- 
nation procedures appear to be superior  to a l l  other;s tested. 

Briggs R B 
COOLING REQUIREMENTS FOR THE ORR, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn.,  Contract No. 
W-7405-Eng-26, March 25, 1953, 4 pp. 

Calculations indicate that a flow of 2900 gpm through the core  and reflector will be suf- 
ficient to cool the ORR a t  an operating power of 5 Mw in a 24-element core .  The 
presently specified 4500 gpm should permit  operation at powers a s  high a s  7.3 Mw arid 
possibly 7.5 Mw. It is recommended that the 4500 gpm specification be retained if  
changes in the water system,become necessary to reduce the project cost .  

Rickert  R J, e t  al. 
A PRELIMINARY DESIGN STUDY O F  A 10 MW HOMOGENEOUS BOILING REACTOR POWER 
PACKAGE FOR USE IN REMOTE LOCATIONS, 
Oak ~ i d ~ e ' ~ c h o o 1  of Reactor Technology, Oak Ridge, Tenn. ,  August 21, 1953, 150 pp. 
(41 r e f s ) .  

This report  is based on a study made by i t s  authors while students in the 1952-53 session 
of ORSORT. It was made and the report  prepared in ten weeks. 

This report  covers  the preliminary engineering design of the HBR, a 10 megawatt, 
homogeneous, boiling reactor  package power plant to meet the requirements of service 
a t  remote locations such a s  the a rc t ic  bases  of our a rmed forces .  Although boiling 
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r eac to r s  have not yet been thoroughly proven experimentally, the resul ts  of this in 
vestigation place the HBR in a highly competitive position economically, thus providing 
incentive fo r  the r e sea rch  needed to answer the two remaining questions of nuclear 
stabili ty and power removal.  

The f i r s t  chapter of the report  deals with the over-al l  concept and the principal points 
of the design. Chapter I I contains the design details of a l l  components. chap te r  I I I 
discusses  the plant operating character is t ics  and procedures,  and Chapter IV, the cost 
analysis .  

The resu l t s  of this preliminary, hurried study indicate 'that a boiling reactor  has definite 
possibilities for the power package application. 

Cunningham J E 
INFORMATION PAPER ON MTR FUEL ELEMEN'I'S, 
Oak Ridge National Laboratory, P. 0 .  Box P ,  Oak Ridge, Tenn. ,  December 21,1953, 11 pp 

Sustained successful operation during the past eighteen months, has completely demon- 
s t ra ted ,  among the other things, the basic principles which guided the design of MTR 
fuel elements for  se rv ice  under conditions of high neutron flux. These principles in- 
clude powering a nuclear reac tor  with enriched u~~~ fuel, dilution of the fuel in a 
stable matr ix to avoid the dimensional instability problem and use of a plate-type con- 
struction to give a higher surface-to-volume ratio for  heal lrat~sfei- purposca. 

Although the integrity of the fuel elements was unquestionably proven after experience 
with the LITR and s tar t -up of the MTR, some development work s t i l l  remained to he 
completed in the way of optimizing the design to (1) enhance the nuclear performance 
of the reac tor  and (2) reduce the fabrication and chemical processing costs  in an effort 
to produce economics in the over-al l  operational periorniance or ttie I-eaclul . It w a s  
felt  that any reasonable effort in the direction of increasing the service life o r  reducing 
processing costs would certainly be warranted because both the fuel and control elenlerits 
a r e  replaceable cur~lpulients; hencc, contribute a recur r ing  expense.  

This repor t  summar izes  the ir~lportant developments contributed by ORNL in behalf of 
this undertaking. We understand that Phiilips Petroleum C o m p a n ~  likew.ise, is prcpar-  
ing a s imi la r  draft  outlining their accomplishments.. . 

Halik R R, et a l .  
U-233 POWER-BREEDER REACTOR - REACTOR DESIGN AND FEASIBILITY PROBLEM, 
Oak Ridge National Laboratory, Oak Ridge School of Reactor Technology, Oak Ridge, Tenn. ,  
January (1954), 263 pp. (55 re fs ) .  . 

The fluidized solids technique, used so  extensively in the petroleum and chemical indus- 
t r ies ,  has been investigated for  possible adaptation to nuclear power-breeder reac tors .  
This report  represents  the f i r s t  attempt to analyze such a system and, surprisingly, 
shows that the technique is extremely al t rac tive. 

The authors have looked at several  designs and present detailed engineering and nuclear 
calculations on the design they consider to have the greatest  promise a s  a breeder -  
reac tor  fo r  a large electr ic  power station. Basically, the design cal ls  for the circulation 



of solid particles consisting of a fuel-moderator mixture,  from the core  to a separate  
heat exchanger vessel  from which the solids flow freely to and through the core  by 
gravity. Argon, a t  essentially atmospheric pressure  is recommend.ed a s  the gas to be 
used in circulating the solids and fluidizing them in the heat exchanger. The blanket, . 
consisting of solid particles of moderator and fer t i le  mater ial  ( ~ h ~ ~ ~  ), is separated 
from the core  region by means of a graphite shell and is fluidized by a separate  gas 
s t r eam.  

Many advantages of this system over other existing o r  proposed sys tems a r e  l isted. 
Foremost  among these a r e  the high breeding gain obtainable, utilization of basic engi- 
neering principles presently in use in industry, and the ability to produce s team at 
pressures  and temperatures  comparable to those presently available to the power indus- 
t ry .  

. Nuclear calculations were made using an elaborate 2-group 2-region method. A typical 
system, operating a t  250 Mw (heat output) and producing over  80 Mw elecfr ical  power, 
requiring a 10.5 foot (diameter) core,  a 3 -foot thick blanket, and 48 Kg of u~~~ in the 
core  proper,  is discussed. 

Additional holdup of fuel in the heat exchanger and blanket brought the total fuel in- 
ventory to somewhat l e s s  than 200 Kg. Breeding gains of over +0.2 were  calculated 
even af ter  consideration was given to the poisons, leakage, and core  shell  absorption. 

The authors finally conclude that the fluidized solids reac tor  appears to be feasible and 
recommend that additional work be done, especially, 

1 .  In obtaining pertinent experimental data, 
2 .  In making a detailed cost analysis, 

. 3.  In investigating the nuclear aspects of this system. 

Visner Sidney 
A TWO-REGION HOMOGENEOUS REACTOR WITHOUT A CORE TANK, 
Oak Ridge National Laboratory, P. 0 .  Box P, Oak Ridge, Tenn.,  June 23, 1954, 7 pp. 

It has been recognized that for the economic production of u2 33 and power in reac tors  
up to 15 ft in diameter,  the two-region reac tor  with fuel in the core  and ferti le material  
in the blanket is preferable to the single region reac tor  where a l l  the mater ial  is inti- 
mately'mixed. The advantage of the two-region machine a r i s e s  from the lower fuel 
inventory and higher neutron economy i f  the core shel l  is sufficiently thin. Also, the 
effect or1 reactivity is l e s s  pronounced when the s lu r ry  set t les  i f  it is confined to the 
outer region. 

A design concept is proposed for an essentially two-region reactor--fuel solution in the 
center and a s lu r ry  of ferti le mater ial  near  the periphery --without the use of an inter-  
vening core shell .  Essentially, by the use of a rotational flow pattern, the reac tor  
vessel  is operated a s  a centrifugal type separa tor .  Although some fuel will be present 
in the outer region, and although the density distribution of the s lu r ry  may not be a s  
distinct a s  when a shell  is present,  the effects a r e  probably not important. Several 
modifications of this principal a r e  considered. 



Cochran R G, Henry K M and Flynn J D 
OAK RIDGE RESEARCH REACTOR SHADOW SHIELD EXPERIMENTS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , August 31, 1954, 11 pp 

An experiment was performed a t  the Bulk Shielding Facility to provide additional data on 
which to base the design of the Oak Ridge Research Reactor.  A simple mockup of the 
proposed ORR shadow shield was installed in the pool and gamma radiation mea.sure- 
ments  were made behind i t .  

This report  descr ibes  the experimental setup and presents  data on the scattering effects 
and attenuation of gamma rays  a s  a resul t  of the lead s lab shadow shield. 

Rosen M A, e t  a l .  
A TEN MEGAWATT BOILING HETEROGENEOUS PACKAGE POWER REACTOR, 
Oak Ridge National Laboratory, Oak Ridge School of Reactor Technology, Oak Ridge, Tenn.,  
August (1954), 234 pp. (10 re fs ) .  

This design study descr ibes  a reac tor  and associated power plant designed to produce 
1050 kw of net e lectr ic  power and 3535 kw of steam for  heating purposes.  The total 
thermal  output of the reac tor  is 10,000 kw. The fuel plates consist  of highly enriched 
UO, imbedded in a mat r ix  of s ta inless  s tee l  and clad on al l  s ides  with s tainless  sleel.  
The core  is cooled and moderated by naturally circulated, boiling, light water .  At full 
power the core  has an a<erage void fraction of 20% by volume in the coolant. T t ~ e  sa tur -  

0 
ated s team, at  415 psia and 448.2 F, is used to drive a turbogenerator. This steam is 
also used to generate nonradioactive s team for  space heating. 

The reac tor  i s  loaded with 18.1 kg of u~~~ and will supply 15 megawatt-years of energy 
before refueling if required. This corresponds to 2.5 years  of operation a t  an average 
load factor  of 6070. Burnout poison in the form of B,C is incorporated to reduce the 
reactivity excursion and thus facilitate control. 

The  majn r  objective has been to design a reac tor  which will require  n minimum of devel- 
opment effort and yet Ire reliable and inexpcnsive. The eslinlalecl capital inve3trncnt i O  

$1,258,400. The estimated cost per  kilowatt-hour for net e lectr ic  and steam power at  
the bus, based on a 6070 load demand is 4.43 cents and 1.08 cents, respectively. 

Thomas R A, e t  al. 
ULTIMATE HOMOGENEOUS REACTOR -REAC TOR DESIGN AND FEASIBILITY PROBLEM, 
Oak Ridge National Laboratory, Oak Ridge School of Reactor Technology, Oak Ridge, Tenn.,  
August (1954), 227 pp. 

The purpose of this study was to investigate the ultimate limitations of aqueous homo- 
geneous reactor  technology. Both the Project  Dynamo and the five-year plan report  of 
the Joint Congressional Committee have given to the aqueous hornogeileous system the 
distinction of having the greatest  ultimate development potentiality. This study was 
undertaken to t ry  to a s se s s ,  by means of a concrete design example, just how f a r  the 
homogeneous line of development could be pushed. 



m e  f i r s t  phase of selecting the rkactor  type for  the Ultimate Homogeneous Reactor is 
discussed. The second phase of the work is presented a s  a preliminary design of a 
200-Mw two-region breeder  reactor .  Uranyl sulfate solution was selected for  the UHR 
core  fluid which is used to generate turbine s team. A boiling D,O-Tho, s lu r ry  was 
used fo r  the blanket. The D,O blanket s team superheats and reheats  the turbine s team 

Pertinent features of the UHR a re :  (1) higher core power density; ( 2 )  higher thermal  
efficiency; (3) constant turbine s team conditions from no load to full load. 

Zeitlin H R, e t  a l .  
BOILING HOMOGENEOUS REACTOR FOR POWER AND u~~~ PRODTTCTION, 
Oak Ridge National Laboratory, Oak Ridge School of Reactor Technology, Oak Ridge, Tenn. ,  
August (1954), 172 pp. 

A preliminary design of a 500 Mw, one region, boiling homogeneous breeder  reac tor  
fueled with a s l u r r y  of Tho; UO, in D,O operating a t  1000 psia, has  been developed 
for  central-station power. The reactor  is of the natural circulating type employing 
internal liquid vapor cyclone separa tors  and an internal downcomer, and requi res  no 
pump o r  major  mechanical devices in the pr imary loop. 

It has been the objective of this study to analyze the problems of control and pdwer 
removal, to determine what l imits the engineering and economic feasibility of such a 
system, and finally to develop a preliminary design for  a typical boiling reac tor  system. 

Kinney W E 
STAINLESS STEEL UNIVERSITY REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , October 30, 1954, 8 pp. 

This paper presents  the resul ts  of a study to determine the cr i t ical  m a s s  of a swimming 
pool type reac tor  with s tainless  s tee l  substituted for  aluminum in the fuel plates. The 
heat t ransfer  in  such a reactor  is discussed and data presented. 

Sanders J P 
DEFORMATION O F  MTR FUEL ELEMENT IN STATIC PRESSURE TESTS, 
Oak Ridge National ~ a b o r a t o r ~ ,  Oak Ridge, Tenn.,  April  22, 1955, 36 pp. 

Internal pressure  tes t s  were made to determine the deflections i n ~ u r r e d  in the outer 
fuel plates of MTR elements a s  a resul t  of internal pressure .  It was found that an 
internal pressure  of 7 psi  produced a 20-mil deflection in the outer concave fuel plate 
of an element with 50-mil thick outer fuel plates and 118-inch thick side plates: 

An investigation of the effect of increasing the thickness of the outer fuel plates in this 
element indicated that the internal p re s su re  necessary to produce the '20-mil deflection 
did not change for  an element with 60-mil thick outer ,plates, but changed ,to 9 ps i  for  a 
,thickness of 65 mils,  and 10 ps i  for  a thickness of 75 mils. .  



Examination of the fuel elements thus tested indicated that the side plates were bending 
outward near  their junction with the concave outer fuel plates thus allowing this outer 
fuel plate to deform more  easily.  This fact was confirmed by restr ic t ing the bending 
in the side plate of an element with 60-mil thick outer plates and 118 inch thick side 
plates and comparing the resu l t s  with an  identical unsupported element. The resultant 
internal p re s su re s  necessary  to cause a 20-mil deflection were  7 psi for  the unsupported 
element and 15 psi  for  the supported element.  

Incrcacing the s i d ~  plate thickness also had a marked effect on the resis tance of the 
outer fuel plates to deformation. An element with 3 /  16-inch thick sltfe p l a l t ~  and 76 mil 
thick outer fuel plates sustained an internal pressure  of 17 psi with only 20-mils 
deflection in the concave fuel plate. 

Tcsts" in which a vacuum was drawn on the inter ior  of the fuel elements indicated that the 
convex outer  fuel plate was more  resistan1 lu deforimation by an ext~r i la l  pressure. than 
was the concave outer fuel plate. Fo r  elements with 60-mil thick outer fuel plates and 
118-inch t h i r k  side plates, ,an external p re s su re  of 12 psi prsoduced deflections of l e s s  
than 5 mils. in the, outer convex fuel plate and deflections of 12  rrlils i ~ i  t l ~ c  outcr oonsavr? 
fuel plates.  

Sanders J P 
EXPERIMENTAL DETERMINATION O F  FLOW THROUGH HOLES IN SIMULATED MTR 
END BOXES, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.,  May 5, 1955, 30 pp. 

Holes have heen cut in the lower end boxes of MTR fuel elements in o rde r  tn redis t r ih-  
ute the flow between the end box and the channels surrounding the end box. A lucite 
model has been made to simulate these flow channels, and a correlation has been made 
between the flow through hol'es connecting these channels and pressure  differentials 
between the channels. 

The flow ra t e  in each of the channels was .calibrated a s  a function of a measurable p re s -  
s u r e  differential. After calibration the flow through holes interconnecting the channels 
was determined a t  various combinations of p re s su re  and velocity differences in the 
c hanilcls . 

The average static p re s su re  in  the system did not influeme the flow through the 11 2-in.- 
diameter holes; however, increased velocity in either the channel representing the flow 
inside the end box o r  the channel representing the flow outside the end box causcd s 
decrease in the amount of water t ransferred through the hole'for any given pressure  
drop. Velocity increases  in the sma l l e r  channel representing the flow between end 
boxcs had a greater  effect in this respect .  

CF-55-5-103 (Rev 2 )  

Green Franc is  P 
A BIBLIOGRAPHIC FILE OF TECHNICAL REPORT ABSTRACTS USEFUL TO REACTOR 
CONTROL SYSTEM ENGINEERING, . 
Oak Ridge National Laboratory,. Oak Ridge, Tenn. , March ,I, 1958, 17 pp. 



This report  describes a punched-card abstract  file in use a t  Oak Ridge National Labora- . 
tory. This file consists of three principle divisions which a r e :  (1) reac tor  control 
philosophy; (2) reactor  types; and (3) an  a rb i t ra ry  grouping of the principle building 
blocks of the feedback control loop, the reactor  latt ice control elements, the control 
actuators,  the control computers, and the sensory instruments.  Appendix IV consists 
of a listing of organizations and their report  code numbers. 

Johnson E B and Henry K M 
CRITICAL TESTS FOR THE PENNSYLVANIA STATE UNIVERSITY REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, ~ e n n . ,  June 30,1955, 6 pp. 

Cri t ical  tes ts  with the fuel elements for  the Pennsylvania State University ~ e a c t o r  were  
performed in the grid of the ORNL Bulk Shielding Reactor (BSR) June 6 and 7, 1955. A 
total of three configurations were assembled, each of which was completely reflected 
by water .  In each loading the proposed positions of the four control rod elements were  
simulated. 

Nelson M L and Lansing N F 
ORR REACTOR PHYSICS: PROBLEM I, INFINITE SLAB MODEL, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., Contract No. 
W-7405-Eng-26, August 31,1955, 17 pp. (6 refs) .  

This report  describes the physical system of the ORNL Research Reactor (ORR) and 
compares i t  with the chain-reacting core  of the Materials Testing Reactor (MTR). 

A description is also given of an  idealized system which was a pr imary  objective of the 
initial calculation to obtain a rough idea of the neutron flux distribution. 

CF-55-8-190 (Rev) 

Guernsey E 0, e t  a l .  
A FOOD STERILIZATION REACTOR - REACTOR ,DESIGN AND FEASIBILITY PROBLEM, 
Oak Ridge National Laboratory, Oak Ridge School of ~ e a c t o r  Technology, Oak Ridge, Tenn.,  
April  (1953); 153 pp. 

A study has been made to determine the feasibility of steril izing beef with reactor  
produced galnn>a radiation. 

Results of the study have been measured against specifications established by the US 
Army Quartermaster  Corps and against estimated resu l t s  fo r  meat steril ization with 
other sources of radiation. A conceptual design for  a reactor  - irradiation system, 
involving activation of a medium in the blanket of a heterogeneous reactor ,  sat isf ies  
these specifications. It compares favorably with other sources of radiation. 

Fur ther  work to improve the reactor  - irradiation system i s  recommended. 



Johnson E B, Henry K M and Flynn J D 
THE WADC VOID MOCKUP TEST AT THE BULK SHIELDING FACILITY, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., October 20, 1955, 19 pp. 

A mockup of one of the voids fo r  the proposed WADC reac tor  was used a t  the BSR to 
determine the changes in  reactivity which could occur due to the varying of 'conditions 
in the void. The void was of sufficient s ize  to completely cover one face- of the BSR. 
Neutron-absorbing curtains (cadmium and horal)  w e r e  testcd to determine their crlcc- 
t iveness i n  insulating the reac tor  reactivity-wise from changes inside the void. Equip- 
ment  to, be placed in the WADC void were simulated in  the BSR tests  by i ron s labs 
located between the neutron-absorbing curtain and the void. The largest  reactivity 
change observed was approximately 37'0. 

Ul ln~ann J W and A I . I I ~ J ~ ~  E D 
D ~ C A Y  AND STORAGE O F  IRRADIATED FUEL, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn. , April 0, 1066, 19 pp. 
(3  re fs ) .  

Reasons for  s torage to allow decay of i r radiated fuel elements and possible methods of 
s torage a r e  given. The effects on s torage and inventory costs  of fuel element compo- 
sition, plant size,  element geometry, reac tor  type, methods of irradiation and recycle, 
and type of metallurgical handling a r e  discussed. Est imates  and comparisons a r e  in- 
cluded for  the decay for  severa l  typical fuels. The special problems associated with 
thorium fuel* elements a r e  considered. 

Wright W L 
THE ORR REACTOR BUILDING, REACTOR STRUCTURE AND SERVICES, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn. , April 19, 1956, 54 pp 

This repor t  was prepared a s  the f i r s t  s tep in collecting mater ial  for an overall  report  
on the OHJ3 Project .  The topics discussed here  a r e  congtruction details of t h ~  research 
reactor.  building and building utilities. Illustrations a r e  included of the ORNL Research 
Reactor,  floor plans, and building s e c  tionals. 

Briggs R B and Kolb J 0 
A HOMOGENEOUS-REACTOR GAMMA IRRADIATION FACILITY, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, 
July 27, 1956, 15 pp. (6 re fs ) .  

This repor t  is the resul t  of a brief study made of a meat-irradiation facility consisting 
of a n  a q u e o k  homogeneous reactor  and a source utilizing fission-product gases and 
their  daughter products. It was estimated that a reac tor  power level of 1.5 Mw would 
be required to obtain a source that would i r radiate  6 in. x 16.in. x 20 in. boxes of meat 
to a dose of 2 x 1'0' rep  in  30 min and a t  a ra te  of 2800 lb lh r .  Approximately 114% of 



the reac tor  power would be emitted a s  energy of gamma photons in the source.  Based 
on experience with the Homogeneous Reac'tor Test', it is believed that the ent i re  facility 
would cost about $5.5 million. 

Brown R A, et  a l .  
A LOW COST PHYSICS AND ENGINEERING TRAINING REACTOR, 
Oak ,Ridge National Laboratory, Oak Ridge School of Reactor Technology, P .  0 .  Box P ,  
Oak Ridge, Tenn., August (19561, 194 pp. (7  refs) .  

This i s  a summary report  of the efforts of eight students toward a problem in reactor  
design and is the culmina'tion of twelve months of study! 

This report  covers  the conceptual design of a low cost  training reactor  for  the instruc-  
tion of physicists and engineers. Et is conceived a s  an instructional tool for  a course 
such a s  that giveri at  the Oak Ridge School of Reactor Technology'. As envisioned in this 
report ,  the reactor  'is of a modified pool type. 1t is, designed for a maximum power 
level of one megawatt . This arrangement w i l l  accommodate engineering experiments,  

. shielding experiments, and cr i t ical  experiments a s  well a s  being useful a s  a neutron 
and gamma source.  

CF-57-6-87 (Rev) 

Pa rke r  G W and Creek G E 
EXPERIMENTS ON THE RELEASE O F  FISSION PRODUCTS FROM MOLTEN REACTOR 
FUELS, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn.,  May 11, 1958, 22 pp. (9refs) .  

Experiments in the controlled melting of irradiated fuel specimens, particularly of the 
APPR, STR, and MTR types, have confirmed that prolonged heating in a i r  at  temper-  
a tures  it2 excess  of the melting point resul ts  in the re lease  of a large portion of the 
radioactivity. On the other hand, a moderate amount of heating in a i r  o r  s team suffi- 
cient only to melt  a specimen resu l t s  mainly in the partial  volatilization of the r a r e  
gases; the halogens, iodine and bromine; and the alkali  metals,  cesium and rubidium. 
In the presence of a i r  o r  water vapor, strontium and other fission products a r e  not 
released.  

0 
At t race concentration of fission products, slow melting of the APPR plate a t  1525 C 
in a i r  o r  s team effected the release of 50 per  cent of the r a r e  gases, 33 per  cent of the 
iodine, 9. per  cent of the-cesium and t races  of strontium. After 25 per  cent burn-up, 
the cesium value increased to about 60 per  cent. Aluminum alloy of .the MTR type, 

0 
also a t  t race  concentration, upon melting a t  700 C released up to 2 per  cent of the 
iodine, 10 per  cent of the r a r e  gases,  and negligible portions of other fission products. 

0 
Zirconium alloy 01 the STR type af ter  15 per  cent burn-up when melted at 1850 C, 
released up to 95 per  cent of the r a r e  gases,  90 per  cent of the cesium, 60 per  cent 
of the iodine, and only a t race of strontium. 

Edlund M C and Noderer L C 
ANALYSIS O F  BORAX EXPERIMENTS, 
Oak Ridge National Laboratory, P .  0 .  Box P, Oak Ridge, Tenn.,  July 19, 1957, 30 pp. 



An analysis of the self-limitation of power excursions by steam production in hetero-  
generous water-moderated reac tors  using MTR-type fuel elements s eems  to give ex- 
cellent agreement with Borax data on both fuel plate temperature r i s e  and total energy 
f o r  excursions in which the reactor  i s  initially at saturation temperature.  A simple 
model fo r  steam production i s  developed from thermodynamic and heat diffusion con- 
s iderat ions.  

In those cases  for  which the reactor  is substantially subcooled, it appears that for  MTR 
fuel. elements,  a t  least, a l l  the water in the coolant channels a t ' the hottest par t  of the 
reac tor  must  be heated to saturation temperature before steam is  produced. 

The theory i s  used to discuss the safety mer i t s  of research  reac tors  which differ in 
neutron generation time, s team void coefficients and hydrodynamic character is t ics .  

It i s  shown that heavy water r eac to r s  of the CP-5 type, because of their long neutron 
lifetime, can safely self-l imit power excursions resulting from much la rger  reactivities 
than can the light water reac tors  of the swimming pool type. On the other hand, the 
response of the two reac tor  types to equivalent accidents, such a s  the addition of a 
given amount of fissionable mater ial ,  i s  practically the same.  

Box W A, e t  a l .  
FEASIBILITY STUDY O F  A HOMOGENEOUS FUSED SALT-MOLTEN METAL COOLED- 
POWER, REACTOR SYSTEM, 
Oak Ridge National Laboratory, Oak Ridge School of Reactor 'l'echnology, Oak Ridge, T ~ I I I I . ,  
August (1957), 200 pp. (51 refs) .  

The reac tor  system consists of a homogeneous fused sa l t  reactor  coupled to a steam 
power plant by a molten lead heat t ransfer  system. The pr imary heat exchange between 
the fused sa l t  fuel and the lead i s  done by direct mixing of the sa l t  and lead i n  a j e l  

pump.  There a r e  no mechanical pumps o r  wall-type .heat exchangers in the fused sal t  
fuel system. The sa l t  and lead a r e  separated downstream from the jet pump by a 
pipellne separator .  The L11el.11lal enel-gy i s  then t rancferred to the s team system by the 
molten lead through conventional type heat exchangers. 

C a r t e r  W L,  . e t  al. 
DESIGN STUDY OF AN ADVANCED TEST REACTOR - REAC'I'OR DESIGN AND . 
FEASIBILITY STUDY, 
Oak Ridge National Laboratory, Oak Ridge school of Heactor Technology, Oak.Ridge, Tenn.,  
August (1957). 

Certain design cr i te r ia  and limitations have been imposed a s  boundaries and goals for 
this particular design study. They a r e :  

a .  The reac tor  is to be used for  fuel element tes ts  and fuel element exp'eriments only. 
Other types of research  and electr ical  power production a r e  not to be considered. 

b. Four eight-inch diameter through-pipes a r e  to be provided for testing and experi-  
ments.  

2 
c .  A thermal neutron flux of 1 x lo1' n /cm -see o r  greater  should be delivered to the 

experiment. 



d. The thermal  neutron flux available for the experiments should not vary by more  
than 5070 over the experiment region. 

e .  The reac tor  power'should not be in excess  of 500 megawatts. 

f .  A reasonable core  life in excess  of seven days is desirable.  

g. Use of components requiring extensive development is to be avoided because of the 
immediate need.for the reac tor ;  Only existing technology is to be considered. 

This study has been pr imari ly  concerned with the core  design of a reac tor  to meet the 
above requirements.  Geometrical considerations have been limited to arrangements  
that will place experiment tubes in regions of highest thermal flux. This investigation 
was not extended to a complete design of a reactor  facility, but has been directed princi- 
pally toward providing an experiment zone having the desired nuclear properties.  A 
nominal amount of engineering has been considered to recognize some of the problems 
associated with the construction of such a reac tor  and to investigate means of heat 
dissipation. 

No attempt has been made to estimate the cost of a complete facility of this type. 

The reactor  is a heavily -loaded, fully-enriched u~~~ system containing four 8-inch 
diameter experiment tubes penetrating the core.  The core  configuration is two fuel 
s labs separated by a D 2 0  moderating region containing the four experiment tubes. A 
fast neutron reflector of 70 volume percent aluminum and 30 volume percent D 2 0  com- 
pr i ses  the region a t  the outside of the fuel slabs.  Unperturbed thermal  neutron fluxes 
a s  high a s  2.48 x 1015 n / cm2-sec  can be supplied to the experiment region for  a core  
lifetime of grea te r  than 12 days a t  a total reac tor  power not exceeding 500 Mw. 

Johnson E B . . 
POWER CALIBRATION FOR BSR LOADING 33, 
Oak Ridge National Laboratory, P. 0 .  Box P, Oak Ridge, Tenn. , 'November 28,1957, 
15 pp. (4  re fs ) .  

SBR Loading 33 consists of an essentially 5 b'y 6 fuel element a r r a y  completely reflected 
by water.  It was controlled by means of two boron carbide shim-safety rods and a Type 
347 stainless s tee l  regulating rod with an 87-mil wall. The cr i t ical  m a s s  was about 
3,4 Kg of u"', with an excess  reactivity for  the clean cold loading of about 0.670. The 
total m a s s  fn the initial loading was 3.'6 Kg of uZ3'. 

Power calibrations were made during the f i r s t  s e r i e s  of runs a t  power levels appreci- 
ably above 1 watt. Cobalt foils were used a s  the detector mater ial  for  the thermal  
l?eutron f lux 'dete~minat ion in the lattice. 

. . 

A number of neutron flux det&rniinati&s, using indium foils,' were made in w5ter along 
the reactor  north-south centerline.. Small gold foils were ,used in the water near the 
reactdr  face (0' to 15.5 c m )  in orde'r to determine the shape of the attenuation in this 
region. ' 

The data taken a r e  presented in four tables.' . . 
. . 



Adams R E and Browning W E 
FISSION GAS HOLDUP TESTS ON HRT CHARCOAL BEDS, 
Oak Ridge National Laboratory, o a k  Ridge, Tenn., April 2, 1958, 14 pp. 

Fission gas (Bryston and xenon isotopes) holdup tests  on the HRT charcoal beds under 
simulated operating conditions have been completed. A radioactive t ractor  technique 
developed for  use in  the laboratory absorption study was utilized in these tests .  The 
efficiency of the charcoal  beds, in regard to holdup of fission gases,  exceeds design 
specifications. On the basis  of these tests,  the charcoal beds should perform sa t i s -  
factorily with the HRT operating a t  10 Mw with a total oxygen flow of 3 l i t e rs /min  or  
a t  5 Mw with a total oxygen flow of 3.5 l i ters lmin,  assuming that the maximum charcoal 

0 
temperature .in the f i r s t  sections of the 'bed does not exceed 100 C a r ~ d  Itlab llie lenlper- 

0 0 
a ture  in  the 6 inch diameter section i s  in the 15 - 20 C range. 

Cnmpton A H (Project  Director) 
PROGRESS REPORT - EQUIPMENT DECONTAMINATION, 
Separations Development Division, Clinton Laboratories,  August 21, 1944, 18 pp. 

This repor t  discusses decontamination of stainless s teel  and development of water-  
soluble cel l  paints. Sarrlples of stainless s teel  were contaminated and then decontami- 
nated by a method outlined in the report .  The decontamination was cvrrlpleted without 
significant corrosion effects. Solutions of sixteen mater ials  were tested on one inch 
by one inch panels for use a s  water-soluble coatings for a l l  walls and equipment pieces. 
The resu l t s  of these tes t s  a r e  presented. 

Leverett  M C' (Division Director) 
FINAL REPORT - EQUIPMENT UECUN'I'HIVILL'~ATICJN PROBLEM ASSIGNMENT 
NO. 242-X21AS, 
Clinton Laboratories,  Technical Division, Contract No. A-74U5-Eng-39, December (19.44), 
12 PP- . 1  

Stainless-steel t es t  pieces f rom semiworks and plant process  vessels,  covering a wide 
range of contamination, were decontamirialed. The decontamination factors  (DF1s)  
obtained were al l  in the range 50-200. 

Satisfactory decontamination of cer tain counting instruments made primari ly  of b ra s s  
and  mild s teel  was  obtained without excessive allack by brief immersion of the b r a s s  

0 and mild s teel  pa r t s  separately in 6N(30 per  cent) HNO, at 65 C. 

Tapoganth-CaC1, water-soluble paint, with and without the addition of 570 glycerine, 
was tested on ce l l  sur faces  and on sma l l  panels in desiccators.  It was found that the 
paint tested was very humidity dependent. The Tapoganth-CaC1, paint, without 
glycerine, was satisfactory fo r  high-humidity conditions. The 570 glycerine paint was 
satisfactory for long periods a t  low humidities. 



Metcalf H E 
A BRIEF GENERAL DESCRIPTION O F  THE ARGONNE URANIUM-GRAPHITE PILE (CP-2),  
Argonne National Laboratory, Metallurgical Project,  Lemont, Il l . ,  December '20, 1944, 10 pp. 

This report  gives a general description of the Argonne uranium-graphite pile (CP-2).  
Drawings a r e  presented to show only the main features of the pile.. Minor variations 
in the lattice a r e  not indicated, nor a r e  a l l  s lots  o r  openings spotted. 

CRHP- 709. 

F r a s e r  C D and Ophel I L 
THE CHATtK l3.TVF.R LIQUID DISPOSAL AREA, 1956, 
Atomic Energy of Canada Limited, Chalk River Project,  Chalk River,  Ontario, June 1957.; 
40 pp. (10 re fs ) .  

F i v l  liul.lace p l t s  in  the Ctialk Kiver ~ i q u i d  Disposal Area have been used since Decem- ' 

ber  1952 for the disposal of wastes  containing fission products. The Liquid Disposal 
Area is situated on elevated ground with low-lying swampy a reas  to the eas t  and south. 
Since November 1955 the surface water of these swamps has been contaminated by the 
seepage of wate'r containing severa l  radioisotopes. Investigations show that three of 
the five disposal pits a r e  contributing to this surface contamination. The s t r eams  and 
a lake receiving the drainage from these swamps also show low levels of contamination. 

Examination of the contaminated a r e a  shows strontiums0 to be the most  important of the 
radioisotopes present.  The amounts of srS0 present in the, s t ream draining the a r e a  
a r e  not sufficicnt to raise the s l ream water  to the drinking water tolerance concentration 
Present  levels of S r  in the plants and afiimals of the a r ea  do not constitute a' hazard 
to man, and contamination is entirely confined to the Chalk River exclusion a rea .  

Soniat A E 
LABORATORY DEVELOPMENT O F  REACTOR SIMULATOR, 

i . .  ~ o n v a i <  Divlslon of General Dynamics,Corporation, F o r t  Worth, Texas, February 22,1954, 
44 pp. (4  re fs ) .  

An electromechanical reac tor  simulator has been designed and constructed by the 
Aerophysics Laboratory.  The unit satisfactorily simulates the character is t ics  of a 
l~ranium reactor  and has been successfully used to check the control system of one such 
reac tor  . This report  discusses the theoretical background of the simulator,  presents  
a functional description of the system, describes the circui t ry used in the simulator, 
and discusses operational procedure for  the simulator.  

Castner. S V and Paschal F L 
IRRADIATED MATERIALS LABORATORY OPERATIONAL PROCEDURES, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, Contract No. 
AF33-(038)-2117, October 15, 1954, 33 pp. 



The purpose of this report  is to p ~ a v i d e  an operational procedure for  the Irradiated 
Mater ials  Laboratory in order  to eliminate o r  reduce the health hazards which a r e  
present  when testing i r radiated mater ials .  

The major  objectives of this procedure a r e  to provide the methods and controls required 
to : 

a .  Per form the necessary  tests  and/or  examinations on i r radiated mater ials  a s  soon 
a s  possible af ter  irradiation. 

b .  Prevent  the spread of contamination both inside and outside of the labor-atory. 

c .  Lower the effective dose r a t e  to personnel conducting tests .  

d .  P repa re  for emergency maintenance, alterations o r  general repa i rs  to aclive 
components of reac tors ,  e tc .  

  his report  i s  broken down into four major  categories:  

I .  General Procedures  
I I. System Panels Testing Procedures  
111. Reactor Components Modification o r  Repair Procedures  
IV .  Health Physics Procedures  

- - - -  
A CONCEPTUAL DESIGN STUDY OF AN ADVANCED ENGINEERING TEST REACTOR, 
Curtiss-Wright Corporation, Research Division, Quehanna, P a . ,  Contract No. 
AT-(30-31-275. May 1, 1957, 57 pp-. 

This report  contains a technical description of an Advanced Engineering.Test Reactor 
(ATR) conceptual design containing seven major ver-tical test  loops and approximately 
forty capsule irradiation locations. The peak flux is approximately 5 x 1015 n/cm2 -sec 

0 
and the average unperturbed flux i s  Y . S  X 10'" .n/clr12 -set (Lull1 valucs at 186 F), The 
usable flux within a water-filled test  loop i s  approximately 2 x lo1" n/cm2 -sec a t  the 
center  loop and lo i5  n/cm2 -sec in any of the six surrounding loops. A maximum-to- 
minimum flux rat io  of two is satisfied axially over the center  three feet of the core .  

The design is based upon cylindrical geometry utilizing solid fuel elements in a heavy 
water moderated core .  A graphite reflector surrounds the core  region while a heavy 
water graphite combination se rves  a s  the top and bottom reflector.  The over-all  
dimensions a r e  a seven foot diameter by five foot length core  with an eighteen inch 
ref lector .  Enclosing the core and reflector is a multilayered s tainless  s teel  thermal 
shield cooled by circulation of the moderator.  

The reac tor  i.s designed for  a five-day fuel burnup cycle using boric ac id 'as  a 
dissolved in the heavy water moderator.  In-core to out-of-core volume rat ios  for  the 
heavy water moderator indicate that continuous removal of the acid will be required 
during operation. 

The reactor  is mounted within a large pressure  vessel  which is also cooled by moderator 
circulation. Access holes . a re  provided in the vessel  cover for  fuel e lemer~l  replace- . 
ment. The heavy water moderator  ac ts  a s  a pr imary  coolant and i s  circulated directly to 
an  external heat exchanger. Light water i s  to be used a s  a secondary coolant. 



Total  power a t  s t a r t - u p  is 520 Mw and 360 Mw a t  shutdown. The peak power p e r  tube 
is 6.2 Mw respec t ive ly  a t  s t a r t - u p  and shutdown. The init ial  c r i t i c a l  loading is 33 lbs  
of fully enr iched u ran ium.  

An insulat ing s l eeve  composed of a one inch thick r i n g  of A1,0, su r rounded  by a 114 inch 
thick r i n g  of diatomaceous e a r t h  is proposed f o r  location next to the inner  wal l  of the 
t e s t  hole and the assoc ia ted  wal l  t e m p e r a t u r e s  and s t r e s s e s  a r e  p resen ted .  

A p re l iminary  design of ex te rna l  heat  exchanger  is tabulated in  deta i l .  

A brief  s tudy of poss ible  s i t e s  indicated that the c r i t e r i a  of cold w a t e r ,  e l e c t r i c  power ,  
isolat ion,  t ranspor ta t ion and waste  d i sposa l  fac i l i t ies  a r e  the controll ing f a c t o r s  i n  
that o r d e r  of . importance .  Exis t ing Atomic Energy  Commiss ion  s i t e s  w e r e  cons ide red  
and Hanford, Washington, w a s  chosen a s  the mos t  des i rab le  f o r  this  r e a c t o r .  If the 
ATR is not located on a present ly  occupied AEC s i t e ,  the nor the rn  peninsula of Michigan 
border ing  e i t h e r  L a k e s  Super ior ,  Michigan o r  Huron o r  the Klamath River  in  California 
n e a r  the Paci f ic  c o a s t  a r e  fe1.t to be a t t r ac l ive  potential  locations.  

B a k e r  C ,  Jr . , Llewellyn W E and Maloney J P 
A SIMPLIFIED SAFETY ROD ACTUATOR, 
E .  I. ,duPont de  Nemo1.1rs & C o . ,  P i l e  Engineer ing Division, Savannah River  Laboratory ,  . 

Aiken, S. C . ,  Con t rac t  No. AT.-(07-2)-1, May (19551, 20 pp.  

The actuator  developed a t  the Savannah R i v e r  Labora to ry  f o r  dece le ra t ing  a sa fe ty  rod  
employs  a winch d r u m  a s s e m b l y  that  is designed to d iss ipate  the energy  of the fal l ing 
rod dur ing i t s  l a s t  few fee t  of t r ave l  by rapidly  acce le ra t ing  the d r u m .  The snubbing 
is accorrlplished by pe rmi t t ing  the l a s t  few tu rns  of the cable  to unwind f r o m  a s p i r a l  
groove that  is cut  in  a conical  su r face  on one end of the d rum.  As  the cable  unwinds 

f r o m  the s p i r a l  groove and approaches  the apex of the cone, the downward velocity of 
the rod approaches  z e r o  a n d ~ t h e  d r u m  is acce le ra ted  to a high angular  vel.ocity. The 
cable  is anchored to a shaf t  that  s e r v e s  a s  the axel  of the conical  d r u m .  The d r u m  can  
ro ta te  f r e e l y  re la t ive  to the shaft ,  thereby permit t ing the r o d ' t o  r e m a i n  i n  i t s  down 
position a f t e r  a n  e m e r g e n c y  drop without the cable being rewound by the rapidly  ro ta t ing 
d r u m .  

C l a r k  H K and Engl ish  J C 
XENON TABLES, 
E .  I. d i ~ o n t  de Nemours  & C o . ,  Theoret ica l  P h y s i c s  ~ i v i s i o n ,  Savannah R i v e r  Laboratory ,  
Aiken, S . C . ,  Con t rac t  No. AT-(07-2)-1,  May (1957), 134 pp. 

Tab les  a r e  presented that majr be used to es t ima te  the reac t iv i ty  t r ans ien t s  r e su l t ing  
3 5 

f r o m  xenon poisoning i r l  any t h e r m a l  r e a c t o r  that  employs  u2 a s  the pr incipal  f i s s ion-  
able m a t e r i a l .  The xe13 '  concentrat ion is given a s  a function. of t ime  in  units  of xenon 
absorpt ions  p e r  f i s s ion  neutron.  F o r  enr iched r e a c t o r s ,  thcse  unils  approximate  c l o s e -  
ly the react iv i ty  held in xenon. The t h e r m a l  flux is e x p r e s s e d  in units  of megawat ts  
f r o m  t h e r m a l  f i s s ions  p e r  kg of u ~ ~ ~ .  Table  e n t r i e s  a r e  spaced  a t  flux i n c r e m e n t s  of 
0.005, 0.01, and 0.02 in the f lux r a n g e s  0 to 1.0, 1 .0  to 3.0, and 3.0 to 10.0 respect ively .  



Babcock D F (Coordinator) 
POWER REACTOR STUDIES QUARTERLY PROGRESS REPORT - MAY, JUNE, AND 
JULY 1957, 
E .  I. duPont de Nemours & Co. ,  Savannah River Laboratory, Explosives Dept., Aiken, S. C . ,  
Contract No. AT-(07-2)-1, September (1957), 66 pp. 

The physi.cs, engineering, and equipment character is t ics  of s ix  schemes fo r  producing 
electr ic  power from an atomic reac tor  that is fueled with natural uranium and moderated 
with heavy water a r e  tabulated in detail. Six power reactor  corlcepts a r e  summareized. 
Three  a r e  D,O-cooled pressure-vesse l  reactors ,  one is a D20-cooled pressure- tube 
reac tor ,  one is a H2 -cooled pressure- tube reactor ,  and one is a He-cooled pressure-  
vesse l  reactor .  A seventh reac tor  concept, a preliminary design of a C0,-cooled 
pressure- tube reactor ,  is discussed in the text along with the other s ix .  The plants 
a r e  designed to produce 100 Mw of electr ic  power. 

The experimer~lal  study of the r111c1ear properties of different arrangements  of natural 
uranium in heavy water was extended to include oxide-fueled latt iccc; P r~ l i~ .~ i ina r : f  
m e a s u r e ~ e r i l s  of thc bucklings of the UO, -fueled latt ices a r e  summarized.  The resul ts  
show that uxide fuoled latt ices may be designed for  long fue l -expo~ure  ryc les ;  however, 
direct  ~ubslil i l t ion of 0 ~ i r - l ~  fuel for  metal  fuel in the sallle rcac tos  1att.ir.e mag present 
some  difficulties. 

Control systems a r e  described for  a D,O-cooled pressure-vessel  reac tor  that operates 
with hot moderator .  Seven control rod clusters  and twelve shim rods a r e  capable of 
controlling the ra ther  wide range in reactivity to which the reac tor  i s  subjected a s  a 
resu l t  of expansion of the moderator a s  it comes up to temperature and a s  a resul t  
of long-term reactivity transients.  A figure show3 a possihle method for  controlling 
the reac tor  during s tar tup and changes in demand. Prel iminary analysis of the reactur- 
transients that immediately follow changes in demand show that, i f  the holdup of light 
water  in  the steam boiler is large enough, (a)  the reactor  may be self-regulating over 
a fair ly  sizable range of demand changes, (b) negligible surges  occur  in reactor  power, 
temperature,  and pressure  during the period of change, and  (c )  no movements of con- 
t ro l  rods a r e  necessary  to damp the transients.  Control rods a r e  moved only to regu- 
late s team temperature,  to s t a r t  the reac tor  and shut i t  dowr~, o r  to compensate for  
xenon pni.soning and long-term reactivity transients.  The analysis of the reac tor  
transients i s  being cxtendtid to iilclude largc step changes in demand and in control rod 
position. 

A test  to a s s e s s  the effects of high temperature on a zirconium-clad tube of natural 
uranium metal which had been i r radiated to a maximunl exposure of grea te r  than 4500 
MwD/T showed that heating to 400 to 4 5 0 ' ~  for a shor t  time caused an additional aver -  
age growth of about 0.007 inch in outer diameter.  The growth that was due to i r rad i -  
ation at low temperature had previously been determined a s  approximately 0.007 inch 
also.  The average total dianletral  growth due to both heating and irradiation amounted 
to approximately one-half per  cent. 

McCullen J D 
REACTIVITY LOSS DUE TO XENON BUILD-UP, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, January 21, 1954, 
1 graph. 



This i s  a graph which shows the value of A K/K loss due to the buildup of xenon af ter  
shut-down of the AERE reac tor .  This loss  is plotted a s  a function of the number of 
hours after shut-down to a point where the reactor  reaches i t s  steady-state value. 

Taylor l% M 
RADIATION HAZARD CONTROL IN A POWER REACTOR INSTALLATION, 
Electr ical  Engineering, Vol. 76, No. 10, pp. 880-883, October (1957), (1 r e f )  

This paper discusses operational control problems which a r e  necessary to insure ade-  
quate protection from two main types of radiation damage, somatic and genetic, when 
operating a power reac tor  installation. The general character is t ics  and types of rad i -  
ation a r e  discussed. 

To avoid the effects of direct damage to the individual (somatic damage), it i s  suggested 
that the lifetime dose to any individual should be l e s s  than 200 roentgens and should 
be received over a long period of time at a ra te  not in excess  of 0.3 roentgen per  week. 

To reduce genetic damage, it is recommended that the individual exposed should not 
receive more  than 50 roentgens by the age of 30 and not more  than an additional 50 
roentgens by the age of 40. Population dose should not exceed from 3 to 10 roentgens 
per  generation. 

Operational hazards,  control of external radiation, and control of radioactive contami- 
nation a r e  discussed with respect  to the .operation of a nuclear reac tor .  

McWhirter J W, et al .  
PULSE RADIATION TESTING REACTOR - PRELIMINARY DESI'GN, 
Convair, Engineering Department, A Division of General Dynamics Corporation, 
Fo r t  Worth, Texas, July 20,1957, 53 pp. (5 refs) .  

(Proprietary Information) 

Kattner W T 
A PROPOSED SYSTEM FOR PEKFOHMING IRRADIATION EXPERIMENTS, INCLUDING 
POST-IRRADIATION TESTING,. IN'CONTROLLER ENVIRONMENTS, 
Paper .  presented a t  the 2nd Semi-Annual 125A Radiation Effects Symposium, October 2 2 -  23, 
1957, Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, 2 2  pp. (5 refs) .  

This paper describes a system for  maintaining important environmental conditions about 
mater ials  samples  throughout an irradiation experiment with a swimming-pool reac tor  
source.  Desired temperatures,  hu r~ i id i t i e s ,  and atmospheres a r e  imposed pr ior  to and 
during post-irradiation and during irradiation testing to allow c l ea r  interpretation of 
the data obtained. Features  include ease of maintenance, a low -radiation field for 
operators ,  and a method for  quickly modifying the neutronlgamma rat io  in the radiation 
chambers .  
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Jacobs,on J and Carney  K G, J r .  
RESEARCH, TESTING, AND PRODUCTION IN THE SWIMMING POOL REACTOR, 
G e n e r a l  E l e c t r i c  Co. , Atomic Power  Equipment Dept. , San Jose,. Cal i f . ,  Ju ly  3 1,'1957, 
16 pp. and s e v e r a l  i l lus t ra t ive  drawings.  I 

I' 

The swimming pool r e a c t o r  provides  a l a r g e  va r i e ty  of exper imenta l  fac i l i t ies  to enhance 
dis t r ibut ion and availabil i ty of neutrons  and gamma radia t ion f o r  a l l  u s e s .  In apdition, 
the inheren t  flexibility of the swimming  pool r e a c t o r  m a k e  i t  a n  e x t r e m e l y  useful 'and 
p r a c t i c a l  a l l  around f i r s t  r e a c t o r  f o r  educational ,  r e s e a r c h ,  and indus t r i a l  inst i tul iuns.  

T h j s  r e p o r t  r ev iews  s o m e  of the u s e s  of r e a c t o r s  .and combines  se lec ted  types'ofi e x -  
p e r i m e n t s  with exper imenta l  fac i l i t ies  available in a typical s w i l r ~ l n l ~ i g  puul rebclol,..' 

. I - - - -  <,-: 
NUCLEAR TESTING FACILITY, 
G e n e r a l  E l e c t r i c  Co. A proposed study p r e p a r e d  for the US.Naval Ail. D e v e l o p i ~ ~ e n t  and 
M a t e r i a l  c e n t e r  by the Atomic Power  Equipment Depar t~rn~er~l ,  OcluLe~s 21, 1957, 38  pp, 

Th i s  s tudy will include a s u r v e y  of facil i ty r equ i rements ,  a n  ana lys i s  of these  r e q u i r e -  
m e n t s  to rletermine the  m o s t  sui table  r e a c t o r  type, and will  r e s u l t  in  a scoping design 
of the r e a c t o r  and r e a c t o r  facil i ty.  

Th i s  p roposa l  c o v e r s  the approach to the problem,  r e s u l t s ,  schedule and cost ,  pe r son-  
nel ,  organization,  and fac i l i t i e s .  

- - - -  
NUCLEAR RESEARCH REACTORS FOR INDUSTRIAL, EDUCATIONAL AND RESEARCH 
ORGANIZATIONS, 
G e n e r a l  E l e c t r i c  Company, 1 1  pp. 

1 
7 .  

This  document d e s c r i b e s  br ief ly  th ree  types of r e a c t o r s  a s  a p a r t  of the GE complete  
r e a c t o r  building p r o g r a m  : the swimming pool r e a c t o r ,  the heavy w a t e r  r e a c t o r  and 
nuc lea r  t e s t  r e a c t o r .  

A quick s u m m a r y  of the u s e f ~ i l  c h a r a c t e r i s t i c s  is tabulated. 

Ingram 1) J and Stonehouse B H 
THE GEC 'POWER MANIPULATOR, 
GEC, Atomic Energy  Review, March  (1958), 5 pp. 

'l 'his a r t i c l e  d e s c r i b e s  a power - u p  r a t e d  manipulator which is thc mechanical  equivalent 
to a human a r m  and hand. The specific lvpics d i scussed  a r e  mechanical  construction,  
e l e c t r i c a l  d r ives  and connections, con t ro l  equipment, pe r fo rmance ,  and adaptabil i ty.  
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I . . 
Benedict Manson 

t 

NUCLEAR REACTORS FOR RESEARCH, . . 

Massachusetts Institute of Technology, Cambridge, Mass.  Reprinted from Chemical Engi- 
neering P rogres s ,  Feljruary (1955), 15 pp. (56 re fs ) .  

This paper i s  an up-to-date. account of the many valuable uses which can be made of 
nuclear reac tors  and of the types of .reactors which a r e  available. It a lso discusses 
briefly how research  reac tors  work, their  cost, and their safety problems. 

GER- 1123 

Naydan T T and Machell W G 
NUCLEAR TEST REACTOR. LIGHT-WATER AND OIL MODERATED REACTOR, 
General. Electr ic  Co . ,  Schenectady, N, Y . ,  19 pp.. 

The design of a nuclear tes t  reac tor  (NTR) to provi'de a source of neutrons and to in-  
vestigate the detection properties of a reac tor  is given. The detection properties of 
a reactor  a r e  made use of in adjusting the changes in reactivity when fissionable o r  
poison samples  a r e  introduced into the reac tor  core .  Changes in the NTR' control rod 
can be mkasured with an accuracy of 10/o, Comparable to a cha'nge in reactiyity of 5 .10-~ .  

The 30 kw unit will produce a thermal flux of 9.10" n/cm2 -sec and fast  flux of 2.25.10" 
2 n /cm -sec.  

Some of the uses  for this reactor  a r e :  3 

1. Nuclear fuel quality control 7 .  Biological investigations 
2. A standard neutron source 8. Heat t ransfer  studies 
3 .  Exponential and reac tor  mock-up experiments 9; Food preservation studies . , 

4. Danger coefficient measurements  10. Limited isotope production 
5. Cross  -section investigations 11. . Malignancy treatment studies 
6. Foil  calibrations 

Design, description,. safety features  and circui t ry a r e  described in detail. 

.Lorraine R G 
A REVIEW O F  BOILING WATER REACTOR PLANTS FOR ATOMIC POWER GENERATION, 
General Electr ic  Co. ,  Schenectady, N. Y. ,  August 8, 1956, 15 pp. 

, . 

The boiling water reactor  has five technical ,advantages. They a r e :  
. . 

1. Low reac tor  pressure  4.  A flexible load pattern 
2. Good thermal  efficiency 5. A self-stabilizing power level 
3 .  The safety feature of steam voids 

prevents excessive power excursions 

~ i v e ' d t h e r  favorable aspects  present  themselves: the status of technology, 'it~'f1exibility 
with conventional fueled plants, s imilar i ty  h i th  conventional plants and adaptability to 
large s ize  units a r e  factors  which favor inclusion in power generation sys tems.  

A generalized description with flow diagrams and heat balances is given. 



Prent ice B R 
POWER REACTOR SYSTEMS, 
General  Electr ic  Co. ,  Atomic Power Equipment Department, Schenectady, N. Y . ,  
January (19571, 27 pp. (6 r e f s ) .  

A power reactor  system is defined a s  the combination of mater ials  and equipment 
necessary  to produce commercially useful electricity from nuclear ener'gy. It i s  pointed 
out that the basic functions which must be accomplished in a nuclear power reac tor  
system a r e  essentially the same a s  i n  a conventional power system. 

The choice of any major  element in a power reac tor  system, such as the pr imary  coolant 
fluid, has f a r  reaching consequences throughout the r e s t  of the system. This paper dis- 
cus ses  severa l  sys tems which a r e  grouped by type of pr imary  coolant fluid. 

Several systems using water  a s  the pr imary  coolant a r e  discussed. These a r e :  
(1) pressurized water  reac tor  system; (2) presstlrized water reactor  sys tem (tube 
type); (3) boiling water reac tor  system; (4) dual cycle boiling water reac tor  system; 
and (5) heavy water  reac tor  system. Syste~ris  usirlg gaseous coolants are discussed. 
'l'wo sodium-cooled systernls a r e  lisled. These arc a sodium p a p h i t c  rcac tor  oyotcm 
and a sodium-cooled fast  b reeder  reac tor  system. Liquid-rue1 cooled sys tems a r e  
discussed. 

The report  discusses auxiliary systems.  Some of these a r e  fuel handling,. coolant 
cleanup, and plant waste disposal. 

- - - -  
HOT LABORATORY FACILITIES, 
Pape r s  given at Fifth Hot Laboratories and Equipment Conference, Convention Hall, Phila. ,  
P a . ,  March 14-15,1957, 383 pp. 

This document i s  a collection of papers presented a t  the conference a s  indicated. The 
ent i re  realm of hot laboratory facilities, from tensile testing to metallographic ex- 
amination, is covered. 

Holeman J M 
OPTICAL INSTRUMENTS FOR THE ATOMIC .INDUSTRY, 
Hanford Works, Optical Section, Instrument Division, Richland, Wash. , April  25, 1949, 24 pp. 

In this paper the Optical Section of the Instrument Division presents  some poirits of . 

interest  obtained from the use of optical equipment at  the Hanford Works. No complete 
description of instruments o r  theory i s  given. 

The object of a l l  the instruments described in  this paper is to permit observation without 
being seen  by the radiation hazard involved. The solution i s  to design an instrument 
that will t ransmit  light, but not the unwanted radiation. 



The engineering problems encountered in optical instruments  a r e  discussed. Viewers 
discussed a r e  those with water  shielding, reflective viewers,  periscopes,  borescopes,  . 

binocular periscopes,  and stereoscopic periscopes.  An additional section is included 
on effect of i r radiat ing glass .  

Davenport D E ,  Lynn G L and Pound D C 
HANFORD STANDARD PILE, 
Hanford Works, Physics  Section, P i le  Technology Division, Richland, Wash. ,  
Contract No. W-31-109-Eng-52, July 30,1951, 27 pp. 

The construction and diffusion length measurement  of the standard pile erected for  the 
exponential experiments a r e  described. The techniques used for  accurate  flux meas -  
urement  a r e  given, and the importance of the potential e r r o r s  discussed. The s teps  
in the calculation of diffusion length from those measurements  using the conventional 
thermal-source approximation and the fast-source theory a r e  outlined and a c o m p a r i s ~ n  
made or llle di~fusiurl  lerigths s o  calculated. It is concluded that generally the fast -  
source  theory is preferable although only in the ca se  a single-source was used r a the r  
than two o r  four matched sources  did the diffusion length obtained from thermal-source 
theory differ appreciably from that obtained by fast-source calculations. 

The value of the diffusion length of the graphite in  the standard pile was found to be 
54.4 f 0.5 cm when corrected to a graphite density of 1.60 g /cc .  

F'ox 3 C 
REMOTELY OPERATED IRRADIATION FACILITY, 
Hanford Works, Pi le  Technology Unit, Engineering Dept., Richland, Wash. ,  October 15, 1954, 
10 pp. (2 re fs ) .  

This repor t  discusses  the necessity for  a remotely operated means for  handling samples  
in C pile tes t  hole Z .  It is pointed out that such an installation would eliminate some 
of the present  awkward handling procedures,  and could also permit  charging and dis-  
charging during pile operation. Consequently sample exposures of any time length 
would be permitted. 

Pre l iminary  study indicates that a sat isfactory device for this use may be located in the 
inner rod room and operated from the outer  room of C pile. A discussion of operating 
req i~ i rements  for  such equipmcnt and a possible general arrangement  a r e  presented. 
This layout, planned for  the Z tes t  hole a t  C pile, could be adapted for  other accessible  
through tes t 'holes  a t  present  o r  future piles. 

HW-33434 (Rev) 

Tippets F E 
HEAT TRANSFER ANALYSIS OF INTERNALLY-EXTERNALLY COOLED CYLINDRICAL 
FUEL ELMENTS FOR NUCLEAR REACTORS, 
Hanford Atomic Products  Operation, Pi le  Technolpgy Section, Engineering Dept. , 
Richland, Wash.,  Contract No. W-31-109-Eng-52, October 15,1954, 39 pp. 



One type of fuel element which is considered for  use in nuclear reac tors  i s  one which i s  
in the shape of a hollow cylinder and which i s  cooled by the flow of a coolant through 
both i t s  inner c i rcu lar  passage and the outer annular passage formed by the element and 
the enclosing process  tube. One of the principle requii-ements of any fuel element is. 
that i t  meet  cer tain heat t ransfer  c r i te r ia .  

When making an analysis of the heat transfer character is t ics  of an internally-externally 
cooled element i t  becomes c lear  ear ly  in the problem that e i ther  the location of the 
maximum temperature in the element o r  the fraction of the generated heat which goes 
to ei ther  coolant passage must be determined before the analysis can proceed fur ther .  
Previous methods of analysis usually have either required considerable idealization of 
the boundary conditions o r  necessitated a t r ia l -and-error  solution for  one of the un- 
knowns mentioned above. In view of this i t  seemed desirable to develop and present 
in  detail a nontrial-and-error rr~elhod which would be sufficiently general that i t  would 
be  applicable to most  problenls ul Iteat trarlufcs~ i l l  illlel lially cxtcrnnll y n o o l ~ d  q l o m ~ n t s  

Therefore,  this dpcument presents  the complete detailed development of a noniterative 
method of analysis of heat t ransfer  character is t ics  of internally-externally cooled 
elements .  The resulting equations can be applied a s  well to problems concerning the 
various types of single-surface cooled elements, wllich call be considcrcd a~ ~ p e c i a l  . . 
cases .  The basic working equations a r e  sulrl~llal.ized and a bricf dc~c r ip t ion  of typiral - 
methods of using them is given. 

Kaulitz D C and Minor J E 
HIGH PRRSSIJRE LOOP DESIGN FOR STUDIES O F  REACTIONS BETWEEN HEATED . 
METALS AND HIGH TEMPERATURE WATER, 
Hanford Atomic Products Operation, Pile Metallurgy Unit, Metallurgy Research Subsection, 
Richland, Wash., Contract No. W-3 1-109 - ~ n g - 5 2 ,  September 9, 1955, 21 pp. 

The feasibility of operating water-cooled reactors  a t  high coolant temperatures and 
p re s su res  depends in par t  on the nature of the reactions which may uccur upon failul-c 
of fuel elements o r  of structural  components. 

This repor t  discusses a high pressure  facility which has heen constructed to study the 
reactions between high temperature water and metal  specimrler!~ heated w e l l  abovc 
water  temperature.  Location of the reaction chamber in a bypass section cut off from 
the loop proper by two air-operated valves permits  the specimen to be protected by an 
ine r t  atmosphere while the water is heated. Water temperatures  and pressures  up to 

0 0 
300 C and 2000 psi  and specimen temperatures  up to 800 C a r e  utilized. 

Fresh ley  M D 
PLUTONIUM-ALUMINUM FUEL ELEMENT DEVELOPMENT, 
Hanford Atomic Products Operation, Reactor and Fuels Research and Development Operation, 
Richland, Wash. ,  Contract No. W-3 1- 109-Eng-52, September 18, 1957, 44 pp. (21 re fs ) .  

Techniques and facilities fur- handling plutonium at severa l  laboratories in the United 
States a r e  described. Hazards irlvvlved in- the handling of the fissi0na.hl.e and highly 
toxic mater ial  a r e  discussed, and the procedures used to guarantee the safety of 
laboratory personnel a r e  described. 



The .tentative aluminum-plutonium phase  diagram p r e p a r e d  by Los  Alamos f o r  compo-  
s i t ions  ranging f r o m  50 to 100 a tomic  p e r  cent  aluminum is presented.  This  sys tem i s  
s i m i l a r  to the aluminum -uranium s y s t e m ;  the a l loys ,  however,  have a g r e a t e r  tendency 
to segrega te  upon cas t ing.  A eutectic is fo rmed  a t  1.7 a tomic  p e r  cent  plutonium, and no 
solid solubil i ty of plutonium in  aluminum i s  obse rved .  

A brief  descr ip t ion of the Plutonium Recycle P r o g r a m  a t  Hanford and Hanford 's  e x -  
per ience  and future  plans with the use  of aluminum-plutonium alloys a s  r e a c t o r  fuel  
m a t e r i a l s  is repor ted .  

Aluminum-plutonium fuel  e lement  exper ience  a t  the Chalk River  P r o j e c t  in Canada is 
a l so  d i scussed ,  a s  wel l  a s  the fabrication of the "napkin" r ings  by Los  Alamos and 
Argonne; and the fabr ica t ion of MTR type fuel  a s s e m b l i e s  containing aluminum-plutonium 
alloys by L o s  Alamos and the Oak Ridge ~ a t i o n a l  Labora to ry . .  

F r o m  the l imi ted  amount of i r radia t ion exper ience  that has  been gained with this  fuel  
m a t e r i a l ,  t1iel.e 11as been no indication of the dimensional  instabil i ty and the re  have 
been no indications of unsat is fac tory  pe r fo rmance  caused by r e a c t o r  i r r ad ia t ion .  

Even though the health haza rd  assoc ia ted  with plutonium makes  i t s  handling m o r e  diffi- 
cul t ,  s a fe  and economically feas ible  solutions to fuel  e lement  fabr ica t ion p rob lems  do 
ex i s t .  F u r t h e r  developments on the utilization of plutonium a s  a r e a c t o r  fuel  m a t e r i a l  
will i n c r e a s e  the wor ld ' s  supply of f issionable m a t e r i a l  and contribute to the peaceful  
applications of nuc lea r  energy in the United States and the world .  

Hea ly  ,T W 
CALCULATIOXS OX ENVIROSh,IEXTAL CONSEQUEKCES O F  REACTOR ACCIDENTS, 
Hanfor'd Works,  Richland, W a s h . ,  Contract  30. W-31-109-Eng-32,'  December  11, 1957, 
49 pp. ( 6  r e f s ) .  
. . 

Calculations uf the exposure  ( t ime in tegra ted concentra t ion)  downwind f rom the r e l e a s e  
of one c u r i e  f rom a 'ground s o u r c e  and a 200 m e t e r  high s o u r c e  w e r e  pe r fo rmed  f o r  
emiss ion  into a s t r o n g  invers ion,  modera te  inversion,  neutra l  and unstable conditions 
with wind speeds  of one,  five, and ten m e t e r s  p e r  second .  Deposition r a t e s  w e r e  taken 
a s  proportional  to the wind velocity and w e r e  varied a s  a function of a tmospher ic  s t a -  
bility, while the invers ion c a s e s  w e r e  evaluated using the r e c e n t  Hanford e x p r e s s i o n s .  
The exposures  on the center l ine  of the cloud and the cloud width a r e  given for  a "puff" 
r e l e a s e .  P r o c e d u r e s  f o r  es t imat ing the a r e a  and dis tances  involved following both a 
s h o r t  t e r m  and prolonged r e l e a s e  a r e  given and i l lus t ra ted  fo r  the emiss ion  of 25% of 
the f i ss ion products  f rom 50 5Iw r e a c t o r  into modera te  invers ion and neu t ra l  conditions 
a t  a  wind speed of five m e t e r s  pe r  second.  

deHalas D R 
IRRADLATION O F  THE BIPHENYL- ORTHOR/TETA- TERPHENYL EUTECTIC, 
Hanford Atomic Produc t s  Operation,  Reac to r  and Fue l s  ' ~ e s e a r c h  and Development Operation,  
Richland, Wash . ,  Contract  No. W-31-109-Eng-52, F e b r u a r y  17, 1958, 14 pp. ( 6  r e f s ) .  

The t e r n a r y  eutectic '  of 55% or tho- ;  20% meta- terphenyl  and 25% biphenyl has  been 
i r r ad ia ted  in a n  i n - r e a c t o r  facil i ty.  Some of the physical  p roper ty  changes dur ing 
i r r ad ia t ion  have been m e a s u r e d .  



The s tabi l i ty  of the two terphenyls  and the biphenyl towards  radiolytic damage a r e  about 
equal ,  and only sl ightly g r e a t e r  than that m e a s u r e d  f o r  monoisopropylbipheny1 in 
previous  exper iments .  

IDO-2022 (Rev 1) 

- - -  - 
FEASIBILITY STUDY OPTIMUM NATURAL URANIUM, GAS-COOLED, GRAPHITE MODER- 
A T E D  NUCLEAR POWER P U N ? '  P'UH USAEC, IDAHO OPERATIONS OFFICE,  
K a i s e r  Engineer ing,  Oakland, Cal i f . ,  and Nuclear  P roduc t s  - ERCO, Washington, D. C . ,  
Con t rac t  No. AT-(10-1)-925, M a r c h  (1958), 64 pp. and design drawings .  

The scope  of the work  includes  a p re l iminary  des ign arid feas ibi l i ty  s tud ies  of gas-cooled, 
g r 9 ~ h i t . e  moderated, nuc lea r  power p lants .  M o r e  specifically,  i t  i ~ ~ c l u d c s  the following 
m a j o r  responsibi l i t ies  : 

a .  Ti t le  I design of a prototype riatilral u r a r ~ i u l ~ l  fueled plant. Thio plant  is to have a 

net  e l e c t r i c a l  output of 40,000 kw o r  such  l a r g e r  s i z e  a s  n e c e s s a r y  to m e e t  the 
p r e s c r i b e d  p a r a m e t e r s .  It is to be  a prototype of the optimum plant  (I tem b) .  

b .  Feas ibi l i ty  study of a full-scale na tu ra l  urarliulll fueled plant opt imized f o r  c o s t  of 
power .  

c'. Feas ibi l i ty  study of a prototype par t ia l ly  enr iched uranium fueled plant, o r  approxi-  
ma te ly  40,000 kw net  e l e c t r i c a l  capacity,  to b e  a prototype of the opt imum plant 
(I tem d).  

d. Feas ibi l i ty  study of a full-scale par t ia l ly  enr iched uranium-fueled plarlt optimized 
f o r  c o s t  of power .  

T h i s  r e p o r t  contains a d i scuss ion  of the feasibil i ty design and c o s t  e s t i m a t e s  f o r  a gas  
cooled,  na tu ra l  uranium, graphi te  modera ted  power plant optimized f o r  minimum power 
c o s t .  The plant, r a t e d  a t  220 mwe (net  e l ec t r i ca l ) ,  is designed f o r  location on the bank 
of a r i v e r  in  a sect ion of the United Sta tes  having a n  a v e r a g e  win te r  and sunl iner  cl imate.  
The plant  cons i s t s  p r i m a r i l y  of one mul t ipurpose  building which houses  t h e  r e a c t o r  plant, 
turbine  genera to r ,  warehouses  and shop.  Other  fac i l i t ies  include all ul l ice building, 
r i v e r  pump house, substa t ion and n e c e s s a r y  uti l i t ies.  

The m a j o r  topics d i scussed  in  this. r e p o r t  a r e  b a s i s  f o r  optimization of the GCPR, 
buildings and y a r d  fac i l i t ies ,  r e a c t o r  and auxi l iar ies ,  fuel  e l ements ,  s t e a m  power plant, 
ut i l i ty s y s t e m s ,  and c o s t  e s t i m a t e  and schedule .  

IDO-2024 (Rev 1) 

- - - -  
FEASIBILITY STUDY - OPTIMUM PAR TIALLY ENRICHED URANIUM GAS-COOLE D, 
GRAPHITE MODERATED, 
P r e p a r e d  f o r  USAEC, Idaho Operat ions  Office, Kaiser  Engineering,  Division of Henry J. 
K a i s e r  Co . ,  Oakland, Ca l i f . ,  and Nuc lea r  P roduc t s  - ERCO, Division of A C F  Indust r ies ,  
W a s h . ,  D. C . ,  Contract  No. AT-(10-1)-925, Apri l  1, 1958, 54 pp. and 22 design drawings.. 

The scope  of w o r k  on Cont rac t  No. AT-(10-1)-925 includes a p r e l i m i n a r y  design and 
feas ibi l i ty  s tudies  of gas-cooled, graphi te  moderated,  nuclear  power p lants .  More  
specifically,  i t  includes the following m a j o r  responsibi l i t ies  : 

\ 



a .  Title I design of a prototype natural uranium-fueled plant. This plant is to have a 
net e lectr ical  output of 40,000 kw o r  such l a rge r  s ize a s  necessary  to meet the 
prescribed parameters .  It is to be a prototype of the optimum plant (Item b).  

b.  Feasibility study of a full-scale natural uranium fueled plant optimized for  cost of 
power. 

c: Feasibility study of a prototype partially enriched uranium fueled plant, of approxi- 
mately 40,000 kw net e lectr ical  capacity, to be the prototype of the optimum plant 
(Item dl. 

d. Feasibility study of a full-scale partially enriched uranium fueled plant optimized 
for  cost of power. 

This repor.1 coritains a discussion of the feasibility study and cost estimated for  a gas 
cooled, partially enriched, urahium graphite moderated power plant optimized for  
minimum power cost .  The plant, rated a t  215 mwe (net electrical),  is designed for  
location on the bank of a r.ive~. ir~ a section of the United States having an average winter 
and summer  climate.  The plant consists pr imari ly  of one multipurpose building which 
houses the reac tor  plant, turbine generator,  warehouses, and shop. Other facilities 
include an office building, r i ve r  pump house, substation and necessary util i t ies.  

Huff J B 
EFFECTIVENESS OF VARIOUS SOLUTIONS FOR DECONTAMINATING STAINLESS STEEL, 
LEAD, AND GLASS, 
Phillips Petroleum Co.,  Atomic Energy Division, Idaho Falls,  Idaho, Contract No. 
AT-(1 0-1 )-205, May 24, 1956, 2 1  pp. (3 refc) .  

If a drop of nitric acid solution containing mixed fission products from dissolved uranium 
fuel elements i s  allowed to dry on a s ta inless  s tee l  surface, a residue remains which is 
not completely soluble in nitric acid. The insoluble portion, which may be measured by 
i t s  radioactivity and is gerierally called contamination, presents  a costly problem in the 
reclaiming of partially burned uranium fuel. 

The problem was studied by drying 1 m l  portions of a liquid sample on controlled a r e a s  
in the centers  of metal  discs .  A contaminated spot a s  large a s  a twenty-five cent piece 
on the center  of a s i lver  dollar would roughly represent  the proportions of the metal  
samples  used. Watch glasses  about a s  la rge  a s  a twenty-five cent piece were used for  
the tests with glass .  The activity of the initial counts per  minute divided by the final 
counts per  minute is the decontamination factor,  and i s  a measure of the relative ef-  
fectiveness of the procedure used. 1n o r d e r  that the decontamination factors  be reason-  
able and finite, no final counts of less  than one were  used in their calculations. These 
data were arranged in the o rde r  of diminishing decontamination factors  in Tables I j  11, 
and I1  I .  The most  favorable treatments thus appear at  the top of each l is t .  

From these tables i l  may be observed that some solutions were thousands of t imes more 
effective than cer tain others for  removing this particular type of contamination. It is 
also evident that the same treatment may yield a high decontamination factor for  s ta in-  
l e s s  s tee l  and a low one for  lead. 

It is concluded that separate  techniques a r e  generally required for  decontaminating the 
individual metals .  



F l e t c h e r  R D and Slansky C M 
A MULTICURIE FACILITY FOR HlGH L E V E L  CHEMICAL PROCESS RESEARCH, 
Phi l l ips  Pe t ro leum Co. ,' Chemical  Development Section, C P P  Technical  Branch,  Idaho Fa l l s ,  
Idaho, Cont rac t  No. AT-(10-1)-205, September  17, 1956, 41 pp. 

A* mul t i cur ie  hot c e l l  f o r  high level  chemica l  p r o c e s s  r e s e a r c h  is descr ibed.  The cel l  is 
in  operat ion by Phi l l ips  Petroleum Company a t  the'1daho Chemical  P r o c e s s i n g  Plant  
of the Atomic Energy  Commiss ion .  Sixty-inch thick bary tes  concre te  wal ls  provide 
shie lding fo r  75,000 c u r i e s  of 1.6 Mev gamma activity.  Chemical .  s tudies  a r e  pe r fo rmed  
with spec ia l  r e m o t e  equipment and a p a i r  of Argonne Model 8 m a s t e r  s l ave  manipula tors  
with d i r e c t  viewing through five feet  of 3.2 density laminated g lass  windows. 

Holm M W 
THE DETERMINATION O F  u2 BURN-OUT IN FUEL RODS, 
Phi l l ips  Pe t ro leum Company, Atomic Energy Division, Idaho Fal ls ,  Idaho, Contract  No 
AT-(10-1)-205, F e b r u a r y  2, 1953, 20 pp. (9  r e f s ) .  

A device h a s  recent ly  been completed which makes  .it possible to de te rmine  the 'y a c -  
tivity of a fuel  r o d  a s  a function of posit ion along the ax i s  of the rod .  It is the purpose 
of this r e p o r t  to d i scuss  the. pract ica l i ty  of using such apparatus  to de.termine the burn-  
out of f issionable m a t e r i a l  in fuel  and shim r o d s .  

Br ight  G 0 and Schroeder  F 
NEUTRON FLUX DISTRIBUTlONS IN THE MATERIALS TESTING REACTOR, 
Phi l l ips  Pe t ro leum Co. ,  Atomic Energy  Division, Idaho Fa l l s ,  Idaho, Contract  No. 
AT-(10-1)-205; F e b r u a r y  16, 1953, 149 pp. 

A s e r i e s  of neutron flux distr ibution determinat ions  h a s  been made  in  the MTR. These  
include complete  three-dimensional  m a p s  made inside the r e a c t o r  tank f o r  the r e a c t o r  
conditions of f r e s h  fuel charge  and depleled, poissncd fucl  charge .  A s e r i e s  of m e a s -  
u r e m e n t s  in the horizontal  beam faci l i t ies  is shown. 

The data  a r e  presented a s  a s e r i e s  of r e la t ive  activity c u r v e s  and a s  a s e t  of absolute 
f lux m a p s .  Absolute values a r e  considered valid within f 20%. 

. . . . 
Wilson T R; J r .  
GAMMA INTENSITIES IN THE MTR GAMMA IRRADIATION FACILITY, 
phi1lips Pe t ro leum company ,  Atomic Eriergy Division, 'Idaho ~ a ' l l s ,  Idaho; March 6, 1953, 
14 pp. (4  r e f s ) .  . , 

Inc reased  i n t e r e s t  is continually being shown in the ' i r rad i i t ion  of mate r ia lk ' in  high 
intensity gamma f ie lds .  Since i r rad ia ted  MTR fuel  a ssembl ies  provide a n  excellent  
s o u r c e  of high intensity gamma r a y s ,  a gamma i r radia t ion facil i ty cdnt&ing s.everal 
MTR fuel  a ssembl ies  in a rectangular  a r r a y  has  been placed i n  the MTR canal .  P r e -  
l iminary  m e a s u r e m e n t s  of the intensity of the gamma field in  the c e n t e r  of the facil i ty 



have been conducted using chemica l  dos imet ry  techniques. Although the use  of chemical  
dos imet ry  h a s  not yet been widely adopted, the exper imental  work repor ted  by Weiss ,  
~ o c h a n a d e l ,  Miller  and o t h e r s  indicates re l iable  radiation dose m e a s u r e m e n t s  by th is  
,method can  be obtained. 

Since a s o u r c e  of sufficient  s t reng th  was  not available fo r  ca l ibra t ion of- the dos imete r s ,  
the a c c u r a c y  and precis ion of the m e a s u r e m e n t s  a r e  not known. However, the m e a s  - 
ured  values a g r e e  c losely  with the calculated r e s u l t s ,  and i t  is felt  that the data repor ted  
can  be safe ly  used fo r  approximating the gamma intensity to be.expected in the MTR 
gamma i r rad ia t ion  facil i ty.  

Byron W J and Wehster  .T W 
TEMPERATURE COEFFICIENT O F  THE MTR A T  30 MEGAWATTS, 
Phil l ips Pe t ro leum C o . ,  Atomic Energy  Division, Idaho Fa l l s ,  Idaho, Contract  No. 
AT-(10-1)-205, February  16, 1953, 9 pp. 

The t empera tu re  coefficient of the MTR h a s  been m e a s u r e d  with the r e a c t o r  operat ing 
a t  full power (30 Mw) by observing the compensat ing motion of the regulating rod upon 
lowering the inlet w a t e r  t empera tu re .  

Within the l imi t s  of uncertainty of the exper iment  the re  s e e m s  to be no Significant change 
"in the t empera tu re  coefficient  when the react 'or is .at full power and the fuel, wa te r ,  and 
Be a r e  a t  different t empera tu res  compared  to the '!zero1' power c a s e  where  everything 
is a t  the s a m e  tempera tu re .  

Webs te r  J W 
THE LOW CROSS -SEC TION FISSION PRODUCT POISONS, 
Phil l ips Pe t ro leum Company, Atomic Energy  Division, Idaho Fa l l s ,  Idaho, 
Contract  No. AT-(10-1)-205, June 8, 1953, 37 pp. 

The  purpose  of this r e p o r t  is to obtain a be t t e r  understanding of what consti tutes the low 
c ross - sec t ion  f iss ion product poisons, to investigate the i r  r a t e  of accumulation a t  dif- 
f e r e n t  f luxes in the MTR, to s e e  how complete  the data a r e  f o r  such  poison calculations,  
and to note those isotopes for  which i t  is important  to have fu r the r  c ross - sec t ion  m e a s -  
u rements .  

The f i r s t  section.  of this r e p o r t  gives the "Data, " the second secti'on gives the "Method, " 
the third sect ion d i scusses  the "Accuracy of the Calculations,  " and the four th  sect ion 
is one of "General  Discussion.  " 

IDO-16105 . . 
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..., . F o r b e s  S G and Nyer W E ' . " . . . . ' .  I 

' I  . FUEL BURNUP DETERMINATIONS BY:'.GAMMA-RAY SCANNING, . 
Phi l l ips  Petroleum Company, Atomic Energy  Division, Idaho Fa l l s ,  Idaho, 
Contract  No. ATz(10-1)-205, ' ~ c t o b e r '  16, 1953, .15 pp: . 

' 

. . .  . . .  . I  

' 

F o r  accountability. ptlrposes, i t  is des i rab le  to de te rmine  the quantity of fuel  burned in 
' ' each  fuei  a ssembly  dur ing- i t s  use  in'tlie MTR. Measurement  of f ission-pioduct 



gamma -flux from. each assembly is one method of obtaining this information. It is the 
purpose of this repor t  to discuss  the limitations of this method and i t s  reliability. To 
do so,  i t  will f i r s t  be desirable  to consider, in a very general way, the relationship 
between detector response and fuel burnout. Some of the generalizations will be r e -  
moved by application of the method to MTR conditions. It will finally be shown that the 
method can be used at  the MTR and that the l imits  of e r r o r  can be calculated o r  de te r -  
mined experimentally.  

Bright G 0 
NEUTRON FLUX DISTRIBUTIONS IN THE MATERIALS TESTING REACTOR - PART IV.  
THE 5 X 5 LOADIVG. 
Phill ips Petroleum Company, Atomic Energy Division, ldaho Falls,  Idaho, (:ontract No. 
AT-(10-1)-205, November 17, 1953, 65 pp. 

Flux distribution measurements  have been made in the Materials Testing Reactor with 
the fuel e lements  arranged in a symmetr ical  5 x 5 loading. Three-dimensional thermal  
neutron flux distribution maps Were made for  both clean, cold fuel elements and de- 
pleted, poisoned fuel e lements .  

The data a r e  presented a s  a s e r i e s  of relative activity curves  and a s  a s e t  of absolute 
flux maps.  A qualitative comparison of the flux distribution is made between 5 x 5 
loading and the 3 x 9 north s lab loading. 

Leyse C F 
EVALUATION O F  FUEL LOADINGS AND CYCLE TIMES FOR THE MTR, 
Phill ips Petroleum Company, Atomic Energy Division, Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, April  6, 1954, 32 pp. (3 re fs ) .  

A comparison of MTR fuel fabrication cos t s  for various conditions shows that the effects 
of shim rod service,  fuel plate cladding thickness, reactor  core  geometry, reac tor  
cycle time, and reac tor  power on these cos t s  a r e  a l l  reduced by increasing the fuel 
content per  fuel assembly.  Although a two-week cycle is generally more  economical 
than a three-week cycle, the impending change from the two-week cycle with 168-gram 
fuel assemblies  to a three-week cycle with 200-gram fuel assemblies  should show a 
saving of 3 -4.8 $ / Mw D (megawatt -day). supplementary information regarding fuel 
burnup and the requirements  a s  to number of fuel assemblies  is included. 

IDO-16180 

McMurUry H L 
METHODS FOR CALCULATING LARGE REACTIVITY CHANGES IN THE MTR, 
Phill ips Petroleum Company, Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract  No.. AT-(10-1)-205, July 26, 1954, 19 pp. (7 r e f s ) .  

It was required to compare the reactivity losses  due to burnup in ear ly  MTR runs with 
the 'data  on poisoning experiments during 's tar t  up. Formulas  based on perturbation 
theory seem to give .the mos t  systematic  means for  these comparisons.  This repor t  
der ives  the formulas  that were  ultimately adopted. A comparison of reactivity changes 
calculated fo r  operation with those for poisoning experiments will be given in a subse-  
quent (classified) repor t .  



Metcalf D R . and Kobold V C 
A FOUR-REGION, TWO-GROUP CALCULATION OF SPERT-I 11 CRITICAL SIZE AND 
FLUX DISTRIBUTION, 
Phillips Petroleum Co. ,  Atomic Energy Division, Idaho Fal ls ,  'Idaho, Contract No. 
AT-(10-11-205, July 19, 1957, 7 pp. 

Cri t ical  s ize  and flux distributions were calculated, using the four-region, two-group 
model based on tke present  design of the SPERT I11 reac tor .  These calculations were  
made for  the 650 F case .  The c r i t i ca l  s ize  was determined to be about 27.3 cm.  This 
was an increase of about 870 in c r i t i ca l  m a s s  in going from an infinite water ref lector  
to a reflector and thermal  shields with significant amounts of s ta inless  s teel .  

Franc is  W C 
THE ORGANIC LOOP IN THE MTR GAMMA FACILITY DESIGN AND.PRELIMINARY TEST, 
Phillips Petroleum Company, Atomic Energy.Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, August 11, 1954, 46 pp. (8 re fs ) .  

An organic fluid circulating loop has been constructed for  installation in the MTR gamma 
facility. The equipment was designed for  circulating selected organic fluids, such a s  
diphenyl, and terphenyl a t  gamma intensities of 107R/hr ,  temperatures  up to 9 0 0 ° ~ ,  
and velocities up to 20 f t l s ec .  The organic loop consis ts  of an irradiation coil, pump, 
removable tes t  sections, p r imary  heat exchanger, pressurizing tank, liquid sampling 
tank, and various indicating and recording instruments.  A secondary Dowtherm loop 
contains a pump, p r imary  heat exchanger, secondary heat exchanger, and indicating 
instruments.  Data to be obtained a r e :  temperature; p ressure ;  ch,anges in heat t ransfer  
coefficient; flow character is t ics ,  a s  evidenced by viscosity change, decomposition r a t e  
in t e rms  of gas formation, p r e s su re  r i s e ,  and sample analysis,  sludge deposition o r  
corrosion, a s  determined by "before and after" examinations of heated and unheated 
sur faces .  

Initial operation of the equipment has disclosed ser ious  limitations in pump operation. 
Packing leaks, galling, and low capacity of the pum'p necessitate i ts  replacement if 
design conditions a r e  to be met .  

Webster J W 
FLAT VERTICAL POWER DISTRIBUTION FOR THE MTR, 
Phillips Petroleum Company, Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, March 24, 1955, 51 pp. (9 re fs ) .  

This repor t  solves the two-group reactor  equations for  the two cases  of flat  ver t ical  
power distribution arid flat vertical distribution of the thermal  flux. 

A distribution of uranium and burnable poison is determined for the MTR to give flat  
ver t ical  power a t  s tar tup and approxim,ately throughout a four-week cycle (without 
experiments) .  The corresponding flux dis'tributions a r e  computed. 



In MTRL-54-58, plans for  a fuel assembly development program at the MTR were pro- 
posed. Included in this was a proposal to study the advantages of nonuniform fuel dis-  
tribution and burnable poisons in the  MTR (and MTR-type reac tors ) .  

' 

The purposes of,the present  report  a r e  four in number-. The f i rs t  purpose is to deter-  
mine how much the flux, and the integral of flux over core  height, could be increased 
by attaining a flat vertical power distribution in the MTR. The flat vertical power dis-  
tribution would be obtained through a nonuniform vertical distribution of uranium and 
burnable poj.s.on. It is assumed for computational purposes that sufficient burnable 
poison would be used to keep the shim rods corr~pletely removed from. the react,or (an 
idealized situation). The second purpose is to determine what the distribution of 
uranium and burnable poison should be to achieve a flat ver t ical  power distribution a t  
s ta r tup  a s  well a s  at  the end of the cycle. The third purpose is to investigate the 
possibility of using an additional short  term burnable poison of necessarily high c r o s s  
section to offset the loss  of reactivity due to the buildup of xenon arld samarium. The 
fourth purpose i s  to study the conditions under which i t  would be possiblc to obtain a 
f la t  vertical flux ( ra ther  than flat power) distribution. The flat flux situation turns out .  
to be more  of theoretical than practical interest .  

Huffman J R 
MTR TECHNICAL BRANCH QUARTERLY REPORT - THIRD QUARTER, 1954, 
Phillips Petroleum Co. , Atomic Energy Division, Idaho Falls,  Idaho, December 21, 1954, 
25 pp. 

High activity levels have developed in the process  water system of the MTR, indicating 
fission breaks in the fuel assemblies .  Examination of the fuel asserx~blies after use 
shows blemishes on the outer surface of the outer fuel plates. Not a l l  elements have 
blemishes nor a r e  there any apparent statistics favoring one position in the reactor .  
The theory is that high temperature corrosion due to low water flow on the outside of 
fuel assemblies  is the cause.  l 'he top and bottom end bvxes of severa l  elements were 
punctured with holes to encourage higher outside [lows. This seems to alleviate, but 
not eliminate, the cause.  Work on this is continuing a s  rapidly a s  possible. 

A m o r e  sensitive method for  monitoring the process  water for fission products has been 
developed. A side s t r eam of waters is passed through cation and anion beds. A gamma- 
r ay  scintillation counter views the anion bed. By biasing out a l l  activities below 1 Mev, 
only the short-l ived iodine activities a r e  measured (mainly 6.7-hour I-  135). This 
technique cuts out the high background normally induced in the water and thus gives 
higher sensitivity. In addition, since it measures  only short-lived activities, it records  
the average rate  of production of fission products in the system. 

. . 
The cross-section work during this period has been aimed a t  developing techniques for 
measuring fission c ros s  sections and eta  values on the c rys ta l  and time-of-flight spec-  
t rome te r s .  Prel iminary values of the rat io  of,,, /of,,, from 0.035 ev to 0.3 ev have 
been obtained. In the total cross-section field, preliminary values for  N~~~~ were 
determined. 

The activation c r o s s  sections of pa2,, have .been investigated by radiochemical tech - 
niques. Large resonance activation 'integrals have. been discovered which greatly affect 
the value of the c r o s s  section. 



The s tudies  on graphite damage a s  a possible fas t  flux moni tor  have been terminated.  
The measurement  of Co spacing changes s e e m s  to be in the range m o s t  useful  in MTR 
exposures .  

B a r t z  M H and Burnham J B, Jr. 
THE MATERIALS TESTING REACTOR HOT CELL,  
Phi l l ips  ~ e t r o l e u m  C o . ,  Atomic Energy  Division, Idaho Fa l l s ,  Idaho, c o n t r a c t  No. 
AT-(10-1)-205, July (1954), 19 pp. 

This hot ce l l  can handle 10,000 to 20,000 c u r i e s  of 1.5 to 3.0-Mev gamma activity.  V e r -  
sa t i le ,  i t  can accommodate  heavy, bulky equipment o r  delicate,  f ragi le  objects  f o r  
test ing and examinations.  The pumice block building housing the ce l l  provides working 
and s to rage  a r e a s .  The c e l l  is built of ba ry tes  concrete ,  the walls  being 4 ft  thick, 
lined with 114-in. s t e e l  surfaced with protective coatings;  the in te r io r  m e a s u r e  
14 x 6- 11 2 x 13 f t  high. Three  30 x 36-in. windows and a s m a l l e r  end window give 
maximum visibil i ty and afford the s a m e  shielding a s  the wal ls  through use  of a 32-in. 
thickness of zinc bromide solution, 8 in.  of high-density g lass  and nonbrowning g lass .  
A Genera l  Mills  manipulator,  a p a i r  of Argonne mas te r - s laves ,  and a light c r a n e  p r o -  
vide flexible r e m o t e  handling. The exhaust  sys tem r e m o v e s  up to 1700 cfm of a i r ,  and 
a s e p a r a t e  sys tem exhausted hooded boxes used to handle volatile o r  dusty subs tances .  
Sliding s t e e l  doors  18 in. thick c lose  the 6 x 7-ft r e a r  opening. The c e l l  and building 
w e r e  const ructed and equipped with windows and manipula tors  f o r  a total  cos t  of about 
$268,000. 

Webs te r  J W 
ENGINEERING TEST REACTOR, 
Phi l l ips  Petroleum Company, Atomic Energy  Division, Idaho Fa l l s ,  Idaho, 
Contract  No. AT-(1 0-1):205, March 18,1955, 31 pp. 

The flux per turbat ions  that  would exis t  in a 6" x 6" and a 9" x 9" exper imental  facil i ty 
in the E T R  have been investigated f o r  var ious  mix tures  of Be, Na, U 236, Fe ,  and B e  
in the hole. The data a r e  presented in  the fo rm .of plots of the rmal  flux a t  the c e n t e r  
of the facil i ty v e r s u s  volume percent  moderator , '  uranium concentration,  and poison 
concent.ration. The r e s u l t s  indicate that the depressed  flux re la t ive  to the flux outside 
the hole will not be much l e s s  in the 9" x 9" hole than in the 6" x 6" hole f o r  any r e a s o n -  

. . able.  composit ion.  

, , .  Two c o r e  a r r a y s  a r e  under consideration: a 10 x 10 a r r a y  and an  8 x 10 a r r a y .  It is 
believed that c r i t i ca l  exper iments  with var ious  c o r e  a r r a y s  and hole composit ions,  
together with fu r the r  study of the possibil i ty of shiming with soluble o r  burnable poison, 
will be n e c e s s a r y  before  the bes t  core a r rangement  can  be chosen,  

Jones  ' R  M, e t  a l .  ' 

AN ENGINEERING TEST REACTOR FOR THE MTR SITE - A PRELIMINARY STUDY, 
Phi l l ips  ,Pe t ro leum C o . ,  Atomic Energy  Division, Idaho Fa l l s ,  Idaho, Contract  No. 
AT-(10-1)-205, May 23, 1955, 42 pp. 



This report  presents  the resu l t s  of a one month study of an engineering test  reac tor  to 
' 

be located a t  the National Reactor Testing Station, MTR s i te .  General plans a r e  present- 
ed fo r  a 75 megawatt light-water-cooled, light-water-moderated, beryllium-reflected 
reac tor  in  which pr imary  emphasis is placed on relatively large volume high fast  neu- 
t ron flux facilities through the reac tor  for  accommodating loop-type experiments.  Bene- 
f i ts  of MTR design, construction, and operating experiences have been incorporated to 
the fullest extent in  arr iving a t  a simplified MTR-type reactor  which could be designed 
and built with proven technology and little o r  no parallel  development programs.  Ad- 
ditions to the already existing MTR staff for  the proposed reac tor  operation and mainte- 
nance would approximate 65 people. 

Conner W P 
MTR TECHNICAL BRANCH QUARTERLY REPORT - FOURTH QUARTER (19551, 
Phill ips Petroleum Co. , Atomic Energy Division, Idaho Falls,  Idaho, 
Contract No. AT-(10-1)-205, March 12, 1956, 37 pp. 

This quar te r ' s  contribution to the continuing responsibility of providing technical a s -  
s is tance for  the operation and understanding of the MTR has been in severa l  directions 
F rom flux t raverse  data, it has  been estimated that the maximum hot spot for  the 
highest loading a t  40 Mw was about seven degrees 'below the satuFafion tempermalu~*e. 
The delay of fission product gases  from their  source in the reac tor  to their exit to the 
s tack  was found to be 6.1 minutes by ;sing the radioactive decay of the isotopes a s  an 
internal  clock. A prototype analog computor offers promise toward simplifying the 
computation of each fuel loading. The program for  the development of improved fuel 
assemblies  shows significant acceleration. 

In reac tor  physics calculations, headway has been made in reac tor  kinetics by the 
development of pertinent equations to describe the shutdown mechanism in S PERT-type 
experiments.  

In the field of nuclear property measurements,  dala a r e  reported for  e ta  of uZ3' from 
n.05 to 1.5 ev ;  cross-section curves and parameters  a r e  presented f u r  u'~' from 10 to 
100 ev; and a progress  report  is given on the determination of the decay scllerne of 
2 . 7  hour strontiums2. New Soller s l i t s  which have an angular resolution of about one- 
half minute of a r c  a r e  being installed on the c rys ta l  spec t~ .ur~le te r .  

As pa r t  of the improvement of the facili t ies associated with the MTR, the hot cel l  
capabilities have been broadened by the installation of a remotely operated profilometer. 
Calibration of the reactivity measurement  facility has confirmed the predicted difference 
in sensitivity to fuel and poison. More accurate data is reported for the gamma intensity 
and heating values from spent MTR fuel elements.  -Preliminary calculations suggest 
that an  in-pile indium loop may be useful a s  an alternative gamma source.  

In regard to miscellaneous applications of radioactivity, information is being obtained 
which is essential  to the use and production of thuliurnl7O a s  a practical source fo r  
radiography. Also, a method has been developed for assaying solutions containing 
10-'to 2 mg  of ~ r a n i u m ~ ~ / m l  in 1 m l  samples  by counting the delayed neutrons af ter  
irradiation of the solutions in the permanent graphite pneumatic rabbit facilities. 



Pet ree  F L 
REMOTE CONTROLLED MILLING MACHINE FOR MTR HOT CELL, 
Phillips Petroleum Co. ,  Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, May 16, 1955, 11 pp. 

This paper describes a remote controlled milling machine for use in the shielded 
volume of the MTR Hot Cell .  

deBoisblane D R 
HISTORY AND OPERATING PRACTICES O F  THE M TR REACTOR SAFEGUARD COMMITTEE, 
Phillips Petroleum Co. ,  Atomic Energy Division, Idaho Fal ls ,  Idaho, Contract No. 
AT-(10-1)-205, April  20, 1956, 11 pp. 

The Reactor Safeguard Committee a t  the Material Testing Reactor has  been functioning 
for  several  yea r s .  This report  describes the history, organization,, and operating 
practices of this group. Case histories of typical MTR experiments handled by this 
committee a r e  given. As a resul t  of i t s  contact with the broad range of experimental 
programs handled at the MTR, the committee has become aware of the need for  ad- 
ditional data in a number of important, fields relating to hazards evaluation. . 

Suggestions a r e  made for  investigations in  a number of vital a r e a s  such a s  reac tor  
physics, heat transmission and engineering properties of mater ia l s  of construction. 

Bentzen F L 
SPERT-I INSTRUMENTATION, 
Phillips Petroleum Co. ,  Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, March 15,1958, 42 pp. 

The SPERT-I reac tor  is used to investigate reactor  behavior under simulated accident 
conditions. The pr imary  data consist of measurements  of fuel plate temperature,  
reac tor  power and transient pressure  a s  functions of time. Because of the nature of 
the tests a l l  reac tor  operation and data recording a r e  performed from a point 3000 ft . 

from the test  a r ea .  The various problems associated with in-pile detectors,  signal 
handling and operation a r e  discussed. Instrumentation and circui t ry for  both the 
transient data system and reactor  operation a r e  presented. 

Miller R W 
CALCULATIONS O F  REACTIVITY BEHAVIOR DURING SPERT-I TRANSIENTS, 
Phillips Petroleum Co. ,, Atomic ~ n e r g ~  Division, Idaho Falls,  Idaho, 
Contract No. AT-(10-1)-205, June 1, 1957, 35 pp. (7 re fs ) .  

Response of the SPERT-I reac tor  to stepwise insertions of reactivity has been investi- 
gated and previously reported. Using experimental power data from these excursions 
along with the familiar diffusion approximation kinetic equations, it has  been possible 



in most  ca ses  to calculate the combined time-dependent effect of the shutdown mecha- 
n isms  on the reactivity of the system during transient response. These data along with 
transient power and energy release a r e  presented on composite graphs for  a number of 
excursions ranging in period and reactivity insertions from T = 2 sec  and Ako = 0 148% 
to z= 0.007 sec  and Ako = 1.470. . . 

From the data calculated in this fashion the amount of reactivity which was compensated 
a t  the peak of the f i r s t  pow.er burst  may be observed. These values a r e  dependent upon 
the transient period a s  well a s  other reac tor  parameters  and a r e  presented in graphical 
form.  

Included in the appendices a r e  brief discussions of the numerical solutions of the kinetic 
equations and the limitations of these equations under this usage. 

Wilson '1' J3 
AN ENGINEERING DESCRIPTION O F  THE SPERT-I REACTOR FACILITY, 
Phill ips Petroleum Co. ,  Atomic Energy Division, Idaho Falls,  Idaho, 
Contract No. AT-(10-1)-205', June 14, 1957, 43 pp. (5 re fs ) .  

An engineering description is presented herein of the SPERT-I reac tor  facility. The 
SPERT-I reac tor  i s  the f i r s t  of several  reac tors  to be built for  the pur.poke of con- 
ducting reac tor  transient behavior and safety studies on heterogeneous, light-water- 
moderated, enriched-fuel reactul- sys tems.  'I'he reac tor  consists of an open vessel  into 
which has been placed initially a plate type, uranium-aluminum core  w.ith no provision 
for  heat removal o r  coolant circulation. The reactor  i s  remotely operated'from a 
control center  approximately 112 mile from the reactor .  Reactor excursior~s a r e  
brought about by the rapid addition of reactivity to the reactor ,  and the resulting kinetic 
behavior of  the reac tor  observed. 

Rainwater J H 
MAINTENANCE O F  PRIMARY COOLANT WATER QUALITY IN THE MATERIALS 
TESTING REACTOR, , . 
Phillips Petroleum Co. ,  Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, February 21,1957, 54 pp. 

MTR experience with regard to process  water  quality and radio-activity is presented. 
It has been found that fission prbducts and uranium plate qut on reac tor  components 
quite readily, thus c r e a t i n g a  continuous source of fission products even though the 
original source of fission products is removed. Data is also given which shows,the 
effectiveness of using a cation res in  bed in removing fission products from the system. 
Other general information i s  given on gas production and nitrogen fixation in MTR. . . . . 

. . 

This repor t  i s  being issued because of the wide demand for  information &f,this type. 
The repor t  i s  a direct reprint  of mater ial  prepared for  Chapter 111 - ~ a i n t e n a n c e  of 
Coolant for the Reactor Handbook and for  this reason is in a format peculiar to this 
pal-ticular chapter. , 



McMurry  H L 
,NUCLEAR CALCULATIONS FOR SPERT-I I I, 
Phi l l ips  pe t ro leum C o . ,  Atomic Energy  Division, Idaho F a l l s ,  Idaho, 
Con t rac t  No. AT-(10-1)-205,  March  25, 1957, 20 pp. ( 4  r e f s ) .  

Th i s  r e p o r t  gives the r e s u l t s  of p re l iminary  c r i t i c a l  s i z e  and control  rod  worth  ca lcu la -  
tions fo r  the f i r s t  SPERT-I11 c o r e  des ign.  Th i s  des ign a s s u m e d  that  adequate control  

. 

can  be obtained by blade-type r o d s  opera t ing i n  s l o t s  s i m i l a r  to the des ign in 'SPERT-I .  
The c r i t i c a l  s i z e ~ c a l c u l a t i o n s  take account of the effect  of this  s lo t .  When i t  w a s  d e t e r -  
mined  that  blade-type control  r o d s  would probably b e  inadequate, control  rod  calcu-  
la t ions  w e r e  made assuming  a homogeneous c o r e  with fuel-bearing sh im r o d s .  

0 
These calcula t ions  indicate a c r i t i c a l  m a s s  of -20 kg a t  650 F and a n  e x c e s s  k of 

0 
-20% when loaded to this  s i z e  a t  68 F. Detailed r e s u l t s  a r e  given in  Tables  V I  and v 11. 

While this  work w a s  i n  p r o g r e s s  the SPERT-I11 des ign w a s  a l t e r e d  to e l iminate  the 
blade type r o d s  and the s lo t  accommodat ing them.  C r i t i c a l  s i z e  and control  rod .ca lcu-  
la t ions  m o r e  per t inent  to the ac tua l  des ign will  be  desc r ibed  in  a s e p a r a t e  r e p o r t .  

Wilson T R . . 
THE S P E R T -  I I I REACTOR FACILITY PRELIMINARY DESIGN REPORT,  
Phi l l ips  Pe t ro leum C o . ,  Atomic E n e r g y  Division, Idaho F a l l s , '  Idaho, 
Con t rac t  No. AT-(10-1)-205, May 6, 1957, 31 pp. ( 3  r e f s ) .  

The SPERT-I11  r e a c t o r  is designed f o r  conducting b a s i c  t r ans ien t  and r e a c t o r  safe ty  
s tud ies  under  conditions encountered i n  high power, heterogeneous,  light wa te r  r e a c t o r s .  
The r e a c t o r  and p r i m a r y  coolant s y s t e m  a re .des igned  fo r  opera t ion up to 2500 p s i  and 

0 
650 F. Coolant flow r a t e s  up to 20,000 gpm a r e  provided with. heat  r emova l  capaci ty  
sufficient  fo r  60 Mw f o r  approximately.  30 minutes ;  A descr ip t ion and p re l iminary  de -  
s ign  data  r e p o r t  of the facil i ty a r e  p resen ted .  . . 

Vance F P 
EQUATIONS FOR MTR BURNUP APPORTIONMENT, 
Phi l l ips  Pe t ro leum C o . ,  Atomic E n e r g y  Division, Idaho Fa l l s ,  Idaho, Decerrlber 3, 195G, 1 G  pp. 

Derivation of a s e t  of equations is desc r ibed  fo r  use  in  computing percentage.  burnup of 
u235 in  the MTR at t r ibutable  to  each la t t ice  position occupied by a fuel  e lement .  I t  is 
shown that  the u s e  of five equations is adequate to define the 29 percentages ,  within 
significant  d i f ferences .  ,The equations a r e  . presen ted .  . An extensive . table of data  is 
included. 



Van Sice R ' B  (Editor) 
HYDRAULIC FLOW CALCULATIONS FOR MTR-ETR EXPERIMENTS STANDARD 
PRACTICES MANUAL,. 
Phill ips Petroleum Co. ,  Atomic Energy Division, Idaho Falls,  Idaho, 
Contract No. AT-(10-1)-205, November 1, 1957, .68 pp. (23 re fs ) .  

Recognizing the need fo r  uniform methods of making hydraulic calculations, Phillips 
Petroleum personnel have compiled typical examples of hydraulic flow calculations. 
These examples and methods of calculation have been reviewed by the Phillips Reactor 
Safeguard Committee and approved a s  standard methods to be used in future hydraulic 
problems pertaining to experimental work at the MTR and ETR. 

Bright G 0 and Toole C R, Jr. 
NOTE ON THE EFFECT ON REACTIVITY O F  WATER ANNULI IN LARGE VOID 
SPACES IN THE SPERT-I REACTOR CORE; 
Phill ips Petroleum Co. , Atomic Energy Division, Idaho Fal ls ,  Idaho, Contract No. 
A ' ~ ' - ~ l u - l j - ~ u S ,  July 1, 1957, 9 pp. (1  ref) .  

An experiment has  been performed in the SPERT-I reac tor  to determine the effect of 
various water  annuli in large core  voib spaces.  Results show that the maximum r e -  
activity effect with a 3 in.  x 3 in. x 24 in. void occurs  with a 0.25 in. thick water 
annulus. The effect of these resul ts  on the evaluation of potential reactor  hazards i s  
discussed. 

Schroeder F 
STABILITY TESTS WITH THE SPERT-I.  REACTOR, 
Phillips Petroleum Company, Atomic Energy Division, Idaho Operations Office, USAEC, 
Idaho Fal ls ,  Idaho, Contract No. AT-(10-1)-205, July 1, 1957, 13 pp. 

The existence of unstable behavior in the SPERT-I reac tor  has been previously reported. 
Recent tes ts ,  in which the conditions for the onset of this instability were  investigated, 

0 
a r e  discussed. Tests  were  conducted with the initial bulk water  tempera'ture at 20 C 
and 9 7 ' ~  (boiling), and with the initial height of the water head over the core  at  2 feet 
and 9 feet.  The reproducibility of a l l  such stability tes ts  is discussed. 

Wilson T R 
THE SPERT-I I REACTOR FACILITY - PRELIMINARY DESIGN REPORT, 
Phill ips Petroleum Co. , Atomic Energy .Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, October 1,1957, 22 pp. 

A summary  of the preliminary design features of the SPERT-I1 reac tor  facility is 
presented. The SPERT-I1 is one of a s e r i e s  of SPERT (Special Power Excursion 
Reactor Tests)  reac tors  which will be utilized to obtain experimental information on 
the kinetic behavior of r eac to r s  in o rde r  to provide additional information to the industry 



for  the evaluation of reac tor  hazards.  The pr imary  function of the SPERT- I I facility 
i s  to permit a study of the influence of the prompt neutron lifetime on reactor  transient 
behavior and reac tor  safety' by providing for the use of various moderators and reflec- 
to rs ,  especially light and heavy water .  The vessel  is designed so  a s  to facilitate changes 
in core types and reflector types and their configurations. The ' reactor  vessel  and 
coolant system a r e  designed for  operation at p re s su re s  up to 300 psi, temperatures  up 

0 
to 400 F, and coolant flow ra tes  up to 20,000 gpm. Both upward and downward coolant 
flow through the reactor  core is permissible; however, since the facility i s  intended 
only a s  a transient tes t  facility, no heat removal equipment i s  included. 

Bright G 0 ,  e t  a l .  
AN ELEMENTARY MODEL FOR REACTOR BURST BEHAVIOR, 
Phillips Petroleum Co. , Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, August 2, 1957, 12 pp. ( 3  r e f s ) . .  

An elementary model for the description of reactor  transient behavior is presented. 
Work initially done by Fuchs and later  by Weinberg and Ergen has been extended to in- 
clude a correlation between transient pressures  and the ra te  of change of power. A , 

modification of the above equations i s  made to take into account an elementary hydro- 
dynamical consideration. The situation where the shutdown coefficient has an  energy 
re lease  threshold is discussed. 

Evans J; E (Editor) 
QUARTERLY PROGRESS REPORT FOR MTR TECHNICAL BRANCHES - 2ND QUARTER 
(1957), 
Phillips Petroleum Company, Atomic Energy Division, Idaho Fal ls ,  Idaho, 
Contract No. AT-(10-1)-205, August 22,1957, 64 pp. ( 2 2  re fs ) .  

This is a progress  repor t  from the MTR technical branches and l is ts  work performed 
by the various groups. The Engineering Test  Reactor,  ETR, was taken to crit icality 
with twenty-two fuel elements and five control-fuel sections.  A detailed study on the 
calculation of MTR fuel loads is presented and a method for  calculating the ETR charge 
life has been developed. SPERT-I calculations a r e  being modified in  the light of ex- 
perimental measurements .  The fission and total c r o s s  section of u~~~ has been ex- 
tensively studied. 

McMurry H L, Cazier  G A and Goin R W 
CALCULATION O F  MTR FUEL CHARGES, 
Phillips Petroleum Company, Atomic Energy Division, Idaho Falls,  Idaho, 
Contract No. AT-(10-1)-205, September 27, 1957, 32 pp, (9 refs) .  

F o r  economical operation of the MTR, mixtures of new and used fuel must be scheduled 
s o  that the required cycle t i n e  is met, and s t a r t  -up af ter  a s c ram when ~e l3 is present 
in the retained elements,  is possible. The procedure described here s t a r t s  with an 
equation relating charge life to the amount of uniformly distributed poison needed to 
keep a freshly loaded reac tor  just cr i t ical  with al l  control rods out. This equation is 



adapted to give an expression for  the life of a new fuel charge in t e rms  of the known 
life of the preceding charge, and the changes in the initial fuel loading of the charges.  
It is then only necessary to compute the difference between the life of the new charge 
and the preceding one. 

Expressions for the distribution of retained fuel, and fuel recycled from the canal which 
will permit  s tar t -up af ter  a s c ram when xe13' i s  present in the retained elements,  a r e  
a l so  developed. 

Deverall L I and Griffing G W 
KINETIC STUDIES ON THE SPERT I REACTOR --PART I I. ON THE INITIAL SHUTDOWN 
O F  THE SPERT-I REACTOR FOR PERIODS GREATER THAN 50 MILLISECONDS, 
Phill ips Petroleum Company, Idaho Falls,  Ida. , Contract No. AT-(10- 1)-205, 
December 26, 1957, 17 pp. (6 refs) .  

F o r  transients of SPERT-I initiated a t  approximately 2 0 ' ~  and where the reciprocal 
period is l e s s  than 20 s e c - l ,  the plate temperature does not r i s e  sufficiently by the 
t ime of'maximum power for boiling to have occurred. Fo r  this region one inquires 
whether it i s  possible that moderator expansion due to thermal  effects is sufficient to 
have shut down the reac tor .  Using the observed temperature t races  of the fuel plates, 
an  est imate of the temperature r i s e  of the moderator can be made a t  the time of peak 
power and hence the amount of reactivity compensated. On the other hand, the com- 
pensated reactivity is a l so  obtainable from the use of the observed power traces.  A 
comparison of the two values indicates that the computation based on the temperature 
is lower than the one based on power by a factor of about two. Although this comparison 
suggests that other mechanisms a r e  needed to explain the self-shutdown of the transients 
for  reciprocal  periods l e s s  than 20 sec-' , there is the possibility that' the discrepancy 
is not r e a l  due to the inherent inaccuracy of the available information. 

Rohinnon M 6 
RADIATION DAMAGE STUDIES PROGRAM ETR LOOP MATERIALS PROGRESS REPORT 11, 
Phillips Petroleum Co., Idaho Fal ls ,  Ida., Contract No. AT-(10-1)-205, September 16, 1957, 
3 3  PP. 

A program has been under way a t  the MTR to determine changes in mechanical pro-  
per t ies  with irradiation for  special alloys under consideration for use in ETR high 
p re s su re  loops. Subsize tensile and impact samples  a r e  being irradiated in the MTR, 
and tensile samples  i r radiated through four cycles have been tested fo r  the following 
mater ia l s :  16-1 Croloy, Hastelloy-X, Inconel-702, Inconel-X (double aged), Inconel-X 
(single aged), K-Monel, 410 Stainless Steel. Nickel-plated samples of 2-114 Croloy 
corroded too much to permit  testing. 

All mater ials ,  with the exception of 16-1 Croloy, revealed a continual increase in yield 
s t rength and a decrease in elongation with irradiation a s  expected, but the ultimate 
tensile strength of Inconel-X and K-Monel and both ultimate tensile strength and yield 
s t rength of the 16-1 Croloy appeared to decrease with irradiation af ter  reaching a 
maxim um . 



Bright  G 0 
QUARTERLY PROGRESS REPORT--JULY TO SEPTEMB.ER, 1957, 
Phi l l ips  Pe t ro leum Co . ,  Reac to r  P r o j e c t s  Branch,  Atomic  Energy  Division, Idaho F a l l s ,  Ida. 
Contract  No. AT-(10-1)-205, October  1, 1957, 84 pp. (14 re f s ) .  

This  r e p o r t  is a s u m m a r y  of p r o g r e s s  a s ' c o n c e r n s  the S P E R T  project .  A descr ip t ion 
of the fac i l i t ies ,  control ,  and ins t rumenta t ion along with theoret ica l  ca lcula t ions  of 
c r i t i c a l  m a s s  a r e  d i scussed .  P h a s e  I, 1.1, and I11 of the S P E R T  pro jec t  a r e  d i scussed  
in deta i l .  

Montgomery C R, Norberg  J A and Wilson T R 
SUMMARY O F  THE SPEl3.T-T, -11, .AND -111 REACTOR FACILITLES, 
Phi l l ips  Pe t ro leum Co. , Atomic Energy  Division, Idaho F a l l s ,  Ida. , Cont rac t  No. 
AT-(10-1)-205,  November 1, 1957, 34 pp. 

Th i s  r e p o r t  is a compilat ion of the engineering,  operating,  and physics data of the 
SPERT-I ,  - I  I, and -I I I r e a c t o r  fac i l i t ies  which have appeared in  previously  published 
detai led r e p o r t s .  Each  r e a c t o r  and the auxi l iary  equipment is br ief ly  desc r ibed  'and the 
design data f o r  the th ree  r e a c t o r s  a r e  s u m m a r i z e d .  

McMurry H L 
MTR CHARGE LIFE WITH MIXTURES O F  u~~~ AND P U ~ ~ ' ,  
Phi l l ips  Pe t ro leum Co. , Atomic Energy  Division, Idaho F a l l s ,  Ida. , 
Contract  No. AT-(10-11-205, October  23, 1957, 14 pp.. ( 3  r e f s ) .  

An equation f o r  the cycle  t ime  of an  MTR fuel  cha rge  containing m i x t u r e s  of u~~~ and 
pu 230 fuels is p resen ted .  The r o l e  of cap tu res  in  the resonances  a t  0.3 e v  in ~ u ~ ~ % n d  
1 e v  in  pu2* is included: 

As  a by-product, the equations p e r m i t  e s t ima t ing  the amount of P U ~ ~ ~  p e r  fuel  a s s e m b l y  
needed to give the s a m e  cycle  t ime a s  a n  a r b i t r a r y  distr ibution of u~~~ fuel  f o r  which 
the cycle t ime  is known. It avoids s o m e  of the simplif ications emplayed in e a r l i e r  
work  on this  problem.  Once the p r o p e r  weight f a c t o r s  have been determined,  the equa-  
tions can be solved read i ly  by hand. However, they can  eas i ly  be p r o g r a m m e d  f o r  
machine  solution. 

King D C 
HIGH PRESSURE WATER LOOP EXPERIMENTS IN THE MTR, 
Phi l l ips  Pe t ro leum Co . ,  Atomic Energy  Division, Idaho F a l l s ,  Ida . ,  
Contract  No. AT-(10-1)-205, November 14, 1957, 24 pp. (2 r e f s ) .  

A high p r e s s u r e ,  high t e m p e r a t u r e  w a t e r  loop i n  the MTR is designed to s imula te  o p e r -  
.at ing conditions of proposed r e a c t o r s  f o r  the purpose  of studying the s tabi l i ty  of p r o -  
totype fuel  e l ements .  T h e r e  a r e  present ly . f ive  opera t ing loops in the MTR with one 



being const ructed and a seventh  now in the design s tage .  T h e r e  a r e  a l s o  s i x  loops 
proposed f o r  the ETR.  

T h e  high gamma flux in the MTR and ETR m a k e s  the design of the in-pile tubes one of 
the m o r e  difficult p rob lems .  This  is discussed as well  a s  the problem of the radiation 
effect  on in-pile tube s t r u c t u r a l  m a t e r i a l s .  Brief  mention is made  of the complexity of 
loop controls  and  s o m e  fuel  e lement  t e s t s .  The deposition of c o r r o s i o n  products  in a 
radia t ion field is a problem pecul iar  to in-pile loops. This phenomenon and.the fa i lure  
of the WAPD-30 in-pile tube by cor ros ion  of the 316 s ta in less  s t e e l  tip a r e  covered.  

R ichardson  A S (Edi tor)  
IN- TANK IRRADIATION FACILITIES IN THE ' MTR AN w E~I'K-STANDARD PRACTICES 
MANUAL, 
Phi l l ips  Pe t ro leum C o . ,  Atomic Energy  Div. ,  Cuntr.act No. AT-(10-1)-205, Apr i l  1, 1958, 
O G  pp. 

Th i s  document h a s  been p repared  a s  a n  a i d  to the exper imente r  i n  h i s  planning and de-  
s igning of capsule-type i r rad ia t ions  i n  the MTR and E T R .  The r e p o r t  r e p r e s e n t s  a 
compl.ete descr ipt ion of the faci l i t ies  available fo r  capsule-type i r rad ia t ions .  Standard 
capsu les  and capsule  ho lders  o r  baskets  a r e  a l so  descr ibed.  A general ized discuss ion 
of typical  designs of va r ious  types of capsu les  is included.  In addition, the requ i rements  
f o r  i r rad ia t ion  of capsule-type exper iments  a r e  presented.  Ins t rumented capsules.  and 
flux moni to r s  a r e  d i scussed .  

Ner tney R ,T 
ENGINEERING LIAISON FOR MTR-ETR EXPERIMENTS STANDARD PRACTICES MANUAL, 
Phi l l ips  Pe t ro leum C o . ,  Atomic Energy  Division, Idaho Fa l l s ,  Idaho, Contract  No. 
AT-(10-1)-205, December  20, 1957, 58 pp. (7 r e f s ) .  

Th i s  is the introductory volume of a s e r i e s  of Phil l ips Pe t ro leum Company ~ ta r lda rd  
P r a c t i c e s  Guides fo r  design of MTR and ETR exper iments .  The need f o r  and na tu re  
of these  guides is discussed in  general  t e r m s .  

The  present15 proposed guides (including those which a r e  completed)  a r e  briefly 
a b s t r a c t e d .  

The exper iment  information outl ines,  which a r e  p repared  f o r  each m a j o r  engineered ex-  
pe r iment  a t  the MTR a r e  discussed,  and sample  outlines a r e  included in  the appendices 
of th is  guide. 

Corben  H C 
EXACT SOLUTION O F  THE PILE KINETIC EQUATIONS, 
The Ramo-Wooldridge Corp.., Los  Angeles 45, Calif . ,  July  11, 1957, 10 pp. (5 r e f s ) .  

'The space-independent pile kinetic equations a r e  solved to give the e x c e s s  react iv i ty  
explici t ly in t e r m s  of the pile power and i t s  h is tory .  The need f o r  digital computations 



f o r  determining the reactivity from a given power t race  is thereby reduced. The s o -  
lution i s  applicable to a rb i t ra ry  variations of power with time and is examined in detail 
fo'r the case  of small  damped oscillations about a slowly varying average power and for 
a power fluctuation occurring during a short  time interval.  The reactivity compensated 
during a power surge is computed a s  a function of the period by fitting the observed 
power to a simple algebraic expression. 

IDO-16434 (Pa r t  11) 

Horning W A 
A MODEL FOR TRANSIENTS IN THE SPERT-I REACTOR, 
The Ramo-Wooldridge Corp., Los Angeles 45, Cal i f . ,  October 4, 1957, 14 pp 

A model of power transients and resonance instability in SPERT-I 'is presented. The 
model assumes  thermal expansion and void growth a s  the mechanisms for  power -induced 
reactivity change. The model accounts for  the observed features of the initial power 
peak in a general way. It is more  successful, even semiquantitative, a s  a description 
of resonance instability a s  observed in SPERT-I. Further  progress  requi res  an im-  
proved understanding of void formation in transient boiling. 

IDO-16434 ( P a r t  111) 

Corben H C 
THEORY O F  SMALL OSCILLATIONS OF THE SPERT REACTOR, 
The Ramo -Wooldridge Corp.,  Los Angeles 45, Calif., July 30, 1957, 8 pp. 

The phenomenological treatment of void formation in the SPERT reac tor ,  given in the 
previous report  by W. A. Horning, is combined with the pile kinetic equations, and the 
resulting system of equations is studied for  small  oscillations about an  average power 
level +o. The frequency i s  shown to be approximately proportional to +, 112, in reason-  
able agreement with experiment. Damping is predicted to occur below a cer tain cr i t ical  
power level the value of which depends, among other quantities, on the ra te  a t  which 
.voids formed in the water inhibit the production of fur ther  voids. 

Haas F C 
MAINTENANCE O F  ETR COOLANT 
Phillips Petroleum Co. , Atomic Energy Division, Idaho Operations 'office, USAEC, 
Contract No. AT-(10-1)-205, August 15, 1958, 11 pp. . 

The ETR is a. thermal  reactor  using ordinary demineralized water a s  coolant and 
moderator .  Three res in  beds a r e  used for  activity reduction and to improve the water  
quality. Design specifications were for water having a specific resis tance of one million 
ohms, but a t  175 megawatts the resis tance has only been 400,000 to 500,000 ohms. Iron, 

'aluminum, and beryllium a r e  routinely determined and have been of the same order  of 
magnitude a s  these in the MTR. No evidence of nitrogen fixation has been found at 80 
megawatts. The .gross beta-gamma activities a r e  10,000 a t  80 megawatts and 40,000 
counts per  minute per  milli l i ter a t  175 megawatts. The cation exchanger is removing 
about 9070 of the gross  activity; the anion is removing about 300/0, and the mixed bed 
about 97%. Gross  water activities a r e  twenty times those found in the MTR before 
fission breaks occurred. Fission products have been found and identified in the pr imary  



w a t e r  and the g a s e s  f r o m  the degass ing tank.  Gaseous activity h a s  necess i ta ted ins ta l l -  
ing a t emporary  exhaust  s y s t e m  on the heat  exchanger building and a permanent  venti la-  
t ing s y s t e m  has  been designed. The production of gaseous hydrogen and oxygen h a s  
p resen ted  no p rob lems  s ince  the total  gas has  been 20 to 40 m l / l  of wa te r .  The p r i m a r y  
w a t e r  is continuously moni tored by convection pH and conductivity m e t e r s  a n d b y  a 
f i s s ion  b r e a k  moni tor .  

Schaffnit W 0 
METALLURGICAL EXAMINATION O F  A MELTED SPERT-I  TYPE-B FUEL PLATE,  
Phi l l ips  Pe t ro leum C o . ,  Atomic Energy  Div. ,  Idaho Operations Office, USAEC, , 

Cont rac t  No. AT-(10-1)-205, September  18, 1958, 18 pp. 

F a i l u r e  in  one of the removable  SPERT-I  Type-B fuel  p la tes  was  discovered on Apri l  24, 
1958, dur ing routine operat ions  that involved remova l  of fuel  p la tes .  The mel ted plate 
with two adjacent p la tes  w e r e  delivered to the NITR hot ce l l  f o r  metal lurgical  examina-  
t ion.  Macroscopic  and microscopic  examinations w e r e  made.  It was  concluded that the 
b r e a k  resu l t ed  f r o m  tempera tu res  exceeding the mel t ing points of the 6061 alunilriurr~ 
cladding and the c o r e  m a t e r i a l .  

Bush P D and Levy S 
ENGINEERING TEST REACTOR - ENGINEERING DESIGN AND SAFEGUARDS REPORT, 
K a i s e r  Engineers ,  Nuclear  Engineering Division, Oakland, Ca l i f . ,  and General  E l e c t r i c  Co. , 
Atomic Power  Equipment Department,  Schenectady, N. Y. ,  Contract  No. AT-(10- 1 )-770, 
July  (1956), 286 pp. 

The Engineer ing T e s t  Reac to r  (ETR) is designed to  pe r fo rm engineering t e s t s  on fuel 
e lements  and components of nuclear  plants.  I ts  main purpose is to provide l a rge  ex-  
pe r imenta l  fac i l i t ies  with v e r y  high neutron fluxes, thus supplementing r e s e a r c h  r e a c t o r s  
a l r e a d y  in  use .  The r e a c t o r  complex is descr ibed in detail  and engineer ing drawings 
a r e  given for  the complete sys tem,  including buildings arid s e r v i c e s .  Var ious  o p e r -  
at ional  considerat ions  a r e  evaluated f rom a r e a c t o r  sa feguards  b a s i s .  

Hitchcock A J M, P r i c e  V E and Shenton J 
FLUX CHANGES IN A THERMAL REACTOR UNDER LONG-TERM IRRADIATION, ' 

United Kingdom Atomic Energy  Authority, Risley,  Lancashire , '  June (1957), 120 pp. (16 r e f s ) .  

Th i s  r e p o r t  p r e s e n t s  the r e s u l t s  of a study of flux changes  in a r e a c t o r  a s  a r e s u l l  uf 
i r r ad ia t ion .  The p r i m a r y  function of th is  investigation was  not to make even a p re l imi -  
n a r y  s u r v e y  of the dependence of these  effects  on the var ious  p a r a m e t e r s  concerned,  but 
to  develop methods by which such a survey,  o r  a s tudy of par t icular ly  in te res t ing  c a s e s ,  
could be  c a r r i e d  out, and although the r e s u l t s  obtained a r e  of ve ry  considerable  in te res t  
they do not c la im to be exhaustive i n  any s e n s e .  

A s  i r rad ia t ion  p roceeds  in a r e a c t o r ,  the composit ion of the fuel  is s teadi ly  changed by 
the nuc lea r  react ions  taking place.  In consequence the lat t ice constants  a l s o  undergo 
s teady  changes,  and a r e  functions of the i r rad ia t ion  received a t  each point. Since this 



v a r i e s  f r o m  point to point in the r e a c t o r ,  s o  do the lat t ice constants ,  and consequently 
the shape of the neutron flux will a l s o  change with t ime .  In addition, the power output 
p e r  unit flux is a l s o  a function of i r radia t ion.  Consequently i t  may  be expected that the 
distr ibution of power produced over  the life of a r e a c t o r  will v a r y  with t ime; and .also, 
perhaps ,  the total power produced. Such changes m u s t  be allowed f o r  in r e a c t o r  design 
and .operation.  

A s  will  appearJ.  the amount of c a l ~ u l a t i o n  involved 'in solving this problem, even using 
the refined methods repor ted  here ,  is v e r y  great .  It is es t imated  that  using hand c o m -  

. . putation methods,  an  expenditure of labor  of fifty m a n - y e a r s  p e r  c a s e  would be involved, 
, and ,this is plainly prohibit ive.  The use of a l a rge  s c a l e  'computor is n e c e s s a r y  and s ince  
'an analogue'computor would be  highly specia l ized,  i t  was  decided to ,proceed on a n  
e lect ronic  digital computoi .  

This r e p o r t  does  not concern  i tself  with the detailed p rogramming  used to solve the 
problems,  nor  with the operat ing ins t ruct ions  f o r  the use  of the exis t ing p r o g r a m s  .with 
the mach ines .  

. . . . .  

I G R - ~ ~ / ~ - 6 4 1 '  ' . . . ,  

Hitchcock A 
CONTROL ROD REQUIREMENTS IN A THERMAL REACTOR, 
United Kingdom Atomic )Energy Authority, R e s e a r c h  and Development Branch,  Risley,  
Lancashire ,  August (1957), 6 pp. (1  ref) .  

' ~ h i s ' r e ~ o r t  disc.us&ei the ,method df calculation fo r  control  of power ' level  in a r e a c t o r .  
Discrepancies  i n  nomencla ture  a r e  pointed out. Calculations fo r  both control ,  and 
safe ty  r o d s  a r e  included. 

. . ... 

IGR-TN-R-642 ' - '  : . . 

.. # . .  . . . . . . 

Cutts  ' B . . . . 
. . 

THE: CALCULATION .OF THE. .EFFECTIVENESS O F  CONTROL RODS ON A THERMAL 
. . . .  . . . .  REACTOR, . . . . .  : . 

United Kingdom Atorhic ~ b e r ~ ~  ,Authority, .Industrial..Group, R e s e a r c h  and Development B r . ,  
. . . .  Risley,  Lancashire ;  'August. (1957.); 9 pp. (5 r e f s ) .  . .  , 

This  r e p o r t  desc r ibes  the "super-cel l"  method of control  rod  calcula t ions  which m a y  be 
used in  r e a c t o r s  containing l a r g e  numbers  of rods  .as an  a l ternat ive  t &  the m o r e  con- 
ventional methods. 
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8 .  . . . . 
Har tas  J C 
NUC'LEAR .POW'ER'AND REACTOR ENGINEERING: .SELECTED AND ANNOTATED 

. . . :  .. . . .  . .  REFERENCES;' , i ':> . I  -.I I .  1 .  

United .Kingdom At'omic :Energy  Authority., lndus tr ial .  Group, 'Hisley, Lanc has  hire,  
. . . . .  . . . , F e b r u a r y  (195.8),';17 'pp. (referen'ce's).; . , . :  . " :  . . 

This  r e p o r t  is a compilation of papers  and a r t i c l e s  se lected by the L i b r a r y  and Infor- 
mat ion Departm'ent of the United Kingdom Atomic Energy  Authority a s  a guide to 
se lec ted  reading f o r  those about to en te r  the nuclear  engineering field. Most of the 



re ferences  a r e  basic, in  nature, and cover such subjects a s  mater ials ,  reactors ,  safety, 
dosimetry, and waste products. 

ISC - 3  18 (Del) 

Spedding F H 
THE MOLTEN-METAL-FUEL REACTOR, 
Iowa State College, Ames Laboratory, Ames, Iowa, Contract No. W -7405-Eng-82, 
JUIE (1953), 5 pp. 

This  report  discusses the various ear ly  categories of reac tors .  The molten-metal-fuel 
reac tor  is one of these. The advantages of this type of reac tor  a r e  discussed. Problems 
a r e  associated with such a reactor ,  but it i s  felt .that these problems could successfully 
be solved. 

Mitchell R F and Martin D S 
HIGH SPECIFIC RADIOACTIVITIES O F  OSMIUM FROM PHOTONUCLEAR REACTIONS, 
Iowa State College, Ames Laboratory, Ames, Iowa, Contract No. W -7405-Eng-82, 
January 29, 1955, 39 pp. (38 re fs ) .  

The 70 Mev bremsstrahlung irradiations of 0s have prepared a 6 hr .  0s activity, 
O s l ~  1,191rn , ~e~~~ (1 h r )  R e l e 6  and  el". Thin 0s samples  were electroplated which 
allowed a window l e s s  counter determination of absolute disintegration r a t e s .  By this 
method the relative yields of 0s'"' /0slslrn were found to be 0.25 f 0.1. A relative 

lsim yield, ~ s ~ ~ ~ ( y ,  n) 0 s  1 ~ 1 %  (Y, of 40 was obtained. The 70 Mev b rems-  
strahlung irradiations of I r  yielded 0slS1 a 1 9 1 r n  and 4 h r  0s activity. Also produced 
were  I r  190,190m (3 h r  and 12 dl and a relatively high yield of 19 hr .  1r lS4 which 
indicated the presence of a significant neutron flux in the vicinity of the Iowa State 
College synchrotron donut. A 6-hr 0s daughter formed from a 12 d I r  parent was 
a l so  noted. In irradiations of the compound (NH4)OsC1, a Szilard-Chalmers effect 
was noted. When the target compound was subjected to a ni t r ic  acid oxidation 40-6070 
of the osmium activity distilled with the f i r s t  rew rrl i l l igran~s of OsO,. Enrichments 
a s  high a s  40 were obtainable. Only a small  fraction of activity was initially collected 
in an  OsO, separation s o  the enrichment depended upon the r a t e  of oxidation of the 
recoi l  a toms by ni t r ic  acid and ~t was enhanced by tiie jjresetlce of ammonium iwn. 

KAPL-329 (P t  . 11) 

Stewart H B and Gavin G B 
ACTIVATION EXPERIMENTS IN THE KAPL PRELIMINARY PILE ASSEMBLIES, 
Knolls Atomic Power Laboratory, Schenectady, N. Y . ,  Contract No. W-31-109-Eng-52, 
September 20, 1950, 43 pp. 

This report  i s  a description of activation experiments in the four assemblies ,  PPA-2, 
-3, -4, and -5.  The purpose of the experiment was to measure :  The power distribution 
in the reac tor  core,  the fraction of fission resulting from neutrons having energies 

' 

below Cd cutoff, the spatial  distribution of the epithermal flux, and the energy d is t r i -  
bution of the cpithermal flux. 



Sullivan L 0 
PROBLEMS AND COSTS ENCOUNTERED IN THE HANDLING O F  IRRADIATED FUELS,  
Knolls ~ t o m l c  Power  Labora to ry ,  Schenectady,  N. Y. , C o n t r a c t  No. W-31- 109-Eng-52,  
Sep tember  1,1955,  35 pp .  

Opera t ing  exper i ence  in the Radioactive Mate r i a l s  Labora to ry  is desc r ibed ;  with 
e m p h a s i s  on p rob lems  and c o s t s  encountered  in the handling of i r r a d i a t e d  fue l s .  

KAPL-1756 ( P a r t  1)  

Baraff G A and Mallon R G 
THE FAST OXIDE BREEDER - REACTOR ANALYSIS-PART I. NEUTRON YIELDS, CROSS 
SECTIONS, GROUP CONSTANTS, AND MACHINE ROUTINES, 
G e n e r a l  E l e c t r i c  Co . ,  Knolls Atomic  P o w e r  Labora tory ,  Schenectady,  N. Y . ,  
Con t rac t  No. W-3 1 -109-Eng-52, June  30, 1957, 57 pp. (33 r e f s ) .  

A s  p a r t  of subcon t rac t  K-3 14, Advanced Scientific Techniques R e s e a r c h  Assoc ia te s  
(ASTRA) h a s  pe r fo rmed  work  f o r  KAPL in  the a r e a  of r e a c t o r  physics  with speci f ic  
applicat ion to the KAPL F a s t  Oxide B r e e d e r .  The r e s u l t s  of the f i r s t  phase  of th is  
work,  a n  evaluation of exis t ing  informat ion on c r o s s  sec t ions  in  the e n e r g y  range  of 
i n t e r e s t  and on neutron yie lds  f o r  f i ss ionable  i so topes ,  a r e  r epor ted  i n  Sect ion  A. The 
methods  and techniques developed f o r  r educ ing  the r aw data  to group cons tan t s  f o r  
PROD I 1  (the code chosen  f o r  mul t igroup ca lcula t ions)  and modificat ions m a d e  to the 
PROD I 1  code a r e  d i scussed  i n  Section B. 

KAPL-1756 ( P a r t  2 )  

Molino D F and Davidson J K 
THE FAST OXIDE BREEDER-REACTOR ANALYSIS-PART 11. REACTOR CALCULATIONS, 
Knolls  Atomic  P o w e r  Labora to ry ,  Schenectady,  N. Y . ,  Con t rac t  No. W - 3  1-109-Eng-52, 
June  30, 1957, 35 pp. (16 r e f s ) .  

The r e s u l t s  of a new seI ' ies  of mul t igroup c r i t i ca l i ty  ca lcula t ions  f o r  the F a s t  Oxide 
B r e e d e r  r e a c t o r  a r e  r epor ted .  A new compilat ion of nuc lea r  da ta  p r e p a r e d  by ASTRA 
personne l  w a s  used  as input. 

Among the m o r e  impor tan t  d i f ferences  between the new r e s u l t s  and the o r ig ina l  ca lcu -  
. . 

la t ions  of Luebke and Sampson a r e :  

1. An i n c r e a s e  i n  fuel  concentra t ion  (uraniuin/plutonium"ratio f r o m  5 /  1 to 4 /  1)  f o r  
the  s a m e  r e a c t o r  s i z e  and power ou tpu t ,  

2. Reduction in  the to ta l  b reed ing  r a t i o  obtainable f r o m  about 1.4 to 1.3, and  
. . . . 

3 .  Use of fuel  movement  r a t h e r  than r e f l e c t o r  movement  f o r  con t ro l .  

KAPL-1773 

Jones  Samuel  S 
HIGH INTENSITY GAMMA IRRADIATION FACILITIES A T  THE KNOLLS ATOMIC POWER 
LABORATORY, 
Knolls Atomic  Power  Labora to ry ,  Schenectady, N. Y. , C o n t r a c t  No. W-3 1-109-Eng-52, 
Apr i l  1, 1957, 36 pp. 



Information is presented concerning the s t r u c t u r e ,  operation,  and radia t ion f ie lds  of two 
high in tensi ty  cobalt-  60 gamma i r rad ia t ion  faci l i t ies  a t  the Knolls Atomic Power  Labora-  
t o r y .  A cyl indr ical  580-curie s o u r c e  is used in a mobile lead-shielded facil i ty.  A s e c -  
ond s o u r c e  cons i s t s  of 3440 c u r i e s  in ten s e p a r a t e  capsu les .  The c a p s u l e s a r e  mounted 
in  va r ious  holes on a plate in  a water-shie lded facil i ty.  The capabi l i t ies  of the two 
faci l i t ies  tend to complement each o t h e r .  A var ie ty  of i r rad ia t ion  s tud ies  have been 
m a d e  with these units  dur ing the pas t  five y e a r s .  

KAPL-  1003 

- - - -  
QUARTERLY REACTOR TECHNOLOGY REPORT NO. 2, 
Knolls Atomic Power  ~ a b o r a t o r ~ ,  Schenectady, N.Y.,  Contract  No. W-31-109-Eng-52, ! 

August 23, 1957, -72 pp. . , 

' rh is  r e p o r t  is divided into four  m a j o r  categor ies :  physics,  engineering,  mate r ia l s ,  
and chemis t ry .  

Uranium la t t ice  s tudies ,  
Nuclear analys is  f o r  s t a in less  s t e e l  - w a t e r  and z i rconium - w a t e r  c o r e s ,  
Pulsed neutron s tudies ,  
Study of plutonium-fueled r e a c t o r  c o r e s ,  
Inelastic sca t t e r ing  group p a r a m e t e r s ;  
Nuclear t empera tu re  a s  .a function of m a s s  and excitat ion energy,  * 

Cylindrical  homogeneous r e a c t o r  with infinite ref lector ,  
Application of a var ia t ional  method, 
Multigroup codes ,  and 
Neutron spec t romet ry .  

B. Engineering . . 

1. Inlet  plenum tes t ,  ' 

2. Heat t r ans fe r  coefficient for  twisted ribbons (Nickel-plated copper),  
3. In'terchannel mixing, 
4. Twisted ribbon interchannel mixing - experimerital techniques,  and. 
5. Control .  dr ive  mechan isms .  . 

C .  Mate r ia l s  

1. Control  m a t e r i a l s  - neutron abs 'orber,  . ' , . . . ' . 
2. Composite control  rod development, and 
3. Advanced m a t e r i a l s  development.  - : 

D. Chemis t ry  

1. K A P L  in-pile c r u d  s tudies .  
. . 

KAPL- 1868 

- - - -  
QUARTERLY REACTOR TECHNOLOGY REPORT NO. 3, 
July,  August, September ,  1957, Knolls Atomic Power  Laboratory ,  Schenectady, N . Y . ,  
Cont rac t  No. ~ - 3 i - l 0 9 - ~ n ~ - 5 2 ,  (1957), 78 pp. 



This  r e p o r t  s u m m a r i z e d  the p r o g r e s s  m a d e  a t  KAPL dur ing July -September  1957. A 
par t i a l  l i s t ing of sub jec t s  covered includes r e a c t o r  physics ,  r e a c t o r  engineer ing,  and 
r e a c t o r  m a t e r i a l s  and c h e m i s t r y .  

KAPL-M-RWD- 17 

Deutsch R W 
NUCLEAR EVALUATION O F  SLAB-TYPE CONTROL RODS, 
Knolls Atomic Power  Laboratory ,  Schenectady, N. Y . ,  
Contract  No. W-31-109-Eng-52, December  19, 1956, 16 pp. (2 r e f s ) .  

In o r d e r  to introduce the ep i the rmal  control  rod effects  f o r  a s l ab  geometry ,  a two- 
group method analogous to the one-group method, which h a s  been used f o r  the absorpt ion 
a r e a  method, is developed. The two-group method in conjunction with exper imenta l  
m e a s u r e m e n t s  p e r m i t s  the determinat ion of ep i the rmal  c r o s s  sec t ions  f o r  individual r o d s  
a s  wel l  a s  the determinat ion of the rod  worth  of a grnllp nf rnrls 

A semiquant i ta t ive  ana lys i s  of F P R  and ATR exper iments  is in a g r e e m e n t  with the theory. 

F r a s e r  J P 
INTERCHANNEL MIXING, 
Genera l  E l e c t r i c  Co . ,  Knolls Atomic P o w e r  Laboratory ,  Schenectady, N. Y . ,  Apr i l  12, 1956, 
10 PP. 

Th i s  report '  d i s c u s s e s  a method developed by which the t empera tu re  r i s e  in  a r e a c t o r  
m a y  be c o r r e c t e d  fo r  in terchannel  mixing if- the heat  generation h a y  be  a s s u m e d  to vary ,  
in  the t r a n s v e r s e  plane,. in one di rec t ion only. Th i s  assumpt ion is approximate ly  s a t i s -  
fied in many regions .of  the rhombus m a t r i x .  The application of this  method to r e a c t o r  
design wi l l  be wr i t t en  up a f t e r  diffusion coefficients have been m e a s u r e d .  

KLX- 63 

- - - -  
DETAILED P R O J E C T  STATUS REPORT - JAW TYPE REMOTE CONNECTORS, 
The Kellex Corporat ion,  N. Y . ,  Contract  No. AT-(30-1)-Gen-169, August 26, 1949, 21 pp. 
(10 re f ) .  

The 4-inch jaw-type connector  designed f o r  this  project  is s i m i l a r  to  the s m a l l e r  con-  
n e c t o r s  of the s a m e  type and essent ia l ly  a l l  of the design fea tu res  of the s m a l l e r  con-  
nector  w e r e  incorporated in  the 4-inch model .  Ini t ial  tes t ing of the mode l  produced 
general ly  sa t i s fac to ry  r e s u l t s ,  but additional test ing and modification would b e  requ i red  
to check out the design before  a prototype could be fabr ica ted.  

KLX-1395 

- - - -  . , 

MTR RODS AS FISSION PRODUCT SOURCES FOR INDUSTRIAL STERILIZATION,. 
Vl t ro  Corporat ion of Amer ica ,  N. Y . ,  N. Y . ,  Contract  No. AT-(30-1)-850,  January  2, 1954, 
33 pp. (14 r e f s ) .  



The industrial  utilization of fission products a s  steril ization devices fo r  foods, drugs, 
and other mater ia l s  will require  sources  in the megacurie range. Considerable chemi- 
c a l  r e sea rch  and development wi1.l be necessary before sources  of this magnitude can be 
made available. One possibility for  acquiring a high strength source would be the direct 
utilization of Materials Testing Reactor (MTR) fuel elements from the reac tor  after a 
brief cooling period. These rods  would require  neither chemical processing (to recover 
fission products) nor source fabrication pr ior  to use in a pilot plant (as  a high level 
radiation facility). 

An engineering and economic feasibility study has been made relative to the possibility 
of using MTR fuel rods a s  gamma radiation sources.  

In the engineering feasibility study, three concepts of a pilot plant design using MTR 
rods f o r  industriai  steril ization were considered. Although these desigrls a r t  bascd on 
MTR fuel assemblies  a s  radiation sources  af ter  Ltley a r e  removed from ttic r.e&Ct6ia, 
sufficient flexibility is provided in each design to accommodate sources  of other geo- 
me t r i c  shapes, e .  g . ,  s labs,  holloW Cylinders and rods.  011 the basis  of thc rcnctor  
data used in this study, i t  i s  estimated that a complete s e t  of 23 fuel elerrlet~ts would 
provide approximately one megacurie a t  the time the source is installed and about an 
average of half a megacurie for  two months. 

In the economic study, over-all  costs  of MTR sources to poten'tial consumers were 
based on estimated of the following component costs ;  

1. Cost of transporting MTR fuel elements f rom the reac tor  (after a brief cooling 
period) via a shielded rai l road f la tcar .  

2. Consumer installation and processing costs.  (The installation costs  a r e  not 
related to the pilot plant design. ) 

-A cos t  comparison of MTR rod sources  with the present day costs  of an (approximately) 
power equivalent electron accelerator  (0.5 kw ) is included. This comparisori sllould not 
be interpreted to mean that electron accelerators  a r e  s imi la r  in al l  respects  to gamma 
ray  sources  as  radiation devices. It i s  intended ra ther  a s  an indication of approximate 
cu~rlpaiat ive radiation coat3. 

- - - -  
CONVERSION O F  UF6 TO HOMOGENEOUS REACTOR FUEL (57-D), 
Vitro Corporation of America, N .  Y.  , N. Y . ,  Contract No. AT-(l l -1)-217,  April  1, 1953, 81 pp. 

Methods have been investigated fo r  the conversion of UF, to U02S04 suitable for  use a s  
homogeneous reac tor  fuel. Throughputs of both 2000 lb and 11 lb of uranium per  day 
were  considered. 

The process  developed and demonstrated on a laboratory scale  for 2000 lb of uranium 
per  day throughput of slightly enriched UF, (approximately 1% uZ3') comprises  

0 hydrolyzing UF, in 7070 H2S04, a i r  sparging of the hydrolysis product a t  90 C to 
remove HF, fi l tering the resultant UO,SO, crystals  and calcining the c rys ta l s  at 500 C .  
The process  developed and demonstrated on a laboratory scale  for  11 lb per  day through- 

2 3 5  put of highly enriched UF, (over 9070 isotopic U purity) compr ises  hydrolyzing UF, 
0 

in  water,  adding a slight excess  of H2S04 and drying and calcining a t  500 C.  



Ross in  A D, e t  a l .  
P~~ PRODUCTION IN THE X-REACTOR, 
Massachuse t t s  Inst i tute of Technology, Engineer ing P r a c t i c e  School, Oak Ridge,  Tenn.  , 
Cont rac t  No. W-7405-Eng-26, October  27, 1954, 28 pp.  (7  r e f s ) .  

I 

A method is p resen ted  f o r  ca lcula t ing the r a t e  of production of P~~ i n  the X-10 Graphi te  
Reac to r  in o r d e r  to de te rmine  the m o s t  efficient schedule  f o r  the i r r ad ia t ion  of cans  
of su l fu r  in  the r e a c t o r .  Var iab les  i n  the p r o c e s s  a r e  the number  of c a n s  inse r t ed  e a c h  
week and the length of t i m e  and level  of i r r ad ia t ion  of e a c h  can .  Limita t ions  a r e  i m -  
posed by the demand f o r  p", the high c o s t  of chemica l  process ing,  availabil i ty of 
r e a c t o r  space ,  and the opera t ing schedule  f o r  the r e a c t o r .  The d i s t r i b ~ ~ t i o n  of neutron 
flux responsible  f o r  the reac t ion  is de te rmined  by the i r r ad ia t ion  of aluminum sulfa te  
and deta i ls  of the method a r e  d i scussed .  The r e s u l t s  of the study indicate that no o the r  
production schedule  o f fe r s  . a  sufficient  i n c r e a s e  in  efficiency o v e r  the schedule  now used 
to justify a change.  

LA- 1441 

Hansen G E 
BURST CHARACTERISTICS ASSOCIATED WITH THE SLOW ASSEMBLY O F  FISSIONABLE 
MATERIALS, 
L o s  Alamos Scientific ~ a b o k a t o r ~ ,  L o s  Alamos,  N. M . ,  July (1952), 39 pp. 

Th i s  r e p o r t  is a seque l  to LA-596, l l ~ f f i c i e n c y  f o r  Very  Slow Assembly,"  by K. Fuchs .  
Herein  a r e  given e s t i m a t e s  of t e m p e r a t u r e  r i s e  5nd p r e s s u r e  developed a s  a r e s u l t  of 
ac t ive  m a t e r i a l  s lowly being dr iven super-cr i t ica l .  Marginal  a s s e m b l y  r a t e s  can  thus 
be  de te rmined  f o r  both meta l  and solution a s s e m b l i e s  above which the d i sassembly  'by 
t h e r m a l  expansion is explosive in  the s e n s e  that the ac t ive  m a t e r i a l  o r  containing v e s s e l  
is rup tu red .  

King L D P 
A BRIEF DESCRIPTION O F  A ONE MEGAWATT CONVECTION COOLED HOMOGENEOUS 
REACTOR - LAPRE 11, 
L o s  Alamos Scientific Labora to ry ,  L o s  Alamos,  N. M . ,  Contract  No. W-7405-Eng-36, 
Apr i l  13, 1955, 17 pp. ( r e f e r e n c e )  . 

The design of LAPRE 11, a 'homogeneous  1 Mw t h e r m a l  r e a c t o r  is given.  Th i s  r e a c t o r  
is intended to be  s imple ,  r e l i ab le  and foolproof and opera ted without at tendants a f t e r  
ini t ial  tes t ing.  

The fuel  is UO, in H,PO, and the sea led  sys tem p e r m i t s  the r e m o v a l  of the fuel  solution 
to a noncr i t ica l  r e s e r v o i r  in. the event  of a high p r e s s u r e  development.  

The informat ion to be gained f r o m  the opera t ion of this  r e a c t o r  c o n c e r n s  the long t e r m  
c o r r o s i o n  r e s i s t a n c e  of the m a t e r i a l s  subjected to this fuel  solution and to demons t ra te  
the feas ibi l i ty  of compact ,  por table ,  s i m p l e  and re l i ab le  r e a c t o r .  

Details  of the graphi te  m o d e r a t o r  and hea t  exchanger  a r e  given. 



Jones S S, Langdon W R and Naydan T T 
NEW RADIATION TEST FACILITIES IN THE GENERAL ELECTRIC COMPANY, 
General  Electr ic  Company, General Engineering Laboratory. Paper  presented a t  the 3rd 
Semi-Annual Radiation Effects Symposium, Lockheed Aircraft  Corporation, Marietta, Ga. , 
October 28-30, 1958, 30 pp. (1 re f ) .  

This paper descr ibes  new radiatiorl tes t  facili t ies elther in {~pel.dl i \sn ar now being 
installed by the General Electr ic  Company. These facilities have been financed entirely 
by General Electr ic  Company funds and a r e  located in i t s  General Engineering Labora- 
tory, Schenectady, N. Y . ,  and i ts  Vallecitos Atomic Laboratory, Pleasanton, Calif. 
These cnmbined facili t ies will provide radiation sources and equipment for  nearly a l l  
types of radiation work - -  for  studies on mater ia l s  o r  machinery, for bnaic research  n r  
fo r  qualification testing; and fo r  studies using charged o r  uncharged, light o r  heavy 
p a r t i c l ~ q .  

Allcn J W 
THE .CONVAIR RADIATION' .EFFECTS TESTING SYS'l'ElVl,.  
Convair, Division of General Dynamics Corporation, For t  Worth, Texas. Pape r  presented a t  
the 3rd Semi-Annual Radiation Effects Symposium, .Lockheed Aircraf t  Corporation, Marietta, 
Ga . ,  October 28-30,1958, 11 pp. 

This  paper and an accompanying movie describe the radiation effects testing system at 
Convair -For t  Worth, including the shuttle systerrl to trarisport specimens in  special 
environmental chambers .  The hardware and controls necessary. to r ~ ~ e e t  the environ- 

. mental c r i te r ia  and the versatil i ty of the system a r e  described. 

Scarborough W T 
RADIATION EFFECTS REACTOR, 
Lockheed Aircraf t  Corp. , Marietta, Ga. Paper  presented a t  the 3rd Semi- Annual ~ a d i a t i o n  
Effects Symposium, Lockheed Aircraft  Corp. , Marietta, Ga . ,  October 28-30, ,195.8; .10  pp.. 

. . .  - _  
The radiation effects reac tor  is a 10-megawatt, pressurized,  heterogeneous, li'ght water 
cooled and moderated reactor ,  using fully enriched uranium in ETR-type elements.  It 
is mounted on a hydraul icl i f t ,  which r a i s e s  i t  from the pool to ,  the height of the systems 

. mounted on rai l road c a r s  around the pool for  irradiation. .Coolant flows through swivel 
pipes a t  3000 gpm. Control and instrumentation cabl'es a r e  routed through an overhead 
conveyor system to lessen radiation damage to them. 

. . 
A new core  will contain 11..670 Ak excqss.reactivity and.have a lifetime of 7000 mega- 
watt hours at ra ted power. Calculated flux values a t  the pressure  vessel  surface a r e  

. . t he rma l  neutron cur ren t  - 3 x 10 in. nv, above thermal  neutron cur ren t  -. 8 x .10 in.  nv, 
.-. .. . : . . . a n d  gamma.flux .- 6 .x 10..13 mev/crn2-.se,c. . .  . ~ . , .  . 

. . . . . . 



Dewar M A  
START-UP O F  THE CRITICAL EXPERIMENT REACTOR, 
Lockheed Aircraft  Corp . ,  Marietta, Ga. Paper  presented a t  the 3rd Semi-Annual Radiation 

. Effects Symposium, Lockheed Aircraf t  Corp. , Marietta, Ga . ,  October 28-30,1958, 6 pp. 

The Cri t ical  Experiment Reactor operated a t  Air Fo rce  Plant No. 67 by Lockheed 
Nuclear Products Branch is used to establish core loadings for  the Radiation Effects 
Reactor and to determine a l l  pertinent nuclear character is t ics  of each RER core .  

The CER was. designed, manufactured, and installed by the Atomic Power Equipment 
Department of General Electr ic  Company.. Facility design was by Lockheed. Facility 
construction was begun December 27,1957; and installation of the CER was begun 
April  9, 1958. 

c r i t i ca l i ty  was achieved June 9, 1958, with a rectangular 20-element a r r a y  containing 
approximately 3.260 kg u~~~ and having approximately 0.370 excess  reactivity. The 
four fuel-poison control rods were  determined to have a shutdown worth of approximate- 
ly 4-1 / 2% A k /k  each. .  The silver-cadmium regulating rod i s  worth approximately 
0.370 A k/ k negative reactivity. The RER operational loading, containing 11.6% r e -  
activity, was achieved in the CER with a 32-element a r ray ,  approximately 5.372 kg 
uZ3' .  F o r  this core  the temperature coefficient is negative, approximately 
-7.01 x 1 0 - ~ ~ k / k  per  OC at  7 5 ' ~ .  The' void coefficient is approximately -4.35 x ~ k / k  
per  cent void. The cr i t ical  and operational core  loadings, rod worth, and coefficient 
values were in good agreement with previously calculated values. 

.Operation has proved the CER to be stable and simple to control; and, since the initial 
"bugs" in the instrumentation channels and in the mechanical 'systems have been el imi-  
nated, most of the systems have been trouble-free. 

LAMS-2126 

Watt, Bob E 
SUGGESTIONS ON THE DESIGN O F  HETEROGENEOUS REACTORS, 
Los Alamos Scientific Laboratory, Los Alamos, N. M . ,  Contract No. W-7405-Eng-36, 
June 14, 1957, 4 pp. (1 ref) .  

- ,  . . 

Several safety suggestions whereby . reactor  core  mater ials  a,re. moved to regions of 
lower flux in the event of catastrophe a r e  given. . The use of a.spinning core  and entry 
of coolant thru channels containing no active mater ial  might cqntribute to safety. The 
use of a fuel element incorporated in a bimetallic s t r i p  i s  noted. 

. . Hall David B and Hall Jane . . . . . 

. LOS ALAMOS FAST .REACTOR, .. . . . .. . , . , . . . 
Los Alamos Scientific Laboratory, Los Alamos, N. M.  (1947), 1 p.  

The LO; Alamos scientific Laboratory of the ~ s ~ ~ ~ . u n d e r  the direction o f  Dr. Norr is  E .  
Bradbury, has announced the initial operation of a new type of neutron reac tor  which 
operates on the fission of plutonium by high energy neutrons. The fact that the fission 



process  proceeds by use of high energy neutrons has led to the name of "fast" reac tor .  
Since the other existing reac tors  in the US use uranium a s  the active mater ial  and 
thermal  o r  slow neutrons fo r  producing fission, the 'fast reactor  i s  new in the field of 
atomic energy developments. 

Since the neutron and gamma radiations from nuclear reac tors  a r e  of such high intensity 
that i t  is impossible to remain in the vicinity of an unshielded unit, the entire reac tor  
is surrounded by a concrete and s tee l  shield of sufficient thickness to reduce adequately 
the intensity of these radiations.  Experiments can thus be car r ied  out adjacent to the 
reac tor  without danger o r  inconvenience. 

The reac tor  i s  now in the final construction stages,  but has been operated successfully 
a t  low power s ince November 1946. It i s  planned by the Laboratory to have the reac tor  
completed in the Autumn of 1947, af ter  which time it should be operating at a power level 
of severa l  kllovJatts and in use by the Laboratory as a souree of high energy neutxluns 
f o r  nuclear physics investigations and a s  a pilot plant to investigate the possibilities of 
future high power atomic energy installations. 

Numerous facilities a r e  provided for  irradiating mater ia l s  in the neutron flux of about 
1012 neutrons per  c m 2  per  second and for  allowing intense beams of moderately high 
energy neutrons to emerge  from the reactor .  In o rde r  to increase the versatility, a 
graphite thermalizing column is provided on one side of the reac tor  s o  that both fas t  
and slow neutrons a r e  available for experimental studies.  

Thompson T S, et  a l .  
FINAL HAZARDS SUMMARY REPORT TO THE ADVISORY COMMITTEE ON REACTOR 
SAFEGUARDS ON A RESEARCH REACTOR FOR THE MASSACHUSETTS INSTITUTE O F  
TECHNOLOGY, 
Mass.  Institute of Technology, Cambridge, Mass . ,  January (1956), 127 pp. 

This document presents  the final hazards summary  repor t  on a r e sea rch  reac tor  fo r  the 
Mass.  ,Institute of Technology. Included in the report  a r e  description of the location and 
reac tor ;  a discussion of instrumentation and controls; personnel and organization r e -  
quirements;  reactivity requirements  and a discussion of hazards and accidents.  

Six appendices a r e  included and a r e :  Reactor Calculations; Effect of a Shadow Shield 
on the Gamma Ray Dosage Received a t  Points Outside the Reactor Building; Dosage of 
Radiation Resulting from Building Outleakage; Control Element Drop Tes ts ;  and P r e s -  
s u r e  Rise in Building Due to Aluminum-Water Reaction. 

Mon P-271 

Newson Henry W 
THE CONTROL PROBLEM IN PILES CAPABLE O F  VERY SHORT PERIODS, 
AEC Research  and Development Report,. Contract No. W-35-058-Eng-71, April  21, 1947, 34  pp. 

This report  discusses the control problem in piles capable of very shor t  periods. . 

Specific topics discussed within this report  a r e  ranges of control, s tar t -up accident, 
period and power control, and conditions of control. 



Kash Sidney W,  Martin Elaine and '  Cohen Richard E 
NEUTRON PRODUCTION REACTOR EXPERIMENTS IN THE EXPONENTIAL ASSEMBLY, 
North American Aviation, Inc. , Nuclear Engineering and Manufacturing, P. 0. Box 309, 
Downey, California, Contract No. AT-(11 -1)-Gen-8, January 1, 1956, 18 pp. (8 re fs ) .  

This report  presents  resu l t s  of measurements  made in conjunction with the design of a 
natural uranium heavy water Neutron Production Reactor .  The bucklings of eight 
natural uranium heavy water latt ices,  including cooling water  a i r  channels and aluminum 
discs  to simulate canning, were experimentally determined. An analysis of the data i s  
a lso given showing that the measurements  a r e  not inconsistent with previously developed 
theories.  

This report  i s  based on studies conducted for  the AEC. 

NAA-SR-116 (Del) 

Mills M M 
ON THE HAZARD DUE TO NUCLEAR REACTORS, 
North American Aviation, Inc . ,  Downey,Calif., Contract No. AT-(11-1)-Gen-8, 66 pp. 
(39 re fs ) .  

A major  hazard associated with any nuclear reac tor  is the possible contamination of the 
atmosphere o r  water supply by the accidental re lease  of the radioactive mater ials  con- 
tained within the co re .  This problem can be considered in two stages:  (1) the technical 
sequence of events leading to the hazardous release of radioactive mater ials  from the 
reactor ,  and (2) the distribution of this radioactivity by meteorological and hydrological 
mechanisms. The second problem is not considered here  since it i s  treated adequately 
elsewhere. 

The possible mechanisms of reac tor  catastrophe a r e  mechanical disruption, cooling 
failure,  and reac tor  runaway. Sabotage seems  to be the most probable cause of me-  
chanical disruption. On the basis  of the theoretical studies which have been car r ied  out, 
cooling failure and reac tor  runaway seem to lead to the same type of behavior. The 
possibility of building a reac tor  which i s  intrinsically safe because of a large negative 
transient temperature coefficient i s  demonstrated with an example. 

Gilbert W S' 
THE USE O F  CYCLOTRON IRRADIATION I N  THE STUDY O F  RADIATION EFFECTS ON 
MATERIALS; TECHNIQUES DEVELOPED SINCE 1952, 
North American Aviation, Inc. ,  Atomics International, P. 0. Box 309, Canoga Park ,  Cal i f . ,  
Contract No..AT-(11-1)-Gen-8, March 15, 1956, 16 pp. 

Recent developments (since 1952) of techniques for' the study of i r radiat ion effects on 
mater ia l s  using a cyclotron a r e  described. Details of methods covering both metals  

0 and graphite over a temperature range of irradiation from -196 to +500°c a r e  given. 
Also included a r e  details of an instantaneous cyclotron-beam monitor. 



Remley Marlin E ,  e t  al .  
PROGRAM REVIEW O F  THE WATER BOILER REACTOR KINETIC EXPERIMENTS, 
North American Aviation, Inc. , Atomics International, Canoga Park ,  Calif. , 
Contract No. AT-(11-1)-Gen-8, March 15, 1956, 85 pp. (13 re fs ) .  ' 

A s e r i e s  of reac tor  kinetic experiments will be performed on low power homogeneous 
r eac to r  co re s  a t  the North American Aviation Field Tes t  Laboratory in the Santa 
Susana Mountains near  Los Angeles, Calif. Initial tes ts  will be concerned with a 
spherical  geometry core  s imi l a r  to the Los Alamos "SUPO" type water  boiler.  Sub- 
sequent tes t s  a r e  tentatively planned to include both open and closed cylindrical ge- 
omet r ies .  The experimental facility, apparatus, and program a r e  described. Theo- 
re t ica l  studies made in preparation for  the program include analogue computations of 
power versus  t ime and total e n e r n  re lease  f ~ r  various s tep increases in reactivity.  
The calculations include the effects on reactivity of radiolytic production of gas and of 
iner t ia l  p re s su re  increases  during the transients.  Analysis of reac tor  oscillations 
which permit  the determination of heat t ransfer  character is t ics ,  prompt neutron life- 
t ime and effective fraction of delayed neutrons is given. 

NAA-SR- 1704 
.- -- 

Colichman E L,  Mallon P J and Jarret t ,  A A 
A LABORATORY FACILITY F O R  IRRADIATION AT ELEVATED TEMPERATURES, 
North American Aviation, Inc'. , Atomics ~nternat ional ,  Canoga Park ,  Calif., 
Contract No. AT-(11-1)-Gen-8, January 1, 1957, 21 pp. (5 re fs ) .  . . 

A laboratory irradiation facility has been designed and built using 2000 cur ies  of 
cobalt-60 inside a 3-ton movable dome. Relatively large volumes can be i r radiated 
with highly uniform dose ra te  distributions. Radiation levels a r e  reproducibly adjust- 
able from 10' to 2.5 x LO' r / h r .  The source was designed to permit  irradiations a t  
temperatures  up to 450 C. s ince the average external radiation level is l e s s  than 
0.1 m r / h r ,  the facility can be used in  a laboratory equipped with radiation measuring 
equipment and continuous acces s  by personnel. . . 

Trill ing C A 
ORGANIC MODERATED REACTOR EXPERIMENT QUARTERLY PROGRESS REPORT, 
AUGUST - OCTOBER, 1956, 
North American Aviation, Inc. , Atomics International, Canoga Park,  Calif. , 
Contract No. AT-(11 -1)-Gen-8, November' 15,1957, 102 pp. 

I 

This  repor t  comprises  a comprehensive review of technical progress  on the Organic 
Moderated Reactor Experiment (OMRE), which i s  being constructed and w i l l  be operated 
a t  the National Reactor Testing Station a t  Arco, Idaho. This is the second report  of the 
se r i e s ,  and covers  the, period from ~ u g u s t  1, 1956 thfough October 3'1, 1956. The 
previous report  (NAA-SR-1700) is 'entit led: Organic Moderated ~ e a c t o r  Experiment - a 

F i r s t  P rog res s  Report, October 1956 - July 1957. 
I .. . 



. . 
Banks W F,  e t  a l .  
AN EVALUATION O F  THE COLDER HALL TYPE O F  NUCLEAR POWER PLANT, 
North American Aviation, Inc. , Atomics International, Canoga Park,  Calif. , 
Contract No. AT-(11-1)-Gen-8, January 19, 1957, 106 pp. (37 re fs ) .  

Presented herein i s  the preliminary design of a natural uranium, graphite-moderated, 
CO, -cooled reac tor  and power plant s imi la r  to, but la rger  than, the British Calder Hall 
plant, with a net e lectr ical  output of 130 W E .  The design i s  conventional, consisting 
mostly of standard components, the only major uncertainty being the performance of 
the fuel cladding. A construction cost of $67 million and a power cost of 17 mils  / kwh 
a r e  estimated for  this plant, assuming private utility operation in the US, which i s  
about three t imes the cost of power from conventional plants. 

Power output and cost for  various conditions of temperature and p re s su re  and for in -  
c reased  reac tor  s ize  a r e  calculated. It i s  estimated that a s imi la r  plant of 740 MWE 
output would produce power a t  a cost of 10 milslkwh. Use of helium a s  coolant is 
investigated and found to offer no advantage over CO,. 

Armenoff C T and Binstock M H 
FUEL ELEMENTS FOR THE ORGANIC MODERATED REACTOR EXPERIMENT, 
North American Aviation, Inc. ,  Atomics International, P. 0. Box 309, Canoga Park ,  Calif . ,  
Contract No. AT-(04-3)-88, December 15, 1957, 82 pp. (4  re fs ) .  

The development of a floating-plate-type fuel element for  the organic moderated reac tor  
experiment is described. The fuel element is a stainless-steel box containing 16 active 
fuel plates which "float" in longitudinal grooves. The floating plates minimize dis tor-  

: '  tion caused by the large temperature differences experienced with the use of an  organic 
coolant. The fuel plates consist of a core  of highly enriched UO, part ic les  uniformly 
dispersed in a s ta inless-s teel  mat r ix  clad with s tainless  s teel .  

Techniques for  fabricating the fuel plates a r e  also described. The fuel plate is fabri-  
cated by hot- and cold-rolling a 3/ 8-inch thick sandwich assemble into the 0.030 -inch 
thick fuel plate. The sandwich consists of a stainless steel-UO, compact encased by a 

. f rame and two cover plates of s ta inless  s teel .  

Development of a nondestructive gage to detect variations of UO, content in the fuel 
core of the finished plate and a method of attaching five-mil-diameter thermocouples to 
five -mil-  thick fuel core  cladding a r e  noted. 

NAA-SR- 1954 
. . 

Miller Norman C 
REACTOR SAFETY PROGRESS REPORT,. AUGUST-DECEMBER, 1956, 
North American Aviation, Inc . , .Atomics International, Canoga Park ,  Calif. , 
Contract No. AT-(.ll-1)-Gen-8, August 15, 1957, 21 pp. 

The lifetime testing of the Mark I1 Safety Device was resumed; however, four of the s ix 
test  elements leaked due to excessive rework of par ts .  The assemblies  a r e  being r e -  
built using new parts  insofar a s  possible. 



Further ,  tes ts  on the thin-slab experiment have confirmed the previously obtained value 
of 112 seconds for  thermal relaxation time. Tests  on the effects of convection and radi-  
ation heat loss indicate that higher chamber pressures  decrease the thermal  relaxation 
time; the effects were more  pronounced with the thinner tes t  s labs.  

NAA-SR- 1955 

Banks W F 
A FURTHER EVALUATION O F  THE CALDER HALL TYPE O F  NUCLEAR POWER PLANT, 
North American Aviation, Inc. , Atomics International, Canoga Park ,  Calif. , 
Contract No. AT-(l l -1)-Gen-8,  June 28, 1957, 30 pp. (23 r e f s ) .  

This report  presents the resu l t s  of plant optimization studies and cost es t imates  of the 
reference design for  a natural uranium, graphite moderated, gas-cooled reac tor ,  and 
power plant which was described in NAA-SR-1833. Additional engineering drawings a r e  
included, some of which were required because of changes in turbine plant and others  
for  estimating purposes.  

A construction cost  es t imate of $70 million for a 165 MWE plant i s  presented in detail, 
leading to power cos ts  of approximately 1 4  milslkwh, assuming private utility operation 
in the US. 

Moore M N 
THE DETERMINATION O F  REACTOR TRANSFER FUNCTIONS FROM MEASUREMENTS 
AT. STEADY OPERATION, 
North American Aviation, Inc. , Atomics International, Canoga Park, Calif. , 
Contract No. AT-(l l -1)-Gen-8,  August 15, 1957, 16 pp. (9 re fs ) .  

Upon application of the theory of stochastic processes  to reac tor  kinetics it i s  possible 
to show that the square of the modulus of the reactor  t ransfer  function is proportional 
to the Four ie r  transform of the auto-correlation function for power noise in the reactor .  
Since the power noise represents  the response to the minimum power input signal, 
measurements  of t ransfer  functions based upon rea'ctor noise a-re of a l l  possible meas-  
urements ,  least  subject to nonlinear distortion. 

By performing the experiment a t  various power levels and temperatures ,  i t  is possible 
to measure  both power and temperature coefficients. If the reactor  is periodically 
monitored during i t s  operation, long-term changes can a l so  be measured.  

Weeks C C 
ELECTRICAL ANALOG APPLICATION TO A REACTOR SAFETY DEVICE PROGRAM, 
North American Aviation, Inc.,  Atomic International, Canoga Park,  Calif . ,  
Contract No. AT-(l l -1)-Gen-8,  November 15, 1957, 27 pp. ( 4  re fs ) .  . 

An electr ical  analog was constructed and used to investigate thermal  transient behavior 
of the fuse component of the A1 Mark I1 Reactor Safety Element; ' The auxiliary instru-  
mentation required in this application is 'descr ibed and discussed. ,Experimental  resul ts  
a r e  given for thermal  relaxation time determinations a s  well a s  fuse delay times f o r  
exponential transients representing reac tor  excursions. Convenience, speed, flexibility, 
and economy of this experimental method a r e  emphasized. 



Hallett W J and Leppard J A 
THE EXPERIMENTAL DEVELOPMENT O F  A FUEL HANDLING SYSTEM FOR THE 
SODIUM REACTOR EXPERIMENT, 
North American Aviation, Inc . ,  Atomics International, P .  0: Box 309, Canoga Park ,  Cal i f . ,  
Contract No. ATi04-3)-49, January 15, 1958, 48 pp. (4 re fs ) .  , 

A fuel handling system has been developed from concepts based on ea r ly  design studies 
of sodium cooled, graphite moderated reactors .  This report  describes the development 
program, the evolution of design leading to the construction of the SRE refueling cask 
and the tes t s  performed on a mock-up of the equipment. Because of the novel conditions 
encountered, a rather  detailed chronological account is given of the experimental devel- 
opment. Emphasis is placed on the difficulties which a rose  and the specific means 
utilized to overcome them. 

The equipment and procedure available a t  the conclusion of the development effort would 
permit  removal and replacement of a fuel element in the SRE core in about 54 minutes. 
The amount of sodium car r ied  over by a spent fuel element was found to be between 
0.1 and 0.25 pounds. Sodium transferred in  the gas phase during the fuel replacement 
process  was found to be of the o rde r  of a few micrograms.  Reliable provisions were 
evolved for  a l l  s teps of the operation, including locating the fuel handling cask, sealing 
the cask  and reactor  atm'ospheres, connecting with the cleaning cell  and washing down 
the removed element. 

Weisner E F , 
ORGANIC MODERATED REACTOR QUARTERLY PROGRESS REPORT, APRIL-JUNE, 1957, 
North American Aviation, Inc.,  Atomics International, Canoga Park ,  Calif., 
Contract No. AT-(11-1)-Gen-8, March 1, 1958, 69 pp. - 

Work has been progressing on the development of components and systems for  the 
Organic Moderated Reactor (OMR). Studies a r e  under way for  finding'optimum param-  
e t e r s  of fuel element design, flow rate ,  temperatures,  and pressures  in the pr imary  
system.' Some tests  have been performed on components of the control rod; severa l  
fuel element cladding techniques have been made on representative samples  of possible 
fuel element configurations. 

Equipment has been ordered and some has been received which will permit  measurement  
of the physical properties of organics,  measurement of gas solubilities, and determina- 
tion of the components of i r radiated organics.  Corrosion samples  have been sent to the 
OMRE for insertion when the reactor  is loaded. The in-pile specimens a r e  located in 
dummy fuel elements adjacent to the core;  the out-of-pile specimens a r e  located in the 
by-pass heater loop. 

The project i s  generally on schedule, and resul ts  a r e  bearing out previous expectations. 

Mahlmeister J E 
PRELIMINARY DESIGN O F  A CALANDRIA CORE FOR THE SODIUM REACTOR 
EXPERIMENT, 



North American Aviation, Inc. ,  Atomics International, P. 0 .  Box 309, Canoga Park,  Calif . ,  
Contract No. AT-(ll-1)-Gen-8, 58 pp. 

This repor t  considers  the design aspects  of a calandria-type replacement core  for  the 
sodium reactor  experiment.  This a l ternate  core  design has been made in consideration 
of the possibility that the existing zirconium moderator cans might fail  s o  frequently 
that the reac tor  becomes incapable of satisfactory operation. The repor t  covers  the 
calandria description and design basis,  expected steady-state performance, and the 
methods and procedures for  co re  cavity preparation and calandria installation. ~ e d o m -  
mendations a r e  given for  studies and tests which should be performed to confirm a r e a s  
of detailed design and to fur ther  develop methods which would insure a successful core-  
changing opera tion. 

Miller Norman C 
REACTOR SAFETY QUARTERLY PROGRESS REPORT, JAN-MAR 1957, 
North American Aviation, Atomics International, P.O. Box 309, Canoga Park ,  Calif., 
Contract No. AT-(ll-1)-Gen-8, December 1, 1957, 20 pp. 

Seven special safety elements of the Mark I1 design were  rebuilt and a r e  ready for 
resumption of lifetime testing. 

Precis ion-cast  pa r t s  were received for  ten Mark IV high-pressure chambers;  one se t  
was assembled and p re s su re  tested to  2000 psi. 

Two special assemblies  of the NAA-109-3 experiment were completed and a r e  being 
shipped to Hanford. 

Conductivity measurements  on s tainless  s tee l  were  continued in an effort to determine 
the cause of e r r a t i c  behavior of the variable-cooled t r igger .  A vacuum chamber was 
used in  an  effort to eliminate local heat loss  due to convection. 

A study of corrosion r a t e s  of various container mater ia l s  in. liquid-metal pbi.sons ha.s 
been undertaken. 

Miller Norman C 
REACTOR SAFETY QUARTERLY PROGRESS REPORT, APRIL- JUNE, 1957, 
North American Aviation, Inc . ,  Atomics International, P . O .  Box 309, Canoga Park ,  Calif . ,  

.Contract No. AT-(l l -1)-Gen-8,  March 15, 1958, 2 2  pp. 

' A NAA-109-3 expeiimental assembly yak inserted into a Hanford r$actoi .  P i e s s u r e  
r i s e  in the s torage chamber was much higher than expected, 'and caused a failure 
in the system. Excessive gamma heating is proposed a s  a plausible explanation. 

Results a r e  tabulated for  the lifetime testing of s ix  rebuilt tes t  elements of Mark I1 
design. 

I:, 

Experiments were conducted on dispersal of a powdered poison by a pressurized iner t  
gas. The time and uniformity of powder distribution were studied. These experiments 
a r e  connected with the power reac tor  safety device program. 



Test  resu l t s  a r e  reported on an experimental model of the differential p ressure  device 
for  power reac tor  safety, using an improved test  apparatus.  

. P r o g r e s s  is reported on the KEWB demonstration of the double-diaphragm and 
electronic-explosive sys tems which have been proposed for  r e sea rch  reac tor  safety 
devices. 

Sletten H L 
ORGANIC MODERATED REACTOR EXPERIMENT SAFEGUARDS SUMMARY, 
North American Aviation, Inc., Atomics International, P .O.  Box 309, Canoga Park ,  Cal i f . ,  
Contract No. AT-(04-3)-88, February 1, 1958, 139 pp. ( references) .  

This report  presents a description of the Organic Moderated Reactor Experiment 
(OMRE), of the 11azar.d~ associated with this experiment, and of the safe-guards taken 
to ensure the safety of the operating personnel and the population of the. surrounding 
a rea .  

The OMRE facility is located a t  the National ~ e a c t o r '  Testing Station a t  Arco, 1daho. 
It includes the reactor ,  i t s  cooling sys,tem, and auxiliary equipment, a s  well a s  the 
buildings and serv ices  associated with the installation. It is to operate for  one 'year 
and provide the information required ' to  determine the feasibility of the concept of using 
a hydrocarbon a s  moderator,  reflector, ,  and coolant in a nuclear reac tor  under con- 
ditions of exposure to heat and radiation of interest  in the generation of useful power. 

Various extreme accidents and hazar$s and their possible. consequences are analyzed, 
and the safety measures  taken to prevent their occurrence a r e  described. It is con- 
cluded that even in case  of the most improbable and most  extreme credible accident ,  
the OMRE wi.11 not cocstitute a hazard to the population of the surrounding a r e a .  

Ashley R L 
RADIOLOGICAL HAZARDS O F  THE AIR SURROUNDING THE LPR, 
North American Aviation, Inc., Downey, Calif . ,  February 15, 1952, 10 pp. ( 6  re fs ) .  

One of the problems ar i s ing  from the design of the LPR is, the production of made 
by neutron capture in present in  a i r .  Air is present  both in the reflector and in 
the a i r  gap between the reflector and shield. Due to the increase in overall  temperature 
of the reac tor  and components during startup, the a i r  expands and i s  forced into the 
room. As would be expected, amounts of each of the elements of which a i r  is composed 
will become radio-active. The amount is a function of the relative abundance in a i r  of 
the isotope which can be made into the radioactive nuclide, i t s  c ros s  section and half- 
life. Argon, because of i t s  relatively large abundance in a i r  (compared to the other 
components) and i t s  large c r o s s  section, has a high yield. It can be shown that about 
20 curies  of a r e  made in the reac tor  a i r ,  whereas not more  than 40 millicuries of 
all  other isotopes a r e  produced, most of the la t ter  activity being due to ~e~~ and ~ r ' ~ .  
All the calculations which follow a r e  concerned with the A4' activity only, the others  
being relatively unimportant. 

This report  w i l l  comply with both the transient and steady s ta tes  and will give practical 
recommendations from the health physics point' of view. 



- - - -  
PRELIMINARY SAFETY ANALYSIS O F  THE RADIATION EFFECTS REACTOR, 
Engineering Dept., Convair, Division of General Dynamics Corporation, For t  Worth, Texas, 
Contract No. AF33(600)-32054, September 24,1956, 78 pp. ( references) .  

This repor t  is a revision of a fo rmer  report  of the same  title. The original report  
descr ibed a proposed 'facility with a 10-megawatt reac tor  of the MTR type. Since the 
t ime of the original report ,  the proposed facility has been redesigned to reduce the 
total cost  and to provide a bet ter  blast  and fission-product containment vessel .  The 
pool water  activation has been recalculated in this la t ter  report ,  and more detail i s  
presented on the ventilation sys tem.  

- - - -  
PROCEDURES FOR SYSTEM PANELS TEST NO. 2 - ADDENDUM 4, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, Contract No 
AF33(600)-32054, September 7,1956, 115 pp. 

System Panels Irradiation Test  No. 2 was performed a t  Convalr-P'Ort W u ~ ~ t t ~  clul.illg late 
1956 and ear ly  1957. In this test ,  existing a i rc raf t  sys tems mounted on test  panels 
were  irradiated, using the Ground ~ e s t  Reactor (GTR) a s  the source.  The GTR was 
placed in the dry pool, and the panels to be i r radiated were grouped around the reactor  
inside the pool. Measurements were made of the physical properties and operating 
character is t ics  of the panel before, during, and af ter  irradiation. 

This report  i s  the fourth addendum to Procedures  for  Systems Panels 'l'est No. 2 
(Convair-Fort Worth Report MR-N-122). It descr ibes  the equipment that was furnished 
f o r  this test  by the Thompson Products,  Inc. , of Cleveland, Ohio, and Convair - 
F o r t  Worth. Essentially,  the equipment consists of a Power Plant Fucl Control Sys- 
tem, and a Capacitance -Type Fuel Quantity Gage Systein, MIL-C -7017. 

Romanko J 
THE NEUTRON FLUX SPECTRUM O F  THE GTR, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, Contract No. 
AF33(600)32054, January 30, 1957, 21 pp. (9 re fs ) .  

The neutron flux spectrum of the Ground Tes t  Reactor (GTR), a water-moderated 
thermal  reactor, has been determined a t  a position 3-112 in. from the north face of the 
co re .  Measurements were made for  three neutron energy regions: thermal,  1-10 kev, 
and 2.5 to 8 Mev, f rom data obtained with BF3 counters,  rcsonance detectors,  and 
threshold detecto~as, respectively. 

A theoretical flux spectrum was obtained for  the fast-neutrons from a model consisting 
of a s imple proton-moderated reac tor  fissioning u ~ ~ ~ .  This spectrum was fitted 
through the tt11.eshold and resonance detector meas1.1rements by normalizing a t  3 Mev. 
The accuracy of the spectrum is wcll within the l imits  of experimental error. .  On 
extrapolating the ~ E / E  component towards lower energies,  the theoretical spectrum is 
consistent with the experimental thermal-neutron flux data. 



The correlation of experimental and theoretical resu l t s  indicated that a three-group 
specification, consisting of a Maxwellian component, dE/E contribution, and fast-  
neutron spectrum, is sufficient for  the GTR. 

NAVORD-4286 
I 

Fye Paul M and Noonan E C 
NOL REACTOR SAFETY PROGRAM, 
US Naval Ordnance Laboratory, White Oak, Maryland, April  30, 1956, 7 pp. (2 re fs ) .  

This report  consists of a paper prepared for  the US - UK Reactor Hazards Meeting held 
on June 1956, a t  the Argonne National Laboratory. In o rde r  to predict what may happen 
during reac tor  runaway, the Naval Ordnance Laboratory has embarked on a program of 
scaled studies of possible reactor  incidents. A discussion of the principles of scaling 
and examples of the ~ c ' a l i n . ~  of other explosion phenomena a r e  cited. 

Wise Walter R, J r .  . 
NOL REACTOR VESSEL CONTAINMENT PROGRAM: (NOL-285, DAMAGE FROM 
EXPLOSION O F  NUCLEAR REACTORS), 

, Quarter ly P rog res s  Report for  the period January 1,1957 to March 31,1957, US Naval 
Ondnance Laboratory, White Oak, Maryland, June 28, 1957, 13 pp. (2  re fs ) .  

The purpose of the NOL Reactor Vessel Containment Program is to produce basic in- 
formation which w i l l  a s s i s t  in determining the optimum containment design of nuclear 
reac tor  vessels .  It is planned that the purpose will be achieved through a fundamental 
investigatioii uf the s t ructural  response of water-filled, s tee l  cylinders to internal 
s ta t ic  and dynamic loading. P rog res s  of the work to date consists essentially of de- 

' 

signing the mechanical paraphernalia for  scaling and constraining the model tes t  
cylinders, and designing and developing the means for  monitoring the pressure ,  tem- 
perature,  and s t ra in  phenomena which accompany excursion-simulated loading of the 
model vessels .  Paralleling experimental effort, the energy equations of dynamic 
equilibrium for  right-circular cylinders closed with rigid constraints a t  the ends have 
been derived in closed form.  These equations constitute the fundamental analytic tool 
for  the work, and in conjunction with experimental data, will determine the maximum 
energy absorption potential of various mater ials ,  configurations, and constraints;  and 
hence, .optimum containment design. 

  is her E M and Wise W R, Jr. 
CONTAINMENT STUDY O F  THE ENRICO FERMI FAST BREEDER REACTOR PLANT, 
US Naval Ordnance Laboratory, White Oak, Maryland, October 7, 1957, 24 pp. (8 re fs ) .  

A study has been made on the ability of the -Enrico F e r m i  fast  b reeder  reac tor  plant to 
contain a nuclear excursion equivalent to the violence produced by 1000 pounds of TNT. 
The resu l t s  of the study indicate that the rea,ctor plant can contain shock waves devel- 
oped in the a i r  and in the sodium, and a l so  fragments from the cylindrical covering 
mater ia l s  surrounding the reac tor  core .  The rotating shield plug, however, is a 
ser ious  hazard when projected by the gun action of the internal blast  p re s su re  in the 
reac tor  compartment. This problem is analyzed and a recommendation has been made 
to lessen the danger. 



A grea t e r  hazard f rom the rotating plug can  resul t  from a slower (nonexplosive) energy 
re lease ;  however, it has  not yet been determined by APDA whether a slower energy 

1 

re lease  a s  postulated in this repor t  is possible; 

- - - -  
S E T H  HOT LABORATORIES AND EQUIPMENT CONFERENCE, 
1958 Nuclear Congress,  International Amphitheatre, Chicago, Ill. , March 19 - 2  1, 1958. 

The papers  from this conference a r e  pr.esented in two volumes. The following i s  a l is t  
of those papers and the authors:  

Durrifl ,  D. C . ,  e t  a l . ,  "New Mulli-Cell Facility in Idaho, I t  General Flrr-lric Co.,  
Cincinnati, Ohio. 

Steele, R. V . ,  e t  a l . ,  "Pratt-Whitney Aircraf t  Hot Cell Facility, I f  P ra t t  & 
Whitney Aircraft ,  Livermore, California. 

Ward, E. C . ,  et  a l . ,  "Remote Metallography a t  Pratt-Whitney Aircraf t  Hot Cell 
Facility, " Pra t t  & Whitney Aircraft ,  Livermore,  Calif. 

Arehart ,  'l?. A. ,  et a l . ,  "Segmenting Cells for  Diomantling In-Reactor Experi-  
ments, " Oak .Ridge National Laboratory, Oak Ridge, 
Tennessee. 

Altamari,  L .  A . ,  e t  a l . ,  "New Chemistry Cell and Hot Waste Disposal System at 
the Knolls Atomic Power Laboratory, " Genera1,Electric 
Co. ,  Knolls Atomic Power Lab.,  Schenectady, N. Y. 

Bernstein, G. J., e t  a l . ,  "Design fo r  a Re~note ly  Operated Facility for H.ig11 
Temperature Processing of Spent Reactor Fuel, " 
Argonne National Laboratory, Lemont, Illinois. 

Hampson, D. C . ,  e t  a l . ,  " ~ q u i p m e n t  for  Purification of Sperll Reactor Fuel by 
Melt Refining, Argonne Nativrlal Labo~.alory, Lemont, 
Illinois 

Ferguson, K. R . ,  e t  a l . ,  "Shielding Window Design for  the EBR-I1 Process  Plant, " 

Argonne National Laboratory, Lemorlt, Illinois. 

McCown, J. J., e t  al., "Analytical Junior Cave Facility for  EBR-11, I t  Argonne 
National Laboratory, Lemont, Illinois. 

Doe, W. B. , "Megacurie Cave for Metallurgical Testing, I t  Argonne National 
Laboratory, Lemont, Illinois. 

Glen, H. M . ,  "The Manipulator Hot Cells Above the Oak Ridge Research Reactor 
Pool, " ' Oak Ridge fiational Laboratory, Oak Ridge, Tenn. 

Bazire ,  M. R . ,  e t  a l . ,  "A 10 Kilocuries Hot Laboratory in Saclay, " 
Centre  DIEtudes Nucleaires de Saclay, France.  

Raggenbass, A. ,  e t  a l . ,  "Radioactive Chemical Apparatus, " 
Centre  DtEtudes Nucleaires de Saclay, France .  i 

Cherel,  GI , et a l .  , "Equipment and Radio-Metallurgical Techniques in Saclayts 
Hol Laboratories,  Centre DtEtudes Nucleaires de Saclay, 
France.  a 



Detilleux, E .  ,  he C. E .  N. ls Hot Facili t ies,  " Centre DIEtudes Pour  Les  
Applications de LIEnergie Nucleaire, Brussels ,  ~ e l g i u m ' .  

Moll, Justus, Dr. , "Some Ideas and Proposals  Regarding Standardized Equipment 
fo r  Hot Laboratories and Remote Control, I '  Leybold- 
Hockvakuum-An Lagen, G. M. B. H., Koln-Bayental, ~ e r m a n ~ :  

Isbin, H. S. , e t  al .  ,  he University of Minnesota Gamma Irradiation Facility, I '  

University of Minnesota, Institute of Technology, 
Minneapolis, Minnesota. 

11 Anliot, R. ,  Description of a .  19.5 Kilocurie co60 Source and Hot Cell, " Admiral 
Corporation, Chicago, Illinois. 

Buehler, R. J . ,  " ~ a c i l i t ~  to  Study the Effects of Radiation on Petroleum 
Processes  and Products and the Application of Radioactive 
Material  in the Petroleum Industry, " Sinclair Research Labora- 
tor ies ,  Inc. , Harvey, Illinois. 

Haaker, L. W . ,  e t  a l . ,   he' Construction and Start-Up of a 100,000 Curie co60 
Irradiation Facility, "Nucledyne Corp. ,  Cook Research 
~ a b o r a t o r ~  Division, Morton Grove, Illinois. 

11 Ferguson, K. R. , A Survey of the Character is t ics  of Gamma Irradiation 
Facili t ies,  " Argonne National Laboratory, Lemont, Illinois. 

Langlois, C. E . ,  "The Design of the Idaho Expended Core Facility, I f  Westinghouse 
Electr ic  Corp. , Atomic Power Division, ~ i t t s b u r ~ h ,  P a .  

Clayton, N. J. , "Reactor Core and Fuel '  Element Handling and Disassembly in  the 
E C F  Water Pi ts ,"  Westinghouse Electr ic  Corp . ,  Atomic Power 
Division, Pittsburgh, Penn. ' 

Stearns,  R. F . ,  et  a l . ,  "Operating Experience with Zinc Bromide Shielding 
Windows at the Knolls Atomic Power Laboratory, " 

General Electr ic  Co. ; Knolls Atomic Power Laboratory, 
Schenectady, New York. 

Bottenfield, B. F. , " ~ e m o t e l ~  Cutting and Canning of Core Samples Obtained from 
Underground Nuclear Tests ,  I '  Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 

Morand, R. F., "portable Shielded Vehicle, I '  General  Electr ic  Co.,  Aircraft  
~ u c l e a r  Propulsion Dept., Cincinnati, .Ohio. 

Blomgren, R. A. ,  "A 10,000 Curie co60 Irradiation Facili ty for  Chemical 
Research, " Argonne National Laboratory, Lemont, Illinois. 

Ferguson, K. R. , et al. , ' 'Coloration of Shielding Window Glasses ,  I '  Argonne 
National Laboratory, Lemont, Illinois. 

Plastino, G. G.,  " ~ l a r i f i c a t i o n  of Clouded Oil-Filled and Zinc-Bromide Shielded 
Windows, I '  General  Electr ic  Co. , Aircraft  Nuclear Propulsion 
Dept. , ~ i n c i n n a t i ,  0hio. 

Hare, A. W., e t  a l . ,  "Remote Metallography Prac t ices  a t  Battelle's Hot-Cell 
Facility, I '  Battelle Memorial Institute, Columbus, Ohio. 

Cain, F. M.,  e t  a l . ,  "Remote Metallographic Equipment and Pract ices ,"  
Westinghouse Electr ic  Corp. , Atomic Power. Division, 
Pittsburgh, Pennsylvania. 



11 McCubbin, J. G. , et a l .  , Micromanipulator for  Use in a Remote Handling Cell, I t  

Atomic Energy of Canada Limited, Chalk River Project,  
Chalk River, Ontario, Canada. 

11 Niebuhr, 'W. F., e t  a l . ,  Impression Molding of Radioactive Elements,  " General 
Electr ic  Co. , Knolls Atomic Power Laboratory, 
Schenectady, New York. 

Stratton, K.,  " ~ e . n s i t ~  Measurement Problems in Hot Cells, " Westinghouse 
Elec t r ic  Corp., Atomic Power Division, ~ i t t s b u k ~ h ,  Pa. - 

11 Deily, G. J. , e t  a l .  , P r i m a r y  *Containmentt for  High Level Cave Experiments, I' 

Savannah River  Laboratory, Aiken, South Carolina. 
11 ~ o u & ~ u i s t ,  C. H., e t  a l . ,  Hot Laboratory Problems in Isolating Gram Quantities 
of Transplutonium Elements, I' Argonne National Labor - 
atory, Lemont, Illinois. 

Brandt. R, L., e t  a l . ,  "Laboratory Equipment for  the Collection of Fission 
Product Gasses  f rom Irradiated Ceramic Fuel  Elements, ' I  

General  Electr ic  Co.,  Hanford Atomic Power Operation, 
Richland, Wash.  

I I Stearns,  E.  H.,  Modification t o  Master-Slaves a t  Bettis Hot Laboratory," 
Westinghouse Electr ic  Corp. , Atomic Power Division, Pittsburgh, 
Pennsylvania. 

. . 
Willey, M. G. ,  "Rem,ote Installation and Removal of Hot Cel l  Apparatus, I '  Oak 

Ridge National Laboratory, Oak Ridge, Tenn. 

(A movie), "EBR-I Core Disassembly After Meltdown, " Argonne National Labora- 
tory, Lemont, Illinois. 

Durril l ,  D. C. ,  "A Conducting Plast ic  fo r  Metallographic Specimen Mounts, " 

General Electr ic  Co., Aircraft  Nuclear Propulsion Dept.. 
Cincinnati, Ohio. I 

I I Grazzini, E . D. , A Furnace fo r  Elevated Temperature Tensile Testing, I t  

Wcstinghaiise Electr ic  Corporation, Atomic Power Division, 
Pittsburgh, Pa.  

1 I Stearns,  R. F . ,  et. al, , A New Fuel Ebrnen t  ~ ~ b e a l i n ~  Facili ty a t  Knolls Atomic 
Power Laboratory, " General  Electr ic  Co.,  Knolls Atomic 
Power Laboratory, Schenectady, New York. 

I t  Maharam, A. L . ,  The Bettis Plant Radioactive sample Corrosion Tes t  Facility," 
Westinghouse Electr ic  Corp. , Atomic Power Division, 
Pittsburgh, Pa.  

Cunniff, C. E . ,  "Evolution of Remote Milling Machines' a t  Pratt-Whitney Aircraft  
Hot Cel l  Facility, " Pra t t  & Whitney, Eas t  Hartford, Conn. 

Crawford, C.  A. ,  e t  a l . ,  "Rernote Controlled Lathe," Atomic Energy of Canada 
Limited, Chalk River Project ,  Chalk River, Ontario, 
Canada. 

Stratton, K. ,  "A Continuously Recording ~ i c r o m e t e r  - Profilometer for  Hot 
Laboratory Application, " Wcstinghouse Electr ic  Corp. , Atomic 
Power Division, Pittsburgh, Penn. 



11 Morgan, J. R . ,  e t  a l . ,  Remote Metallographic Facility," General  Electr ic  
Company, Vallecitos Atomic Laboratory, Pleasanton, 
Ca,lifornia. 

Wu, M. K . ,  et  a l .  , "Contamination Control Procedures  at Pratt-Whitney Aircraf t  
Hot Cel l  Facility, " Pra t t  & Whitne y Aircraft;  Division of 
United Aircraft  Corp. , Eas t  Hartford, Conn. 

Beccasio, A. J . ,  e t  a l . ,  "~econtaminat ion  Studies on Ceramic  Products,  I '  Armour 
Research Foundation, Chicago, ~l l ino ' is  . 

Altamari, L. A. , e t  al. , I' Plutonium Irradiation, I '  General  Elec t r ic  Co. , Knolls 
. . Atomic Power Laboratory, Schenectady, New York. 

Scotti, V. G . ,  "Recovery of Gaseous Byproducts Employing Vacuum Techniques 
at P ra t t  -Whitney Aircraft  Hot Cell  Facility, I '  P r a t t  & Whitney Air  - 
craft ,  Division of United Aircraft  Corp. , Eas t  Hartford, Conn. 

Pate,  W. A . ,  "Sampler and F i l t e r  Cartridge Changer Equipment for  Radioactive 
Organic-Aqueous Streams, I '  Oak Ridge National Laboratory, Oak 
Ridge, ~ e n n .  

11 Trapp, W.  C. , A Pneumatic C a r r i e r  for  Irradiation of   ate rials in N. R. X. 
Reactor," Atomic Energy of Canada Limited, Chalk River, Ontario, 
Canada. 

DuTemple, 0 .  J . ,  e t  a l . ,  "Design, Standardization, Fabrication, Cost and 
Sources of Plastic Glove Por t s , "  Argonne National Lab- 
oratory, Lemont, Illinois. 

Stout, E .  L . ,  e t  a l . ,  "Safety Considerations for  Handling Plutonium, I '  Los Alamos 
Sci.enti.fi.c I,a.boratory, Los Alamos, New Mexico. 

Hungerford, T .  W. ,  "F i r e  Protection in  Radio Chemical Facili t ies,  I '  Oak kidge 
National Laboratory, Oak Ridge, Tenn. 

Smith, S. C . ,  e t  a l . ,  "Hot Lab Safety," General  Electr ic  Co. ,  Knolls 'Atomic 
Power Laboratory, Schenectady, New York. . 

11 Stang, L. G. ,  Jr . ,  Some Safety Recommendations Pertinent t o  Hot Laboratories,  " 

Brookhaven National Laboratory, Upton, New York. 

Hale, R. J.,  "Laboratory Ventilation," Savannah River Laboratory, E .  I. duPont 
de.Nemours & Co.,  Aiken, South Carolina. 

Engle, P, M . ,  "Review of High Efficiency Air  F i l te rs ,  I '  Cambridge F i l te r  Corp . ,  
Syracuse, New York. 

- - - -  
A STUDY O F  ECONOMICAL ASPECTS O F  SMALL SCALE NUCLEAR POWER PLANTS, 

.Nuclear  Energy Research Bureau, New York 5, New York, April  16, 1956. 25 pp. 

This  report  is one of a s e r i e s  of repor t s  published by NERB which is a private bureau 
studying the economic effects of the new energy. This study explores the economics of 
sma l l  scale  nuclear power plants. Included a r e  the des ign  aspect requirements and 
fundamental econom.ics of smal l  reac tors .  The analysis includes the economies of 
blankets, the requirements for  power in isolated locations, the transportation problems 
of conventional fuels,. e tc .  



� he reactor  programs of the U. S . ,  Great Britain, France, and Russia a r e  compared 
a s  known at this time. 

NESC -ANL 

Heineman A H (Group Leader) 
CONTAINIKENT FOR THE EBWR, 
Argonne National J .aboratory, Lemont, Ill. Published by The Ame rican Society of Mechanical 
Engineers for  the 1957 Nuclear Engineering and Science Congress, 29 pp. 

The philosophy and limitations for establishment of design parameters  a r e  presented 
fo r  both containment of gaseous and particulate materials and containment of missiles,  
a s  well a s  means for preventing. the launching of missiles,  which might puncture the 
cont ainmenf shell .  'l'he establiskieci parameters are slalell, a d  Llie p,rcrccclure which 
was followed in developing the final designs for  both phases is delineated. 

NESC-57-19 

R.nlan Gilbert and Hinrichs Charles 
THE DEVELOPMENT O F  A UNIVERSAL-TYPE CONTROL DRIVE MECHANISM FUK. 
NUCLEAR REACTORS, 
American Machining and Foundry Company, Greenwich, Conn. Published by The American 
Society of Mechanical Engineers for the 2nd Nuclear Engineering and Science Conference, 
Philadelphia, Pa .  , March 11-14, 1957, 8 pp. (5 refs).  

There a re  four major c lasses  of research  reactors  operating in the United States, and 
within each class there a r e  several  different models. In most of these r e a c t o ~ ~ s ,  
control rods, actuated by a drive mechanism, a re  used a s  safety and regulating 
devices. The drive mechanisms, although similar  in principle, a r e  different in design. 

This paper describes the development of a universal-type drive mechanism now being 
used on, and adapted to, a variety of research and power reactors .  This development, 
a significant step toward standardization in the nuclear reactor field, is described in 
t e r m s  of the different types of drives developed to date, an analysis of their  differences 
and similarities,  and the application of this an.alysis to  the development of an electro- 
mechanical, universal-type, contPol rod drive mechanism. 

Kanter J J 
ON THE QUALITY REQUIREMENTS FOR .STEEL VALVES FOR NUCLEAR POWER 
PLANTS, 
Crane Co . ,  Chicago, Ill. Published by The Arnerican Society of Mechanical Engineers for the 
2nd Nuclear Engineering and Science Conference, Philadelphia, Pa .  , March 11 - 14, 195 7, . 5  pp. 
(10 refs) .  , . 

A statement is made covering the considerations and, problems encountered in making 
available s teel  valves suitable for  the .peculiar conditions of nuclear power, plants. The 
rigid inspection requirements for  s teel  components, the extensive. use of corrosion 
resistant steels, the problems of sealing, and the specifications for forgings and cast-  

'. ings entering the procurement of the quality demanded from primary. loop valves a re  
discussed. The discussion on the choices of the stainless .steels is valuable. 



Anderson Kermit W and Dunning ~ o n a l d  N 
ABSORBER MATERIALS FOR REACTOR CONTROL, . . 

General Electric Co. ,  Schenectady, New York. Published by The American Society of 
Mechanical Engineers for the 2nd Nuclear Engineering and Science Conference, Philadelphia, 
P a . ,  March 11-14, 1957, 8 pp. 

The control of reactors  based on movable poisons is discussed. Discussion of 
materials using boron, hafnium, 'gadolinium', samarium, and europium indicates that 
gadolinium and europium a r e  the most favorable materials.  

The determination of the favorable materials is based.on effectiveness of neutron . 

capture, effectiveness over the spectrum, and availability of the material.  
, . 

A discussion of the effects o'f the deterioration and one rem.edy--the use of 'oxides and 
the means of obtaining the dispersion necessary--is included. 

. . 

Pome rance Herbert 
REACTOR EXPERIMENTS IN ORSORT, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Published by the American Society of 
Mechanic a1 Engineers for the 2nd Nuclear Engineering and Science Conference, ~ h i l a d e l ~ h i a ,  
P a . ,  March 11-14, 1957, 4 pp. 

Experiments with reactors  may divulge information about the reactor,  o r  they may use 
the reactor  a s  a source of radiations. The ORSORT program uses two self-sustaining 

' nuclear reactors  and a subcritical reactor.  The experiments re.flect the availability 
of materials and reactor t ime at. ORNL, along with the assessment of importance to 

. . experiments. 
. . 

Hammitt Frederick G and Ohlgren Harold A 
NUCLEAR POWERED GAS TURBINES FOR LIGHT WEIGHT POWER PLANTS, 
University of Michigan, Ann Arbor, Michigan. Published by The American Society of ' 

Mechanical ~ n ' g i n e e r s  for  the 2nd Nuclear Engineering and' Science conference, Philadelphia, 
. . . . P a . ,  March 11-14, 1957, 26 pp. (10 refs) :  

. . . . . . 

The suitability of closed-cycle gas turbine power plants in conib'ination with various 
" 

types of nuclear reactors  is examined. Typical examples of both a heterogeneous and 
a homogeneous reactor  power plant 'are presented. Weight, cost, 'and performance a r e  

.. a 

compared'for various possible fluids ove'r d range of temperature and pressure.  Com- 
. . 

parisons a r e  ,made with alternative heat engine systems.  . . 
. . 

. . , . 

. . , . 
Beck :Clifford K.. . . . . . . 

T H E  WATER BOILER AS AN INSTRUCTIONAL ,TOOL, . . . . . .  

U. S. Atomic Energy commission, Washington 25, D. C. published by The ~ G e r i c a n  Society of 
Mechanical Engineers for  the 2nd Nuclear Engineering and science conference, ~ h i l a d e l ~ h i a ,  
P a . ,  March 11-14, 1957, 5 pp. 



The "water boiler" type reactor,  which operates at atmospheric pressure and power 
levels up to  50 kw, with highly enriched uranium in the water solution as  the fuel, 
possesses a number of unique and advantageous features a s  an instructional tool. This 
report discusses its application a s  an instructional tool. 

Jtnscn Emi l  C, ot  u1, 
PROBLEMS FACING STATE AGENCIES IN HANDLING 'TREATMENT AND DISPOSAL OF 
RADIOACTIVE WASTES, 
Published by The American Society of Mechanical Engineers for the 2nd Nuclear Engineering 
and Science Conference, Philadelphia, Pa .  , March 11 -14, 1957, 6 pp. (1 3 refs). 

Inventory of problems, viewpoints, resources, and requirements of states relating to 
control of radioactive wastes and materials a s  sources of contamination of the environ- 
ment and radiation exposure of the.genera1 public. Intended to  serve a s  a basis for 
effective integration of related activity on control of radiation hazards. 

Ullman J W and Arnold E D 
DECAY AND STORAGE OF IRRADIATED FUEL, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Published by The American Society of 
Mechanical Engineers for  the 2nd Nuclear Engineering and Science Conference, Philadelphia, 
P a . ,  March 11-14, 1957, 6 pp. (3 refs) .  

Reasons for  storage, t o  allow decay of irradiated fuel elements, and possible methods 
of storage a r e  given. The effects on storage and inventory costs of fuel element com- 
position, plant size, element geometry, reactor  type, methods of irradiation and r e -  
cycle, and type of metallurgical handling a r e  discussed. Estimates and comparlsons 
a r e  included for the decay for  several  typical fuels. The special problems associated 
with thorium f ~ l e  1 elements a r e  considered. 

NESC -57-98 

Erwin Arlhur F 
PUMPS FOR NUCLEAR POWER PLANTS, 
Allis Chalmers Manufacturing Co.,  Milwaukee, Wisconsin. Published by The American 
Society of Mechanical Engineers for the 2nd Nuclear Engineering and Science Conference, 
Philadelphia, Pa .  , March 11 - 14, 1957, 11 pp. 

This repor$ i s  a tabulation and analysis of the requirements for  the large special pump 
units used for coolant circulation in each of the major nuclear power plants and power 
demonstration projects now completed o r  under CoilBtr~~tion,  and suu~nla~.izes:  the 
e stimates of future requirements for ,the quantities, types, and ratings of these special 
pump units which have been obtained from al l  available qualified sources. This in- 
formation should be frequently helpful to  reactor designers and engineers in selecting 
ratings for pump units that a r e  already developed o r  that a re  within the range that can 
be reached by minor modification of existing pump units, to  avoid the cost and delay of 
special development, and to  avoid a source of trouble that may exist when no prototype 
tes ts  of a new rating have been made. 



Proctor  Joseph H 
APPLICABILITY O F  CLAD STEELS TO HEAVY WATER PIPING, 
Lukens Steel Company, Coatesville, Pa .  Published by the American Society of Mechanical 
Engineers 2nd Nuclear Engineering and Science Conference, ~ h i l a d e l ~ h i a ,  P a . ,  March 11-14, 
1957, 7 pp. (2 refs) .  

This report  is an  evaluation of the applicability of clad s tee l  in heavy wall piping. Clad 
s tee ls  made up of the following alloys (stainless steel,  nickel, monel, inconel, and 
copper) bonded to  a carbon s tee l  backing were evaluated. 

Tes ts  were made to  determine that clad could withstand service conditions of heat and 
p re s su re  encountered in  reac tor  operation. 

Fabrication considerations were investigated and welding techniques proposed. 

Winkle r W 
CLOSE'D-CYCLE GAS-TURBINE REACTOR POWER PLANT, 
Reaktor AG., Switzerland, 15 pp. (17 refs) .  

The report  is not intended a s  a preliminary design of a closed-cycle gas -turbine reac tor  
power plant, but ra ther  a s  a discussion of different problems involved with the develop - 
ment program of such a plant. F i r s t  of all, we have to  consider the type of enriched 
uranium fuel elements which permit a n  operation at t empera tures  of about 700°C and 
above. Wc shal l  discuss  some of the developrrlent work done in this  field by private 
industry of the United States of America. Second, we shal l  present investigations on 
the choice of the gas from the nuclear and thermodynamic points of view.' We shal l  a lso 
speak about heat t r ans fe r  and p re s su re  loss  problems for  different gases  and the i r  mix- 
tures .  Third, we would like to  show calculations about the gas activity due t o  neutron 
capture of the gas, neutron capture of the gas impurities,  residual ma t t e r  in  the gas due 
to  erosion o r  incomplete cleaning, and fission product leakage from the fuel element.  
Furthermore,  we shal l  compare the thermal  efficiency of different s team and gas cycles.  

. . 
NPG- 126 

Kiefer W M, e t  a l .  
ENVIRONMENTAL FACTORS AT PROPOSED SITE O F  DRESDEN GENERATING STATION 
O F  COMMONWEALTH EDISON COMPANY, 
Nuclear Power Group, Chicago, Illinois, June 15, 1955, 66 pp. 

This document is a comprehensive study of the environmental f ac to r s  'of the proposed 
site.  The land, nature of the subsoil, occupations, weather--al l  a r e  t rea ted  with ex-  
t r eme  detail. , 

NRL-4668 

P e t e r s  C W, Joblonski F E and Young M P 
NAVAL RESEARCH LABORATORY RESEARCH REACTOR - PART I. INSTRUMENTATION 
TESTS AT OAK RIDGE NATIONAL LABORATORY, 
Naval Research Laboratory, Washington, D. C . ,  January 23, 1956, 16 pp. (5 refs) .  



The NRL reac tor  instrument at ion channels with two compensated ionization chambers  
and a multiple-plate safety chamber were taken t o  the Oak Ridge National Laboratory 
t o  be tes ted  in a Bulk Shielding Reactor.  The compensation and dynamic range charac-  
t e r i s t i c s  and the sensitivit ies of the detectors we r e  investigated. The performance of 
the  logarithmic and l inear  recording channels under reac tor  operating conditions was 
observed. The equipment performed within the l imits required f o r  use in  the NRL 
reac tor .  

NHL-4729 

Bibbs E H, Vogt R H and Downer K W 
NAVAL RESEARCH LABORATORY RESEARCH REACTOR - PART 11. REACTIVITY 
MEASUREMENTS ON A GRAPHITE AND WATER-REFLECTED CORE, 
Naval Research  Laboratory, Washington, D. C. , May 24, 19 56, ZU pp. (6; refs). 

A s e r i e s  of experiments was performed jointly by NRL and BNL on a mock-up of the 
NRL Research Reactor  at  the c r i t i ca l  facility of Brookhaven National Laboratory. 
Reactivity effects of fuel, temperature,  a hole in  the graphite reflector,  control rods, 
and movement of the core  were  investigated a s  well a s  cr i t ical  m a s s e s  and relative 
neutruu [luxes. 

The c r i t i ca l  mas>s, a s  a function of position, was found a s  the co re  was gradually moved 
f rom a configuration in which three  s ides  were. graphite and three  s ides  water-reflected 
t o  one which was nearly completely water-'reflected. Fuel  was added in 'increments of 
one o r  two fuel plates a s  the configuration was slowly changed, and the' reactivity effect 
of the fuel was measured  at each s tep.  In this  way, the .reactivity change with change in 
configuration was determined in t e r m s  of'fue.1. By an extrapolation o f t h e  resul ts ,  it is 
est imated that the reactivity of the fuel necessary  to  maintain crit icality,  when the core  
is moved from the configuration in which three s ides  a r e  graphite and three  s ides  water-  
reflected t o  one which is completely water-reflected, is 4.470. 

. . 

Wall G F and Young M P 
NAVAL RESEARCH LARORATORY RESEARCH REACTOR - PART 111. AN EIGHT-DECADE 
LOGARITHMIC AMPLIFIER FOR NUCLEAR REACTOR INSTRUMENTATION, 
Radiation Division, Nuclear Instrumentation Branch, Naval Research Laboratory, Washington, 
D . C . ,  October 18, 1957, 1 2  pp. (2  refs) .  

The logarithmic amplifier developed at NRL has  a dynamic range' of 'eight decades of 
cur ren t  (10-l1 t o  amperes) ,  good accuracy, a high degree of stability with changes 
in hea ter  voltages, and requi res  no range switching. The amplifier 'will  give an output 
which is proportional t o  the logarithm of i t s  input ,current ,  and the circuit  employs a 
pentode a s  the logarithmic element.  The amplifier has  been used satisfactorily in  a 
s ignal  channel which provides 'power level and period information continuously fo r  the 
NRL research  reac tor  control system. Radiation detector cur ren t  is fed dizmectly to the 
control gr id of the logarithmic element.  A feedback amplifier holds the plate cur ren t  
constant by adjusting the sc reen  gr id voltage. The adjusted sc reen  grid voltage .is also 
used to  drive a' recorder  directly.  Although designed specifically fo r  the NRL' r e sea rch  
reac tor  control system, the amplifier should find many.uses  in the field ol nuclear . 

instrument ation. 



Mallon R G, Saldick J and Gibbons R E 
CONCEPTUAL DESIGN O F  AN ADVANCED ENGINEERING TEST REACTOR, 
Advanced Scientific Techniques Research Associates, Milford, Conn. , Contract No. 
AT-(30-11-1986, March  1, 1957, 124 pp. 

This report  descr ibes  a conceptual design for  an advanced engineering tes t  reactor .  
The r eac to r  is a large graphite assembly penetrated by paral le l  Zircaloy. tubes through 
which flows a heavy-water solution of uranyl sulfate. Reactor power is 220 megawatts. 

Reactor , t es t  facilities include nine vert ical  through-holes having thermal  flux g rea t e r  
than 1 x lo1'. The central  through-hole is 1 2  inches square and has  a thermal  flux of 
1.9 x 10". The reactor .  provides a favorable environment for  high temperature tes t s .  

Total cost of engineering and construction of the reac tor  and associated plant is es l i -  
mated  to be $30,000,000. 

- - - -  
APPLICATION O F  DIGITAL TECHNIQUES TO REACTOR CONTROL SYSTEMS, 
Ford  Instrument Company, Division of Sper ry  Rand Corporation, Long Island City, New York, 
Contract No. AT-(30-1)-1969, February  4, 1957, 11 pp. 

A survey of control sys tems revealed that increased reliability and decreased mainten - 
ance, elimination of maintenance and operating crew e r r o r s ,  and replacement of relayo 
were, in the main, the kind of instrurrlent improvement desired.  

The feasibility of making a substitution of t rans is tor  for  relay c i rcu i t ry  was determined 
by building up a substitute fo r  the relay circui t ry of the Oak Ridge Bulk Shielding 
Facili ty Reactor.  The improvements a r e  of significant importance in reducing time, 
the elimination of moving parts,  and greatly reduced s ize improves flexibility. The 
method of .analyzing the problem is also included. 

- -- - 
APPLICATION O F  DIGITAL TECHNIQUES TO REACTOR CONTROL SYSTEMS, 
Ford  Instrument Company, Division of Sper ry  Rand Corporation, Long Island City, New York, 
Contract No. AT-(30-1)-1969, June 1, 1957, 35 pp. 

A digital system t o  provide count ra te  and period information in the reac tor  s tar t -up 
channel is described. A description of a control rod position indicator based upon an 

' electromagnetic delay line principle is given. The corlclusions reached were : 
. .. :( 

. .  , . . '1. . . 1t..appearsfeasib1e to  measure  rod position byt rans la t ing  it into a delay line of 
a pulse circui t .  

2. There a r e  commercial ly~avai lable  components which can be used to  monitor the 
change in delay t ime 'of this  t ransmission line. 

3. Because of the variables involved, both mechanical and electr ical ,  an o rde r  of 
magnitude solution is the only one possible without resort ing t o  an experimental 
program. 



An alternate approach would read the time delay of the air-core portion of the t rans-  
mission line. An analysis is given of advantages, problem areas,  and feasibility for 
each design. 

- - - -  
APPLICATION O F  DIGITAL TECHNIQUES TO REACTOR CONTROL SYSTEMS, 
Ford Instrument Company, Division of Sperry Rand Corporation, Long Island City, New York, 
Contract No. AT-(30-1)-1969, October 17, 1957, 46 pp. 

This is the third quarterly report submitted in connection with a study to  investigate 
the applica.tion of digital techniques t o  reactor  controls. Three specific applications 
have been studied duriiig the p e r i ~ d  covored by this report. A system to utilize digital 
techniques for s tar t-up control is discussed with emphasis on system approach, oulpul 
display, size, weight, cost, and information on smoothing techniques. A breadboard 
design to  establish feasibility of a rod position indicator system is described. This 
system utilizes an electromagnetic delay line principle. Two pressure -indicating 
schemes a r c  described. 

----  . . 

DIGITAL ROD POSITION INDICATOR SYSTEM, 
- Ford Instrument Company, Long Island City, New York, Contract No. AT-(30-1)-1969, 

December 2, 1957, 2 1  pp. 

The primary objective of this study is to develop an improved rod position indicator 
which permits the accurate measurement of a rod position in applications which preclude 
direct contact with rod o r  driving mechanisms, and penetration into the rod housing and 
control structure. 

This report discusses the method of determining the position of a control rod through 
changes in inductance caused by cha~~gi i lg  position of the rod in an electrical coil. Ex- 
perimental results  of accuracy and dependability a r e  included. 

Martin A B and Mann M M 
CRITICAL EXPERIMENTS FOR THE HIGH FLUX REACTOR, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, 
October 22, 1948, 39 pp. 

This report is the third of a se r i e s  on criticality s t i~dies  of small  thermal reactors.  
While the ea r l i e r  reports  contained data from relatively simple and "clean" assemblies, 
the experiments to be described in the present paper involved asscmblies which were 
l e s s  simple and less  "clean." The t e rm "clean" is used here to  imply an experimental 
arrangement in which the core and reflector a r e  not only of simple, calculable geometry, 
but a r e  also as free a s  possible from holes, recesses, and extraneous materials.  



English James  L 
THE CORROSION O F  356 ALUMINUM IN SIMULATED COOLING WATER FOR THE PRO- 
POSED MATERIALS TESTING REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, July 20, 
1950, 107 pp. 

A report  is presented on the corrosion of 356 T- 7 aluminum in simulated cooling water  
f o r  the proposed Mater ials  Testing Reactor. Stagnant and dynamic corrosion t e s t s  were  
conducted in demineralized water  containing sma l l  amounts of hydrogen peroxide a t  a pH 
range of 5.5 t o  6.5 and a temperature of 85OC. Corrosion behavior of the uncoupled 
alloy was investigated a s  well a s  i t s  galvanic corrosion behavior with 2s aluminum, 
43 aluminum, extruded beryllium, and 34 7 s tainless  s teel .  Sodium chromate and sodium 
dichromate were tested as possible corrosion inhibitors. 

The corrosion character is t ics  of 356 aluminum a r e  greatly influenced by oxygen concen- 
tration, pH, and contact with diss imilar  metals .  Heat t reatment  of the alloy affected 
the corrosion resis tance slightly; cas t  aluminum showed a slightly superior  corrosion 
resis tance to  the heat-treated alloy. Corrosion attack on the alloy at 90°C was of s imi l a r  

magnitude a s  an attack a t  30°C; maximum corrosion attack occurred at 50°C. Stagnant 
ve r sus  dynamic test  resu l t s  indicated that pitting intensity was reduced under dynamic 
conditions, but the general  corrosion ra te  was increased. Corrosion attack generally 
increased a s  the hydrogen peroxide concentration increased from 0.0005 M to.0.005 M. 
Galvanic corrosion attack on the alloy was most severe  when coupled to  347 s tainless  
s teel .  Sodium chromate in concentration of 10 ppm was effective for  reducing co r ro -  
sion attaek. A general ubservation of a l l  t es t  resul ts  indicated that an incubation 
period of 500 t o  700 hours  was required for  the formation of the protective hydrated 
aluminum oxide film. 

The average over-all  stagnant" corrosion rate  fo r  356 aluminum in deaerated water, 
0.0005 M and 0.005 M hydrogen peroxide solutions for  1008 hours  was 0.007 millmonth; 
the average dynamic corrosion rate  fo r  s imi l a r  conditions was 0.067 millmonth. In 
deaerated water,  the presence of 10 ppm of sodium chromate resulted in negligible 
corrosion rates;  in waters  containing 0.0005 M and 0.005 M hydrogen peroxide concen- 
trations,  the average corrosion ra te  was 0.020 millmonth with almost complete el imi-  
nation of pitting attack. 

Galvanic corrosion of 356 aluminum in contact with 2s aluminum, 43 aluminum, 
extruded beryllium; and 347 s tainless  s tee l  in deaerated water,  0.0005 M hydrogen 

. peroxide, and 0.005 M hydrogen peroxide solutions, averaged ,0.013,. .0.010, 0.025, and 
0.355 mil lmonth for  1008 hours exposure, respectively. With 5 t o  10 ppm of sodium 
chromate in the test  solutions, these corrosion r a t e s  were reduced to 0.007 mil/month 
.in contact with 2s aluminum, 0.001 mil/month in contact with extruded beryllium, and 
0.007 mil lmonth in contact with 347 s tainless  steel.  The maximum pit depth encoun- 
t e r ed  on stagnant 356 aluminum tes t  specimens was 16.4 mi ls  in 1008 hours; for  dynamic 
tes t  conditions, the maximum pit depth encountered was 8.0 mi ls  for  the safe t ime. 



Beall  S E 
PROCEDURE FOR ERECTION O F  THE MATERIALS TESTING REACTOR MOCK-UP, 
Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn. , Contract No. ' ~ - 7 4 0 5 - ~ n ~ - 2 6 ,  
May 18, 1950, 33 pp. 

E a r l y  in  1947 the decision was made t o  e r ec t  a full-scale prototype of the   ate rials 
Testing Reactor (MTH) tank with its internal componenl;~ and a simple water  system. 

This  report  descr ibes ' the stepwise assembly procedure of a l l  reac tor  pa r t s  exclusive 
bf the s t ruc ture  and water  system, which have little in common with the MTR. The 
procedure was based on "Operations and Procedure Schedule for  Erect ion of Pile Mock- 
Up, ' ' writ ten by &'. C .  Zapp, dared February 4, 1949. 

Breazeale  W M 
THE NEW BULK SHIELDING FACILlTY AT OAK RIDGE NATIONAL LABORATORY, 
Physics  Division, Uak Hidge National Laboralury, B. 0 .  Box I?, Oak Ridge, Tcnn.,  
Contract No. W-'I4lJS-Eng-Zb, Mag 8, 1991,. 54 pp, (PO 1eIs). 

The Bulk Shielding Facili ty at  ORNL'is described in  detail. This  swimming pool-type 
r eac to r  was  planned to  attenuate measurements  on bulk samples  a s  well a s  t o  tes t  
mock-ups of pract ical  shields and t o  provide a leakage flux of about lo1' n/cm2 -sec.  
Two features  a r e  the movable nature of the reac tor  in the pool and a gate provision so  
that par t  of the tank can  be emptied f o r  various buildup features.  A formula for  r e -  
movable concrete blocks which have good neutron and gamma attenuating propert ies  is 
given. Reactor core  design control and safety c i rcu i t ry  and instrument ion corrosion 
and cr i t ica l  experiments a r e  discussed. 

A list of .drawings is included. 

Meem J L and Johnson E B 
DETERMINATION O F  THE POWER O F  THE SHIELD-TESTING REACTOR -' I. NEUTRON 
FLUX MEASUREMENTS IN THE WATER-REFLECTED REACTOR, 
Oak Ridge National Laboratory, P .  0 .  Box P, Oak Ridge, T e n n . ,  Contract No. W-7405-~ng-26 ,  
August 13, 1951, 32 pp. (6 refs) .  

.The r eac to r  at the: Bulk Shielding Facili ty is being used a s  a source of neutrons and 
gamma rays  -for-shielding experiments.  The procedure is to  e r ec t  shielding samples  
.in front of the reac tor  and measure  the attenuation of these neutrons and gamma rays 
through the shield: since' the reactor .  can  be operated at var ious power levels,. a l l  
shielding measurements  a r e  normalized to a power levei of 1 watt: It is immediately 
obvious that some calibration of the power of the reac tor  is required. ' It is also 
necessary ' to  know the flux leaking from the reac tor  when making shielding measure  - 
ments.  The leakage flux may be changed when a different shielding sample is placed 
next t o  the reac tor  depending on the character is t ics  of the shielding sample a s  a r e -  
flector.  The determ'ination of this leakage then becomes a par t  of the part icular  shield- 
ing experiment underway and is not considered fur ther  in this  report .  
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Cole T E,  St. John E E and Hanauer S H 
THE MTR SAFETY SYSTEM AND ITS COMPONENTS, 
Reactor Controls Department, Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn., 
April  4 , .  1952, 31 pp. (21 re fs ) .  

'The safety requirements of the MTR a r e  discussed, together with the devices built to  
meet  these requirements.  Three  level and two period safety channels feed signals to  
a cent ra l  control bus whose voltage in turn controls the current  through electromagnets.  
The shim-safety rods suspended from these magnets fall  into the reac tor  fast  enough t o  
catch the shortest  expected period. The details of the various components used a r c  
discussed arld the performance data a r e  presented. 

Meem J L, Holland L B and McCammon G M 
DETERMINATION O F  THE POWER O F  THE BULK SHIELDING REACTOR - PART 111. 
MEASUREMENT O F  THE ENERGY RELEASED PER FISSION, 
Physics Division, Oak Ridge National Laboratory, P .  0 .  Box P, Oak Ridge, Tenn. ,  
Contract No. W-7405-Eng-26, March 11, 1954, 80 pp. (7 refs) .  

The energy released p e r  fission was measured in the Bulk Shielding Reactor using a 
specially constructed fuel element.  The special element had a removable center  fuel 
plate from which discs were punched t o  facilitate measurement  of the i r  activation by 
exposure in the reactor .  A s imi l a r  uranium-bearing disc was activated by exposure 
in a known neutron flux. By cumparison, the actual fission ra te  in the special fuel 
element was determined. 

The special  element 'was equipped with water tubes at  top and bottom through which 
' 

water  was pumped at a known ra te .  Thermocouples were used t o  mea.sure.the temper-  
a ture  rise ac ros s  the fuel element, special precautions being taken to  prevent heat 
leakage. The power, o r  ra te  of energy, a s  a comparison with the fission ra te  gave the 
heat re leased pe r  fission in'the special  element. The net amount of radiation leaking 
out of the fuel element ( less ' than 0.270) was calcul5ted a s  a correct ion to this figure.  

The energy pe r  fission in the reac tor  was '193 2 5 Mev. The parasi t ic  capture in the 
Bulk Shielding Reactor is calculated to  be 2.7 Mev. Accordingly, the energy released 
p e r  fission (exclusive of neutrino energy) is 190 2 5 Mev. 

. . . .  . 
. . , s , . . .  . 

Briggs R B 
AQUEOUS HOMOGENEOUS REACTORS FOR PRODUCING CENTRAL-STATION POWER, 
~ e a c t o r '  ~ x p e r i m e n t g l  ~ n ~ i n e e r i n g  Div. ; Oak Ridge National ~ a b o r a t o r ~ ,  Oak Ridge, ~ e n n .  ., 
Contract No. W-7405-Eng-26, May 25, 1951, 96 pp. (56 re fs ) .  

Aqueok  homogenebu~ reac tors  are '  examined from the standpoixit of producing central-  
station power. Included a r e  the mater ia l s  requirements for  a large power industry, .a 
review of raw mater ials  supplies,. a status report on the technology of aqueous homo- 
geneous systems,  and a comparison of one- and two-region r eac to r s  that use thorium 
and uranium fuels. 



Bohannon J R 
COST STUDY O F  A POWER INCREASE FOR THE BULK SHIELDING REACTOR, 
Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, 
June 24, 1958, 42 pp. 

It is known that the Bulk Shielding Reactor can be operated at higher powers than the 
present  100-kw level s ince the similar Mal;er.ials Testing Roaotor a n d  T.aw Tntensity 
Tes t  Reactor a r e  operated at 30 and 3 megawatts, respectively. The fuel elements, 
coolant, and moderator  of a l l  three reac tors  a r e  fundaillent ally the same;  the refore,  
only the type of cooling sys tem to  be employed fo r  a higher power level of the BSR must 
be decided upon. This  report  presents  a cost study of th ree  cooling systems:  (1) a f ree  
ccrn.vecti.an, cooling system, the system now used; (2) s pump-forood convectir:,n cooling; 
sys t em with a one-pass  flow of water  .through the elemts~lts; and (3) ;:I pump-forced 
convection cooiing system with a three-pass  flow of water through the el.ernents. The' 
th i rd  system is effected by passing water  successively through three  para.l.le1. regions 
of the element. The' range of power levels considered is 1 t o  10 megawatts. On the 
bas is  of th i s  study, it was found that a 2,5 to  2. 8 megawatt power level with f r ee  con- 
vection cooling would be possible for  $15, 200 while the 'cost of the one-pass-flow, 
cooling, pump-forced convection system for  10 megawatts would be '$180,000. Costs  
of the f ree  convection and one-pass-flow, pump-forced convection sys tems fo r  various 
power levels a r e  quoted with a recommendation that the strongest consideration be 
given t o  the f ree  convection cooling system. 

Welton T A 
A STABILITY CRITERION FOR REACTOR SYSTEMS, 
Physics  Division, Oak Ridge Naliu~lal Laboratbry, P. 0. Box P, Oak Ridge, Tenn. , 
.Contract No. W-7405-Eng-26, July 7, 1955, 17 pp. 

This report  presents  a discussion of stability in a reac tor  sys tem.  Th.e system is 
described by a differential equation. Reactor sys tem meails o seaclul- coupled to   it^ 
heat-removal sys tem and a reactivity control system. Four effects that could influence 
the stabiiity are discussed: (1) thermal,  (2) rr?laxa.ti.nn, (3) flow effects, arid (4) t ime 
lag effects f rom coolant flow and t ime lag effects f rom the iner t ia  of a heated fluid 
which must be accelerated. 

Maienschein F C, Henry K M and Johnson E B 
A HAZARDS REPORT FOR THE WADC VOID MOCK-UP TEST AT THE BULK SHIELDING 
FACILITY, 
Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn. ,  Contract No. W-7405-Eng-26, 
August 1, 1955, 10 pp. (1 ref) .  

This  report  discusses  void effects on reactivity in the event of a void collapse. This 
study was pr imari ly  initiated because of the large voids designed for  the WADC r e -  
ac to r .  



Chapman R H 
ANALYSIS O F  SPHERICAL PRESSURE VESSEL HAVING AN ENERGY SOURCE WITHIN 
THE WALL, 
Oak Ridge National Laboratory, P .  0. Box P, Oak Ridge, Tenn. ,  Contract No. W-7405-Eng-26, 
October 26, 1954, I l l  pp. (17 re fs ) .  

A method is given for  determining the optimum thickness of a spherical  p ressure  
ves se l  in which there is an  exponential heat source contained within the vesse l  wall. 
The method has applications in the design of cer tain types of nuclear reac tors .  It is 
shown how the thermal  s t r e s s  may be estimated for t he rma l  reac tors  and combined 
with pressure  s t r e s s  lo obtain the total  s t r e s s .  The solution to  a hypothetical design 
problem i s  given to i l lustrate the procedure. Some data a r e  included which should be 
an aid in the solution to  s imi la r  problems. 

Maienshein F C and Henry K M 
OPERATING PROCEDURES FOR THE BA-TH SHIELDING FACILITY, 
Applied Nuclear Physics Division, Oak Ridge National Laboratory, P .  0 .  Box P, Oak Ridge, 
Tenn. ,  Contract No. W-7405-Eng-26, May 2, 1956, 13 pp. 

This is the third edition of the operating procedure for  the BSF, and discusses  s tar tup 
and steady operation, reac tor  loadings, ' reactor  s tar tup check lists,  location of Scram 
buttons, emergency operating procedure, and control and safety t e s t s .  

McDuffie H F and Hill V K 
HOMOGENEOUS REACTOR PROJECT QUARTERLY PROGRESS REPORT FOR THE 
PERIOD ENDING JANUARY 31, 1956, 
Oak Ridge National Laboratory, P. 0 .  Box P,  Oak Ridge, Tenn. ,  Contract No. W-7405-Eng-26, 
April  17, 1957, 141 pp. 

This  quarter ly progress  report  indicates some of the problems in procuring and install-  
ing a homogeneous reactor .  Some of the topics of interest  a r e  procedures fo r  placing 
barytes aggregate, pump modifications, the fuel processing plant, the attack of Tho2 
s lu r r i e s  on s tainless  s tee l  was correlated with particle size,  velocity of the s lur ry ,  
oxygen concentration, room temperature pH, Tho, concentration, and Tho, calcination 
temperature.  A comparison of corrosion resis tance of typical spr ing mater ials ,  iso-  
elastic and elgeloy, indicates the la t ter  t o  be the superior  mater ial .  A number of other 
mater ia l s  were studied f o r  corrosion resistance: platinum,. gold, Zircaloy 2, titanium 
and 347 s tainless  s t e e l . .  

Metallographic identification of location of hydrides was developed which indicated that 
the hydride forms in the grain boundaries of the zirconium alloys and within the grains  
in crystal-bar  zirconium. A system for  welding titanium in a i r  uses  an inert  gas at - 

'mosphere and an internal purging gas.  Fully austenitic welds for  347 s tainless  s t ee l  
have tentatively been devised. Chemistry research  on the alkali meta l  carbonate - . 

uranium trioxide system, the quarternary systems CuO -U03 -,SO3 -H20  and 
NiO-UO, -SO3 -H20, were  studied. . - 
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%... Henry K M, e t  a l .  

CRITICAL EXPERIMENTS AT THE BSF, 
Applied Nuclear Physics  Division Annual Report for  period ending September 10, 1956, Oak 
Ridge National Laboratory, P .  0. Box X, Oak Ridge, Tenn. , November 20, 1956, 9 pp. 

Cr i t ica l  experiments were  performed at the BSF with the 20% enriched elements for  
the swimming-pool-type Aquarium Reactor p r io r  t o  the i r  shipment to Geneva. The 
total  amount of u~~~ in the cr i t ical  loading was 3660.9 g, but the excess  reactivity was 
not determined. Similar  experiments were performed with the highly enriched (-89%) 
elements  f o r  the Pennsylvania State University Reactor.  The reac tor  was cr i t ical  with 
2914 g of u ~ ~ "  and an excess  reactivity of -170. In addition, s eve ra l  cr i t ical  experi-  
ments  were  performed by ORSORT students a s  par t  of the i r  laboratory c lass .  The 
effect on the reactivity of slowly flooding a large air-fi l led void adjacent to  the BSR was 
investigated; the largest  change observed was +2.62% ~ k / k .  A series of axpt.r.lrr~entl> lu 
determine the effect of introducing voids within the core  was also performed. 

Her1l.y I< M, c t  a1 . 
E F F E C T  O F  THE REFLECTOR ON THE NET.TTRC)N FLUX IN AN ORR BEAM HOLE 
MOCKUP, 
Applied Nuclear Physics  Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 8 pp. 

An experiment with the BSR has  shown that the thermal-neutron flux leakage into a 
beam tube adjacent to  the reac tor  could be appreciably increased by substituting heavy 
water  fo r  the light-water reflector immediately surrounding the beam tube. The exper -  
iment was motivated by the interest  in increasing the flux in beam holes adjacent to  the 
Oak Ridge Research Reactor, and severa l  configurations were tested.  

Henry K M and  Atlno J' N 
SENSORY INSTRUMENTATION STUDIES FOR THE BSR, 
Applied Nuclear Physics Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , Nove~nber  20, 1956, 4 pp. 

A s e r i e s  of experiments have been performed t o  check the saturation propert ies  and 
linearity of response of the ionization charnbers wl~icll supply the basic signals for  
control  and power-level indication of the BSR. It was found that the saturation prop- 
er'ties of the log N chamber,  which actuates the log reac tor  power indicator, recorder ,  
period meter ,  and period s c r a m  circuit ,  have changed no more  than about 0.470 since 
its initial  installation. The investigation of the xaesporlse of the fission chamber and 
galvanometer chamber indicates that for  power demands of 100 kw, 500 k w ,  and 1 Mw, 
the actual power sags approximately 2, 10, and l6O/0, respectively. 

. . . ( _  

ORNL-'2081 -4 
. . .  . . . . 

Henry K M and Anno J N . 

TEMPERATURE DISTRIBUTION IN, THE BSR UNDER NATURAL CON~ECTION COOLING, 
Applied Nuclear physics  Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P:O. Box X, Oak Ridge, Tenn. , ~ o v e m b e r  20, 1956, 7 pp. 



Measurements of the temperature distribution on the surface and in the core  of BSR 
fuel plates have been made t o  provide information on: (1) the rate  of temperature . r i se  , . . .'.T 

within the core,  the knowledge of which will facilitate the design of s imi l a r  reac tors ;  " 

and (2) the power a t  which boiling would f i r s t  occur.  The measurements  also provide 
experimental evidence for  heat t ransfer  and nuclear calculations. Extrapolation of the 
data f rom the surface measurements  indicates that boiling would f i r s t  occur  in  the 
reac tor  at a power of approximately 2100 kw. 

ORNL- 2081 -5 

Flynn J D 
WATER PURIFICATION AND CIRCULATION SYSTEMS AT THE BSF, 
Applied Nuclear Physics  Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 4 pp. 

Two water  purifying loops fo r  the demineralized water  of the reac tor  pool have heen 
installed at the BSF. One system removes suspended particles f rom the water,  and 
another system maintains a 250,000- to 350,000-ohm/cm specific resis tance of the pool 
water .  A set  of jets has  also been installed above the BSR in o rde r  t o  diffuse the acti-  
vated water  fo r  a sufficient length of t ime to  suppress  the N~~ activity at  the pool s u r -  
face. With the jets in operation and the reac tor  a t  a power of 1 Mw, the radiation 
19-112 in.  above the 17-112 ft of water  directly over  the reac tor  is reduced from 800 to  
32 m r / h r .  

Champion W R 
AIR ACTIVITY 'P~~UUU'CEU BY THE BSR, 
Applied Nuclear Physics  ~ i v i s i o n  Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P . O .  Box X, Oak Ridge, Tenn. ,  November 20, 1956, 4 pp. 

Since the air-borne, gamma-ray activity measured 40 ft f rom the BSR was an  appreci- 
able fraction of the tolerance level, an experiment was performed t o  determine the 
origin of the activity. Sources of activity were collected from the a i r  above the pool 
surface and from the pool water  6 in. above the reactor ,  and an examination was made 
of the i r  energy spec t ra  and the t ime -decay character is t ics .  The half lives of severa l  
prominent peaks were observed, but comparison with published data has  failed to  
resul t  in any definite assignments other than N ' ~ .  

Silver E G 
CALCULATION O F  THE EFFECT ON REACTIVITY WHEN HEAVY WATER IS ADDED TO 
A LIGHT -.WATER-MODERATED REACTOR, . 
~ ~ ~ l i ; d  Nuclear Physics  Division Annual Report for  period ending September 10, 1956, Oak 
Ridge National Laboratory, P . O .  Box X, Oak Ridge, Tenn. ,  November 20, 1956, 4 pp. 

A calculation of the effect on the reactivity of adding. D20  in various proportions t o  the 
moderator  of H20-moderated reac tors  has  been made. Plots of k (&o + DQ) /kH20 

a s  a 

function of the volume fraction of D 2 0  in the moderator  a r e  presented for  a l l  combina- 
t ions of severa l  values of the macroscopic total  absorption c r o s s  section.of the uranium 

in the core  zFe1 ,the  rat io  of the volume fraction of metal  in the core  to  the volume ( 



fraction of the moderator  (M/w), and the buckling ( B ~  1. The values used were  

zFe1 = 0.03, 0.05'2, and 0.07 cm', M/w = 0.5, 0.733, and 1.0, and B. = 0.01, 0.007, 

0.004, ' and 0.001. 

Eilvar I3 C 
COMPARISON O F  CALCULATED CRITICAL MASS O F  THE BSR WITH EXPERIMENT, 
Applied Nuclear Physics  Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P .  0. Box X, Oak Ridge, Tenn. , November 20, 1956. 12 pp. 

The  cr i t ica l  masses  of th ree  swimming-pool-type reac tors  have been computed and 
compared with corresponding experimental c r i t i ca l  masses  for  the specified loadings in 
the BSR. Two reactor  codes were  employed in the calculations: the UNIVAC ~ ~ e w a s h  
30-group code using three  concentric spherical  regions (control rod, fuel, and reflector), 
and the Oracle  three-group, three-region code. The la t ter  was used both a s  a two- 
region and a s  a th ree  -region problem for  a cylindrical o r  spherical  reactor .  The calcu- 
lations with the best assumptions gave resul ts  that w e r e  within 1% of l l~e  experimental 
c r i t i ca l  m a s s  and within 0.470 of the reactivity. 

Fox J K and Gilley L W 
CRITICAL EXPERIMENTS WITH AQUEOUS SOLUTIONS O F  u ~ ~ ~ ,  
Applied Nuclear Physics  Division Annual Report for  period ending September 1.0, 1956, Oak 
R.i.dge National Laboratory, P. 0 .  Box X, Oak Ridge, 'I'enn. , November 20, 1956, 8 pp. 

A number of experiments have been performed to  determine the c r i t i ca l  conditions for  
ves se l s  containing highly enriched (-90%) uranium in water solutions of UO, F, . It was 
found that, f o r  solutions dontained in cylinders, 8.76 in.  is v e r y  near  the diameter of 
an infinitely high, unreflected alumirlu~n cylinder; 8.5 tu  9 in. is the corresponding 
diameter  f o r  s ta inless  -s teel  cylinders.  

The effect of interacting a r r a y s  of 6- and 8-in. diameter  cylinders containing a solution 
with an H : u ~ "  atomic rat io  of 44.3 was also investigated for  various reflector conditions 
and edge-to-edge spscings. The c r i t ica l  height of water-reflected a r r a y s  of 6-in. diam- 
e t e r  cylinders approaches the value of a single cylinder a t  an  edge-to-edge spacing of 
about 15 in. When the cylinders a r e  wrapped in cadmium sheets,  the infinite cr i t ical  
height would be f o r  a spacing of 2 in. The cr i t ical  height of water-reflected a r r a y s  of 
8-in. diameter cylinders approaches the value of an  edge-to-edge spacing of approxi- 
mately 9 in. A single cadmium-wrapped 8-in. diameter  water-reflected cylinder be-  
comes  cr i t ical ,  and the values of the c r i t i ca l  heights of a r r a y s  of cadmium-wrapped 
8-in. diameter  cylinders approach the value fo r  the single cylinder.  Three  unreflected 
8-in. diameter  cylinders would become cr i t ical  with infinite height at about a 9-in. 
edge-to-edge spacing, while seven cylinders would require an 18-in. spacing. 

The 'relative effects of water,  furfural,  concrete, graphite, and f i rebrick a s  neutron 
ref lectors  fo r  solutions contained in  aluminum cylinders were also investigated. 



Zimmerman E L 
TWO BERYLLIUM-MODERATED CRITICAL ASSEMBLIES, 
Applied Nuclear Physics Division Annual Report for  period ending September 10, 1956, Oak 
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 9 pp. 

Two unreflected beryllium-moderated c r i t ica l  assemblies  have been built in a simple 
geometry in o rde r  t o  check the c r i t i ca l  parameters  predicted for  them by multigroup 
reac tor  calculational methods. The assemblies,  designated a s  CA-1 and CA-18, had 
regular  latt ices of 10-mil-thick enriched uranium metal  fuel disks separated by 1- and 
4-in. blocks of beryllium metal, respectively. Assembly CA-1 had outside dimensions 
of 21 x 2 1  x 23.2 in. and was c r i t ica l  with a u~~~ m a s s  of 18.08 kg; the withdrawal of 
one control rod was equal to  0.0054 in reactivity. Assembly CA-18 had outside dimen- 

235. sions of 24 x 28.4 x 24.1 in. and was cr i t ical  with 7.65 kg of U , the control-rod 
withdrawal was equal t o  0.0020 in. reactivity. Only the experimental data a r e  present-  
ed, the correlat ion with theory having been published elsewhere. 

Gwin R 
DETERMINATION O F  REACTOR PARAMETERS FROM PERIOD MEASUREMENTS, 
Applied Nuclear Physics Division Annual Report f o r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 2 pp. ' 

Measurements of a s ta t ic  c r i t i ca l  m a s s  a s  well a s  reac tor  period for  off-crit ical 
conditions can be used to determine the effective delayed neutron fraction, and from 
this  thc agc of pronlpt and delayed neutrons can be estimated by age theory. F rom 
data on a dilute aqueous solution of uZ3' in a cylindrical container, the age df prompt 
neutrons has been estimated to  be 25.4 cm2. F o r  delayed neutrons the age was es t i -  
mated to be 14.1 cm2;  the effective delayed neutron fraction being 0.0096. Probable 
e r r o r s  fo r  these values have not been estimated. 

Prohammer  F G 
COMPARISON O F  ONE-DIMENSIONAL CRITICAL 'MASS COMPUTATIONS WITH EXPERI- 
MENTS FOR C O M P U  TELY REFLECTED REACTORS, 
Applied Nuclear Physics Division Annual Report f ~ r ' ~ e r i o d  ending September 10, 1956, Oak 
Ridge National Laboratory, P: 0 .  Box X, Oak Ridge, Tenn. , November 20, 1956, 2 pp. 

'Cri t ical-mass calculations for  completely reflected cylindrical reac tors  would be 
greatly facilitated i f  a one -dimensional computational program used for  spherical  
reac tors  could be applied. A comparison of cylindrical and spherical  reac tors  has  
shown that the cylindrical reac tors  can be converted to equivalent spheres  by a relation- 
ship which assumes  that the buckling of a sphere is equal to that of the cylinder, making 
allowance for  reflector savings 6 .  The relationship is expressed a s  

where R and r a r e  the . radi i  of the sphere and cylinder, respectively, and b is the cylin- 
der  height. 



Blosser  T V, e t  a l .  
STUDY O F  NUCLEAR AND PHYSICAL PROPERTIES O F  THE ORNL GRAPHITE REACTOR 
SHIELD, 
Applied Nuclear Physics Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P .  0 .  Box X, Oak Ridge, Tenn. , November 20, 1956, 2 pp. 

* .  
The s t ruc tura l  and nuclear durability of the 7-ft-thick concrete shield around the ORNL 

- Graphite Reactor has  been investigated. The resu l t s  of the gamma-ray and neutron 
attenuation measurements  a r e  .presented. 

Otis D R 
NEW LID TANK SHIELDING FACILITY SOURCE PLATE, 
Applied Nuclear Physics - .  Division Annual Report fo r  period ending September 10, 1956, Oak 
Ridge National Laboratory, P .  0 .  Box X, Oak Ridge, Tenn. ,  November 20, 1956, 2 pp. 

'l'he source at the L'i'SF ~ 6 n s f s t s  of a plale cu~ll*il~il lg u ~ ~ ~ ,  which absorbs thcrmal  
neutrons that Issue t Y 6 i t l  a hole in the ORNL O~dpll i le  Reactor shield. In Scptcmbcr 
1955, a new source plate (SP-2), that has  severa l  advantages over  the old one (SP-I),  
was  installed. The power of SP-2 is 5.18 2 0.26 w, with a unit source strength of 
1.30 x w/cm2.  

ORNL-2081-40 .-...- 
.,. . 

Smolen J 
DETERMINATION OF THE EFFECTIVE POWER O F  THE, OLD LID TANK SOURCE PLATE 
(SP-I) ,  , . 

Applied Nuclear Physics Division Annual Report for  period endini September 10, 1956, Oak 
Ridge National Laboratory, P .O .  Box X, Oak Ridge, Tenn. ,  Nuverriber 20, 1956, 3 pp. 

After installation of the new source plate (SP-2) at  the LTSF, the power of the old 
source plate (SP-1) was determined by multiplying the power of SP-2 by a neutron leak- 
age factor and dividing by an effective puwer 1 aliu of the two plates.  Thc r c o u l t ~  indi- 
cated a power of 1.7 w + 11%. 

. .  > . Binford F T. and Burnett T H. J . . ' . . .  . 
A NIETHOD .FOR -THE D1SPOSA.L O F  VOLATII3. FISSION PRODUCTS FROM AN ACCIDENT 
IN THE OAK RIDGE RESEARCH REACTOR, 
Oak Ridge National Laboratory, P .  0 .  Box P; Oak Ridge, Tenn.., Contract No.. W-7405-Eng-26, 
.August  9, 195G, 8 pp. (8 re fs ) .  . : . ' . . 

. . :  
The Oak Ridge Research Reactor is a full enriched, heterogeneous, light-water- 
moderated and cooled be.ryllium-reflected reac tor  of the MTR-BSF type. It is designed 
to  operate at a power lcvel of 20 t o  30 megawatts. with a thermal-neutron flux of the 
o rde r  of lo1*. 



In this  paper the maximum credible accident is postulated to  be that situation in which 
the reac tor  suffers f rom a deficiency in cooling capacity sufficient to  cause melting 
of the fuel elements and subsequent release into the building of a l l  the volatile fission 
products. 

It is shown that, with properly engineered ventilating and gas -scrubbing equipment, the 
radioactive gas can be disposed of in such a way a s  to  prevent harmful exposure to  
persons in the surrounding a r e a .  Direct radiation from the large m a s s  of gas  initially 
present in the building will be extremely intense in the immediate vicinity of the build- 
ing. It is possible, however, through the use of a suitable a l a rm system, to evacuate 
t h i s  a r e a  in a t ime short.enough to  prevent ser ious overexposure 'to 

Beall S E 
CONTAINMENT PROBLEMS IN AQUEOUS HOMOGENEOUS REACTOR SYSTEMS, 
Reactor Experimental Engineering Div. , Oak Ridge National Laboratory, P .  0 .  Box P,  Oak 
Ridge, Tenn.,  Contract No. W.-7405-Eng-26, August 9, 1956, 13 pp. ( re fs ) .  . 

Containment problems in homogeneous reac tors  a r e  discussed, with part icular  emphasis  
given to  the manner in which they have been solved for the HRT. Bases for rig'id leak- 
age specifications on reactor  components a r e  explained. The design of the reac tor  en-  
c losure is reviewed with respect to  allowable leakage, a s  well a s  protection against 
fragments and internal p re s su re s  resulting from a reac tor  catastrophe. - 

. . 
Briggs R B (Project Director) 
HOMOGENEOUS REACTOR PROJECT QUARTERLY PROGRESS REPORT' FOR PERIOD 
ENDING JULY 31, 1956, 
Oak Ridge National Laboratory, P . O .  Box P,  Oak Ridge, Tenn. ,  Contract Nn. W-7405-Eng-26, 
October 3, 1956, 145 pp.  

This document covers  the progress 'of  the homogeneous reac tor  project during the 
quarter  f rom April  30, 1956 through July 31, 1956. Work on the project i s  broken 
down into seven a reas  each of which is reported in this  document. 

Tests  on reac tor  components were completed during the quarter  a s  were preparations 
for  a s e r i e s  of dump t e s t s  of enriched uranyl-sulphate at design p re s su res  and temper-  
a tures .  Modifications were made to  the refrigeration system and the freeze jackets. 
Designs of the replaceme*t pressure  vesse l  were completed. Development continued 
on fuel and blanket pumps and improvements were made in valve and sampling equip- 
ment.  The HRT ran  a total  of 1730 hours during the quarter  with few difficulties. Mod- 
ifications to  the instrumentation include equipment in the a r ea  monitoring system, 
meter ing stations, liquid level indicators, and valves and operators .  

The HRT fuel processing plants proceeded to  work on the removal of fission products 
centrifugally. .Th i s  included 'development of tools and equipment for remote removal 
of plugs and the hydroclone. , . 
.. ' . " .  



11. Reactor Design and Analysis 

A feasibility study on a circulating fuel, aqueous, homogeneous research reactor  was 
completed. Calculations concerning the effects of xenon transients on homogeneous 
reactor  behavior were made. The Oracle code for calculating heat generation in mate- 
r ia ls  due to gamma-ray absorption was used to  calculate gamma heating in iron, lead, 
and aluminum samples placed near the Bulk Shielding Facility. 

111. Engineering Development 

Work on fuel systems proved the use of titanium and zirconium to be unsuilablt: lui' stic11 
applications, and conversion to  309 stainless s tee l  is being considered for the test  loop. 
The equipment f o r  handling the thorium oxide in the blanket system functioned through- 
out the quarter, although one .loop was shut down because the s lur ry  solidified. A heat- 
ed  thermocouple -type liquid level indicator was fabricated and work was done on bellows 
for  use in the uranyl-sulfate systems. 

TV. Corrosion and Materials 

Corrosion studies involving uranylLnitrate aiid uranyl-sulralt! sululiulis were csntinucd 
t o  find the effects of' these materials upon aluminum oxide, zircaloy, stainless steel, 
and titanium. Fur ther  tes ts  involving uranyl fluoride were started. 

Several water runs and an attempted s lur ry  run on the experimental in-pile s lur ry  loop 
a r e  described. Studies of thorium -oxide s lur r ies  circulated in toroids indidated some 
correlation between particle size and attack rate on stainless steel. 

The fabrication and testing of all  titanium in-pile loops for radiation corrosion tes ts  
were complkted. In addition to  materials mentioned above, radiation corrosion effects 
on Incoloy, synthetic sapphire, platinum, and nickel were partially determined. 

Considerable metallurgical work was performed during the quarter  on the materials 
above. Major attention was devoted to welding in various titaniums . 

V. Chemical Engineering Devel.opm ent 

Chemical engineering work during the quarter was confined to  fiiel processing, p l u l u ~ ~ =  
ium producing, blanket processing, development in the thorium-oxide s lur ry  character- 
istics,  and chemical decontamination of activated equipment. 

VI. Supporting Chemical Research 

Studies of aqueous systems at elevated temperatures were continued during the quarter.  
Radiation studies of thorium-nitrate solutions proved mainly that the off-gassing which 
yields N, is temperature independent. Several techniques were developed in the field 
of analytical chemistry. These included improved titration techniques, improved 
techniques for determination of fluoride, aluminum and halides in thorium oxide. Work 
on reaction rates continued. Some radiochemical techniques were developed and im- 
provements in spectrophotometric use were made. Extraction of protactinium-231 
reached 1 gram during the quarter .  

Beaver R J, Waugh R C and Leitten C F 
SPECIFICATIONS FOR ARMY PACKAGE POWER REACTOR (APPR-1) FUEL AND CONTROL 
ROD COMPONENTS, 
Oak Ridge National Laboratory, P .  0 .  Box X, Oak Ridge, Tenn. , Contract No. W-7405 -Eng- 26, 
August 7, 1957, 37 pp. 



Final specific ations a r e  presented on the stainless -steel fuel and control rod components 
developed for  service in the 10 megawatt Army Package Power Reactor, a heterogeneous, 
pressurized-water unit designed for  producing power in remote locations. The specifi- 
cations cover design and material requirements a s  well a s  the fabrication prpcedures 
developed and adopted for manufacturing the extended-life fuel element and the enriched 
boron-10 absorber section of the control rod. Included in the procedural specifications 
a r e  methods for preparing uranium dioxide, boron carbide, stainless-steel ceramet 
cores and techniques for  roll-bonding this material into composite stainless-steel plates; 
procedures are also described for manufacturing the absorber sections of the control 
rod. The procedural specifications a r e  specific for  manufacturing these componeilts at 
ORNL, and merely represent a detailed guide in the event other fuel element fabricators 
a re  requested to furnish additional fuel elements and absorber sections. 

Cole T E and Gill J P 
THE OAK RIDGE NATIONAL LABORATORY RESEARCH REACTOR (ORR), 
Oak Ridge National ~ a b o r a t o r ~ ,  P .  0 .  Box X, .Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, 
February 8, 1957, 55 pp. (17.refs). 

. . 
The proposed ORNL Research Reactor is designed to  serve a s  a general purpose re'  
search tool delivering an average thermal-neutron flux of 1.3 x 1014 n/cm2 -sec at the 
initial power level of 20 megawatts. Operation at power levels up to 30 megawatts is 
proposed for  such t imes a s  sufficient cooling capacity is available to handle the in- 
creased heat load. 

The reactor  will u s e  MTR-type fuel elements and beryll iu~n reflector pieces in a 7 x 9 
grid with moderation and cooling provided by forced circulation of demineralized water. 
The rkactor tank is submerged in a pool filled with water with walls and bottom of 
barytes concrete which serves  a s  a biological shield. Experimental facilities include 
two "Engineering Test Facilities" approximately 19 x 25 in. and six 6 in. diameter beam 
holes. In addition, access to the core is available through the water of the pool. 

Moeller D W 
ANALYTICAL CHEMISTRY DIVISION, 
Oak Ridge ~ a t i o n a l  Laboratory, P .  0. Box X, Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, 
July 2, 1957, 161 pp. (33 refs) .  

The purpose of this work was to study, in detail, a reactor  cooling system of the r e -  
circulating type. Principle objectives of the study were identification of the radio- 
active nuclides present in the water at various stages in the system, determination of 
the source of these nuclides, and me'asurement of the efficiency of ion exchange beds 
in their removal. . , . . 

Supplemental objectives of the study included evaluation of neutron'activation' techniques 
a s  applied to water and evaluation of gamma scintillation spectrometric techniques in 
the qualitative and semiquantitative determination of radionuclides in water. 

This study was performed using the LITR at Oak Ridge. In addition to  a description of 
the recirculating system of the LITR, this report includes information on analytical 
techniques and dissolved gas analysis. 



Beaver  R J, e t  a1 . 
INVESTIGATION O F  THE FACTORS AFFECTING SENSIrYIZATION O F  ARMY PACKAGE 
POWER REACTOR (APPR-1) FUEL ELElKENTS, 
Oak Ridge National Laboratory, P .  0. Box X, Oak Ridge, Tenn.,  Contract No. W -7405-Eng-26, 
October 8, 1957, 20 pp. 

Results a r e  presented of the invesrigalfon rlecessilaled Ly l l ie unexpcetcd intergranular 
attack of the Type 304L stainless-s teel  cladding in the Army Package Power Reactor 
(APPR-1) fuel plates af ter  a flatten-annealing heat t reatment  and subsequent cleaning 
in 15% HNO3 -570 H F  aqueous solution. 

This fuel plate consis ts  of a powder-metallurgy-praepal.ecl c u ~ e  ciri~tail~illg 26 wt ?!! U02 
and 0.14 wt 70 B,C in a Type 304B stainless-s teel  matr ix .  After. the cure  is fabricated 
into a composite fuel plate, it is 20 t ~ ~ i l s  thick and is clad with 5 mi ls  of Type 304L 
stainless  s tccl .  

The data accumulated permit  an  evaluation of the mater ia l  specified fo r  APPR-1 fuel 
plates with relation to  the effect of the manufacturing heat t reatments  on carburization 
and sensitization of the Type 304L stainless  -s teel  cladding. The effect of the substi-  
tution of T y p e  347 s tainless  s t ee l  i s  also described. It is concluded that carbon 
diffusion from the Type 304B fuel-core mat r ix  increases  the carbon level of the Type 
304L stainless  - s tee l  cladding during the manufacturing heat t reatments  . The cladding 
is then susceptible to  sensitization during the heat t reatments  and is subject to  

intergranular  attack in a reducing acid. It was fur ther  concluded that substitution of 
Type 347 s tainless  s t ee l  a s  the mat r ix  mater ia l  in  the fuel core  and the cladding, o r  a s  
the cladding mater ial  only, would permit  the fuel plates to be fabr-icated in accordance 
with the established APPR- 1 manufacturing procedures without resulting in sensitiza - 
tion of the plpte cladding. 

Rosenthal M W, Tobias M and Fowler T B 
-FUEL COSTS IN SPHERICAL SLURRY REACTORS, 
Reactor  Experimental Engineer-it~g Div. ,  Oak nidgc National Laboratory, P. 0.  Box X, 0a .k  
Ridge, Tenn. ,  Contract No. W-7405-Eng-26, September 27, 1957, 42 pp. (10 refs) .  

Fue l  cos ts  have been obtained f o r  two-region'aqueous homogeneous reac tors  containing' 
u~~~ o3 -Tho2 - D 2 0  s lu r ry  in both core  and blanket regions. F o r  comparison, costs  
were also computed for  one -region s l u r r y  reac tors  and for  two-region sys tems having 
no thorium in the core.  

The ma jo r  design variables  were core  diameter, blahket thickness, thorium concentra- 
tions in core  and blanket, uZ3" concentration in blanket, and poison fraction in core .  
In the computations, isotope concentrations were established by means of equilibrium 
isotope equations. The c r i t ica l  fuel concentration was obtained by using a two-group, -- 
two-region reactor  model. Charges fo r  chemical processing by a Thorex plant were 
est imated with the aid of a simplified cost.equation. 

. 

This study differs f rom e a r l i e r  work in the use of a 4% inventory charge and an r) for  
u~~~ equal to  2.25 ( ra ther  than 1270'alid 2.32), , i s  well a s  in the presence of s lu r ry  in 
the core .  . , 



Over a wide range, fuel costs  were  found t o  be largely insensitive to  variations in the 
design and operating conditions. There  appears to  be no decisive. difference in fuel 
costs  between solution-core and s lur ry-core  systems;  breeding gain, however, is im-  
proved by the use of s l u r r y  in the core.  F o r  two-region systems,  fuel cos ts  a r e  a s  low 
a s  1.2 mil/kwhr; for  one -region systems they a r e  a t  least 0.5 mil/kwhr higher. 

ORNL- 23 18 

Green F P (Editor) 
REACTOR SAFETY SYSTEM RESPONSE, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. ,  Contract No. W-7405-Eng-26, February  14, 
1958, 101 pp. (4 refs) .  

Reactor accidents a r e  discussed which might be caused by failure of the  control system 
and which might be eliminated by bet ter  controls design. A second group of accidents, 
not caused hy controls, and which therefore car~l lo l  be eliminated by better controls 
design, can be mitigated by a fast  safety system. Fac tors  a r e  enumerated which govern 
the realization of a fast  safety system. The swimming-pool reac tor  is used a s  an exam- 
ple. 

Pa re '  V K and Visner  Sidney 
EXPERIMENTS ON THE KINETICS O F  THE HRE, 
(HRE - Homogeneous Reactor Experiment), Reactor Experimental Engipeering Div., o a k  Ridge 
National Laboratory, P .O .  Box X, Oak Ridge, Tenn. ,  Contract No. W-7405-Eng-26, October 8, 
1957, 34 pp. (11 refs) .  

Reactivity was added a t  r a t e s  up t o  0.770 per  second at initial power levels f rom 1 watt 
to  20 kw, and the transient power behavior was observed. Reactivity was increased by 
various means: control rods, ref lector  level, fuel concentration, and fuel temperature.  
The experiments were  performed t o  check theoretical safety calculations which predict- 
ed  that the reac tor  would be self-stabilizing and capable of absorbing large introductions 
of reactivity. The power level rose to  a peak for  each reactivity excursion, in some 
c a s e s  severa l  t imes  higher than the rated power of 1 Mw, but decreased rapidly to  a n  
equilibrium value determined by the rate  of increase of reactivity. F o r  the most 
violent experiment, in which cold fuel f rom the heat exchanger was injected into the 
core,  a peak power of 11 Mw was observed with a shortest  period of 35 msec .  The peak 
powers a r e  in reasonable agreement with calculations in  which a solution of the kinetic 
equations with the temperature coefficient of reactivity neglected (valid at low power) is 
joined t o  a snl i~t ion in which the delayed neutrons a r e  neglected (valid when prompt 
c r i t i ca l  is exceeded). The kinetic equations in  the la t ter  case  have been integrated 
numerically to facilitate the analysis. 

ORNL- 2341 

Kasten P R, Fowler T B and Lietzke M P 
FUEL COSTS IN SINGLE -REGION HOMOGENEOUS POWER REACTORS, 
Oak Ridge National 'Laboratory, P .  0. Box X, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, 
December 3, 1957, 58 pp. (6 refs) .  



The,fuel costs associated with electrical power produced from nuclear reactors  will be 
a function of feed cost, inventory charge, fuel processing cost, and operating conditions. 
In o rde r  to  better understand the relative importance of these costs under specified con- 
ditions, a parameter study was undertaken. The fuel cost a s  used here is defined as  
the cost of electrical power other than that associated with capital investment charges 
(reactor plant plus turbogenerator unit), fixed charges for  fuel processing, and opera- 
tion and maintenance charges. Included in the fuel cost is the cost of nuclear-fuel feed, 
inventory charge based on the initial fue 1 loading, and variable fuel-processing charges. 
spherical  single -region, homogeneous dqutous rcactorc a re  s t i l d j ~ d ~  moderated with 
ei ther  H, 0 o r  D,O and fueled with enriched UO, plus Tho,, o r  UO,SO, of varying en- 
richments. The effect of addition of Li,SO, to the U02S04 was also considered.. In 
the U03 + Tho,, system, it was assumed that the initial fuel was U-235 and that a suf- 
ficient supply of U-233 was available a s  feed material.  However, estimates were made 
o f  the effect upon fuel costs of ilslng U-235 ds Teed material  in nonbr.eeder reactors .  
The reactors  were considered to operatc at a tempera.l:~.~~.t: ~ I I ?  2 0 0 " ~  and o, prassure of 
2000 psia. An 80% load factor and a net therrnal-to-electrical efficiency of 25'7'0 was 
assumed. Thermal power le,vel was c o ~ ~ s i d c r c d  to be 500 Mw for  nearly all cases.  The 
results  obtained indicate that fuel costs based on nonsteady -state conditions are  less  
sensitive t o  increases in fuel-cycle time than are  fuel costs based on equilibrium con- 
d i t i o n ~ ,  However, for  operating t imes greater  than about 10 years, the optimum 
reactor  condi.tions (reactor  conditions refer  to  the specified reactor  dYame.le I., Iuel- 
processing cycle time, and fertile material concentration) were. about the same as  
those obtained on the basis of equilibrium conditions. The corresponding fuel costs 
were about the same for  either 10- o r  25-year operating periods. Based on present- 
day uranium values ($40/kg for  natural uranium and $15/grn for  uranium containing 
90% U-235) and 4'7'0 inventory charges, reactors processed at the end of 10-year opera- 
tion appear to have fuel costs a s  low a s  1.4 mils/kw-hr. The cost i s  about the same 
a s  that f o r  reactor systems having fuel-processing cycle t imes of 1 to 2 years, if, for 
such systems, the fixed charges for fuel processing and shipping a re  about 
0.7 mil/kw-hr higher than for  the batch-operated system. The optimum reactor condi- 
tions were a function of the inventory charge, effective rue1 processing charges, reactor 
power level, fuel-feed value, reactor  system, and the fission-product poisoning. 

ORNL- 2351 

Thurber W C ,  Erwin J H and Beaver R J 
THE APPLICATION OF A NOMINAL 48 WT '7'0 U-AL ALLOY TO PLATE-TYPE ALUMI- 
NUM RESEARCH REACTOR FUEL ELEMENTS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , Contract No. W-7405-Eng- 26, March 11, 
1958, 33 pp. (7 refs). 

Under the Atoms -for-Peace Plan, the specification that uranium be limited to 20% 
enrichment in the U-235 isotope has necessitated development of a highly-concentrated 
uranium-aluminum alloy as  the fuel material in the composite aluminum plates of r e -  
search  reactor fuel elements. Efforts have beell dii-e.ctcd to doterminirrg the suitability 
of a nominal 48 wt '7'0 U-A1 alloy in re'lation to  previously established procedures for  
manufacturing plate -type aluminum fuel elements. 

Increasing the uranium concentration from 18 wt 70to the 48 wt 70 resulted in increased 
segregation, higher. strength, and loss of ductility, creating additional fabrication 
difficulties. Nonuniform defor- nation of thc alloy during rol.1 honding into composite 
pl.ates caused localized thinning of the cladding, which may limit the material to  specif- 
ic reactor  applications. Substitution of Type 6061 aluminum fo r  Type 1100 aluminum 
a s  frame and cladding of the fuel plates improves this condition. 



A fuel element, containing the 48 wt 70 U-A1 alloy, was irradiated in the active lattice of 
the MTR to an estimated burnup of 25% of the U-235 atoms with no observable damage. 

Briggs R B (Project Director) 
HOMOGENEOUS REACTOR PROJECT QUARTERLY PROGRESS REPORT FOR PERIOD 
ENDING JULY 31, 1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, October 10, 
1957, 173 pp. (refs). 

This document covers the progress of the homogeneous reactor project for the period 
from April 30, 1957 through July 31, 1957. Included is information on the operations 
and engineering changes to the Holr~ogeneous Reactor Test during the quarter. These 
modifications include redesign of flanges, bellows, piping, etc. An iodine -removal bed 
was designed to  minimize iodine poisoning of the fuel recombiner and to reduce xenon 
poisoning in the reactor. 

During the quarter, the HRT mock-up terminated at 1580-hour run because of tube fail- 
ure 'in the heat exchanger, but all  systems ran during this time with no difficulties. 

Analysis of the HRT makes it appear possible to run it in a blanket of thorium and 
achieve conversions a s  high as  0.6. Additional calculations concerning control,; instru- 
mentation, and the charcoal bed filter h e r e  completed 'during the quarter. 

Preliminary flow sheets and design data were prepared for HRE-3, a 60-Mw thorium 
breeder reactor.  A preliminary design for  an oxygen pressurizing system was analyzed, 
and conceptual studies of the reactor-vessel configuration were started. These calcula- 
tions included attempts to maximize breeding ratios. 

In the ,engineering development section, several  canned-motor blowers and pumps were 
investigated and work was performed on intergranular corrosion and s t r e s s  corrosion. 
Additional work is covered in the area  of reactor s lur r ies  a s  well a s  on valves and pres-  
sure  transmitters.  

The reactor  materials section covers progress in solution corrosion, s lur ry  corrosion, 
radiation corrosion and metallurgy pertaining to reactor components. 

Development in the field of chemical engineering include uranyl-sulfate fuel processing, 
uranyl-sulphate blanket processing, and development of a thorium-oxide slurry. Work 
was begun at ORR on in-pile s lur ry  loops for testing the various slurr ies .  

Further  work covered the fields of aqueous solutions at elevated temperatures, radiation 
chemistry, and analytical chemistry. 

Johnson E B, et al. 
STUDIES OF PLATE-TYPE CONTROL DEVICES IN A POOL-TYPE REACTOR, 
Applied Nuclear Physics Progress  Report for period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , November 26, 1957, 8 pp. (3 refs). 



Both the proposed BSR- 11 and the proposed TSR- 11 pose problems of nuclear control be - 
cause of the size o r  shape of the cores .  Therefore the possibility of using plate-type 
control devices ra ther  than rod-type devices is being considered. Experimental t e s t s  of 
the effectiveness of single and paired plates of absorber  have been performed with the 
aluminum co re  of the BSR-1. The absorber  plates used in these t e s t s  consisted of 
s ta inless-s teel  plates and boron-loaded aluminum plates which were inserted in various 
locations in a special fuel element. Other t e s t s  were performed with a two-dimensional 
mock-up of the TSR-1.1 control system. While extrapolation from the BSR-1 core  t o  
e i ther  of the proposed co res  is riot straightforward, experimental evidence indicates that 
plate-type control devices will provide an adequate control potential for  each  reactor.  

Silver E G 
COMPARISON OF POOL-TYPE REACTOR CRITICAL EXPERIMENTS WITH TWO-GROUP 
C A 1-,CULATI[QNS, 
Applied Nuclear Physics P rog res s  Report fo r  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (4 refs).  

Cr i t ica l  masses  calculated with the UNIVAC Eyewash and the Oracle  3G3R codes for  
t h ree  BSF reac tor  loadings were  previously reported. These values have been revised 
slightly, a s  a result  of a recalculation of the effect of par t ia l  elements on the flux. A 
few additional calculations have also been performed with a modified 3G3R code. In 
addition, the applicability of the 3G3R code used a s  a two-group code was verified by per-  
forming calculations for  severa l  solution-type reac tors  which required no geometric 
transformations. 

ORNL- 2389-7 

Silver E G and Lewin J 
DESIGN FOR A U02 -STAINLESS -STEEL BULK SHIELDING REACTOR (BSR- l I ) ,  . 
Applied Nuclear Physics P rog res s  Report for '  period er~ding Scptember 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn.,  November 26, 1957, 20 pp. (8 refs).  

A design fo r  an alternate core  for  the BSR, to  be known a s  the BSR-11, has  been com- 
pleterl. 'l'his reactor ,  which will be a 15 in. cubc, will be a convcrtinn-cooled, plate- 
type r e sea rch  reac tor  fueled with highly enriched UOa -stainless s tee l  cermet  clad with 
s tainless  steel. Nuclear calculations and heat t ransfer  calculations, a s  well a s  the 
control-system dynamics, a r e  presented. 

Clifford C E and Hollarid L B . , 

DESIGN FOR A SPHERICAL TOWER SHIELDING REAC'T'UR (TSR- 1 I), , . 

Applied Nuclear Physics P rog res s  Report for  period ending September 1, 1957, Oak .Ridge 
National Laboratory, Oak Ridge, Tenn.,  November 26, 1957, 18 pp. (11 refs).  

A new reac tor  with a higher power and a geometry'more amenable t o  calculations' is 
needed at the TSF in o rde r  to:extend the studies of the inte.ractions of neutrons and . 

gamma rays  with.air .  In o rde r  to meet this  need. a new reactor ,  designated a s  the . . 
TSR-11, is being designed. It will be a 5-Mw, light-water-moderated and cooled heter-  
ogeneous reac tor  in a spherical  geometry. The reac tor  will be controlled with curved 



plates that will move radially in a spherical  water ref lector  region inter ior  t o  the core.  
Nuclear calculations have been ca r r i ed  out both on the UNIVAC and the Oracle  in o rde r  
t o  establish the reac tor  dimensions, and Monte Carlo techniques have been utilized to  
determine the gamma-ray heating in the lead. Development work on the fuel elements 
and the control mechanism has shown the mechanical design to  be feasible. Control ex- 
periments a r e  being performed with the BSR for  correlation with calculations of the 
amount of nuclear control available. 

Gwin R 
DETERMINATION OF UNREFLECTED REACTOR PARAMETERS, 
Applied Nuclear Physics P rog res s  Report f o r  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , November 26, 1957, 3 pp. (4 refs).  

Data f rom a s e r i e s  of bare,  aqueous, enriched u2" cri t ical  assemblies  a r e  fitted by 
diffusion theory by using both the "extrapolated end-point" method and the zero  boundary 
re turn  current ,  re fe r red  t o  a s  the "current" method. The just-crit ical conditions for  
a l l  assemblies  can be fitted well with one value of the buckling for  each method. Meas- 
ured reac tor  periods for  off-crit ical dimensions a r e  well fitted by the "current" method, 
but a r e  in some question fo r  the "extrapolated end-point" method. Ages and effective 
delayed neutron.fractions a r e  also calculated. 

I ORNL-2389-12 . 

Dresner  L, et al; 
RESONANCE REACTOR PROGRAM, 
Applied Nuclear Physics P I - u g 1 . e ~ ~  Report for  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 6. pp. (12 refs).  

A program i s  planned in which an unreflected, graphite-moderated c r i t ica l  assembly 
with a resonance energy spectrum (1 to  100 kev) will be constructed. The assembly will 
be parallelepipedal in shape and will contain uranium enriched to 93% in u ~ ~ ~ .  Control 
will be effected by withdrawing fuel f rom the assembly and/or  by separating the two 
halves of the assembly. The purposes of the program include the correlation of experi-  
mental and theoretical c r i t i ca l  masses ,  the measurement of radiative c r o s s  sections, 
and the measurement of the capture -to-fission ratio. 

. . . . Coveyou R 'R, Kinncy W E " and S u l l i v a ~ ~  J G, Jr. 
'CORN PONE'-A MULTIGROUP, MULTIREGION REACTOR CO,DE, ' . . . .  

Applied Nuclear Physics P rog res s  Report for  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , November 26, 1957, 2 pp. ( 3  re fs ) .  . - . . . 

. . , . . 
A multigroup, multiregion reac tor  code known a s  "Corn  one" is nearing completion. 
Equations resulting from a consistent PI approximation to  the Boltzmann equation a r e  
incorporated in the code. Hydrogen slowing down is t rea ted  exactly, while a var iety of 
approximate slowing-down kernels for  the heavier elements a r e  available. 



Wett J F and Coveyou R R 
'MANFRED' - A 'FEW' - GROUP, MULTIREGION REACTOR CODE, 
Applied Nuclear Physics  P r o g r e s s  Report fo r  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (1 ref). 

A program designated as " ~ a n f r e d "  has  been initiated t o  develop a "few" - group, multi- 
region reactor code f o r  the Oracle.  Manfred will allow the diffusion'coefficient and the 
removal  c r o s s  section t o  be spatially dependent. The code, by using ,the concept of 
albedos, collapses each region into a se t  of boundary conditions until the reac tor  is r e -  
duced t o  a core  with a somewhat peculiar set  of boundary conditions. Thus, in  essence, 
the code reduces the problem t o  only one region, and, consequently, a l l  the space points 
may  be used in the core.  After the flux in  the, co re  has been calculated, the fluxes in the 
other regions can be calculated by again making use of all the space points available. 

Laverne M E ' 

E F F E C T N E  BOUNDARY CONDITIONS IN THE THREE -GROUP, 'I'HREE -REGION 
RFACTnR CODE, 
Applied Nuclear Physics  P rog res s  Report for  period ending September 1, 1997, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (6 refs).  

It ha s  been found, in the Oracle  3G3R reac tor  code, that a manipulation of the boundary 
conditions allows the code t o  simulate the effects of regions outside the reac tor  and t o  
do latt ice calculations. Relations between shel l  j3's and the shel l  t ransmission and r e -  
flection coefficients a r e  shown. Shell p's fo r  any transniission, but no reflection, a r e  
given. 

Trubey D K, Moran H S and Weinberg A M 
ESTIMATE O F  THE NUNLEAKAGE PROBABILITY FOR BARE AQUEOUS HOMOGENEOUS 
u~~~ REACTORS, 
Applied Nuclear Physics  P rog res s  Report for  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., Novemtjer 28, 1957, 7 pp. (13 I-efg). 

The slowing-down distribution, t o  thermal  energy, of neutrons from a u~~~ fission 
source  in an infinite water medium up t o  160 c m  has  been determined from experimental 
data. The Four ie r  t ransform of this  distribution and .the indium resonance distribution, 
which a r e  the nonleakage probabilities fo r  bare  reactors ,  have a l so  been determined. 

welch  M J,  e t  al. 
STUDY O F  AIR AND GROUND SCATTERING OF FAST NEUTRONS AT THE TOWER 
SHIELDING FACILITY, 
Applied Nuclear Physics  P rog res s  Report for  period ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 15 pp. 

An experiment designed t o  study a i r  and ground scat ter ing of fas t  neutrons has  been pe r -  
formed. A highly collimated beam of neutrons was obtained f o r  the experiment by 



placing either of two air-filled cylindrical aluminum pipes (8- and 15-in. ID) adjacent to 
the TSR in the reactor  tank. Fast-neutron dose rate measurements were made with an 
unshielded detector a t  a distance of 64 ft from the reactor tank while both the direction 
of the beam and the height above the ground were varied. The measurements made a s  a 
function of altitude showed a maximum intensity at an altitude varying between 20 and 
40 ft. A decrease in intensity a s  higher altitudes were approached resulted from a de- 
crease in ground scattering that was larger  than the small  increase in a i r  scattering. 

ORNL- 24 3 1 

MacPherson H G, (Program Director) 
MOLTEN-SALT REACTOR PROGRAMS QUARTERLY PROGRESS REPORT FOR PERIOD 
ENDING OCTOBER 31, 1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, 
Fehnigry 21, 1958, 43 pp. (11 rcf3). 

This report covers the technical progress on power producing reactors  fueled with c i r -  
culating fused salts. The reactor design study covers the nuclear calculations, gamma 
heating of the core vessel, and the heat t ransfer  system. The material study discusses 
metallurgy, radiation damage, and the chemistry involved. The system is evaluated for 
several  molten salts.  

Briggs R B, (Project Director) 
HOMOGENEOUS REACTOR PROJECT QUARTERLY PROGRESS REPORT FOR PERIOD 
ENDING OCTOBER 31, 1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , Contract No. W - 7405 -Eng- 26, January 2 1, 
1958, 185 pp. (149 refs). 

This report is a quarterly progress report on the homogeneous reactor project. The 
f irs t  section discusses the operation of the reactor  in detail. This is followed by design 
and component development, reactor  analysis, controls and instrumentation, the pro- 
cessing plant, and then the reactor design and analysis. There i s  a discussion on the 
development of fuel system components and reactor\s lurry systems. Detailed discus- 
sions a r e  given on corrosion aspects and metallurgy. One section deals with chemical 
engineering development on slurr ies ,  fuels, and processing. 

ORNL- 2474 

. . 
MacPherson H G, (Program Director) 
MOLTEN-SALT REACTOR PROGRAM QUARTERLY PROGRESS REPORT' FOR PERIOD 
ENDING JANUARY 31, 1958, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, May 14, 
1958, 115 pp. (30 refs). 

This report discusses the design studies for  a molten-salt reactor  system. Lithium- 
beryllium and sodium-beryllium sal ts  were 'studied. Component development and testing 
centered mainly about pump design with advanced reactor  studies of natural convection, 
but it was found that natural convection required about 4270 more fuel. In addition, 
metallurgical and chemical studies of radiation damage were conducted. ' 



ORNL-2500 (Part 1) 
. . 

- ' .  - - - -  
. . 

THE ORNL GAS-COOLED REACTOR, . 

Oak Ridge National ~ a b o r a t o r ~ ,  Oak. Ridge, ~ e n n . ,  Contract No. W-7405-Eng-26, April 1, 
1958, 17, pp. . . 

This report covers the pros and cons of an enriched uranium-gas cooled reactor  versus 
a natural uranium system. A complete cost comparison is made of the two systems.. .It 
is recommended that a slightly enr'iched gas-couled reactor be built in the noni future. 

ORNL-2500 (Part 2) 

.,.-..- 

THE ORNL GAS-COOLED REACTOR, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, April 1, 
1058, 33 pp* 

In late September 1957, the Atomic Energy Commission undertook two separate,studies 
at Kaiser  Engineers and Oak Ridge N'ational Labora tu~~y  .to arcel-tain whether or'not gas- 
cooled reactors  should be given serious curisidera.tioti as part of the reactor development 
program of the United States. 'Yhe ORNL purtlun of lhis program wao to consist of a 
design study of a graphite-moderated, enriched gas-cooled reactor, together with the re- 
search  and development work on both natural and enriched gas-cooled reactors. The 
AEC requested that a detailed design report of an enriched gas-cooled reactor be sub- * 

mitted by ORNL on March 3, 1958. This is the required report (ORNL-2500, Pt. 2). 

Because of the very tight time schedule, ' i t  was.necessary from the beginning of the study 
t o  res t r ic t  the purview of the design work so  a s  to insure completion of an adequate de- 
tailed design on a specific reactor  plant for the purpose of comparing the performance of 
that plant with a natural-uranium, gas -cooled plant designed simultaneously by Kaiser 
Engineers. 

The Oak Ridge National Laboratory offers the following conclusi'ons which represent the 
opinion of the Laboratory on the basis of the work done through Mal.cll 1, 1950 an thc 
gas -cooled reactor program. . . . . 

1. Adequate technoiogy exists to build gas-cooled'rea~lui.s ia the TJaitcd Statcc 
either of the natural-uranium o r  the enriched-uranium variety, in the very 
near  future. 

2. An enriched gas-cooled reactor of the GCR-2 type will prdducc cheaper power 
than a natural-uranium plant. This follows from the. large reduction in capital 
costs, achieved 'by enriching the fuel, combined with thc fact that nb' serious 
penalty is paid in rising fuel co,st,s+as a r e su l t  of fuel enrichment. 

, 
3. Gas-cooled reactors  a r e  at the p ~ t s e n t  time technologically competitive with 

the best available pressurized-water reactors.  

4. On the basis of recent paper studies, it appears that gas-cooled reactors  a r e  
also competitive with preskurized-water reactors  on an economic basis in the 
United States. 

5. Both gas-cooled reactors  and pressurized-water reactors  have a substantial 
developmental potential to be realized in the future. There does not seem to 
be any fundamental reason for  selecting one type for  development to the exclu- 
sion of the other. 



ORNL-2500 (Par t  4) 

- - - -  
THE ORNL GAS-COOLED REACTOR, 
Oak Ridge ~ a t i o n a l  ~ a b o r a t o r ~ ,  Oak Ridge, Tenn., Contract No. W-7405-Eng-26, Apri l  1, 
1958, 186 pp. 

This  report  outlines the proposed plant design,. with the s i te  selection, plant layout in  
the building, and the fuel-handling facilities. There  is a complete outline of the e lec t r i -  
ca l  facilities. There  is a complete section on the cost analysis including the p re s su re  
vesse l  and fuel-element fabrication. The re  a r e  three  appendixes.' One is on heat - 
t ransfer  performance, one on reactor  support and charging machinery, one on fuel- 
element cost data, and the final one on general'design data. 

. . 

. . 
ORNL-Q-1 

.. - - -  
HIGH VOLTAGE LABORATORY, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., 11 pp. 

This  paper  briefly discusses' the High Voltage Laboratory at Oak Ridge ~ a t i o n a l  Labora- 
tory. A history of the ~ i ~ h  Voltage Laboratory is included. A discussion is included on 
each.of the.four high voltage machines located there.  The machines a r e  a Cockcroft- 
Walton generator,  two Van de Graaff generators,  and a 'Cascade generator. 

ORO-33 
. , 

Reek Clifford K, et  al. 
PROGRAM ADMINISTRATION AND INSTALLATION DESIGN O F  THE NUCLEAR REACTOR 
PROJECT AT NORTH CAROLINA STATE COLLEGE, 
North Carolina State College, Contract No. A.T-(40-1)-1032, July 5, 1950, 75 pp. 

North Carolina State College of the University of North Carolina has proposed that a 
11 water-boiler" nuclear reac tor  be built and operated on the college campus a s  an  un- 
classified tool of instruction and research.  A brief statement of the reac tor  project 
objectives and administrative procedure is made in this  report.  A tabulation has  been 
included of hazards which could result  f rom operation o r  misoperation of the proposed 
unit. Many safeguards have been included t o  prevent injury through such obvious and 
inherent hazards a s  exposure to  radiation from the reac tor  and care lessness  i n  handling 
radioactive mater ia l s  in  routing operations. 

It is demonstrated that p re s su re  rupture o r  explosion of the reac tor  by nuclear reaction 
is impossible. The "bubble effect" and a large negative temperature coefficient prevent 
any runaway whatever, and insure automatic upper l imits t o  the level of operation, even' 
if a l l  normal  and emergency safety devices fail. 

This  report  is wGtten'in the form of a hazards summary.  

P,OC /DATA-.5 5 . . , 

Whittle R'H and ' ~ v e r s o n  I 
DIDO HIGH PRESSURE WATER LOOP DESIGN DATA FOR IN-PILE PRESSURE VESSEL, 
Atomic -Eriergy Research Establishment, Harwell, Berkshire,  England, May (195.7), '18 pp. 



The two prime requirements of the pressure vessel for the high pressure water loop in 
Dido are:  

1. That it should contain the high pressure safely. 

2. That absorption of neutrons by the material of the vessel should not be exces- 
s ive . 

These two requirements a r e  conflicting, and it is necessary to arr ive at  a suitable com- 
promise. 

This is a report of the method of analysis used to  arr ive at this compromise. Congider- 
ing a l l  factors including cost, there is little difference in relative desirability of 
Zircalloy over a chrome-moly-steel. For  this reason a steel vessel is recommended 
for the original application with possible shift to  Zircalloy should the flux attenuation of 
the steel vessel  be found to be too great. 

PPC-Q-1 

Davis H W and Byron W J 
THE DEVELOPMENT OF SOLID CORE QUICK-RELEASE SHIM. ROD MAGNETS, 
Prepared for presentation at the American Nuclear Society 1958 Winter Meeting, Detroit, 
Mich. , Contract No. AT-(10-1.)-205, December 8- 10, 1958, 13 pp. 

During 1957, a design and development program was initiated at  the MTR to obtain re -  
placement magnets for  the MTR. Frequent failure and high maintenance costs were so 
prevalent that the program was justified. 

The safe operation of the reactor depends to a great extent on the performance of the 
clutch magnet. It must hold the shim rod against high forces and yet release the rod in 
less  than 15 msec if the reactor power overshoot is to be held below 300% NF. .Once the 
electrical and magnetic problems were solved, the mechanical design had to be attended 
to. The frame of the magnet had to support better than GO0 lb. It also had to seal  . 

a.gainst the 70-psi tank water pressure. 

During the year of operation on these magnets the MTR has not been shut down from 
magnet failure. The earliest two magnets a r e  st i l l  on the reactor, unchanged, for a 
total of over 14 months of continuous operation. The maintenance costs have been ap- 
proximately $3000 to date compared to the previous yearly expense of $9000. A definite 
advantage which is not obvious to  one not familiar with the MTR is that only a pair of 
magnet amplifiers per magnet is necessary. Formerly a total of three per magnet was 
necessary. 

Leyse C F and ' ~ i l s o n  T R 
CONCEPTUAL PROPOSAL FOR THE SPERrI'-111. REACTOR FACILITY, 
Reactor Projects Engineering Section, Ato~nic Energy Division, Phillips Petroleum Co. , 
Idaho Falls, Idaho, Contract No. AT-(10- 1)- 205, October 28, 1955, 32 pp. (8 figs.. ) 

This SPERT-I11 (Special Power Excursion Reactor Tests)  design study describes a high 
pressure, high temperature reactor facility for conducting basic transient and reactor 
safety studies on heterogeneous water-cooled and moderated reactor cores. The facility 
consists of a two-loop primary system with heat removal provisions for operation at 



power levels a s  high a s  60 Mw f o r  approximately 30 minutes. The major objective has 
been t o  design a facility with sufficient flexibility to  permit several  significantly different 
types of tes ts  to  be conducted over wide ranges of flow, temperature, and pressure. 

PPC - 3 26 

Leyse C F, McPherson R S and Wilson T R 
CONCEPTUAL PROPOSAL FOR THE SPERT-I1 REACTOR FACILITY, 
Reactor Projects Engineering Section, Atomic ~ n e r ~ ~  Division, Phillips Petroleum Co., Idaho 
Falls, Idaho, Contract No. AT-(10-1)-205, January 23, 1956, 30 pp. (8 figs. ) 

This SPERT-I1 (Special Power Excursion Reactor Tests)  design study describes a r e -  
actor  facility for  conducting basic transient and reactor  safety studies on heterogeneous 
water-cooled and moderated reactor  cores a t  pressures  up to 300 psi and water temper-  
atures to  about 4 0 0 ~ ~ .  The facility has provisions for  conducting nonflow tes ts  with 
either H 2 0  o r  D 2 0  moderator-reflector and flow tes ts  with q O  moderator-reflector. 

Forbes S G 
SPERT PROGRESS REPORT FOR THE PERIOD JULY THROUGH DECEMBER 1955, 
Phillips Petroleum Co., Idaho Falls, Idaho, Contract No. AT-(10-1)-205, February 1, 1956, 
14 pp. (4 refs). 

This report is a summary of the tes ts  conducted by the SPERT Staff on the SPERT-I r e -  
actor  from its initial operation' in July 1955 to  the end of the calendar year. 

A brief description is included of a se r i e s  of static measurements undertaken t o  provide 
essential data for the interpretation of transient experiments. A section is included 
which discusses transient tests. 

To obtain detailed information on the reactor  transient behavior, physical measurements 
at several  points within the core a r e  essential. Therefore, a section has been included. 
discussing detector development. 

Safonor G 
EXTERNALLY MODERATED REACTORS, 
The Rand Corporation, Santa Monica, California, July (1957), 39 pp. (7 refs). 

The t e rm "externally moderated reactors" appropriately describes a group of systems 
that include a rather  wide variety of design possibilities. Such systems a r e  character-  
ized by two basic regions: fissile material  is contained in a central  region, the 
11 interior", which is surrounded by an "exterior" consisting of a good moderating medium. 

If the interior materials a r e  distributed with such a low density that the dimensions of the 
central  region a r e  smal l  relative to  a slowing-down length there, the amount of internal 
moderation will be small. Also, if the interior materials exist at normal densities, but 
have high atomic weights o r  high absorption c ross  sections, the internal moderation may 
be insignificant. In such reactors,  the degree of interior moderation may be small  
enough t o  justify a f i rs t  analysis with the assumption of complete external moderation. 

A reactor-statics theory is presented for  a group of thermal systems having spherical 
symmetry. I 
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Kircher  J F 
SURVEY O F  IRRADIATION FACILITIES, 
Battelle Memorial  Institute, 505 King Avenue, Columbus, Ohio, Contract No. AF33(616)-5171, 
May 31, 1958, 98 pp. 

This  report  presents  a survey of irradiation facilities generally available to  the Ai r  
Force and its contractors.  Reactor facilities, gamma facilities, and high-energy ma- 
chine sources  have been included in this  survey. The listed 1nfor"r'r'iatfon on reaclur- 
facili t ies includes fas t  neutron flux, t he rma l  neutron flux, gamma dose rate,  power and 
type, status,  moderator,  coolant, shield, operating schedule, and i r radiat ion space. 
The information listed on gamma facili t ies includes source, dose rate,  sample environ- 
ment. sample-container size,  temperature,  policy, and inquiries regarding services .  
Typical information listed concerning high-energy machine sourced is type arid strenglll 
of source,  energy range, machine output, most acceptable sample size,  source con 
figuration and geometry, total  capacity in pounds, policy and inquiries regarding 
serv ices .  

REIC - 7 (Add, -2) 

Kircher  J F and McFarling J L 
SURVEY O F  IRRADIATION FACILITIES (FIRST ADDENDUM), 
REIC, Battelle Memorial Institute, Columbus 1, Ohio, February 15, 1959. 4 pp. 

This  report  is an addendum t o  REIC Report No. 7, "Survey of Irradiation Facilities, I t  

and contains brief descriptions of reactor  facilities completed in  the past years ,  those 
under construction, and those in  the planning stage. Additional gamrrla facili t ies a r e  
l isted also. 

REPF-103 

Gage Avery M 
DESIGN O F  THE SHIELD FOR THE OMEGA WEST REACTOR, 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, February (1957), 104 pp., 
(12 refs).  

This  paper  on the design of the shield of the Omega West Reactor (OWR) contains a brief 
description of the reactor ,  the general  design.consideration,s fo r  the shield, methods. of 
calculating the attenuation of gamma rays  and neutrons, the ,deter*ination of the rkquired 
density and thickness of the concrete, and 'the dksign of concrete mixes to  meet the r e -  
quirements.  The c a l c ~ l a t i o n s  and design for  the  special shielding for  the thermal  column, 
the top, and for  ducts in  the concrete is given. Also a brief description is given of the 
facili t ies f o r  mhisur ing  tempera tures  and . . gamma' and neutron fluxes in  .the shield. 

. . .  . . 

. . 

Malaker Stephen (Dr..) . . . . . . .  
NUCLEAR .REACTORS AND. INTEGRATED CONTROL SYSTE,MS, ' . . . .  

Dagstrom, Inc., Archbald, Pennsylvania, 1 2  pp. (5 refs).  . . 

. . .  
The projected growth of nuclear power plant stations indicates that they will be a cogent 
economic factor within the next decade. Up to  the present time, nuc lear  power,has had 

. . 



little chance for empirical evaluation s o  that a history of past operational performance is 
lacking. In the current transition period from research and production-type reactors  to 
power reactors,  much of the control philosophy has been based on adaptations of proven 
techniques to  bridge the existing gap. Considerable experience has been accumulated on 
conventionally fueled power plants, and the present nuclear power plant control systems 
a r e  marriages of convenience between standard boiler controls and quasi-standard r e -  
actor controls. 

Since the presently envisioned nuclear control station power plant tends to  use existing 
conventional steam turbines and accessory equipment, the greatest innovations and ex- 
trapolations a re  on the reactor side of the heat exchanger. Most previous experience has 
been with reactors  which a r e  controlled externally by means of electromechanical equip- 
ment and those which a re  periodically refueled during shutdown. The contemplated power 
reactors,  however, have inherent stability and self -regulation with provision for fuel pro- 
cessing without being taken off the line. 

Coltman R R, Blewitt T H and Noggle T S 
TECHNIQUES AND EQUIPMENT UTILIZED IN LOW-TEMPERATURE REACTOR IRRADI- 
ATIONS, 
Review of Scientific Iristruments, Vol. 28, No. 5, pp. 375-380, May (1957), (5 refs). 

A cryostat used in hole No. 12 of the ,graphite reactor  at Oak Ridge National Laboratory 
is described in detail. The cryostat which is made almost entirely of aluminum is sup- 
plied with cold helium gas from an Arthur D. Little helium refrigerator.    om bard- 
ments have been made in the cryostat at temperatures a s  low as  15'~. for  periods a s  long 
a s  two weeks. A. discussion of thc cq&libriuln temperature attained by a specimen in the 
cryostat is given taking into account the reactor gamma-ray heating effects. A method 
for  measuring stored energy and specific heats of materials bombarded in the cryostat 
utilizing gamma-ray heating is described. A method for pulse annealing, specimens at, 
low temperatures employing the discharge of the energy stored in a bank of condensers 
i s  also described. Relatively sharp and quite reproducible thermal pulses can be ob- , 

tained with this method (which is also suitable for use.in.the laboratory). The hazard of 
cryogenic devices in high radiation fields is discussed. It is believed that when a i r  is . 
allowed to  condense on a cold surface in the presence of intense ionizing radiations, a 
hazardous condition results. 

. . Morse T B 
FACTORS IN THE DESIGN OF AN ENVIRONMENTAL CHAMBER INSIDE A REACTOR IR- 
RADIATION CELL, 
Sandia Corporation, Albuquerque, New Mexico, Contract No. AT-(29-11-789, 0ctober (1958)~ 
11 PP. 

. . 
This report discusses the. design of an environmental chamber inside bf a reactor  i r r a -  

' diation cell. An outline is given of the operating conditions desired in the test chamber. 
The topics discussed a re  materials,  duct systems, test  chamber, a i r  filter, dampers, 
a i r  heater, a i r  cooler, fan, vacuum pump, vibration equipment, equipment and control . .. , 

rooms, and.instrument and. control leads to  the test chamber. . . 



SCTM 9-58(16) 

Coppage F N 
SERF MOBILE BIOLOGICAL SHIELD-CONTROL SYSTEM, 
Sandia Corporation, Albuquerque, N. Mex., Contract No. AT-(29-1)-789, January 27, 1958, . 

26 PP. 

This  report  contains prel iminary information on a .proposed control and power system 
f o r  the mobile biological shields of the Sandia Engineering Reactor Facility (SERF). The 
shields,  four in number, w i l l  be  divided into s ix  doors, w'hich will. range 111 .weigh1 froin 
73 t o  275 tons. This  report  will discuss the desired features  of such a system, a pro-  
posed control system, and possible difficulties t o  be encountered with the system. The 
SERF proposal .is not yet completely f i rm,  and. information on some phases of the pro-  
g r a m  is limited. As  a result ,  changes to  the control and power system proposed in this  
report  may be required. Any such changes will be described in subsequent reports .  

SCTM 52-59(51) 

Car l son  Roland H 
THE CONSTRUCTION O F  GEOTHERMAL STEAM PUWEK. PLANTS UTILIZING NUCLEAR 
EXPLOSIVES, 
Sandia Corporation, Albuquerque, N. Mex., June 5, 1539, 31 pp. (13 refs). 

An investigation is made of the feasibility of using nuclear explosives in the construction 
of geothermal s team power plants. Geothermal s team plants now in operation, proposed 
geothermal projects,  a r e a s  of possible exploitation, and possible methods whereby 
nuclear  explosives may be employed a r e  discussed. Economic advantages of nuclear ap- 
plications a r e  indicated. It is concluded that real is t ic  applications of nuclear explosives 
t o  geothermal power-plant construction do exist. 

SCTM 276-59(12) 

Wilcox B 
AN APPROXIMATE STUDY O F  THE PERFORMANCE O F  A REACTOR-HEAT EXCHANGE 
SYSTEM, 
Sandia Corporation, Albuquerque, N. Mex., August 10, 1959, 23 pp. (2 refs).  

The coolant tempera tures  at the inlet and outlet of a reac tor  and connected heat exchange 
units a r e  determined for  variations in  coolant flow parameters .  In addition, the power 
regulation of the reac tor  is determined for  these variations under severa l  conditions of 
fuel loading. Equilibrium conditions a r e  assumed. 

SCTM 443-58(51) 

Icantz A D 
SANDIA VAN DE GRAAFF ACCELERATOR, 
Sandia Corporation, Albuquerque, N. Mex., Contract No. AT-(29-11-789, December (1958), 
52 pp. (17 refs).  

An increasing interest  in the effects of high-energy radiations on mater ials  pointed out 
the necessity for  increased research  activity at  Sandia Corporation in this  field. A 
facili ty t o  control the mass ,  charge, energy, flux rate,  and total  dose of incident radia- 
t ion t o  simulate radiations found in nuclear detonations is desirable. A survey of 



character is t ics  and the utilization of particle accelerators  was made to  determine the 
contribution of such facili t ies to  the Sandia r e sea rch  programs. 

The operating principles of various accelerator  types a r e  enumerated. The large .Bev 
machines a r e  included to  complete the summary  of the present  s ta te  of accelerator  a r t ,  
although these a r e  not directly related to Sandia programs.  

The accelerator  found most  versat i le  fo r  research  use was a Van de Graaff generator.  
The facility established a t  Sandia is described in some detail. The general a r e a s  of 
radiation effects studies a r e  briefly discussed to present a general background of the 
r e sea rch  program in radiation effects. 

Reynol.ds, M. By e t  a1. 
REACTORS -RESEARCH AND POWER, 
Technical Information Service, 0 a . k  R.idge, Tenn., December (1953), 361 pp. 

(A se r i e s  nf reports. ) 
TID-3068 

Lanier,  Sidney F 
THE SHIPPINGPORT PFLl3SSURIZED WATER REACTOR, 
USAEC Technical Information Service, Oak. Ridge, Tenn., February (1958)~ 33 pp. (193 refs).  

A total  of 193 annotated references to  unclassified repor t s  on the design, development, 
and construction of the Shippingport Pressur ized  Water Reactor is presented. Author, 
subject, and report  number indexes a r e  included. 

Scott Thomas W 
UNCLASSIFIED U. S. ATOMIC ENERGY COMMISSION REPORTS ON CIVILIAN POWER 
REACTORS AND TEST REAC'TUitS, 
A l i terature search. USAEC Technical Information Service Extension, Oak Ridge, Tenn. , 
November (1956), 4 pp. 

This  repor t ' l i s t s  a group of references found a s  a resul t  of a l i terature s ea rch  and 
which pertain to civilian power reac tors  and tes t  reactors .  

Lanier  Sidney F 
UNCLASSIFIED U. S. ATOMIC ENERGY COMMISSION REPORTS ON CONTROLLED 
THERMONUCLEAR PROCESSES, 

.LA l i terature search. USAEC Technical Information Service Extension, Oak Ridge, Tenn. , 
January (1957). 7 pp. 

This report  is a bibliography of 40 references to  repor t s  dealing largely with the math- 
ematical analysis of highly ionized plasma in electr ic  and magnetic fields and proposed 
containment devices of interest  to the controlled re lease  of thermonuclear energy. 



Lanier  Sidney F 
PRESSURIZED WATER REACTORS, 
USAEC Technical Information Service, Washington 25, D. C.,  31 pp. 

p i s  l i terature search  was prepared to  f i l l  a specific request. However, because of wide 
in te res t  in the subject, i t  has  been printed to fi l l  other needs. .The sea rch  is limited to 
references on the Shippingport Pressur ized  Water ~ e a c t o r ,  the Army Package Power 
Reactor,  the lndiari Point Heacror, the NS Sava~~lldll  ( u ~ i ~ l t a ~  l ~ ~ e r c k a n t  ohip) Roaotor, and 

' general  repor t s  on pressurized water  reactors .  All references l isted a r e  unclassified. 

Lansing N F (Compiled by) 
THE ROLE OF ENGINEERING IN NUCLEAR ENERGY DEVELOPMENT, 

. . 
Proceedings of the Third Annual Oak Ridge Summer Symposium, Sponsored by American 
Society fo r  Engineering Education, August 27 to September. 7, 1951, Oak Ridge Nntionnl Labor- 
atory, Oak Ridge, Tenn., December (1957), 509 pp. (102 refs) .  

The report  of this symposium contains 23 papers  on the general subject of the role of 
engineering in nilelear develupl~le~ll .  General topics auch no tho objootivos of tb? AEC, 
aspects  of atomic power, the AEC reactor  program; and engineering in nuclear develop- 
ment were presented. 

Three  papers  on scientific background were presented: "Underlying Concepts o'f Nuclear 
Physics,  " "A Simplified Approach to Reactor Calculation, and "Standards of Radio- 
logical Protection and Control. " 

Engineering aspects  were  the main part  of this symposium and covered such a reas  a s  
chemical  problems, reactor  mater ials ,  heat t ransfer  problems, instrumentation and 
control, shielding, wastes,  hazards,  .and a survey of reac tor  types. 

The symposium closed with a panel discussion on the scope of nuclear engineering arid 
. . 

the impact of and need for. training in nuclear engineering. 

TID-5202 

h'lills M M  
MINUTES OF ATOMIC ENERGY COMhflSSION SYMPOSIUM ON REACTOR HAZAKUS, 
USAEC Technical Information Service Extension, Oak Ridge, Tenn.,  April  15, 1950, 19 pp. 

This  report  concerns itself only with reactor  phenomena and i s  not concerned with the 
effects internal to the reac tor  shield. 

 he mechanical effects may be qualitatively classified a s  dynamical, and quasi-static. 
' 

Equations a r e  developed which indicate the standard resul t  that violence is proportional 

, 
to  the cube o fkxcess  reactivity. The violence of a fast accident, goes up about a s  the 
square r a the r  than ,the cube; A comparison ,with T ~ T  i s  made and the conclusion is 
reached,that the m,echanical effects of a reactor  accident can actually be, contained within 
the reactor  shield. 



Bolwell H 
FINAL TEST REPORT - ORNL CONTROL ROD DRIVE MECHANISM, 
American Machine and I?oundry Company, General Engineering Laboratory, 11 Bruce Place, 
Greenwich, Conn., August (1954), 25 pp. 

Upon completion of the feasibi l i t i  study (ORNL CFN 53-10-106) of a packaged pressurized 
water  reac tor  power plant, it was felt that severa l  of the components of the nuclear power 
plant should undergo various degrees of testing to  fur ther  prove the i r  feasibility. 

The American Machine and Foundry Company was contracted by the Oak Ridge National 
Laboratory to  build and tes t  a control rod drive mechanism, control rod latch,' control 
rod guide bearings, and shock absorber.  

The components of the drive mechanism were to  be the s a m e  a s  those specified in ORNL 
C F N  53-10-106. They were  to bc mounted in breadboard fashion, since it was not 
deemed necessary to  make any attempt toward final packaging of the unit. 

A dummy control rod was used during the test.' The rod was made of s ta inless  s tee l  and 
t o  the same dimensions a s  the actual rod. It contained the same number of dummy fuel 
plates, and cor rec t  plate .spacing was maintained. ' 

This was not a program to fully develop and prove out the design. ' It was rather ,  a pro-  
gram to  determine whether a drive mechanism containing such components a s  a r o t a r y .  
seal,  rack, and pinion and rod latch was feasible for  the package power plant. . 

- - - -  
FOURTH ANNUAL SYMPOSIUM ON HOT LABORATORIES AND EQUIPMENT, HELD IN 
WASHINGTON, D. C .  , SEPTEMBER 2.9 AND 30, 1955, 
Argonne National Laboratories,  Lemopt, Illinois, September (1955), 383 pp. (16 refs).  

(Report on topics discussed. ) 
TID-5 280 (Suppl. 1) - 1 

Bevilacqua Frank . , 

ELECTRICAL DISCHARGE MACHINES FOR HOT LABORATORIES, 
Argonne National Laboratory, Lemont, ~ l l ino is .  Pape r  given a t  Fourth Annual Symposium on 
Hot Laboratories and Equipment, Washington, D. C. ,  September 29 and 30, 1955, 1 2  pp. (4 refs). 

An electr ic  discharge method of removing metal  is being studied a t  Argonne National 
Laboratory with a view to  using it to perform machining operations on radioactive fuel 
elements. A simple tes t  machine was constructed which allows good contamination con- 
t r o l  and ease  ,of operation,in the hot laboratory facility. 

TID-5280 (Suppl. 1)-3 

Angel C W 
RE MOTE REACTOR MANIPULATIONS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Pape r  given at Fourth Annual Symposium on 
Hot Laboratories and Equipment, Washington, D. C. , September 29 and 30, 1955, 13 pp. 

Means for  remote manipulation and control of reac tor  a r e  described. 
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Eichenberg J D and Bleiberg M L 
DESIGN O F  A STORAGE SAFE AND A CUT-OFF WHEEL FOR HOT LABORATORY USE, 
Wes tinghouse Atomic Power Division, Pittsburgh, Pa.  Paper  given a t  Fourth Annual 
Symposium on Hot Laboratories and Equipment, Washington, D. C . ,  September 29-30, 1955, 
10 PP- 

In o r d e r  to perform necessary  testing of i r radiated mater ials  in hot laboratories,  i t  i s  
required that standard equipment be modified for  remote control. Two such units a r e  
described in this paper, namely, a s torage safe and a cut-off wheel. 

A s torage  safe was designed to provide temporary and convenient s torage for  irradiated 
specimens s o  a s  to allow access  to the cel l  fo r  equipment repair ,  etc. The over-all  
safe  dimensions a r e  27" wide x 27" deep x 2 ~ - 7 1 8 "  high with a storage box 6-1/8" wide 
x 9 -31 4" deep x 12-51 8" high. There is 3 -1 / 2" of lead shielding on the top and two 
s ides  of the safe, 2-318" of lead on the back, and 1" of lead on the bottom. Two split 
lead doors,  3 - 1/ 2" thick, a r e  easily opened and closed with a mas t e r  slave manipulator 
by means of a cantilever hinge assembly. 

A remotely controlled cut-off wheel was designed for cutting radiuaclive samples.  An 
a i r  vise is used for  holding the specimens and a hand-operated shaft ia cmployed to 
turn the vise and sample into a n  abrasive wheel ur~del. w a t e r .  A spray  oyctom and- 
remotely removable sump can a r e  provided for decontamination. The cut-off wheel 
spindle and vise assembly a r e  easily removed in event of a breakdown. 

- - - -  
FOURTH ANNUAL SYMPOSIUM ON HOT LABORATORIES AND EQUIPMENT, HELD IN 
WASHINGTON, D. C. , SEPTEMBER 29 AND 30, 1955, 
Argonne National Laboratories,  Lemont, 111. , September (lYSS), 383 pp.  (16 rers) .  

This report  is the 4th Annual Symposium on Rot Laboratories arid Equipnjeul. Tlle 
topics discussed a r e  a s  shown below: 

Master  Slave Mallipulators Hot Cells 
BNL Spent Fuel Chopper Automatic G ~ I I I I ~ I ~  Irradiation Chamber 
Corrosion Testing Facility Mobile Shielder Equipment 
Stabilizer Consumption in ZnBr Windows Remote Tools and Facili t ies 
Shiclding Windows Radioactive Handling 

Blomgren R A and Bohlin N J G 
PROPOSED METHODS FOR REMOTE TRANSFER O F  ALPHA AND GAMMA ACTIVE 
MATERIALS INTO AND OUT O F  HIGH LEVEL CAVES, 
Remote Control Engineering Division, Argonne National Laboratory, Lemont, Ill. Paper  
given a t  Fourth Annual Symposium on Hot Laboratories and Equipment, Washington, D. C . ,  
September 29-30,'1955, 12 pp. 



Two methods for  transferring alpha and gamma contaminated equipment have been de- 
signed a s  part  of the handling system for  the Radiochemistry Cave proposed a t  Argonne 
National Laboratory. 

One method consists of pushing a container o r  fi l ter into i t s  loading o r  working position 
in a tunnel a s  an initial s tep and then pushing it on through with a new container o r  f i l ter .  
Special gaskets on the fi l ter o r  container keep it sealed during t ransfer  including i t s  
final location in a shipping container. 

A second method for t ransferr ing mater ia l s  through an aperture in the vertical wall of a 
cave i s  to sea l  the clean side of a container cover to an inner cave door before the door 
is opened. When the inner cave door is opened, the container sea ls  the aperture.  The 
parting line between the container sea l  and the cave sea l  is the minimum a r e a  to be- 
come contaminat.erl 

TID- 6302 (Rev) 

PWR FUEL ELEMENT SPECIFICATIONS, 
Atomic Power Division, Westinghouse Electr ic  Corporation, Pittsburgh, Pa .  , May (19571, 
71 PP. 

This report  has listed in detail the PWR fuel.element specifications 

Buck J H a n d  T4cysr? C F 
MATERIALS TESTING REACTOR PROJECT HANDBOOK, 
Argonne National Laboratory, Lemont, I l l . ,  and Oak Ridge National Laboratory, o a k  Ridge, 
Tenn. ,  Contract No. W-7405-Eng-26, May 7, 1951, 582 pp. 

This handbook for  the Malerials Testing Reactor has been put together a t  the request of 
the MTR Steering Committee. It was the feeling of the Committee that the principal 
purposes for  thesreport should be: (1) t o  give a semidetailed description of the reactor ,  
and (2) to explain, insofar a s  possible, the reasons for  the design. In o rde r  to c a r r y  
out these purposes the Handbook has been divided into a s e r i e s  of chapters and appen- 
dixes a s  follows : 

a .  Chapter 1 presents a general description of the reac tor  and i ts  auxiliaries and an 
account of the administrative history of the project.  

, b. Chapter 2 gives a description of the reac tor  a s  it i s  now being built. While this 
chapter inevitably gives some of the reasons for  ,the present design, the main 
background and experiments leading to the MTR a r e  described in Appendixes 1 
thru 6 .  

c .  Chapter 3 describes the experimental facilities provided in the reac tor .  Some 
facili t ies that have beer1 proposed and will probably be built l a te r  a r e  described 
in Appendixes 9 and 10. 

d.  The various aspects  of the physics of the reactor  a r e  described in Chapter 4, 
' which leads up to the control of the reac tor  discussed in Chapter 5.  Some 

general nuclear data a r e  given in Appendixes 7 and 8. 



e .  Chapters 6 thru 10 a r e  devoted to a description of the necessary auxiliary units 
to the reac tor  proper  and the reasons for their  design. 

Extensive bibliographies and l i s t s  of reference drawings a r e  given a t  the end of each 
chapter s o  that the reader ,  if he wishes, may find further details in original repor t s  
and memoranda. 

- - - -  : .  

U. S. RESEARCH REAC'I'ORS, 
Prepared  by Battelle ~ e m o r i a l  Institute, 505 King Ave., Columbus 1, Ohio, for Technical 
Information Service, USAEC, OakRidge, Tenn., August (1957), 7 3  pp. ' 

The reac tors  described in this booklet a r e ,  with a few exceptions, built to produce a 
copious supply of neutrons - and gamma r a y s  - for research .  A research  reac tor  can 
be defined a s  one built pr imari ly  for  the purpose of gaining information ra ther  than for 
producing useful power o r  transmuted substances.  

This booklet provides a compact summary  of technical information on the major  types 
of research  reac tors  developed in the US. Cost information i s  given for  most of the 
reac tors  described. Nearly a l l  research  reac tors  built thus f a r  in this country fall 
into one of three general c lasses :  light water  moderated, heavy water moderated, and 
graphite moderated reac tors .  Within each class ,  s ize and power vary over a consider- 
able range. 

. . . . 

A l i s t  of research  reac tors  built, building, o r  planned in the US, including those for 
foreign locations, i s  included a t  the end of this booklet. 

Foodiclr El lory R 
AEC HOT CELLS AND RELATED FACILITIES, 
AEC, Division of Construction and Supply, Washington, D. C . ,  May (1958), 103 pp. 

The pr imary  purpose of this report  is to present arl accumulation of basic information 
on the hot cel ls  constructed Lo date by the USAESI. 

The need, by both the Government and industry for information on hot cel ls  constructed 
by the AEC, has beell incre.asing as' the atomic energy prograrn'in the US has expanded. 
Hot cells a r e  basic tools that a r e  used in almost a l l  phasesof  the atonlic energy pro-  

, gram for  research ,  development, and operation in connection with i r radiated mater ials .  . . 

To obtain the basic inforgati&.n&eded for  this 'report, t h e ' ~ ~ ~ ' ~ i v i s i o n . ' b f  Construction 
and supply prepared a questionnaire, with the advice and assistance of the ,Divisiun of 
Reactor Development, which was sent  by the Division of Reactor Development in 
December 1956 to each AEC operations office. where hot cel ls  a r e  located. This report 

. i s  a compilation of the data supplied in reply to these questionnaires; in addition, it 
includes information on unit construction costs  and related mat'ters. 

Additional informatiori i s  needed regarding the preferred type of biological shielding 
to be used, standardization of ,biological shielding, and shielding-wind0.w thickness and 



re la ted m a t t e r s .  F u r t h e r  study of these  mat ters ' should  be'ynde,rtaken, d i rected toward 
the es tabl ishment  of design c r i t e r i a  fo r  hot ce l l s  and the development of a s tandard 

. . 
specifications.  

, . . , 

To facil i tate comparison of the var ious  ce l l s ,  unless  o therwise  indicated, they a r e  r a t e d  
in t e r m s  of 1-Mev gamma s o u r c e s .  

TID-7529 ( P t .  1 )  

. . - -- - 
REACTOR HEAT TRANSFER CONFERENCE O F  1956, . . 

~ 0 1 l e c t e d ' ~ a ~ e r s  and Reports  of a Conference Held a t  ~ e w . ~ o r k ,  ~ o v e m b i r ,  1-2, 1956, . 
" 

Nuclear Development Corporat ion of Amer ica ,  White Pla ins ,  ~ e w  York, ' (1  956), 3 15 pp. 

  his document cons i s t s  of the p a p e r s  in  the physics and  mathemat ids  portion of 'the .. ' 
"Reactor  Heat T r a n s f e r  ~ o n f e r e n c e ' o f  195'2, " held on November 1s t  and 2nd. . A second 
book of the s a m e  title c o v e r s  a n  equal number  of papers  on the s a m e  subject  (physics 
and mathemat ics  of r e a c t o r  heat t r a n s f e r )  and a l i s t  of a t tendees .  The fol1owing. i~  a 
l i s t  of p a p e r s  and the i r  au thors  a s  contained in  this document: 

A General  Method of .Determining the To ta l -T ime  Integral  of Trans ien t s  in L inear  . '  

S y s t e m s - K .  C:Jordan . ...' . . .  . . . . 
Basic  Equations ~ e s c r i b i n g  Energy  Flpw and P r e s s u r e  Drop Relationships fo r  ~ r a n s i e n t  
Coolant Flow Conditions in a Nonhomogeneous Pla te-Type . . Reac tor  - ,Edward V. S o m e r s  

Rapid Flow Trans ien t s  in  Closed Loops -' A. . J. A r k e r  and D. G;  Lewis 
. , 

~ a s t ' ~ r a n s i e n t  Heat T r a n s f e r  in a Clad ~ l e m e n t '  - 'Stagnant wa te r ' sys tem. ' -  Michael 
Maltkels, JL.. , arid War.r.er~ A. S ta rk  

Transient  Heat Conduction in Solid Cylindrical  Nuclear Fue l  E lements  - 
F r a n k  E.  Tippets 

Response of Nuclear ~ e a c t o r  Coolant to Power  Trans ien t s  - John A. Cla rk ,  ' .  

. . .  . . Vedat S .  Arpaci ,  and Kenneth M. Tredwel l  
. . 

' Transient  T h e r m a l  ~ h i l ~ s i s  by ~ e a n s ' o f  ~ n a l o g  Compute rs  -,I.'. W .  Underwppd, 
J.  H. Pigott, and R .  L .  Mathews 

An Analysis of Fue l -P la te  Tempera tu re  Rise  During a Burnout Trans ien t  - ' 

B. W. LeTourneau and R. E. Grimble  
. . 

1 n - p i l e  Molten ~ e t i l - w a t e r  Reac td r  ~ x p ~ r i h i ' e n t s  - 0.' J .  E l g e r t  A ~ ~ ' ' A .  W .  ~ f o + n  

P r e s s u r e  Drop in Rectangular Channels a t  2000 ps ia-S.  J. Green,  H. S. . Jacke t ,  
J .  D. Roarty,  N. C .  Sher,  G. Sonnenmann, A. Weiss ,  and J: E .  Z e r b e .  

Flow Redistr ibution Due to Boiling in a Matr ix  - J. P. F r a s e r  . . .  . . .  . . . . 
Investigation of Burnout Heat Flux - R. A. DeBortoli,  S. J. Green,  H. S .  ' ~ a c k e t ,  - 

J.  D. Roar ty ,  A. Weiss,  and J. E .  Z e r b e  . . >  ., . , . .. .. 

. .Nucleate. and Fi lm Boiling Due to Repetitive Pulse  Hea.ting of'.Small W i r e s  I m m e r s e d .  

.: in Water  - - E .  A'. McL;eari, V. E S c h e r r e r ,  and C .  E .  FBneuff': ' .  
' . I  

. . 
, . . .  . , . . . . . . . . 

Tubular v e r s u s  ~ l a t k  Fuel ~ l e r n e n t s :  Heat T r a n s f e r  and Flow ~ n a l y s i s  - ' 

R.  A. Cushman and W.. W .  Cunningham . _  ' .  . . . .  . 

Heat T r a n s f e r  Within the C o r e s  of Circulat ing-Fuel~Reactors  - H. F .  Poppendiek 



Heat T r a n s f e r  and Hydraulic Charac te r i s t i c s  of the SRE Fue l  Element  - 
T .  T .  Shimazaki and W. J. F r e e d e  

Heat T r a n s f e r  Ra tes  to Cross-Flowing Mercury in a Staggered Tube Bank - I 1  - 
C .  L .  ~ i c k a r d ,  0. E .  Dwyer,  and D. Dropkin 

TID-7532 (Pt. 11-2 

. Henry A F 
REVIEW O F  METHODS USED IN CONTROL ROD ANALYSIS FOR REACTOR DESIGN A T  
B E  TTIS, 
P a p e r  given a t  Reactor  Control  Meeting held in Los  Angeles,  March  6-8, 1957, Division of 
R e a c t o r  Development, AEC, Washington, D. C.,  October (1957), 7 pp. (1 r e f ) .  

The methods ,  both exact  and approximate,  cur ren t ly  being used a t  Bet t is  f o r  compu- 
tat ion of shutdown and power distr ibution in a r e a c t o r  cvntrolled by  rauds a r e  reviewed. 

Auerbach T 
FORMULAS FOR CONTROL ROD WORTH IN THERMAL REACTORS, 
P a p e r  given a t  Reac to r  Control  Meeting held in L o s  Angeles,  March 6-8, 1957, Division of 
Reac to r  Development, AEC, Washington, D. C .  , October (1957), 5 pp. (4  r e f s ) .  

The react iv i ty  controlled by a n  a r b i t r a r y  a r rangement  of r o d s  in a cyl indr ical  r e a c t o r  
is der ived on the b a s i s  of a generalized Nordheim-Scalettar  method. It is i l lus t ra ted 
by m e a n s  of a two-ring a r r a y  of rods ,  and i t s  l imitations and possible extensions a r e  
d i ~ c u ~ s e d  briefly.  I 

Stevens H E 
HALF-GROUP THEORIES FOR CONTROL RODS, 
P a p e r  given a t  Reactor  Control  Meeting held in Los  Angeles,  March 6-8, 1957, Division of 
R e a c t o r  Development, AEC, Washington, D. C.  , October (1957); 12 pp. 

The A r e a  Absorption ' l 'heory t o r  black control  r o d s  iii a theyma1 r e a c t o r  has been ex- 
tended to t r ansparen t  control  r o d s  with epi thermal  a s  well  a s  the rmal  absorpt ion.  
Combined with the half-group diffusion methods,  a re l iable ,  flexible, economical  tool 
is available fo r  scoping~evaluat ions .  Comparison of theoret ica l  r e s u l t s  with exper i -  
menta l  data has  given good agreement .  Construction graphs  a r e  included and s imple  
con t ro l  r o d  c a s e s  a r e  demonstra ted.  

Stewart  J C and F r a n c i s  N C 
VARIATIONAL CALCULATION O F  CONTROL ROD AND WATER GAP INTERACTIONS, 
P a p e r  given a t  Reactor  Control  Meeting held in Los  Angeles,  March 6-8, 1957, D i v i s i ~ n  of 
Reac to r  Development, AEC, Washington; D. C . ,  October (1957), 5 pp.  

P 
A var ia t ional  method, suggested by Hurwitz, has  been applied to the calculation of 
sel f -shie lding fac to rs  f r o m  'the one-velocity Boltzmann equation. Isotropic sca t t e r ing  



and s lab geometry have been assumed, though the method is of more  general applica- 
bility. Analytical resu l t s  a r e  described fo r  the isolated slab, and the (numerical) ex- 
tension to a periodic a r r a y  is, discussed. 

TID-7532 (Pt. 1)-6 

Smith J H 
THE EFFECT O F  EPITHERMAL ABSORPTIONS ON CONTROL ROD ABSORPTION AREA, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 19'57, Division of 
Reactor Development, AEC, Washington, D. C. , October (19571, 1 p .  

A technique i s  descr ibed ' for  the modification of control rod absorption a r e a  to include 
the absorption of epithermal neutrons by the rod. 

Betinis E J 
FLUX DISTRIBUTION FOR A FINITE CYLINDRICAL BARE HOMOGENEOUS THERMAL 
REACTOR WITH A PARTIALLY INSERTED CONTROL ROD, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C. , October (1957), 6 pp. ( 2  -refs).  

One-group diffusion theory is employed to determine the flux for  a large but finite 
cylindrical bare homogeneous reac tor  with a control rod inserted partially along the 
axis of the reac tor .  A cr i t ical  equation i s  derived for  the buckling. 

Stuart G W 
DEPENDENCE O F  CONTROL ROD WORTH ON'REACTOR TEMPERATURE AND ,FUEL 
EXPOSURE, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8;1957, Division of 
Reactor Development, AEC, washington, D. C. , October (1957), 6 pp. 

A "recipet '  is presented for calculating the change in control rod worth a s  a function' 
of neutron temperature and reac tor  exposure. Only thermally black rods inserted in 

,. . heterogenious reac tors  a r e  considered. Sample calculations a r e  presented which 
, reveal  that the.aforementioned variations can be of significant magnitude. 

. . 

Lightle R E 
:: .MULTIPLE CONTROL ROD CALCULATIONS, 

Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, .D. C. , October (1957), 12 pp. 

This paper discusses an analytic method of calculating two concentric r ings of control 
r s d s  in a homogeneous cylindrical reflected reac tor .  Arguments a r e  given to support 
the choice of boundary conditions chosen. A modified two-group energy model is 
presented. Some of the computational problems which a r i s e  from the formulation a r e  
discussed. 



Lanning D D 
HETEROGENEOUS REACTOR CRITICAL CONDITION USING SMALL SOURCE THEORY, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D. C . ,  October (1957), 12 pp. (8 re fs ) .  

Calculations using Small Source Theory have been made for the cr i t ical  conditions of 
r eac to r s  with an annular-type fuel loading. The f i r s t  reac tor  considered i s  loaded with 
fuel tubes but has no control rods .  The calculated cr l t lcal  m a s s  of u"" is 10.8 kg 
which ag rees  with the approach to cr i t ical  experiment within the experimental e r r o r .  
The next case  considered is the addition of control rods to a s imi la r  type reactor ,  which 
is approximately like the PCTR now operating a t  Hanford. The calculated effect on the 
c r i t i ca l  m a s s  of adding these special type control elements is 1.28 kg of u~~~ which i s  
tn he cnmpared with a measured  effect of 1.34 kg. 'l'he calculated control strenglh uP 
these rods  i s  1.14 kg and the measured strength is 0.96 kg. 

Hartley W H and Bayard R T 
CONTROL ROD WORTH STUDIES ON SEED A N U  BLANKET REACTORS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, lviarch '6-8, 1997, D l v i s i u l ~  ul 
Reactor  Development, AEC, Washington, D , C . ,  October (1957), 6 pp. 

A technique is described for  determing control rod shutdown reactivity for  ta l l ' reactors  . 

(small  relative axial leakage) which may also be applicable to other reac tor  geometries.  
This method assumes  that the rod bank region i s  an exponential assembly with the 
c r i t i ca l  portion of the reac tor  as the driving source for  the expunential. Comparison is 
made with the resu l t s  obtained from the rod drop technique. 

TID-7532 (Pt.  1)-13 

Brown J H 
LIMITATIONS O F  SCRAM TRANSIENT CALIBRATIONS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C . ,  October (1957), 6 pp. 

Among the ways of m'easuring t h e ' s t r e q t h  of a control rod o r  system of rods is the s o  
called ' sc ram transient method'. In this procedure the reactor  i s  brought to a particu- 
l a r  power level and the control to be measured is inserted. A record of the flux a s  a . 
function of time i s  obtained and analysis i s  performed to determine the control strength 
This paper will point out some of the difficulties associated with this method. 

I . -  

Fairbanks F B and 'Gallagher J ' G  
APPR-  1 CONTROL ROD EXPERIMENTS AND CALCULATIONS, 
Paper  given a t  Reactor Control Meeting held in Los ~ n ~ e l e s ,  March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D. C . ,  October 11957), 23 pp. (12 r e f s ) .  

The methods used to t rea t  partially and fully inserted APPR-1 control rods a r e  dc- 
sc r ibed .  The fully inserted control rods a r e  treated by methods developed by 
Dr. R. L. Murray. The worth of the centerline and 5-rod bank show good agreement 



with experiment.  Part ia l ly  inserted control rods a r e  treated by the window shade model. 
Good agreement  was obtained for partial  insertion in clean reac tors  and.poor agreement 
with poisoned reac tors .  Calculated flux distribution and relative shim bank worth show- 
'ed good agreement  with experimental resul ts .  

TID-7532 (Pt. 1)-15 
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P e r r y  A M 
APPR CONTROL RODS - THEORY AND EXPERIMENT, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C . ,  October (195 7), 13 pp. (9 refs) .  

A method of control rod analysis has been developed which takes into account the nature 
of the mater ial  in the inter ior  of the control rod and i t s  effect upon the fast  neutron flux. 
Calculated reactivity values of APPR control rods in various combinations a r e  in ex-  
cellent agreement with experimental resu l t s  obtained in a cr i t ical  mockup of the reactor .  

Carmichael B M and Battat M E 
CONTROL ROD WORTHS VS TEMPERATURE IN LAPRE I, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C. , October (1957), 13 pp. (7 refs) .  

An analysis is made of the factors affecting the reactivity control of LAPRE I 
(Los Alamos Power Reactor Experiment I) based upon experimental data obtained in 
a recent hot cr i t ical  run. At cold cr i t ical  a total control rod w,orth of 6.2770 and an 
effective delayed neutron fraction of 0.0091 a r e  obtained from reac tor  volume and 
period measurements.  The interaction between the internal reservoi r  and core  during 
the thermal expansion of the fuel solution is il lustrated by plots of the solution. tempera-  
tu res  versus  control rod positions. The reactivity perturbations encountered in reach-  

0 
ing a power level of 180 kw at a core  temperature of 388 C a r e  discussed. 

. , .  
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Bath D R and Kitchen S W 
EFFECTS O F  ROD SHAPE ON CONTROL ROD WORTH, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C . ,  October (1957), 12 pp. (2 re fs ) .  

Measurements have been made of the effectiveness of axial s lab  and cross-control rods 
in a highly enriched, polyethylene moderated cylindrical cr i t ical  assembly. Materials 

. . studied include cadmium, hafnium, and boron dispersions in aluminum. These ex- . - 
periments were  initiated in order  to determine the applicability of the absorption a r e a  
concept developed by Hurwitz and Roe to practical reac tor  problems. 

The data indicate that for  the range of thicknesses and mater ia l s  studied, geometry and 
t ransmission effects on control rod worth a r e  separable.  In addition, the rat io  of the 
worth of a s lab of width 2a to that of a c ros s  of width 2a having the s a m e  transmission i s  

, independent of the transmission. 



If the absorption a r e a  concept is to have meaning, two absorbers  occupying the same  
position in a reactor  and having the same  absorption a r e a  must necessar i ly  have the 
s a m e  control effectiveness if  the migration a r e a  is grea te r  than the absorption a rea .  
This type of comparison of the Hurwitz and Roe theory with the data shows good agree-  
ment.  A direct  comparison of the calculated abso-rption a r e a  with measured rod ef- 
fectiveness shows that fo r  the range of A k /k  measured, a thermal diffusion length of 
0.6 inches, and for  1"z a 5 4", A klk  is proportional to the absorption a r e a .  

P r i c e  G A 
LATTICE EXPERIMENTS WITH THIN BLACK CONTROL RODS, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D.C., October (1957), G pp. 

Control rod worth experiments were  performed in cr i t ical  assemblies  of 1.370 u~~~ rods, 
0.387" diameter,  ordinary water moderated and reflected. Control rod radi i  varied 
from .231 cm to .672 cm.  The observed control rod worths and effective control rod 
r ad i i  a r e  shown to be considerably l e s s  than would be expected from diffusion theory 
calculations . 
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Iskenderian Haig P 
THEORY AND EXPERIMENTS ON RODS CONTAINING RARE EARTH METALS, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D . C . ,  October (1957), 6 pp. 

Formulae and curves a r e  given for  the determination of the effectiveness of control rod 
mater ia l s  in thermal reactors .  

The constants (two) appearing in the formula for  total neutron absorption a r e  delernlined 
empirically.  The validity of the formula is then checked fur r ~ ~ e a s u r e n l e n t s  on a number 
nf s labs  of different mater ials .  An agreement  of about 670 exis ts  between calculated and 
111easured values. 

Wick R S 
AN EMPIRICAL DETERMINATION O F  THE FAST ABSORPTION CONSTANTS O F  CONTROL 
RODS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of . . 

Reactor  Development, AEC, Washington, D .C . ;  October (1957), 12 pp. 
.. ' '.'&? 

. 5 .  
This paper  outlines a method for  estimating the fast  absorption c r o s s  section of 70 w/o  . . 

s i lver  and 30 w / o  cadmium cruciform shaped control rods ,used in a s e r i e s  of cr i t ical  
assembl ies  in s lab  geometry. The method consists of a synthesis of a slab-type reac tor  
with the control rods  a t  a uniform height along the center  of the ,siab by a s e r i e s  of one- 
dimensional calculations using assumed values of the control ' rod fas t  absorption c ros s  . . . 

section. The calculated values of the crit icality and the flux shape in the rodded'region 
fo r  a measured control rod bank height a r e  compared to the measufed flux shapes and 
the assumed value of rod fast  absorption which gives the best correspondence is taken 
a s  the empir ical  value. The best value of the macroscopic fast  absorption obtained from 
analysing three different cr i t ical  reac tors  was 0.21 cm-'for the cadmium-silver rods. 



Loewenstein W B 
THE CONTROL O F  FAST REACTORS, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C .  , October (1957), 4 pp. (2 re fs ) .  

The parameters  pertaining to the control of a fast  neutron chain reacting system a r e  
discussed. Special emphasis is placed on topics where such control techniques differ 
from the problems associated with the design of thermal reac tors .  

Control considerations inherent in the design of EBR-I1 and experimental ZPR-I11 resu l t s  
form the basis  for  much of the discussion. 

Radkows ky A 
THE GENERAL APPLICATION O F  BURNABLE POISONS, 
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C. , October (1957), 9 pp. 

This paper outlines a generalized treatment of burnable poisons, a s  a substitute for  
mechanical shim rods, in thermal  reac tors .  

1 .  A systematic treatment of the effect of burnable poisons of various concentrations 
and c r o s s  sections in thermal r eac to r s  has been given under simplifying assump- 
tions. 

2. 'l'he conditions fo r  optimum combinations of fuel and burnable poisons have been 
indicated, such a s  to obtain maximum endurance and fuel utilization with a given 
amount of mechanical shim control; Conversely for  a specified endurance the 
s a m e  conditions can be applied to minimize fuel loading and mechanical shim con- 
t rol .  

3 .  In o rde r  to obtain optimum gains from the use of burnable poisons it is necessary 
to utilize fuel with lower concentrations of impurities than in reac tors  not utilizing 
burnable poisons. 

Maienschein F C, e t  a l .  
EXPERIME.NTS WITH CONTROL R.ODS AND VOIDS IN A POOL-TYPE REACTOR,. 

: .i Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8,1957, Division of 
. , Reactor Development, AEC, Washington, D. C.  , October (1957), 14 pp. (5 refs) .  

.S',"> .: 

f. * . 
. .. m Experimental data a r e  presented in summary  form only for  (a)  fuel removal,  

(b) poison plate addition and .(c) water displacement by a i r  in the co re  of the Oak Ridge 
National Laboratory'Bulk Shielding Reactor.  Fuel removal and poison addition led to 

. uniformly negative coefficients of reactivity but the removal of water from the center  of 
the. co re  gave r i s e  to:'a positive coefficient of reactivity. Measurements of reactivity 

. - changes.were made by comparison with control rods calibrated by ei ther  the "period" 
method o r  by a distributed gold poison. 



Voorhis A D and Ryan T M 
INVESTIGATION O F  ABSORBING MEMBRANES IN SLAB REACTORS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D. C . ,  October (1957), 13 pp. (6 re fs ) .  

Absorbing membranes of Cd and of Au have been studied in a s lab  cr i t ical  assembly. 
Experimental information includes cr i t ical  dimensions and neutron activation t raverses  
through each assembly perpendicular to the membrane. The cr i t ical  assemblies  were 
analyzed with a one-dimensional group diffusion code which computed neutron multipli- 
cation and flux distribution. A method for  taking account of the absorbing membrane in 
such a calculation is described. The resu l t s  of the calculation indicate that over 90% of 
the reactivity worth of the membrane can be accounted for  by this method. 
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Thie J A 
CHEMICAL CONTROL EXPERLl3NCE IN BOILING REACTORS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor Development, AEC, Washington, D. C. , October (19571, 8 pp. (5 re fs ) .  

The use of boric acid in the boiling power reactors ,  Borax 11,   or ax 111, and EBWR, i s  
.discussed. In a l l  reac tors  i ts use contributed to understanding the reac tor ' s  physics. 
F o r  Borax 111 chemical,control was a necessary shim, since i t s  control  blades lacked 
sufficient strength in the cold, clean reac tor .  Methods of addition and removal devel- 
oped, as well a s  methods of concentration measurement,  were quite satisfactory. The 
amounts of boric acid used typically were found to have some influence on the character-  
i s t ics  of power operation. 

. . 

Metcalf D R 
CENTRAL CONTROL ROD CALCULATIONS FOR SPER'P' REACTORS, 
Pape r  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D. C.  , October (1957), 5 pp. (5 re fs ) .  

Control rod worth values a r e  given for  central  transient rods in SPER.T-I and SPERT.-111 
'. 

r eac to r s .  The blade and cross-type shapes a r e  converted into equivalent cyclinders by 
using the method described in KAPL 1336. Five different methods 'are  described and 
applied to both . reactors .  The most reasonable value on physical grounds was then com - 
pared to the experimental value for SPERT;I. C'alcuiations show that for . the equivalent 
cylinders described here  the control rod wor tho f  a water-filled rod is a t  least  twide 
the worth of a hollow-cylinder type rod. Also in SPEX'P-111, . .  going from 68O to 6 5 0 ' ~  
increases  the control rod worth considerably. . . . . , .  

. . . . .  ,.. . . 
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, - de ~ o i s b l a n c  D R A - , ,  
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SOME CONTROL ROD STUDIES AT THE MTR, . ,. s . .  
Paper  given a t  Reactor Control Meeting held in Los Angeles, March 6-8, 1957, Division of 
Reactor  Development, AEC, Washington, D. C . ,  October (1957), 3 pp. 



The purpose of these comments is to present some of the experiences with reac tor  
control ele'm'ents a t  the MTR si te :  The f i r s t  par t  of the discussion concerns the control 
elements of the Reactivity Measurement Facility. The second part  is concerned with a 
report  of a reversa l  of the reactivity versus distance-moved relationship in the MTR 
beryllium shimrods.  The f i r s t  discussion was deemed to be of interest  to this group 
because it represents  data on some unusual control rod designs and quantitative evalu- 
ation of their interactions with each other in the RMF. The second is deemed appropri- 
a te  because i t  bea r s  upon the general problem of adequate control element design which 
i s  of course of prime interest  to those present.  

H a r r e r  J M, Barnes A H and Novich M 
PAPERS PRESENTED AT THE TECHNICAL BRIEFING SESSION HELD AT ARGONNE 
NATIONAL LABORATORY, MAY 27 AND 28, 19 57 --BOILING WATER REACTOR PROGRAM, 
Argonne National Laboratory,, Lemont, 11.1.. , October (1957), 1G1 pp. (1 8 re fs ) .  

This report  is a s e r i e s  of papers presented on the EBWR, a boiling water reac tor .  A 
general discussion outlines the design problems and operating concepts of a boiling 
water reactor .  The economic aspects of the EBWR a r e  discussed. Special papers  a r e  
presented on the pressure-vesse l  design, fabrication, and installation. The core  
s t ructure and fuel handling system a r e  outlined. Physics experiments,  control rod 
drives,  power controls, instrumentation, plant equipment, leakage, water  treatment,  
and safety provisions a r e  discussed. There a r e  separate  papers  on program planning 
for  civilian power reactors ,  experiments with oxide fuels and fuel elements,  and the 
preliminary design of the Argonne Boiling Reactor Facility. 
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Whitelaw R L 
THE' OUTLOOK FOR IMPROVEMENTS IN PRESSURIZED WATER REACTORS FOR 
MARINE PROPULSION, 
Paper  Prepared  for  a ~ ~ i n ~ o s i y m - - ~ u c ' l e a r  Powered sh ips 'For  American Ship Operators--  
July 30, 1957, Sponsored by Maritime Reactors Branch, Division of Reactor  Development, 
AEC, Washington, D. C . ,  September (19571, 5 pp. 

In the preparation of the proposal to undertake the f i r s t  merchant ship reac tor  we 
indicated cer tain s teps  by which a pressurized water reac tor  in a 40,000 ton tanker 
might approach a competitive position with conventionally powered tankers .  In the space 
of one year  many more  a r e a s  of improvement have appeared, some of which a r e  under 
active development; a t  the s amc  time the s ize and power required in the field of m e r -  
chant ships,  especially tankers,  has increased along with the cost of fueling them. 
Hence, it i s  our considered opinion that the pressurized water reac tor  holds sufficient 
promise of improvements in the reac tor  a r t  to be favored a s  the type of power.plant 
most likely to meet the needs of nuclear merchant ships. It i s  most likely to be the 
f i r s t  to offer comparable economics to operators  of modern large ships,  both passenger 
and cargo. 

Brous C J 
SUMMARY REPORT O F  A CLOSED CYCLE BOILING WATER REACTOR FOR THE 
PROPULSION O F  A MERCHANT SHIP, 



Pape r  Presented a t  a Symposium--Nuclear Powered Ships F o r  American Ship 
Opera tors  - - ~ u l ~ . ' 3  0, 1957, Sponsored by Maritime Reactors Branch, Division of Reactor 
Development, AEC, Washington, D. C. , September (1957), 39 pp. 

The intent of this repor t  is to summarize the salient engineeririg and economic charac-  
te r i s t ics  of a nuclear tanker powered by an AMF Closed Cycle Boiling Water Reactor.  

Gimera  Ralph J 
ORGANIC COOLED AND MODERATED REACTOR APPROACH TO MARINE PROPULSION, 
Pape r  Presented a t  a Symposium--Nuclear Powered Ships Fo r  American Ship 
Opera tors  --July 30, 1957, Sponsored by Maritime Reactors Branch, Division of Reactor 
Development, AEC, Washington, D. C. , September (1957), 13 pp. 

This  paper covers  the use of such a reac tor  in merchant shipping. Ir~cluJed 81-2 dc 
scr ipt ions of the ship, the reac tor ,  fuel elements, control rods,  control system, 
shielding, heat t ransfer  system, fuel handling system, propulsion system and a safe.ty 
summary .  1 .,,, 

Fahrne r  T, e t  a l .  
SUPERCRITICAL WATER REACTOR POWER PLANTS, 
Pape r  Presented a t  a Symposium--Nuclear Powered Ships For  American Ship 
Operators  --July 30, 195 7, Sponsored by Maritime Reactors  Branch, Division of Reactor 
Development, AEC, Washington, D. C .  , September (1957), 9 pp. 

The pressurized water  reactor ,  with i t s  well-defined technology, is limited to r a the r  
low steam conditions and therefore a ralller. law uvcl-all thermal  efficiency, If water  
at supercr i t ical  conditions of p re s su re  and temperature were  utilized a s  the coolant 
fo r  a pressurized water reac tor ,  it would become possible to increase the  gross  thermal 
efficiency of a plant f rom approximately 2970 to perhaps 40%. This would resul t  in an 
approximate one-third reduction in fuel costs .  

This paper  discusses the' pvssibilitiee of w i n g  supercr i t ical  water a.s s i ~ c h  a coolant 
and moderator.  

J a rv i s  Theodore 
GAS-COOLED REACTOR RESEARCH AND DEVELOPMENT, 

' 

Pape r  Presented  a t  a Symposium--Nuclear Powered Ships,For American Ship 
Operators  --July 30, 1957, Sponsored by Mari t i r~le  Reactors Branch, Division of Reactor 
Development, AEC, Washington, D. C. ,  September (1957), 2 pp. 

This paper covers  some possible problems of design of a gas-cooled reac tor  a s  these 
designs affect safety.  



Thompson W I 
GAS -COOLED REACTOR CONCEPTS, 
Paper  Presented a t  a Symposium--Nuclear Powered Ships Fo r  American Ship 
Operators--July 30, 1957, Sponsored by Maritime Reactors Branch, Division of Reactor 
Development, AEC, Washington, D.C., September (1957), 11 pp. 

This paper discusses  in, a broad sense the design character is t ics  of gas-cooled r eac to r s  
including their efficiencies and economics. 

- - - -  
FAST REACTOR iNb'Ul-t MA'l'ION MEE TmG, 
Presented by the USAEC, Participants:  Argonne National Laboratory, Los Alamos 
Scicntific Laboratory, arid Puwsr Reactor Development Co.,  November 20, 1957. 

This report  covers:  Nuclear Analysis of the Critical Experiments with ZPR-111, 
LAMPRE I, EBR-11, Enrico F e r m i  Reactor, Fuel Element Design, EBR-I1 Fuel  Cycle, 
Molten Plutonium Fuel  Development, Na Technology, Na Pumps, Na Piping System 
Components, Heat Exchangers, and Steam Generators,  High Puri ty  Sodium Systems, 
Advanced Plutonium Reactor Concepts, Fluid Fuels,  Pu-U Alloy Metal Systems, 
Fuel  Element Concepts, Fuel and Blanket Process  Development, Coupled Fast-Thermal  
Reactor. 

- - - - 
REACTOR SAFETY CONFERENCE, , 

Sponsored by American Nuclear Society, Atomic Industrial Forum, USAEC, New York, . N .  Y. ,  
October 31, 1957, 44 pp. 

  his document consists of four papers presented at. the Reactor Safety -Conference in 
October. 1957. The titles of the paper presented a r e :  

AEC Licensing Policies and procedures  with Regard to keac tor  safety 

Technical Requirements for  an'  AEC Safeguard Report 
. . 

AEC Reactor Safety Experimental Program 

The Role of the Advisory Comm.ittee on Reactor Safeguards 

Prel iminary safeguards and studies necessary for  AEC licensing a r e  discussed in 
detail. 



Ritchie J S 
INTRODUCTION TO THE KE -ACF GAS-COOLED NUCLEAR POWER PLANT, 
Assis tant  Project  Manager, Kaiser  Engineering, Oakland, California. Paper  presented a t  
Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, 
Oak Ridge, Tenn. ,  October 21 -22,1958, 13 pp. 

Th.e design parameter's for  the various KE-ACF designs a r e  outlined and a summary  of 
the design features to be covered i n  detail a t  this symposium i s  presented. 

A description and comparison of the preliminary design parameters  and cost es t imates  
a r e  made for  two power plants using CO, cooled graphite moderated r eac to r s  - one 
dasi.gned fo r  natural uranium and the other designed for  approximately 2% enriched 
ura.nium. Enrichment permi ts  use of higher-temperature fuel element water1.s.l.s a r ~ d  
a lso  allows a smal le r  core  volume. The resulting higher r e a c t u ~ .  outlet temperature 

0 0 
(1000 compared to 800 F) ,  reac tor  inlet p ressure  (400 compared to 285 psia),  and 
average specific power, (10.3 compared to 2.4 mw / M .  '1". ), along wit11 higher fuel 
burnup (10,000 compared to 3000 mwd/M. T. ), account for  the lower power cost  of 
13.6 mils lkwhr for  the enriched plant compared to 15.7 for  the natural plant. 

A general  description of the projected prototype helium-cooled GCPR i s  given. 

Kintner L L,  e t  a l .  
THE METHOD FOR THE OPTIMIZATION O F  A HELIUM-COOLED GRAPHITE 
MODERATED REACTOR POWER PLANT, 
ACF Industries,  Inc.,  and Kaiser  Engineering, Oakland, California. Paper  presented a t  
Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, 
Oak Ridge, Tenn.,  October 21-22,1958, 35 pp. (3 refs) .  

The optimum combination of the major. design parar~lc te rs  was determined for  the large 
sca le  heli.1.1m-cooled reac tor  power plant presently being desiyr~ed by ACF Industries, 
Inc. and Kaiser Engineers.  The basic parameters  of the optimum plant  including the 
outlet gas temperature and maximum specific power become the design basis  for the 
Heli.um Cooled Prototype GCPR. The purpose of the prototype i s  to demonstrate the 
parameters  of the optimum plant and to provide engineering, construction and operating 
experience applicable to the optimum plant. 

This paper gives the method and resu l t s  of the optimization analysis.  

Wood P M 
PHYSICS O F  THE PROTOTYPE ENRICHED GCPR, 
ACF Industries,  Inc. , Washington, D. C. Paper  presented a t  Information Meeting on 
Gas -Cooled Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn. , 
October 21-22, 1958, 4 pp. (3 refs).  

In the physics analysis of the prototype Enriched Gas-Cooled Power Reactor the usual 
calculations of latt ice parameters ,  reactivity lifetime, and control rod worth have been 
made. Some of the resu l t s  which most  affect the operating character is t ics  of the core  . : 
a r e  presented here.  



Miller R S, e t  al .  
DESIGN BASIS FOR THE PEGCPR FUEL ASSEMBLY, 
ACF ~ndus t r i e s ,  Inc.,  'Washington, D. C . .  Paper  presented a t  Information Meeting on 
 as-cooled Pow'er Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn.,  
October 21-22, 1958, 8'pp. 

The development of ceramic  uranium dioxide fuel is discussed. The design limitations 
'and parameters  a r e  given. The ' requirement  for containment of fission products within 
the fuel elements is explained and the design of the container for  the fuel element is 
reviewed. The helium-cooled partially enriched uranium dioxide fuel elements and fuel 
assemblies  a r e  described, and the method of estimating their lifetime is presented. 

nulien F R ' 

REACTOR CORE STRUCTURE O F  THE PEGCPR, 
ACF Industries, Inc., Washington, D. C. Paper  presented at Information Meeting on 
Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn. ,  
October 21-22, 1958, 7 pp. 

The graphite core  s t ruc ture  is described and the bases  for  the selection of ' the more  
important mater ia l s  a r e  discussed. The operating conditions a r e  given and the effects 
of these conditions on the design of the core  s t ructure a r e  reviewed. 
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P e r r y  P I 
REACTOR HAZARDS, 
ACF Industries, Inc., Washington, D. C.  Paper  presented a t  Information Meeting on 
Gas -Cooled Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn. , 
October 21-22, 1958, 9 pp. (7 refs) .  

The hazards resulting from various'assumed accidents and comp'onent failures have been 
examined for the prototype natural uranium and partially enriched uranium gas-cooled 
power reac tor  sys tems.  

In general, the hazards associated with both types of reac tors  a r e  s imi la r .  Both 
sys tems a r e  characterized by large core  heat capacities and relatively slow, control 
rod withdrawal r a t e s .  These character is t ics  combined with the prompt negative tem- 
perature coefficient .of reactivity of the fuel makes both reac tors  stable to power and. 
temperature transients.  The major  difference in the two reac tor  systems. i s  the. 
presence of the chemically reactive fuel element mater ials ,  . metallic . uranium and 
Magnox, in the natural uranium system. . 
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Young H 'D 
REACTOR PRESSURE VESSEL AND CHARGE MACHINE, '' 

. .  . 

Kaiser  ~ n ~ i n e e r i n ~ , '  Oakland, ~ i i i f o r n i i . .  Paper  presented a t  Information Meeting on 
Gas-'Cooled Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Terin., 
.October 21,-22, 1958, 20 pp. (references).  



A comparison i s  given of the dimensions of the pressure  vessels  for the nuclear power 
r eac to r s  i n  serv ice  and under construction in  the United Kingdom and the vessel  designs 
of KE-ACF. 

The prominent problems considered in the designs of the KE-ACF p res su re  vessels  a r e  
discussed, including the selection of s i ze s  and configurations, nuclear heating, induced 
radiation, radiation damage, brit t le f racture probability, se i smic  stability and r e -  
quirements  in addition to those of the ASME Code. 

The charge machine is described in some detail and i t s  versatil i ty is il lustrated by a 
typical sequence of operations. 

F i e s e r  G W 
SERVICE MACHINE AND CONTROL ROD DRIVES, 
ACF Industries,  Inc.,  Washington, D. C. Paper  presented a t  Information Meeting on 
Gas -Cooled Power Reactors,  Oak Kidge National Laboralury, Oak Ridge, Tcnn. 
October 21-22, 1958, 12 pp. 

A description is given of the serv ice  machine, including i t s  approximate s ize and oper- 
ating functions. The control rod drives and their components a r e  discussed. The 
operations of the ent i re  drive mechanisms a r e  briefly described. 

E r n s t  J P 
NON-NUCLEAR MECHANICAL COMPONENTS, 
Kaiser  Engineering, Oakland, Calif. Pape r  presented a t  Information Meeting on Gas-Cooled 
Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn., October 21-22,1958, 
9 PP. 

The salient features  of the helium prototype reac tor  coolant and s team systerrls a r e  
described. Cr i te r ia  for  the selection of the various components a r e  discussed, and a 
brief description is given of the gas purification-vessel cooling system. 

The bas is  for  selection of the s team cycle is given along with pertinent information on 
the s team generators,  turbine and auxiliaries,  and plant control. 

Fraas A P 
THE ORNL GAS-COOLED REACTOR DESIGN, 
Oak Ridge ~ a t i o n a l  Laboratory, Oak Ridge, Tenn. Paper  presented a t  Information Meeting 
on Gas  -Cooled Power Reactors,  Oak Ridge National Laboratory, Oak Ridge, Tenn. , 
October 21-22, 1958, 19 pp. 

This paper  has been prepared to present  the major  features of the ORNL CGR-2; there 
a r e  so  many facets to the problem that i t  is not practicable to present  a thorough ex- 
position of the design in the t ime available. The details of the design and the basis  f o r  
the major  design decisions a r e  contained in  ORNL-2500 (which contains 764 pages). 
The emphasis in  this paper w i l l  be on the major  points of s imilar i ty  and difference 
between the Bri t ish designs and the GCR-2. 



TID-7564-11 

, Manly W D and Coobs J H 
MATERIALS SELECTIONS AND DEVELOPMENT WORK, 
Metallurgy Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. Pape r  presented a t  
Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, 
October 21-22, 1958, 26 pp. (9 re fs ) .  

The selection of the fuel, fuel capsule, and p re s su re  vessel  and related s t ruc tures  for  
the Oak Ridge National Laboratory gas-cooled reac tor  (GCR-2) is reviewed. Recent 
development work in support of the design of the forty-megawatt gas -cooled prototype 
reac tor  is also discussed, including the development of an improved fabrication process  
for  uranium dioxide (UO,) fuel pellets and tes t ing  of the fuel capsule mater ial .  P r e -  
l iminary resu l t s  from fuel irradiation tes t s  a r e  presented, and the variables to be 
studied in  the Fuel Capsule Irradiation Program a r e  discussed. . 

Trauger  D B 
MATERIALS COMPATIBILITY AND FUEL ELEMENT. TEST PROGRAM, 
Reactor Projects  Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  
presented a t  Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National 
Laboratory, October 21-22,1958, 20 pp. 

Engineering experiments to evaluate mater ia l s  compatibility for  the ORNL helium-cooled 
GCR-2 design effort were  begun in December of 1957. More recently the program has 
been extended to include GCPR requirements .  Metals and alloys of interest  a s  possible 
mater ials  of construction for  a gas-cooled reactor  and reac tor  grades of graphite a r e  
heated together in vessels  containing s tat ic  helium o r  in helium filled natural convection 
and forced convection loops. From these tests ,  measures  of the iner tness  of various 
test  specimens to the gaseous impurities evolved from graphite on heating a r e  obtained. 
TSF and AGOT grades of reac tor  graphite have been used in both types of test  stand to 
obtain a comparison of their gas impurity contents and degassing ra tes .  The thermal  
convection loops were  designed with a cold leg  to obtain evidence of carbon m a s s  t rans-  
f e r .  Since the reaction kinetics a r e  a function of the partial  p re s su re  of the gaseous 
impurities,  the f i r s t  equipment was simplified by establishing test  p re s su re s  well below 
those for  the reac tor .  Sampling equipment is provided in a l l  test equipment far removal 
of gas periodically for m a s s  spectrometer  analysis.  Two natural convection tests  have 
been designed for  operation a t  CGPR p res su res  to verify this assumption and to test  
fuel rod assemblies  under external p re s su re  where can collapse may occur.  

Baker D E 
GRAPHITE SITUDLES FOR THE GAS-COOLED REACTOR PROGRAM, 
Hanford Atomic Products Operation, General Electr ic  Co. , ~ i c h l a n d ,  Wash. Paper  presented 
a t  Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, , 

Oak Ridge, Tenn., ~ c t o b e r  21-22,195.8, 7 pp. (5 refs) .  . 

The ra te  of oxidation of graphite by carbon dioxide depends upon a number of variables 
which include the graphite temperature,  radiation intensity, gas composition, flow rate ,  
and pressure .  Physical properties of the graphite which change the extent of surface 
a r e a  available for' reaction also affect the r a t e  of oxidation. Coated graphites, inhibitors 



o r  impermeable graphites which would l imit  oxidation to an  acceptable value in an ad- 
vanced gas-cooled reac tor  a r e  needed. A basic program for  the study of the reactions 
of gases  with graphite includes thermal reaction studies and irradiation induced reac-tion 
studies.  An essential  facility in the over-al l  study of gas-graphite reactions is a r e -  

. circulating gas loop' which w i l l  allow proof testing of promising mater ia l s  and w.ill, aid in 
setting l imits  on the variables that affect the C0,-graphite reaction. . ~ l t h o ' u ~ h  coolant 
graphite reactions a r e  of pr imary  importance, radiation damage to graphite cannot be 
neglected. Graphite has  been observed to expand when i rradiated a t  temperatures  below 

0 
300 C and to contract a t  higher irradiation temperatures .  The accumulation of s tored 
energy in the cooler regions of reac tors  and the decrease in graphite strength a s  a r e -  
sul t  of oxidation must .a lso be evaluated. 

Robinson S T and Benenati R F 
A HIGH TEMPERATURE - GAS CYCLE PEBBLE BEL) FOR CENTRAL STATION USE, 
Sanderson & Por te r ,  New York, N. Y. Paper  presented a t  lnformatlon lvleetlng on Gas-Cuuled 
Power Reactors ,  Oak Ridge National Laboratory, Oak Ridge, Tenn. , October 21 -22, 1958, 
23  pp. 

A high temperature - gas cycle Pebble Bed Reactor i s  described together with the spe- 
cific design and economics of a 125 eMW central  station power plant. The nuclear 
character is t ics  of the system a r e  presented together with a discussion of fuel cycles, 
fuel element types and development problems. 

Roy G M and Valerino M F 
'DESIGN CONCEPT FOR A GAS-COOLED, PRESSURE TUBE D, 0' - '  MODERATED 
REACTOH, . I  , . 

General Nuclear Engineering Corp.,  Dunedin, Florida. Paper  presented a t  Information 
Meeting on Gas -Cooled Power React01-s, Oak Ridge.Natiorla1 Laboratory, October 21 -22, 1958, 

. ~ 

8 PP. 

The design concept for the ECNG-FWCNG gas -cooled project includes these key features : 

a .  The reac tor  is of the pressure  tube type. 

b.  It i s  cooled with CO, . 

c. The moderator is heavy water .  

The attainment of high gas temperature permi ts  the utilization of an efficient s team 
cycle.  Net e lectr ical  output of the prototype will be 50 megawatts; of the large-sca1.e : 
reac tor ,  200 megawatts. 

Heacock ~ a r o l d  W - ' ' 

. . . . ..: .. 
. . 

PARAMETRIC STUDIES O F  THE GAS-COOLED REACTOR CONCEPT ' . '  

Hanford Atomic Products Operation, General ~ l e c t r i c  Company, Richland, Wash. Paper  
presented a t  Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National. 
Laboratory, Oak Ridge, Tenn., October 21 -2'2, 1958, 8 pp. ' ( 3  refs) .  

, . . . . . 



Generalized parametr ic  studies of the gas-cooled, graphite-moderated power i-eactor 
concept have been performed a t  Hanford. These studies included consideration of 
capital  charges,  fuel cost,  and operating expense for  a number of process  variables.  
Among the i tems considered for  their effect on unit e lectr ical  power cost were the 
following: coolant gas selection, fuel enrichment, reac tor  thermal  rating, power 
recovery cycle, coolant outlet temperature and reac tor  differential temperature,  
latt ice geometry and specific tube power. 

Subsequent to the completion of the initial studies, additional parametr ic  studies of the 
reac tor  core  configuration were  performed. In these analyses attention was given to 
the effects upon relative unit power cost, for' t he  more  optimum cases ,  of the following 
variables:  moderator-to-fuel ratio,  active zone length-to-core diameter ratio,  specific 
tube power, process  channel flow a r e a  ratio,  and reac tor  coolant differential tempera-  
ture .  

The study resu l t s  obtained a r e  felt  to be generally valid for  comparative purposes, but 
shuuld not be used a s  absolute values of unit power cost.  

Bernsen S A, e t  a l .  
THE MARINE GAS-COOLED REACTOR PROGRAM, 
General Atomic Division of General Dynamics Corporation, San Diego, California. Paper  
presented a t  Information Meeting on Gas-Cooled Power Reactors ,  Oak Ridge National 
Laboratory, Oak Ridge, Tenn.,  October 21-22, 1958, .61 pp. ' (11 'refs).  

The AEC is presently sponsoring severa l  gas-cooled reac tor  projects that a r e  aimed a t  
developing and applying gas-cooled reac tors  to civilian usage. These programs a l l  
fall  in pne of two categories.  The projects ,  in the f i r s t  category a r e  concerned with 
building r eac to r s  that require  very little extension of our  present  technology.. Each of 
these projects will make important contributions by providing ea r ly  operating ex- 
perience and data. 

The second category covers  those projects that 5 r e  aimed a t  advanced reac tors  and 
sys tems that will explore the full potential of gas cooling. This category differs from 
the f i r s t  because i t  required a relatively l a rge  s tep  in technology and thus a.long range, 
ordered development i n  mater ia l s ,  heat t ransfer ,  radiation stability, and 'gas  handling 
technology is necessary. ~ e c a u s e  the MGCR falls within the second category, it is 
desirable to build an experimental 'pr'ototype ra ther  than an  &erational unit. In this 
way the system can be designed to permit  easy access  for' experimentation f ree  from 
the interference of operational requirements.  

Since the problems in the development df high-temperature gas-cooled reac tors  a r e  
common to a l l  types, the. knowledge and experience gained .through the development 
of the MGCR reac tor  w i l l  not only be applicable to the mari t ime program but a lso the 
central  statior, power reactor  program. 

This paper w i l l  explain the interest  in the closed-cycle gas-turbine system for  the 
MGCR and describe the present status of the program. 



McGee J a m e s  P 
HIGH-TEMPERATURE SYSTEMS FOR NUCLEAR PROCESS HEAT, 
Bureau of Mines, US Dept. of the Interior,  Morgantown, W .  Va. Paper  presented a t  Infor- 
mation Meeting on Gas-Cooled Power Reactors ,  Oak Ridge National Laboratory, Oak Ridge, 
Tenn. ,  October 21-22, 1958, 19 pp. (2 refs) .  

Investigations a r e  being conducted to determine the feasibility of using'nuclear heat in 
chemical  processing. The use of nuclear reac tors  to furnish high-temperature hcat is 
a field that has not received a s  much attention a s  electr ic  power production and pro-  
pulsion. 

As pa r t  of the Atomic Energy Commission--Bureau of Mines process  heat reac tor  
program, a system is being stiidied in wtilch i ~ e l l u l l ~  is ujcd as a heat tranofcr modium 
from the nuclear reac tor  to the chemical processing vessel .  A vessel  heated by 
e lec t r ica l  induction to s imulate  a riuclear f i s s i u ~ ~  aoilist of hcaC hao bcon dosigned and 
constructed and is undergoing preliminary testing. 

Gasification of coal  and reforming of hydrocarbons a r e  promising uses  for  nuclear 
process  heat. 

Bender M 
COST AS A DESIGN CRITERION, 
Oak Ridge National Laboratory, Oak Ridge, ,Tenn. Paper  presented a t  Information Meeting 
on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, October 2 1-22, 1958, 
9 pp. (4 re fs ) .  

The ent i re  approach to the design of nuclear central  power stations i s  founded on the 
p remise  of low -cost power production. Unfortunately we a r e  not yet able to distinguish, 
those with high potential for  low power costs  frpm those with low potential. It is almost 
use less  to examine advanced designs until one has a yardstick to measure these poten- 
t ia ls .  Thus, a method of comparative cost  analysis fo r  design work is et;se!llial. 

In this brief presentation i t  is impractical to present a comprehensive technique for  cost 
comparison. Fur ther ,  i t  is hardly claimed that we a t  Oak Ridge National Laboratory 
have more  than touched the surface of the problem. A vast amount of work is required, 
but- we believe i t  highly important in making design evaluations. In this discussion three 
i l lustrations of cos t  considerations in design a r e  presented. These a r e :  

1. Capacity effects on power station capital cos ts  

2. Effects of geometry on fuel element costs  

3. Design standardization effects on nuclear power plant costs  

P e r r y  A M 
ADVANCED DESIGN STUDIES, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  presented a t  Information Meeting 
on Gas Cooled Power Reactors,  Oak Ridge National Laboratory, October 21 -22,1958, 
12 pp. (3 r e f s ) .  



~ h e ' p u r p o s e  of advanced design studies, a t  the present stage of gas-cooled reac tor  
development, i s  mainly to disclose those combinations of mater ia l s  and operating 
parameters  that show the greatest  promise of yielding low cost e lectr ic  power o r  of 
satisfying some other design cr i ter ion such a s  successful breeding. Our preoccupation 
with the reactor  now under development has been such that not a great deal of advanced 
design work has yet been undertaken a t  the Laboratory. A few rather  well-defined 
studies have been car r ied  out, and of these I should like to mention three: an investi- 
gation of the breeding capabilities of graphite-moderated, gas-cooled reac tors ,  a brief 
study of high-pressure systems,  and a nuclear gas engine fo r  mari t ime applications. 
In addition a study of the general advantages and disadvantages of reac tors  with unclad 
fuel elements i s  underway, but not yet completed. 

Cottrell  W B 
RELEASE O F  ACTIVITY FROM VARIOTJS GCR. SYSTEMS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper  presented at Information Meeting 
on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, October 21 -22, 1958, 
15 pp. (18 re fs ) .  

As mater ials  technology is pushed more  and more in an  attempt to reduce power costs,  
the hazards associated with gas-cooled reac tors  invariably increase.  There a r e  three 
different, although not necessar i ly  independent, parameters  which, a s  their values a r e  
increased in any particular design, tend to make that reac tor  more  hazardous than it 
would be otherwise. These three a r e :  

1. Operating temperature 
2. Power dencity 
3 .  Activity in  coolant 

These a r e  discussed in detail. 

Coobs J H 
ADVANCED MATERIALS DEVELOPMENT, 
Metallurgy Division, Oak Ridge National Laboratory, Oak Ridge, .Term. Paper  presented at 
Information Meeting on Gas-Cooled Power Reactors,  Oak Ridge National Laboratory, 
October 21-22, 1958, 9 pp. (6 re fs ) .  

The mater ials  problems associated with the design of advanced gas-coole'd reactor  
sys tems a r e  discussed, and a number of mater ials  combinations a r e  evaluated. P r e -  
l iminary resu l t s  of cur ren t  development work on fuel elements and capsule mater ials  
a r e  presented. Three of the most favorable mater ials  combinations a r e  selected and 
proposed for  fur ther  study. 

Boardman Brewer F 
GAMMA FACILITIES AT THE MATERIALS TESTING REACTOR, 
Technical Information, Phillips Petroleum Co. , Idaho Fal ls ,  Idaho, January 1956, 3 pp. 



Widespread interest  in the beneficial effects of gamma radiation on various commercial  
' products, and a s  a means of studying and improving industrial  processes  has emphasized 

the need for  a high-flux exposure 'facility where educational, commercial ,  research ,  and 
industrial  organizations may c a r r y  out experiments without obtaining a security c lear -  
ance.  Two radiation facilities, using gamma sources of spent MTR fuel elements 
immersed  in a water shield, have been provided in a building adjacent to the Materials 
Testing Reactor.  Fluxes up to 20 million roentgens per  hour a r e  available a t  a very 
nominal cost.  Only basic health-physics instrumentation is provided a s  a par t  of the 
facili t ies.  Additional tes t  and measuring equipment must be supplied by the experi-  
menter .  Use of the gamma facllllies is available on a firot-oome, f i r s t  sprvprl hasis, 
and is authorized for  experimental purposes only. 

Pe r l ebe rg  C N 
CONSTRUCTION O F  FACILITIES FOR RADIOACTIVE WORK, 
Techni,ral Tnfnrmation Service, AEC, Washington 25, D. C.  , February  (19581, 7 pp. 

The construction of facili t ies to unlock the sec re t s  of atomic power has been costly. 
Because of prohibitive costs and secur.ily iequircrncnto, tho government h a s  heen the 
pr ime force behind the r e s e a r c l ~  slid developmcnt of t h i ~  new power .  

Some of the requirements of reac tor  design for safe operation in populated a r e a s  and 
the design of a spherical  container and i t s  contained facilities a r e  discussed. Specific 
reference is made to the construction of the Knolls Atomic Power Laboratory (KAPL). 
The disposal of low level waste i s  mentioned. 

Jurney E T, e t  a l .  
THE LOS ALAMOS FAST PLUTONlUM REACTOR, 
Los Alamos Scientific Laboratory, University of California,  Los Alamos, N. M.,  
Contract No. W-7405-Eng-36, May (1954), 144 pp. 

This report  attempts to record a complete description and fabrication history of the 
Los Alamos Plutonium Reactor.  Much of what is descGibed i s  now only of historical 
interest ,  however, since the reac tor  was completely dismantled in the Spring of 1953. 

The Los Alamos Fas t  Plutonium Reactor is a low-power reac tor  built pr imari ly  (1) to 
demonstrate the feasibility of a reac tor  operating on unmoderated o r  "fast" neutrons, 
and ( 2 )  to se rve  a s  an experimental facility. The operating power level of 25 kw pro- 
duces a fas t  neutron flux of approximately 4 x lo1" n / c m 2 - s e ~ .  The reactive region 
consis ts  of a latt ice arrangement  of metallic fuel rods surrounded by normal 
uranium reflector mater ial  and cooled by flowing mercury .  Experimental facilities 
consist  of numerous fast  neutron ports and a graphite thermal  column. Construction 
of the reac tor  was begun in December 1945, and full power operation was f i r s t  attained 
in March 1949. 

Maienschein F C 
A HAZARDS SUMMARY FOR ROUTINE OPERATION OF THE BULK SHIELDING 
REACTOR AT ONE MEGAWATT, 



Oak Ridge National Laboratory, Oak Ridge, Tenn. Contract No. W-7405-Eng-26, 
December 20, 1954, 54 pp. (15 re fs ) .  

The Bulk Shielding Reactor (BSR) consists of an assembly of modifed MTR-type fuel 
elements suspended in a "swimming pool" filled with demineralized water .  It has 
operated since 1951 a t  power levels up to 100 kw. . This report ,  af ter  describing the 
existing facility, suggests modifications which would permit  part-t ime routine operation 
a t  1 megawatt. Finally, the hazards associated with higher power operation have been 
considered. 

Ruby Lawrence 
A SUSPENDABLE PULSED NEUTRON SO'URCE, 
Radiation Laboratory, University of California, Berkeley, Calif. , 
Contract No. W-7405-Eng-48, ,May 14, 1956, 15 pp. (6 re fs ) .  

A laboratory pulsed neutron source has been constructed.which may be suspended above 
o r  below floor level. The accelerator  system consists principally of an  ion source of 
the cold-cathode Phillips Ion Gauge type, extractor  and focus electrodes,  and an a i r -  
cooled target electrode. A cascade rectifier power supply aliows the target voltage to 
be varied up to 100 kv. During the pulse the ion source is capable of delivering 4 ma  
of current ,  of which half i s  monatomic. The a r c  i s  pulsed for 200 psec  a t  a repetition 
ra te  of 60 cps.  The integrated yield produced on the target exceeds 6 x lo5 neutrons 
per  sec  fo r  the d-d reaction and 6 x lo7  neutrons per  s e c  for  the d-t reaction. The 
pulsed neutron generator i s  characterized by the absence of cr i t ical  adjustments in any 
of the parameters  governing i t s  operation. 

Brobeck W M and Scalise D.T 
UCRL DESIGN DATA O F  GENERAL IMTEREST, 
Radiation Laboratory, Urliversity of California, Berkeley, Cal i f . ,  
Contract No. W-7405-Eng-48, September (1957), 71 pp. . . 

This document contains forty-eight data sheets  which have been issued from time to 
time since 1946. The data sheets represent  summarized information which has been 
found useful in design work at UCRL. . 

Hubbard Harmon W 
KINETICS OF SUBCRITICAL ASSEMBLIES, 
Radiation Laboratory, University of California, Livermore, Calif. 
cont rac t  No. W-7405-Eng-48, February 25, 1955, 10 pp. 

'The  time behavibr of a subcrit ical assembly of fissile material ,  including delayed 
' .neutrons, is investigated. A normal mode source i s  turned on at t = 0 and the neutron 

population calculated a s  a function of t ime. Fo r  multiplications smal l  compared to 
.' 1 + 1 / p ,  (135 f o r  u ~ ~ ~ )  the exponential period is approxiniately the character is t ic  fast  

period z / 1 - k. Fo r  multiplications large compared to 1 + 1/j3, the period is slow 
M $3 / A ,  and for intermediate cases ,  the resul ts  a r e  plotted. 

:..I . < 
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F r o s t  Freder ick  E 
RADIOACTIVE WASTE PROCESSING AND DISPOSAL (1950- 1957) - BIBLIOGRAPHY, 
University of California Radiation Laboratory, Livermore, Calif., May 6, 1957, 
23 pp. ( references) .  

This bibliography consists of repor t s  compiled from the AEC Library Card  Catalog. 
Only the classified and unclassified report  l i terature is included. F o r  the published 
l i t e ra ture  the reader  is r e fe r r ed  to an unpublished paper by M. Cason (UCRL-Livermore 
Library) .  

Radioactive Waste Disposal, Apri l  25, 1957. All p rogress  repor t s  covering the work 
have been omitted in o rde r  to exclude a large amount of duplicate infornlation which i s  
usually found in more  detail in topical reports .  Il'urb iilformatiori pr-iur- lo Jan. 1, 1950 
i t  is suggested that the r eade r  r e f e r  to TID-3008 - Radioactive Waste Processing and 
Uisposal, H. E.  Voress  and F r e d  E. Croxton, Aug. 1, 1951 (Secret).  The references 
a r e  arranged by report  number under one of the following: 

I. Disposal of Wastes 

IT. Processing uP Wastes 

Radcliffe John B, Jr. 
THE LIVERMORE POOL TYPE REACTOR (LPTR), 
Universi.ty of California Radiation Laboratory, Livermore, Calif. 
Contract No. W-7405-Eng-48, July (1957), 59 pp. (references).  

The LPTR is a tank-type thermal,  heterogerleous research  reac tor  facility at the 
Livermore  s i te .  The light-water moderated and cooled reac tor  core  will generate .a  
peak flux in excess  of loL3  n / cma-sec  a t  i t s  initial  ope^-ating power of 1 M W .  Access 
to the flux i.s provided by a variety of experimental facilities, including 6 horizontal 
beam tubes (the la rges t  almost 13 in. in diameter),  2 thermal columns (one largely 
removable to provide a high fas t  flux within an  associated cave-like irradiation cell) ,  
and 3 pneumatic tubes (one provides access  to a thermal flux t rap  in the center  of the  
co re ) .  These, combined with a number of other irradiation ports,  a r e  intended to make 
the reac tor  a versatile, flexible research  tool, available to a l l  groups within the UCRL 
re sea rch  program. 

The LPTR design cal ls  for  a core  containing roughly 4 kg of u~~~ in fuel elements of the 
MTR type, arranged within a 5 by 7 eleinent grid configuration which also provides 
space  for  a reflector (both graphite and beryllium a r e  available). Aluminum is the 
p r imary  s t ruc tura l  mater ial  in  the core,  and in the closed circuit  cooling system. A 
compact biological shield i s  achieved through use of magnetite concrete.  The reactor  ' \ 

core  is controlled by 4 boron-carbide shim safety rods and a s ta inless  s tee l  regulating 
rod, with conventional console control instrumentation. Total containment is emphasized . 
in the reac tor  housing - an  all-steel,  air-t ight s t ructure which is connected to adjacent 
labs and the control room by an  airlock. 



Atkins Marvin C, 1 / L t .  (USAF) 
ACCESSORY EQUIPMENT AND PROCEDURES FOR USE O F  A 1500 CURIE 
COBALT- 60 GAMMA-RAY SOURCE, 
Wright Air Development Center, Wright-Patterson AFB, Ohio, April  (1956), 13 pp. 

The Materials Laboratory is using a 1500 c u r i e  cobalt6' source to investigate the 
effects of gamma radiation on materials.  The source is a cylinder, 1.78 in. ID x 
2.3 1 in. OD x 13.5 in. long. It is shielded by a lead container which i s  mounted on a ' 
table behind a concrete block wall. A rotating-beam hoist i s  used to change samples .  
Other i tems of accessory  equipment include specialized plugs for  the container, ad-  
ditional sample canis ters ,  and a cooling system. 

Measurements have been made of scat tered radiation from the source.  A standard 
operating procedure for  use of the source has been established. This procedure has 
significantly reduced the probability of personnel exposure to harmful radiation. 

Sykes Paul J, Major (USAF (Editor)) 
PRELIMINARY SUMMARY REPORT ON THE PROPOSED AIR FORCE NUCLEAR 
ENGINEERING TEST FACILITY AT WRIGHT AIR DEVELOPMENT CENTER, 
Wright Air  Development Center, Wright-Patterson Air Fo rce  Base, Ohio, 
Contract No. AF33-(616)-3018, September (1956), 356 pp. (40 refs) .  

This report  presents  a preliminary summary  repor t  on the proposed Air Force  Nuclear 
Enginccring Test  Facility. 

Atkins Marvin C, l / C t .  (USAF) 
DESIGN O F  A HIGH-INTENSITY GAMMA IRRADIATION FACILITY, 
Materials Laboratory, Wright Air Development Center, Wright-Patterson Air  Force  Base, 
Ohio, December (1956), 19 pp. 

Construction plans have been prepared for  a gamma irradiation facility capable of 
handling 100,000 curies  of cobalt6'. In a facility built according to these plans, the 
radioactive source would be s tored  in a water  well located in a 12 x 12 foot irradiation 
room. The source would r e s t  on a platform in the well and be lifted up into the i r -  
radiation room for  a l l  experiments.  The facility would be built underground-with almost  
a l l  shielding being provided by the natural ear th.  Normal laboratory utilities a r e  pro-  
vided in  the plans, with valves and switches located on a control panel in  an adjacent 
building. A closed circuit  television system would be installed for  viewing of experi-  
ments with the source in the operating position. Experimental apparatus would be 
equipped with suitable instruments s o  that general purpose manipulators would not be 
required. Six construction drawings a r e  included in this report .  

Siege1 Sidney 
LECTURE SERIES ON ELEMENTARY REACTOR THEORY, 



Atomic Power Division, Westinghouse 'Electric Corporation, P. 0. Box 1468, Bettis Field, 
Pittsburgh 30,Pa. ,  September-December (1949), I41 pp. . 

This repor t  concerns itself with the elementary theory of nuclear reac tors  in which the 
fissions a r e  pr imari ly  produced by neutrons of thermal  energy, and in which the fission- 
able and other  mater ia l s  a r e  homogeneously dispersed. In addition, the pr imary  e m -  
phasis w i l l  be on a reac tor  suitable for  producing power on a naval vessel ,  and the 
examples discussed a r e  chosen with this in mind. 

This repor t  discusses  the cr i t ical  condition in a finite assembly, coritai~liilg fissionable 
and other mater ials ,  which is dependent on geometry, the multiplication constant and 
the migration length. Also dis'cussed a re :  neutron reactions; life history of a neutron 
in a reac tor ;  diffusion of neutrons; pile equation and i t s  solution; slowing down of 
neutrons ; reactor  kinetics; and control rods .  

WAPD-142 (Navy) 

Henry A F 
COMPUTATION O F  PARAMETERS APPEARING IN THE REACTOR KINETICS EQUATIONS, 
Bettis Plant, Westinghouse Electr ic  Corporation, Pillsbur.gll, Pa., Contract No. 
NObs-67500, December (lY55), 55 pp. 

The reac tor  kinetics equations a r e  obtained from the time dependent transport'equation 
by assuming separabili ty of the time dependence and applying suitable adjoint functions. 
The quantities reactivity, effeftive delayed neutron fraction and prompt neutron life- 
t ime a r e  defined by this process  in t e rms  of integrals of directional fluxes and adjoint 
functions over  angle space and energy. A reduction to diffusion theory and group theory 
i s  then car r ied  out, and techniques for  computing reactivity coefficients and effective 
values of the delayed neutron fractions a r e  discussed. 

- - - -  
REACTOR PHYSICS AND MATHEMATICS, 
The Bettis 'I'echnlCal Revlew,  Vol. 1, !\To. 4, Dct t i s  Plant, Pittoburgh, Pa.  , 
Contract No. AT-(11-1)-Gen-14, October (1957), 113 pp. 

The purpose of the Bettis Technical Review is to report  to industry on technology devel- 
oped a t  the Bettis Plant. This publication includes twenty-twb papers  a s  1ist.ed below. 

Reactor Theory and Experimentation 
. . 

' 1. Review of Methods Used in Control Rod Analysis for  Reactor Design a t  Bettis 
Plant--  A. F. Henry 

. . .  i 
2 .  Two-Dimensional Burnup of a Cell--W. ,D. Kimball 

3 .  Resonance Capture in  Heterogeneous Systems--S. Stein 

4. Half-Height Cadmium Slab--R. S. Halgas and M. Bender 

5 .  Synthesis of Three-Dimensional Power Distributions for  a Nonuniformly 
Depleted Cure--R. R.  Schiff 

6. Synthesis of Three-Dimensional Power Shapes - Flux-Weighting 
Technique - - J. E . Meyer 



7. Nuclear Design of a Fuel Assembly fo r  a n  Irradiation Proof 
Tes t  - -S. Sandhaus 

8. Analysis of a Heterogeneous Cr i t i ca l  Assembly-.-R. J. Breen  

9. ,The Use of the Equivalent Bare  Core  Model fo r  Calculating the Crit icali ty of 
Slab-Type Reac tors  and a Comparison to Experiment--.R. S.  Wick and J. D. But ler  

10. Thermal  Fl- Depressions i n  Mater ia ls  Containing Fuel  and Boron-- R .  J. Neuhold 
' a n d  G. F. Bogar . . 

11; An Inverted Reactivity. Effect-.-.L: 0. Herwig a n d . E .  R.  Sanford 

12. Thermal  Equivalent 2 for  cadmium-s i lver  Control Rods --A. J. Calio 

13. Changes in Reactivity Produced by The rma l  Expansion of Extruded Polyethylene 
Fuel Tape --R. Chr i s tman  

14. Construction and Operation of a Miniature Fiss ion Counter--T.  M. Ryan 

Mathematics and Computations 

1. A Lemma of Stielt jes--R. S. Varga 

2. Calculation of Thermal  Constants--H. J. Amster  

3 .  Reactor  Crit icali ty and Nonnegative Ma t r i ce s  --G. Birkhoff and R .  S.  Varga 

4 .  A Steady-State Thermal  Analysis Code fo r  the IBM-704 Computer--R. R .  Schiff 
and W. M. Jacobi 

5.  Few -Group Fitted P a r a m e t e r s - - P .  .A. Ombre l la ro  

6. A New Version of the Multigroup Fou r i e r  Transform Code for  Calculation .of 
F a s t  Group P a r a m e t e r s  - -E.  Gelbard and H. Bohl 

. . .  

.7. The WANDA Spatial Code --0. J. Marlowe and E .  Gelbard 
. , 

8.  CANDLE - A o n e  - ~ i m e n s i o n i l  Few -Group Lifetime ~ k ~ l e t i o n  c o d e - I E .  M. Gelbard, 
e t  a l .  . . . . 

Devine R F 
HOW FUNCTIONAL REQUIREMENTS GOVERNED DESIGN AND ARRANGEMENT O F  THE 
SHIPPINGPORT ATOMIC POWER STATION, \ 

Bettis Technical Review, Reactor  and Plant Engineering, Westinghouse Elec t r ic  Corp . ,  

I Pittsburgh, P a .  , Contract No. AT-(11 - 1)-Gen-14, December (1957), 8 pp. 

Design of the r eac to r  plant a t  shippingport his been influenced, by a number of fac tors .  
Some of the plant 's  functional requ i rements  a r e  discussed.  A brief explanation of the 
interre la t ion of function and plant . . .  layout is given. . . 

. . . . 
, . s . .  . . . 

. .. . . , , 

. . . . ! .  . . 



LaPointe J R and. Brown R D 
CONTROL O F  RADIOACTIVE MATERIAL AT SHIPPINGPORT, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp . ,  
Pittsburgh, P a .  , Contract No. AT-(ll-1)-Gen-14, December (1957), 15 pp. (7 refs) .  

C r i t e r i a  a r e  presented for  the disposal of radio-active wastes  from the Shippingport 
P re s su r i zed  Water Reactor.  The design aspects  involved in applying these principles 
to the radioactive disposal facilities a r e  discussed. The types of wastes  encountered a t  
the plant and the processes  developed a r e  detailed. 

WAPD-BT- 5-3 

Langlois C E 
THE EXPENDED CORE FACILITY, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp. ,  
Pittsburgh, Pa .  , Contract No. A T - ( l l -  1)-Gen- 14, December (1957), 13 pp. (1 ref) .  

It has  been recognized fo r  some time that there i s  much to be learned from a core  af ter  
i t  has  been taken out of operation. A plant is under constr.uction a t  NRF, Idaho, which 
w i l l  be  equipped to cut. up and analyze co res  a s  well a s  to prepare the fuel-bearing 
mater ia l  for  recovering of fuel by a chemical processing plant. This ar t ic le  gives a 
brief description of the reasons for  and the design of that facility. 

Cota S W and Green S J 
BETTIS PLANT THERMAL AND HYDRAULICS LABORATORY, 
Bettis Technical Review, Heactor and Plant Engineering, W estinghouse Electr ic  Gorp. , 
Pittsburgh, P a . ,  Contract No. AT-(ll-1)-Gen-14, December (1Y57), 22 pp. 

Bettis Plant is equipped with a Thermal and Hydraulics Laboratory to provide the de- 
sign and dkvelopment groups with dksign data and equations. Experimental boiling, 
experimental nonboiling, and theoretical studies a r e  conducted a t  this laboratory. The 
laboratory 's  physical plant and method of operation a r e  described. 

McKeown W G 
TRAINING OPERATING PERSONNEL FOR NUCLEAR POWER PLANTS, 
Bettis Technical Review, Reactor and Plant Engineering, , Westinghouse Electr ic  Corp. , 
Pittsburgh, P a .  , Contract No: ATL(11-1)-Gen-14, December (1957), 7 pp. 

The training of personnel to operate nuclear power plants is a problem industry is 
beginning to face. The AEC licenses,  regulates,  and inspects the US nuclear industry 
and has s e t  up training regulations which must  be complied with. Qualifications and 
training required for  a l l  operating personnel a r e  discussed. '  



WAPD-BT-5-6 

Waldman L A 
DESIGN AND OPERATING CHARACTERISTICS O F  A BED FILTER FOR AN IN-PILE TEST 
FACILITY, 
Bettis Technical Review, Reactor and Plant Engineering, ~ e s  tinghouse Electr ic  Corp. , 
Pittsburgh, Pa. ,  Contract No. AT-(11 -1)-Gen-14, December (1957), 12 pp. ( 2  refs) .  

An analysis of radioactive contamination in in- pile facilities containing defective fuel 
elements may be made through application of a full s t r eam fil ter.  A bed fil ter was 
designed to remove in-pile radioactive particles,  including activity released from these 
defective fuel elements and crud formed by the corrosion of s ta inless  s tee l  surfaces,  
with a minimum of handling hazards.  The basic components, testing, and operating 
character is t ics  of the bed fil ter a r e  described. 

Maxwell ,T R 
DETERMINING PERFORMANCE CHARACTERISTICS O F  A SATURATED STEAM 
PRESSURIZER FOR NUCLEAR POWER APPLICATIONS, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp . ,  
Pittsburgh, Pa .  , Contract No. AT-(11 - 1)-Gen- 14, December (1957), 6 pp. 

P re s su r i ze r s  a r e  designed to insure that p r i m a r y  coolant remains subcooled during a l l  
plant operation even a t  the end of the reac tor  core life. Steady-state performance and 
change of power level operation effects over the lifetime of the core a r e  discussed. A 
method of determining water  levels that w i l l  permit  maximum pressur izer  performance 
and predict that performance is outlined. 

Meyer J E 
STUDY O F  'THE FOHCE-DEFLECTION CHARACTERISTICS O F  A BELLEVILLE SPRING, 
Bettis Technical Review, Reactor  and Plant Engineering, Westinghouse Electr ic  Corp . ,  
Pittsburgh, P a . ,  Contract No. AT-(11- 1)-Gen-14, December (1957), 7 pp. (3 re fs ) .  

calculated predictions of Belleville spr ing behavior based on s imple theory can be 
misleading. A sample problem is developed in which this i s  the case .  Sources of 
e r r o r  a r e  pointed out and the importance of considering in detail the method of load 
application is s t r e s sed .  

Atherton R and  arma an L H 
HYDRAULIC TEST PROGRAM FOR REACTOR CORE COMPONENTS, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp.,, 
Pittsburgh, Pa .  , Contract No. AT-(11- 1)-Gen-14, December (195-7), 7 pp. (1 re f ) .  

Extensive preliminary hydraulic testing on reactor  models is a much-used tool of r e -  
ac tor  designers.  Reduced-scale, actual-size, and scale-up models a r e  used for  various 
tests.  A description of the general philosophy of model utilization is given, and the 
present  and future ' tes t  programs a r e  outlined. 



Busch J S and Carpenter  J M 
A REVIEW O F  TWO-PHASE FLOW RELATIONS, ' 

Be ttis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp. , 
Pittsburgh, P a . ,  Contract No. AT-(ll-1)-Gen-14, December (1957), 7 pp. (37 re fs ) .  

In a loss  -of -coolant-flow transient,  calculation of heat removal is usually complicated 
by two-phase coolant flow. Natural convection with respect  to required and available 
p re s su re  drop correlations is considered. An approximate calculation procedure i s  
suggested and a comprehensive survey of available l i terature i s  presented. 

Busch J S 
FORMAL HEAT TRANSFER SOLUTIONS FOR REACTOR DESIGN, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp. ,  
Pittsburgh, P a . ,  Contract No. AT-(ll-1)-Gen-14, December (1957), 9 pp. (1 ref) .  

Relatively simple formal  solutions to heat t ransfer  problems a r e  important tools of the 
r eac to r  designer.  Two basic problems - the f i r s t  considering a change of coolant 
temperature with time, the second considering a change of coolant velocity wlth time - 
their solutions, and the development of those solutions should be useful in  approximating 
the effects of temperature changes within the reactor  which might produce thermal shock, 
reactivity excursions, and core damage by loss -of-pumping-power transient.  

Busch J S, et  a l .  
TRANSIENT TEMPERATURE DISTRIBUTION IN PRESSURE VESSELS, 
Bettis Technical Review, Reactor and Plant Engineering, Westinghouse Electr ic  Corp . ,  
Pittsburgh, Pa .  , Contract No. ~ ~ - ( l l  -i)- en-14, December (1957), 5 pp. (4 re fs ) .  

An IBM-704 program called TURF-2 has been developed for  determining the transient 
tempera tures  In bodies ot revolution Which have axial symmetry. The basic relaxallvli 
techniques, parameters ,  and physical constants employed a r e  discussed along with 
preparation of input data. Outstanding advantages and limitations of the code a r e  out- 
lined. 

- - - -  
Bettis Technical Review, Reactor  Physics and Mathematics, Westinghouse Electr ic  Corp., 
Contract No. AT-(ll-1)-Gen-14, June (1958), 155 pp. 

This  document contains 2 1 papers' which .are li s ted below : 
. . 

Tanner,  J. M. ,  "Conversion Ratio and i t s  Time Dependence in a Simple Seed-Blanket 
. . . .. 

Geometryt t '  . : . 

Anderson, D. C . ,  "Calculation of J3hildup Factors  for  .Infinite plane' and Line Sources" *$ 
I t  1 Anderson, D. C . ,  Comparison of Pebblest 'Buildup Data to Experiment and Moments . 

Method Results" 



Horst, R .  B. , "Synthesis Methods in R-Z Geometry" 

Ball, T. W.,  "Synthesis of Lifetime Power Distributions in R-Z Geometry" 

Lorentz, W. N . ,  "Synthesis of Three-Dimensional Power Shapes - Application of 
' 

Flux-Weighted Synthesis Techniques" 
I t  Jones, L .  L . ,  Jr. , Empirical Determination of the Fas  t-Absorption Constant for  
Hafnium Control Rods" 

Neuhold, R. J . ,  "Fast  Absorption of Hafnium and Cadmium-Silver. Control Rods" 

Halgas, R .  S . ,  "Hafnium Controlled c r i t i c a l  Assembly" 

Stein, S . ,  Sukasik, S. J . ,  and Hellens, R .  L . ,  "Analysis of Slightly Enriched 
Uranium -Water Lattices" 

Brown, J. R . ,  "Critical Experiments on Water-Moderated Lattices of Slightly 
Enriched Uranium Dioxide (UO,) Fuel  Rods" 

Klein D. , and Smith, (7.. "The Meacurcment of P a r a m e t e r s  in High Uranium Content 
Lattices" 

Horst, R. B . ,  "Criticality Calculations fo r  the TRX" 

Hopkins, G. R . ,  and Jamieson, C. P . ,  "Techniques of Reactivity Measurement" 

Sanford,' E. R., and DeAgazio, P. N., "Pile Irradiation of Fuel-Bearing Plast ic  ~ a ~ e s "  

Mikoleit, L.  A. ,  "Criticality Experiments Using Miniature Fission Counters" 

Daum, L .  , "Electron Multiplier Neutron Detectors" 

Kaufman, W. M . ,  and Jeeves,  T .  A. ,  "Transis tor  L O ~ ~ C  Applied to'Digita1 P r e s s u r e  
Control and Indication" 

Johnson, S. 0. , "Simulation of Hot Channel Boiling" 

Rose, R. P . ,  and Johnson, S. O., "A Method of Evaluating Heat Transfer  Simulation 
in Pressur ized  Water Reactors" 

Gast, R . ,  "On the Equivalence of the spherical  Harmonics Method and the Discrete  
Ordinate Method Using Gauss Quadrature for  the Boltzmann Equation" . 

- - - -  
TECHNICAL PROGRESS REPORT - PRESSURIZED WATER REACTOR (PWR) PROJECT, 
Westinghouse Electr ic  Corp. ,  Bettis Plant, Pittsburgh, Pa.  , Contract No. AT-(1 1 - 1)-Gen-14, 
August 23, 1957, 78 pp. . . 

This report  discusses  system design and power plant component development of the 
PWR. Component developments discussed a r e  prototype multiport 'sampling valve, 
p r imary  system re l ies  valves,' and resis tance thermometer  s,eals. 

Cores  1 and 2 a r e  discussed under the heading reac tor  design. The progress  of Core 1 
assembly is outlined and a complete performance analysis of the core  has been completed. 
Core 2 i s  in the planning stage and core  support plate designs, control rod and shroud 
assembly tests ,  fuel assemblies ,  and performance capability of 'rods,  tubes, and oxide 
assemblies  a r e  discussed. 

. . 
The metallurgy and physics of Core 1 a r e  discussed. 



- - - -  , 

TECHNICAL PROGRESS REPORT = PRESSURIZED WATER REACTOR (PWR) PROJECT FOR 
THE PERIOD AUGUST 24,1954 TO OCTOBER 23,1957, 
Westinghouse E lec t r i c  Corporation, Pittsburgh, P a . ,  Contract No. AT-(1 1 - 1 )-Gen- 14, (1957), 
80 PP- 

This  repor t  covers  the progress  of the PWR during the period from August 24, ,1957, to 
October 23, 1957. During this perldd, the slgllifica~il: davclopmont~ w e r e :  A pipe thread 
sealant  which will not contaminate p r imary  water and i s  suitable for cold nonradioactive 
l iner  up to 5600 ps i  was located; successful tests on a rr~ultiposition valve were com- 
pleted; PWR Core 1 was successfully installed a t  Shippingport; tes ts  were  made on a 
full  sca le  mock-1.1p of the control rods to deter*r~iine s c r a m  character is t ics ;  core  instru-  
merrtatinn w a s  reviewed; nuclear desi@ work was c u ~ ~ i p l e t c d  on ooveral contrr.11 I-nds for 
Core  2; a i r  flow studies arid p1enelr.1 cliaiiiber dcsignu rr'9ri8 cont.tr1111:11, elloit w a s  c ~ c  
pended upon ceramic  fuel elements and their radiation resis tance;  analysis on the per -  
formance of rods versus  tubes versus plales iil the blnnlret region of t h e  cnra was com- 
pleted; improved techniques fo r  inspection of flat plates and fuel rods were  perfected 
and corrosion standards were developed fo r  these i tems;  PWR Core 1 rod bundle ir- 
radiations continue; fission gas re lease  in ceramic elements i s  reported; Core 2 e le-  
ments  have been tested a t  WAPD; bonding experiments on fuel elements a r e  reported; 
cor ros ion  data, i r radiat ion and mechanical property data on Ag-15 In-'5 and Cd co~l l ro l  
rod alloy confirm the suitability of this ma te r i a l  for  control rods;  reactivity lifetime 
s tudies  were  s tar ted on Seed 2; the shutdowrl reactivity of Core  1 hafnium control rods 
was  determined in the full sca le  cr i t ical  facility mock-up; a complete s e t  of cur ren t  
pa rame te r s  for the PWR, including both plant parameters  and core  parameters  i s  
covered. 

Simpson J W (Manager) 
TECHNICAL PROGRESS REPORT - PRESSURIZED WATER REACTOR PROJECT - FOR 
THE PERIOD OCTOBER 24,1957 TO DECEM13ER 23, 1957, 
Bettis Plant, Westinghouse Electr ic  Corporation, Pittsburgh, P a . ,  Contract No. 
AT-(11-1)-Gen-14, 1957, 89 pp. 

This  repor t  covers  the activities of the personnel at the B~.t!ssur.i.r;td Watcr Roaotor 
during the period of October 24, 1957 to December 23, 1957. It was during this period 
that approval of the Hazards Committee of the AEC gave i ts  final approval and cr i t i -  
cality was achieved a s  was full power generation. Desensitization of the detectors in 
the Nuclear Instrumentation System was necessary because of greater  fluxes than antici-  
pated. 

W ~ r k  on Core 1 was  completed and the installation accomplished. The design of Core 2 
proceeded with investigations of the contr'ol rod sllrouds, heat generation in the pressure  
vesse l  and thermal  shields,  s c r a m  t imer,  a i r  flows and cladding fai lures .  

Metallurgy work including X-ray diffraction analysis of UO,, surface treatment of fuel 
element cladding for corrosion resis tance,  control rod alloy, investigation, and prop- 
e r t i e s  of UO, under varying conditiork were completed. 

Cold crit icality studies and tests  on Core 1 were completed and flux distributions in 
Seed 2 were  calculated. 



Simpson J W (Manager) 
TECHNICAL PROGRESS REPORT-PRESSURIZED WATER REACTOR (PWR) PROJECT - FOR 
THE PERIOD DECEMBER 24,1957 TO FEBRUARY 23,1958, 
Bettis Plant, Westinghouse Electr ic  Corp. , Pittsburgh, P a .  , Contract No. AT-(1 1- 1)-Gen- 14, 
(19581, 58 pp. 

This progress  report  covers  plant and core  engineering for  the Pressur ized  Water 
Reactor a t  Bettis Plant, .  Pa .  The plant engineering section covers  power plant analysis 
and systems;  power plant components and component mater ials  and tests ;  mater ials ,  
control mechanisms, and tests ;  and reac tor  and auxiliaries.  Core engineering, metal- 
lurgy of core  mater ials ,  and reactor  physics a r e  the subjects of the second section. 

Kaplan Stanley 
EXPERIMENTAL TECHNIQUE FOR THE CALIBRATION O F  REACTOR CONTROL DEVICES 
AND FOR THE DETERMINATION O F  POWER LEVEL, 
Thesis,  Westinghouse, University of Pittsburgh, Pittsburgh, P a . ,  November (1956), 
32 pp. (32 refs) .  

The calibration of the control devices of a nuclear reac tor  is analogous to the calibration 
of the regulating mechanism of any other type of scientific o r  engineering equipment, 
such a s  the calibration of governor. A complete calibration of a reac tor  control system, 
however, is more  difficult than most calibrations because of the complexity and inter-  
dependence of reactor  phenomena. 

A control device f o r  a nuclear reac tor  may take many forms.  It may, for  example, take 
the form of fuel o r  poison which can be added o r  removed from the reac tor ,  o r  i t  may 
be a changeable reac tor  geometry, o r  a movable reflector.  Most frequently the reac tor  
control system consists of highly neutron absorbent control "rods" which can be inserted 
various distances into the reactor ;  

In o rde r  to clarify the nature of a control calibration problem, consider the calibration 
of a control rod. A complete calibration of a. control rod consists of an  answer to the 
question: "What is the reactivity change associated with any given motion of the control 
rod under any reac tor  condition?" 

In accordance with this definition on the obvious experimental procedure is simply to 
bring the reac tor  to the desired condition, bring the control rod to the desired location, 
then. give it the desired motion and measure  the resulting change in reactivity.  This 
s imple approach is frustrated by a number of different effects; One example of the 
limitations is in the measurement of the total worth of a rod, that is, the reactivity 
change due to moving the rod from'the fully-in to the fully-out condition. It may not be 
possible to pull the rod fully out in one s tep because the reactivity which would be added 
i f  this w e r e  done would be s o  large that an  unsafe condition would resul t .  In o rde r  to 
measure  a total rod worth, if i t  is sizable,  i t  is necessary to measure i t  a par t  a t  a time 
while adjusting the reactivity to a safe value by some other means.  However, this 
amounts to changing the reactor  condition. Thus i t  is not possible to measure  the r e -  
activity change of any motion under any condition but only of limited motions under 
limited conditions. 



Maharan A L 
THE DESIGN AND CONSTRUCTION O F  THE ENLARGED WESTINGHOUSE HOT LABORATORY, 
Bettis Plant,  Westinghouse Electr ic  Corp., Pittsburgh, Pa. ,  (1957), 19 pp. 

This paper descr ibes  the construction of the Westinghouse Hot Laboratory Addition and 
the major  i tems of equipment located therein. Some of the i tems described a r e  the hot 
.Jaboratory building, the high level cel ls ,  the decontamination room, a metallographic 
cell ,  the radiochemistry facility, the sample storage pit, and the lal)ot.atory vciitilation 
equipment . 

Baker W E and Allen F J 
THE RESPONSE O F  ELASTIC SPHERICAL SHELLS TO SPHERICALLY SYMMETRIC 
INTERNAL BLAST LOADING, 
Ballistic Research  Laboratories,  Aberdeen Proving Ground, Maryland, November (1957), . 

43 PP. 

This repor t  presents  the resu l t s  of a n  analytical study of the reaction of an idealized 
nuclear reac tor  containment shel l  to internal transieilt loading which could be caused by 
r eac to r  runaway. 

The containment shel l  is assumed to be a n  elast ic  hollow sphere,  and the transient load- 
ing is assumed spherically symmetr ic .  A general theory of the response, valid for 
shel ls  of any thickness, i s  developed. The theory is approximated for  thin shells,  and 
compared with experiment.  The experimerits corroborate  the theoretical predictions. 

WASH- 747 

Larson  K .I and Olson W 
MEASUREMENT O F  AIR BLAST EFFECTS FROM SIMULATED NUCLEAR KEACTOR CORE 
EXCURSIONS, 
Ballistics Research  Laboratories,  Aberdeen Proving Ground, Marylar~d, September (1957), 
51 PP. 

Tes ts  were  conducted to evaluate methods of simulating on a smal l  scale ,  the effect of 
nuclear reac tor  "runaway" on a containment shell  surrounding the reac tor .  Reactor 
core  vessels ,  simulated by smal l  p ressure  tanks, were burst  by chemical reactions 
of various ra tes ,  and the resulting pressure- t ime histories were recorded by piezo- 
e lec t r ic  a i r  blast gages placed a t  various distances from the core .  Results of 150 
observations a r e  tabulated and presented graphically. The test  resu l t s  were compared 
with existing blast  data for  chemical explosives and also with Brodets  theoretical 
analysis  of spherical  blast  waves. The use of an  explosive, which provided the fastest  
react ive ra te ,  proved to be the most practical means of sirnulaling reac tor  core  runaway. 
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ORGANIC CHEMICALS, INCLUDING FUELS, LUBRICANTS, 
AND OTHER PETROLEUM PRODUCTS 

Blanco K. E, Kibbey A H and Pannell J H 
, RADIATION STABILITY STUDIES: PART I - AQUEOUS ETHYLENEDIAMINE TETRA- 

ACETATE AND ACETATE SOLUTIONS; PART I1 - BECKMAN GLASS pH ELECTRODES, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. ,  Contract No. W-(7405)-Eng-26, 
September 22, 1952, 19 pp. (6 r e f s ) .  

An investigation of the radiation stabili t ies of aqueous solutions of sodium ethylene- ' 

diamine tetra-acetate and sodium acetate was made using a 3000-curie co60 source.  
It was found that the initial decomposition rate'of the ethylenediamine tetra-acetate was 
0.62 millimole p e r  watt-hour of absorbed energy. The decomposition ra te  of the 
s impler  acetate ion was not determined quantitatively, but the smal l  changes in the 
physical properties of the solution indicated a negligible o r  very low decomposition rate .  

., A study of the behavior of standard-size Beckman type glass pH electrodes in a solu- 
tion containing 0.36 curie  of ce14*  - . ~ r ~ ~ ~  activity per  milli l i ter showed the useful 
electrode life to be of the o rde r  of two to eight days. 

Ethylenediamine tetra-acetic acid, a chelating agent sold under the trade name Versene, 
has  proved to be a valuable reagent for  the separation of fission products a t  low radi-  
ation levels .  

Bolt R 0 and Carro l l  J G 
SUMMARY EVALUATION O F  ORGANICS AS REACTOR MODERATOR-COOLANTS, 
California Research  Corp. ,  Richmond, Cal i f . ,  March 15, 1955, 9 pp. . . 

Over the past severa l  years ,  a modest r e sea rch  effort has been maintained on a n  in- 
vestigation of organic compounds as possible reac tor  moderatur-coolants. l'he purpose 
of this repor t  is to summar ize  briefly the information presently available on cer tain 
organics  a s  reactor  moderator-coolants a s  an  aid in the formulation of a program fo r  
fur ther  development of these mater ials  for  this use.  

H a r m e r  David E 
THE REACTION O F  CHLORINE WITH AROMATIC COMPOUNDS UNDER INTENSE 
GAMMA IRRADIATION, 
Engineering Research Institute, '  University of Michigan, Ann Arbor,  Mich., Contract No. 
AT-(l l -1)-162,  May (19551, 30 pp. (81 re fs ) .  

The purpose of the program of investigation described below was to study the effect of 
gamma radiation on the chlorination of cer tain aromatic  compounds. Chemical 



reactions were car r ied  out in the presence of gamma radiation from two cobalt-60 
sources .  One of these sources had a strength of approximately 200 curies ,  and the other 
about 3000 cur ies .  Both were located in the Fission Products Laboratory of the Univer- 
sity of Michigan. 

Gamma radiation was found to be an outstanding promoter fo r  the addition of chlorine 
to benzene. The reaction proceeded with such speed in the 200 curie  source that it was 
necessary to dilute the reactant benzene with carbon tetrachloride in o rde r  to control 
the heat of the reaction, and to prevent the equipment from becoming clogged with solid 
reaction products. Radiation yields were of the order  of 19,000 to 114,000 molecules 
reacted per  100 electron volts absorbed by the system. The product of the radiochlor- 
ination of benzene was found to be the severa l  i somers  of 1, 2,  3, 4, 5, 6-hexachlox-o- 
cyclohexane, the commercially important gamma i somer  of which occurred to the 
extent of about 11 to.13%. 

The radiochlorination of toluene proceeded rapidly, although not so fast  a s  the benzene 
reaction. Most of the chlorine was consumed by addition to the ring, although substitu- 
tion also occurred. The addition product was separated from other reaction products in 
good yields, and appeared to be s imi la r  to mater ial  previously reported to be formed in 
minor amounts during the photochlorination of toluene. The addition p'roduct was con- 
verted to known compounds. 

A study of the initial reaction ra tes  of the radiochlorination of toluene revealed that the 
addition and substitution reactions were both dependent upon approximately the 0.5 power 
of the radiation intensity, within the range of 7.9 to 28.4 kilorep per hour. The amount 
of dosage was calculated from ferrous sulfate dosimetry, using a conversion factor of 
15.4 micromoles per l i ter-kilorep, where one r e p  corresponds to the absorption of 93 
e r g s  per  gram. The initial ra te  of addition was dep'endent upon the square of the 
ctllur.ine cuncentration, while the initial ra te  of substitution was dependent upon the 
square root of the chlorine concentration, between 1.8 and 3.0 moles / l i ter  of chlorine. 
The effect of temperature could not be determined with accuracy, but both the addition 
and the substitution reaction r a t e s  were increased by increasing temperature,  af ter  
corrections for  the changes in chlorine solubility had been applied. Long reaction 
chains were indicated in the toluene reaction, and the rapid addition reaction produced 
by the gamma irradiation appeared to be unique compared to other reported reactions 
of toluene. The partial  kinetics of the reaction can be summarized by the equation: 

Chlorobenzene was found to undergo a rapid addition of chlorine under gamma irradiation. 
Benzyl chloride, benzal chloride, and benzotrichloride, however, showed no reaction 
under the same conditions. Furthermore,  the addition of smal l  amounts of benzyl 
chloride to benzene o r  toluene produced a marked inhibition of the reaction when the mix- 
tures  were treated with chlorine under irradiation. Since a s imi la r  effect is not ob- 
served in the analogous photochemical reaction, the inhibition of the radiochlorination 
is very unusual. Oxygen gas was also found to inhibit both the addition and the substitu- 
tion reactions. Possible explanations of the differences between the photochlorination 
and radiochlorination of the aromatic compounds a r e  discussed. 

Bolt R 0, e t  a l .  
RADIATION RESISTANT GREASES, 
California Research Corporation, Richmond, Calif., Contract No. AT-(11 - 1 )-174, June 30, 
1956, 30 pp. (10 re fs ) .  
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Lubricating greases  were exposed to  radiation with three purposes in mind: 

1 .  To determine radiation level of damage for presently available commercial  
grease types.  

2 .  To develop g reases  of enhanced radiation stability. 

3.. To gain insight into the mechanism of change..' 

Small  samples  (about 12 .grams)  were exposed to gamma radiation; included were s ix 
commercial ly  available g reases  and two experimental types made from alkylbenzene 
fluids. The ,experimental g reases  retained consistency top a Consideu'ably Ilighe~. dusage 
.than the commercial  products. All g reases  showed a period of softening followed by 
eventual hardening. The softening appears t o  resul t  f rom attack on the gel s t ructure.  
Eventual hardening i s  due to  oil  polymerization. 

Four  of the above g reases  were  exposed to the reac tor  tlux ot rne lvlarerials Tesllng 
Reactor.  In t e r m s  of consistency, decomposition was excessive al'tei. 5 x 1OL0 slow 
neutrons per  s q  c m  except for  the grease made wirh alkylbenzelle whlcll w a s  sl i l l  
g r e a s e l k e .  

Samples of about 150 g r a m s  of ten different greases  were exposed in the canal source of' 
the Mater ials  Testing Reactor .  The greases  included commercial  types for  reference 
purposes,  commercial  types containing special additives and experimental products. 
After radiation, standard grease tes t s  were performed on the i r radiated sample so  that 
resu l t s  could be compared with data on the unirradiated greases .  Original bearing life 
was decreased by 2 to 20 fold after 6 . 5  x 10' roentgens. Oxidation stability was severely 
impaired a t  this -dosage, and low temperature torque was impaired to a minor degree. 
Evaporation, copper corrosion, and wear  were not significantly changed by radiation. 

Greases  made from alkylbiphenyl and alkylnaphthalene showed excellent resul ts  in stand- 
a rd  grease  tes t s .  After a dosage of 32 x 10' r ,  the performance of the alkylnaphthalene 
grease  was superior  to that of commercial  g reases .  Based on these results,  the techni- 
c a l  par t  of a proposed specification for a radiation resis tant  grease i s  included a s  
Ayverldix 111. 

Calkills V I' 
RADIATION DAMAGE TO NON -ME TALLIC MATERIALS, 
Aircraf t  Nuclear Propulsion Dept., Atomic Products Div.,  General Electr ic  Co., 35 pp. 

Pract ical ly  any mater ia l  will undergo some change in. physical o r  chemical properties in 
a given radiation field because of the action of the radiation on the mater ial .  The degree 
of the change in any physical o r  chemical property of a mater ia l  is a measure of i ts  
radiation damage. Ra.diation damage i s  a function of the nature and chemical configuration 
of the material ,  the part icular  physical o r  chemical being measured, the general 
and specific type of radiation involved, and the, total  dosage of radiation received. 

This  report  discusses  the mechanism of radiation damage, radiation units of measure-  
ment, specific types of radiation damage on organic liquids and fluids, and service life 
of nuclear power plant components. 



Pomeroy G W and Calkins V P 
IRRADIATION TESTING O F  ORGANIC LIQUIDS, 
General Electr ic  Co. ,  Atomic Products Div., Aircraf t  Nuclear Propulsion Dept. ,  
Cincinnati 15, Ohio, Contract No. AF33(038)-21102, AT-(11-'1)-171, August (1955), 42 PP. 

This report  summar izes  the resul ts  of irradiation tests  of organic mater ials  conducted 
in the HB-2 facility of the LITR and in the electron beam of the GE -ANPD 2-Mev 
Van de Graaff $ccelerator. Several organic liquids capable of withstanding tempera-  
tures  up to 650 F have been tested, and descriptions of the /tests and typical data a r e  
presented. 

A comparison of the data from the 3 0 0 ~ ~  reac tor  irradiation tests  indicated that alkyl- 
benzene 250 was more radiation stable than alkylbenzene 350 on the basis  of viscosity 
change and gas'evolution ra te  a s  a function of dosage, but was not a s  stable a s  
Dowtherm-A. When alkylbenzene 250 was subjected to reac tor  irradiation tests  a t  
50o0I?, i t  was found that the physical pro'perty chan e s  with radiation dosage were not 8 .  
markedly different from.those measured in the 300. F tests .  

In a search  for  liquids usable a t  6 0 0 ° ~ ,  Van de Graaff data indicated that Pentalene 95, 
Pentalene 195, and number 290 showed stability a t  these temperatures .  Of the three 
liquids tested to date, number 290 appears  most promising. A study of hydrogen con- 
tent and over-all  radiation stability i s  given. 

Ca r ro l l  J G and Bolt R 0 
DEVELOPMENT OF RADIATION RESISTANT OILS, 
California Research Corp . ,  5'7b Standard Ave . ,  Richmond, ~ a l i f o r n i a , '  ~ c t o b e r  (1958), 6 pp. 
(12  refs) .  

The objective of this work was  to develop oils of maximum radiation stability from 
readily available ingredients. Lubricants in three viscosity grades were  made with 
alkylbenzenes containing selected polymers and additives. Each new oil  was subjected 
to  standard t e s t s  to  determine if it met the specifications for presently used products 
made from minera l  oi ls .  The special oils complied with most requirements,  and shor t -  
comings were generally correctable.  Both the special and conventional oils were i r r a d -  
iated under water in the Canal Gamma Source a t  the Mater ials  Testing Reactor (MTR) 
in Idaho. Most conventional oils were damaged beyond usefulness at  10 x 10' roentgens 
(r). The alkylbenzene fluids s t i l l  retained lubricating qualities af ter  50 to 70 x 10' r and 
remained fluid well above 100 x 10' r .  These resu l t s  prove the feasibility of making 
radiation resis tant  lubricants by this new approach. 

. 8 

Bakh N A and Saraeva V V ' 

OXIDATION PROCESSES IN ORGANIC SYSTEMS UNDER THE ACTION OF IONIZING . . 
RADIATION, 
Associated Technical Selvices ,  Inc. ,  P .  0 .  Box 271, East  Orange, N .3. , (1958), 11 pp. (28' re fs )  

Among reactions which take place under the action of ionizing radiations in organic sub- 
stances,  oxidative processes  which occur during the irradiation of various systems in the 
presence of a i r  a t t ract  particular attention. This is due to their  wide distribution, the 



possibility of their pract ical  applications, and the i r  great importance in radiobiological 
phenomena. 

In the present  ar t ic le  radiation oxidation of individual compounds by molecular oxygen 
under conditions when the radiation energy is directly absorbed by the molecules being 
oxidized, which a r e  t ransformed into a reactive state a s  a resul t  of ionization, excitation 
and decomposition into radicals  a r e  examined. 

Data a r e  presented on n-heptane, acetone, di-isopropyl e ther ,  and di-isopropyl e ther  
in aqueous solution saturated with oxygen. 

Rice L R, Lt. 
NUCLl7 A R. RADIATION RESISTANT LUBRICANTS - A REVIEW OF 'I'HE 125A FLUID AND 
T..,T.TRRIC,ANT DEVELOPMENT PROGRAM, 
WADC, W right-Patterson Air  Force  Base, Ohio. Paper presented at the Second Semi-Annual 
125A Radiation Effects Symposium, Battelle Memorial Instilule, Columbus, Ohio, Octobcr 22-  
23, 1957. 

This  report  presents  a summary  oP' cur ren t  infoi-mation on the atatc of the a r t  of nuclear 
radiation resis tant  iubrfcant d e v e l u p r ~ ~ e ~ ~ l .  Dcrla art given 011 thc cffccto of gamma sadia" 
tion on a number of commercial  fluids and lubricants, with a discussion of potential 
problem a r e a s  to  be expected in their  use. Advanced mater ials  for  extremely high tem-  
pera tures  and radiation exposures a r e  discussed, and the present  s ta tus  of availability 
and production i s  outlined. . 

Gamma radiation effects on a synthetic based aircraf t  instrument oil, a corrosion- 
preventive oil, and an  internal combustion engine lubricating oil  show the same trend as 
observed for s imi la r  mater ia l s  in previous tes t s .  The flash point goes down with in- 
c reas ing  exposure, the neutralization number increases ,  gassing takes place, and cor ro-  
sive action during the oxidation-corrosion test  increases  markedly with the increase in 
gamma dosage. Of the oils reported, the internal combustion engine oi l  showed the least  
change with irra\diation, remaining essentially the same up to a dose of about 1 x 10' 
roentgens, whereas the i r~strument  oi l  and the corrosion-p~~ever~l ivt :  uil show sei-ious 
changes a s  low a s  1 x 107roentgens.  

Of the new base mater ia l s  for use in extreme conditions of temperature and radiation, 
the aromatic  e thers  continue to  show the most promise of usability. Relatively low 
melting compounds can be prepared that undergo minor change in 500°F oxidation- 
corrosion t e s t s  and form little c6ke ar remperatul-es a s  high cry 0 0 0 " ~ .  Radiation ex- 
posures  of about 2 x l o 9  roentgens cause aliphatic hydrocarbons and diester  mater ia l s  
such a s  di-2-ethylhexyl sebacate to become semisolid,  whereas cer tain substituted 
aromatic  ethers ,  although of greatly increased viscosity, were s t i l l  in the liquid state 
a t  eqliivalent exposures.  The major  cons id era ti or^ i t 1  the use of polyphenyl c thcrs  con- 
tinues to be the difficulty of preparation and purification of such compounds. 

This  report  is to be printed a s  Wright Air Development Center -Technical Report 5'7-299, 
P a r t  11. Copies will  be sent to  organizations receiving proceedings. 



Matuszak Alfred H 
THE DEVELOPMENT OF NUCLEAR RADIATION RESISTANT TURBINE ENGINE 
LUBRICANTS, 
Esso  Research and Engineering Co.,  Products  Research Div., Linden, N.  J. Paper  presented 
a t  the Second Semi-Annual 125A Radiation Effects Symposium, Battelle Memorial Institute, 
Columbus, Ohio, October 22-23, 1957, 26 pp. (6 refs) .  

This paper constitutes a progress  report  of work screening various mater ials  for  
possible use i n  the development of radiation resis tant  lubricants for  nuclear a i rc raf t .  

In Phase I of this work, finished mineral  and synthetic lubricants have been screened at 
gamma dosages up to  10' roentgens. The most promising of the minera l  oils tested is 
an inhibited paraffinic aviation-type oil. WS -3019, an experimental oil  of the MIL-L- 
25336 type, appears  to  be the most stable of the finished synthetic oils. 

In the work designed to develop a more radiation resis tant  lubricant (Phase 11), potential 
minera l  and synthetic base stocks a r e  being screened, a lso at  10' roentgens. This 
screening has revealed that inhibited paraffinic base stocks a r e  more resis tant  to 10' 
roentgens than the synthetics 'evaluated. An inhibited paraffinic base appears  to be the 
most promising Phase I1 oil  tes ted t o  date. Of the synthetics, tr idecyl carbonate and 
tridecyl terephthalate appear t o  be the most attractive. Certain shortcomings exist in 
a l l  candidates, however. 

The more  cr i t ical  changes induced by l o 8  roentgens on the propert ies  of the promising 
mater ia l s  a r e  discussed. Also general conclusions concerning the changes affected by 
radiation of fifty-seven mater ials  screened in this work a r e  summarized.  

Lusebrink T R, e t  a l .  
NUCLEAR RAD~ATION OF JET FUELS: EFFECT .OF UC)SE ON THERMAL STABILITY 
AND OTHER PROPERTIES, 
Shell Development Co. , Emeryville, Calif. Paper  presented a t  the Second Semi-Annual 125A 
Radiation Effects  Symposium, Battelle Memorial Institute, Columbus, Ohio, October' 22-23, 
1957, 32 pp. 

The effects of radiation dose and dose ra te  on thermal  stability and other properties have 
been investigated for  a number of typical jet fuels. In the range of 1 x 10' to 1 x 109r  
some of the fuel properties,  such a s  density, refractive index, hydrogen content and heat 
of combustion a r e  l inear functions of dose. The viscosity, however, increases  more  
rapidly than dose, whereas the ra te  of change of parameters  measuring unsaturation de- 
c r eases  with dosage, due to  the high reactivity of the radiolysis products. On the other 
hand, thermal  stability-log-dosage curves take a sinusoidal form, s imi la r  in shape but 
differing in amplitude. Low doses invariably reduce thermal  stability, but irradiation 
to high levels czn lead to  marked improvement. The tremendous losses  in  thermal  
stability observed with fuels subjected t o  a low-intensity neutron-gamma flux can be 
accounted for  by dosage and  soluble i ron effects. 

Numerous tables and curves a r e  included. 



Neely R J 
VARIATION IN RESULTS OF DYNAMICALLY AND STATICALLY IRRADIATED AIRCRAFT 
FLUIDS, 
Convair Division, Fo r t  Worth, Tex. Paper  presented at the Second Semi-Annual 125A 
Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-23, 
1957, 12 pp. (3  refs) .  

Five cases  of dynamic and static irradiations of a i rc raf t  fluids a r e  presented. The 
dynamic samples  were  i r radiated while operating in component a i rc raf t  systems.  The 
static samples  were placed to receive approximately the same integrated flux dose. 
Static and dynamic resu l t s  were divergent. 

Testing of the fluids by such standard evaluation procedures  a s  viscosity, specific 
gravity, index of refraction, e t c . ,  indicated that breakdown of the fluid was accelerated 
by operation in a nuclear environment. Predictions of the service life of these particular 
fluids could not be based on s tat ic  irradiation. Changes generally occurred most often in 
the viscosity and neutralization number of the fluids. 

Droegemueller E A 
DYNAMIC GAMMA RADIATION EFFECTS ON HYDROCARBON FLUIDS UNDER THERMAL, 
OXIDATIVE, AND MECHANICAL STRESS, 
P ra t t  & Whitney Aircraft ,  E a s t  Hartford, Conn. Paper  presented a t  the Second Semi-Annual 
125A Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-  
23, 1957, 39 pp. 

A pai r  of specially designed "hot" cel ls  with common dry  storage well have been con- 
s t ructed to use a high specific activity source of cobalt-60, to provide a high level 
gamma radiation flux for  dynamic tes t s  on hydrocarbon fluids for  use in future aircraf t  
propulsion units. Standard fuel and lubricant tes t  equipment were  modified to  allow the 
introduction of the cobalt-60 gamma source mater ia l  a s  close a s  possihle to the tes t  
section under thermal,  oxidative, and mechanical s t r e s s  s o  a s  'to obtain the highest 
possible gamma flux. 

A large number of lubricants were screened in an oil  coker s imi la r  to  a WADC De- 
position Tester ,  and a group of fuels were checked in a modified CFR Fuel  Coker. The 
effect of total  accumulated radiation dose on lubricants relative to  the formation of sludge, 
coke, and neutrali'zation number viras investigated. The effect of dynamic radiation, total 
accumulated dose, and preheater  temperature on goodness number was shown fbr severa l  . . fue 1s. 

. . 

A corrosion oil coker was developed to show the effect of dynamic radiation on the cor ro-  
sive propert ies  of the lubricants while under thermal  and oxidative s t r e s s . .  Ex-trcme 
differences were found between lubricants in their  attack of metal  specimens. 

. . 

A modified high-temperature bearing head using a 100 m m  bearing'was operated on an 
ERDCO Universal Tes t e r  while in a high gamma flux field. Sudden and dramatic changes 
in  the physical propert ies  of the lubricants were observed while undei- tes t .  

The program described in this  paper was instituted to  aid P ra t t  and Whitney Aircraft  in 
defining the limitations of presently available experimental hydrocarbon fluids for  use in 



fu ture  a i r c r a f t  propulsion units .  The s t r e s s  of radia t ion w a s  added to the the rmal ,  
oxidative, and mechanical  s t r e s s  to f u r t h e r  damage the f luids in  a n  a t tempt  to find the 
m o s t  s table  compounds. It w a s  fel t  that  the added s t r e s s  of radia t ion would help to 
s e p a r a t e  marginal ly  s table  compounds f r o m  the bes t  available compounds.  

Wall  L A, F l o r i n  R E and Brown D W 
E F F E C T  O F  IONIZING RADIATION ON FLUOROCARBONS AND RELATED SUBSTANCES, 
National Bureau  of Standards,  Washington 25, D. C.  P a p e r  p resen ted  a t  the Second Semi-  
Annual 125A Radiation Effects  Symposium, Bat te l le  Memoria l  Inst i tute,  October  22-23, 1957, 
11 pp. (11 r e f s ) .  

An investigation of the rad io lys i s  of .liquid f luorocarbons  and a l s o  polytetrafluoroethylene 
w a s  made .  It w a s  found that  the a r o m a t i c  f luorocarbon,  C 6 F 6 ,  is considerably  m o r e  
s t ab le  than the al iphatic f luorocarbon,  C7F16, a s  m e a s u r e d  by the acce le ra t ion  of 
s ty rene  polymerizat ion in  the p r e s e n c e  of the abobe compounds.  In the radiolys is  of 
pure  C6 F ~ ,  a s  in that of ' c ~ H ~ ,  "polymer" format ion is the m c s t  important  r e s u l t .  AI- 
though C6F6  tu rns  da rk .  dur ing rad io lys i s  in  g l a s s  v e s s e l s  long before  C, I-T, does, the 
y ie lds  of products  a r e  s i m i l a r  in ma'gnitude. Since g l a s s  is l ikely to be dele ter ious  to 
f luorocarbons ,  fu ture  work will  be  conducted in  nickel  v e s s e l s .  With polytetrafluoro- 
ethylene gaseous  radiolys is  products  w e r e  quite low. 

The degradation of f luorocarbon po lymers  is d i scussed ,  and i t  is pointed out that a f luoro-  
ca rbon  polymer  capable of a t  l e a s t  s o m e  c ross l ink ing  in  the p resence  of radia t ion would 
be  m o r e  r e s i s t a n t  to radia t ion than a po lymer  incapable of cross l inking,  a s  f a r  a s  physi-  
c a l  p r o p e r t i e s  a r e  concerned.  It is a l s o  probable that the p r e s e n c e  of a r o m a t i c  f luoro-  
ca rbon  groups  o r  o the r  types of unsatura ted  groups  in  a po lymer  may  lead to c r o s s -  
linking anel therefole e ~ i i ~ a r i c e  I-adiation r e s i s t a n c e .  

Mahoney C L, e t  al. 
DEVELOPMENT O F  RADIATION RESISTANT HIGH TEMPERATURE LUBRICANTS, 
Shell  Development C o . ,  Emeryv i l l e ,  Cal i f .  P a p e r  p resen ted  a t  the Second Semi-Annual 125A 
Radiation Ef fec t s  Symposium, Battel le Memoria l  Inst i tute,  Columbus,  Ohio, October  22-23, 
1957, 9 pp. 

Conventional e s t e r  and pet roleum hydrocarbon based lubr icants ,  depending on inhibi tors  
f o r  r e s i s t a n c e  to oxidation, a r e  v e r y  sens i t ive  to radia t ion damage and lack sufficient 
stab.ility f o r  high t empera tu re  u s e .  Selected a r o m a t i c  compounds, designed f o r  s tabi l i ty  
in  abscncc  of inhibi tors ,  appear  to be sui lable  f o r  use  a t  opera t ing t e m p e r a t u r e s  and . 
' radia t ion l eve l s  considerably  higher  than p r e s e n t  o i l s .  Stable a r o m a t i c  e s t e r s ,  ca rbon-  
a t e s ,  and polyphenyl compounds have been investigated,  but polyphenyl e s t e r  der ivat ives .  
have .shown the g r e a t e s t  over -a l l  p r o m i s e .  Unsubstituted polyphenyl e t h e r s  and e t h e r s  
substi tuted with a -cumyl o r  tert-butyl, groups  have good oxidation and t h e r m a l  s tabi l i ty  
and undergo only moderate  changes in physical  p r o p e r t i e s  dur ing i r r ad ia t ion  to 10' r a d .  
The lubrication c h a r a c t e r i s t i c s  of these  e t h e r s  a r e  marked ly  b e t t e r  than those of a r o m a t -  
i c  hydrocarbons .  Improvements  in the i r  low - t empera tu re  p r o p e r t i e s  through s t r u c t u r a l  
modifications a r e  being investigated and p r e l i m i n a r y  data a r e  p romis ing .  



Fainman M Z 
THE BEHAVIOR O F  FUELS AND LUBRICANTS IN DYNAMIC TEST EQUIPMENT' . 

OPERATING IN A RADIATION ENVIRONMENT, 
Inland Testing Laboratories,  Morton Grove, Ill. Paper  presented a t  the Second Semi-Annual 
125A Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-  
23, 1957, 16 pp. 

The chemistry laboratory and cobalt-60 radiation facility described at the f i r s t  125A 
Radiation Effects Symposium a r e  now complete. The physical and chemical propert ies  
of fuels and lubricants a r e  determine'd on tes t  samples  which not only allow the screening 
of products for  use in the test  machinery, but a lso enable interested participants to make 
intelligent appraisals  of the types of products that will operate satisfactorily in a radiation 
environment. Prel iminary experiments in the radiation environment, as well as the r e  - 
su l t s  of other investigators, indicxle Lhal Lhe fate ei csxidatfcsn of urga111c ~llulcl,iille ic. 
enhanced by radiation. As a consequence, emphasis has  been placed upon the operation 
of the CFR Fuel  Coker, the Model C Panel  Coker, and the Model F Deposition Tes te r .  
The accelerated damage to  most  mater ials  evaluated in this  tes t  equipment justifies their 
use a s  prel iminary screening devices before use in other machinery. 

Williams R R, Jr. and Hamill W H 

CHEMICAL EFFECTS O F  ELECTRON CAPTURE BY SOLUTES IN HYDROCARBONS 
DURING GAMMA IRRADIATION, 
Rrookhaven National Laboratory, Upton, N. Y., and University of Notre Dame, Notre Dame, 
Ind.,  September (1953), 7 pp. (7 re fs ) .  

The chemical effects of e lectron capture by solutes in hydrocarbons during gamma i r r a -  
diation a r e  presented and discussed. The experimental method is described. 'l'kle 
resu l t s  a r e  presented in two tables: Reactions of Solutes in Hydrocarbons for c o 6 0  
Gamma Radiation a t  25OC, and F i r s t  Ionization Potentials, Electron Affinites, and Bond 
Dissociation Energies  in ev. 

Michelson C 
RADIATION DAMAGE TO FREON, 
Oak Ridge National Laboratory, P. 0.' Box P, Uak Ridge, 'I'enn., SepremberA 50, 1955, G pp. 
(3.  re f ) ,  

This  study predicts the decomposition of Freon-1 1 by gamma radiation, resulting in the 
formation of ions which a r e  incompatible with s tainless  s teel .  The possibility of a cor ro-  
sion problem in the HRT cold t r aps  and refrigeration system, and also the possibilily of 
gas  binding and heavy oil  formation must therefore be considered. 

Silverman M n, et al. 
RADIATION DAMAGE TO FREON, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn.,  August 27, 1956, 4 pp. (5 refs). 



Radiation damage to Freon-11 (CC1,F) has  been reported a t  the Army irradiation 
facility a t  Dugway Proving Ground. The radiation stability of s imi la r  organic compounds 
has been summarized in recent reviews by Tolbert and Lemmon and by McDonell and 
Newton. Accordingly, the feasib,ility of using Freon  a s  a secondary refr igerant  for the 
HRT refrigeration system was questioned and discussed in memos by Michelson and 
Rudolph. 

I 
Since Freon was used without difficulty for the HRE, it was originally planned to  use I 

essentially the same refrigeration system for the HRT. However, a s  emphasized by 
Michelson, the HRE ran  for short  periods of t ime and at lower intensities than those 
contemplated for the HRT. Hence, it was deemed advisable to conduct a radiation ex-  
periment on Freon-1 1 to determine the decomposition products and their  amounts under i 

I 
conditions approximating those anticipated for the HRT. 

A Van de Graaff accelerator  was used for  this decomposition study, a s  i t  provides a 
100-fold more intense radiation source than the 1100 curie Co-60 source (Chemistry 
Division) which was not available for  prolonged continuous exposures and which was ex-  
perilnentally inadequate. 

Fainman M Z, Simpson R E and Offenberg N F 
EVALUATION OF FUELS, HYDRAULIC FLUIDS, AND LUBRICANTS UNDER DYNAMIC 
CONDITIONS IN THE PRESENCE O F  GAMMA RADIATION, 
Inland Testing Laboratories,  Cook Electr ic  Co. , Morton Grove, Ill. , Contract No. 
AF33(616)-3865, June 15,1957, 51 pp. 

A r e sea rch  program has been initiated for  the evaluation of fuels, hydraulic fluids, and 
lubricants, in  the presence a s  well a s  in the absence of gamma radiation. 

A general chemistry laboratory and a ce l l  sufficiently shielded to  house a 100,000 curie  
co60 source have been built to  conduct this investigation. This research  facility was 
designed and privately financed by .the Cook Electr ic  Company. The laboratory i s  now in 
operation t o  perform over 90% of the military specification tes t s  for fuels, hydraulic 
fluids, and lubricants. Seven of the dynamic tes t  machines have been.received and a r e  
being calibrated and checked in. The modified deposition r i g  will be used for prel iminary 
experiments in an irradiation environment during July 1957. 

Two shipments of cobalt-60 totaling 22,500 cur ies  have been received. They will be used 
for  preliminary irradiation studies. 

Keller F R 
GAMMA DAMAGE' TO ETHYLENE GLYCOL IN MTR 90-DAY COOLED.FUEL ELEMENT 
SHIPMENT, 
Phillips Petroleum Company, MTR Operations Branch, Idaho Fal ls ,  Idaho, Contract No. 
AT(10-1)-205, February 20, 1958, 3 pp. 

A shipment of 90-day old spent MTR fuel elements was made in late November 1957 using 
ethylene glycol a s  an antifreeze agent in the water  surrounding the four elements within 
the shipping cask. 



Radiation damage to the ethylene glycol was apparent af ter  five days in the cask.  An oil 
phase and a n  aqueous phase were present in the liquid drained from the cask, and some 
gelatinous mater ial  was observed on the fuel e'lements and the cask walls.  

As a consequence of this experience, the use of ethylene glycol a s  an  antifreeze has been 
discontinued in shipments of MTR fuel elements.  

Lucchesi P J, e t  a l ;  
HIGH TEMPERATURE RADIATION CHEMISTRY OF HYDROCARBONS, 
ESSO Research  and Engineering. Co.,  Linden, N. J. Paper  presented in Industrial and 
Engineering Chemistry, Vol. 50, pp. 878-884, June (1958). 

Radiation-induced cracking of pure hydrocarbons and mixtures is a long-chain reaction 
a t  320° to 5 1 0 ~ ~ .  Product distributions a r e  s imi la r  to those obtained with thermal 
cracking. The radiation yields ( l o 4  to l o 5 )  increase with increasing temperature,  a r e  
lower in  the liquid than the vapor phase, and increase a t  lower intensity. Radiocracking 
resu l t s  f rom both cobalt-60 and pile work can be qualitatively explained by assuming the 
Rice-Herzfeld radical mechanism. Close agreement between calculated and predicted 
radiation yields indicates that atmospheric pressure  radiocracking is an ordinary radical 
chain reaction. This gives new insight into the mechanism of thermal  decompusitivrl uf 
hydrocarbons, which is believed to be a chain process  of low chain length. 

LAC-NR-51 (Vol. 5)-50 

Fainman M Z 
THE BEHAVIOR O F  FUELS AND LUBRICANTS IN DYNAMIC TEST EQUIPMENT 
OPERATING IN THE PRESENCE O F  GAMMA RADIATION, 
Inland Testing Laboratories,  Morton Grove, Ill. Paper  presented a t  the 3 rd  Semi- Annual 
Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraft  Corp. , lviarietta, Ga. , 
12 pp. (1 re f ) .  

Seventy-nine fuels and forty'-one lubricants were studied to determine their suitability 
for  use in  a nuclear-powered a i rc raf t .  The mater ials  were 'evaluated in dynamic test  
equipment operating in a gamma-radiation environment.provided by 50,000 curies  of 
cobalt-60. 'l'he mechanical tes t  machines used Nere those that have been useful 111 p r e -  
dicting the performance of fue'ls and lubricants in the a i rc raf t  gas turbine. These me-  
c.hanica1 tests  conducted a t  elevated temperatures  in a radiation environment often affect 
mater ia l s  more drastically and a t  lower doses of radiation than anticipated, indicating 
that i t  is necessary to a s s e s s  the effects of mechanical, thermal,  and radiation s t r e s s e s  
a s  a combined environment. Ten fuels and s ix  lubricants were chosen which showed the 
best performance. Sufficient data were accumulated to show that a number of these 
products will operate satisfactorily a t  radiation doses of a t  least  1 0 ~ O e r g s / g r a m  carbon. 
These mater ials  a r e  suggested a s  the most satisfactory of those evaluated for  use in a , 

nuclear-propelled a i rc raf t .  

Rice W L R and Cox W L, Lt .  (USAF) 
THE DEVELOPMENT O F  NUCLEAR RADIATION RESISTANT SOLID FILM LUBR.ICANTS, 
Wright Air  Development Center,  Wright-Patterson Air Force  Base, Ohio. .Paper presented a t  
the 3rd Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraf t  
Corporation, Marietta, Georgia, 42 pp. (1 1 re fs ) .  



The effect of radiation on solid film lubricants is discussed. Data on wear  life, 
corrosion resistance, fluid resistance, and thermal  stability a r e  reported for twelve 
films. Exposures were conducted in the'presence of both gamma and neutron i r radia-  
tions. In general, little change was noted in the film performance indicating stability of 
the fi lms. 

Haley F A 
INTEREFFECTS BETWEEN REACTOR RADIATION AND MIL-L-7808C AIRCRAFT TURBINE 
OIL, 
Convair, Div. of General  Dynamics Corp . ,  Fo r t  Worth, Tex. Paper  presented at the 3rd Semi- 
Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraf t  Corporation, 
Marietta, Ga. , 1 2  pp. (1 ref ) .  

In an experiment to  investigate the intereffects of oil and reactor  radiation, s ix  specimens 
of MIL-L-7808C a i rc raf t  turbine oil  were i r radiated in the form of s labs of-one-half inch 
thickness. The specimens were stacked s o  that each acted to shield those behind it and 
the neutron and gamma radiation was measured between specimens. 

Comparison of measured values with theoretical curves for the charge in  the radiation 
field a s  it progressed through the oil  shows that the attenuation of neutrons and gammas 
through oi l  can be predicted with reasonable accuracy. 

Although the doses received by the specimens were not sufficient to cause extensive de- 
gradation of properties,  some increases  in viscosity and neutralization number were  
nuled, the extent of change in the oil  nearer  the reactor  being grea te r  than in the more  
remote specimens. 

LAC-NR-51 (Vol. 5) -53  

Mahoney C L, et al. 
DEVELOPMENT O F  RAD1ATIOIL':RESISTANT HIGH- TEMPERATURE LUBRICANTS, 
Shell Development Co . ,  Emeryville, Calif. Paper  presented at the 3rd Semi-Annual Radiation 
Effec ts  Symposium, October 28-30, 1958, Lockheed Aircraft  Corp . ,  Marietta, Ga. 7 pp. 

Polyphenyl e thers  a r e  very  promising mater ials  for further development a s  radiation- 
resis tant  high-temperature lubricants. The unsubstituted polyphenyl e thers  a r e  fa r  more  
stable than presently-used lubricants and can be.classed with the most resis tant  types of 
aromatic compounds (polyphenyls, aromatic silanes, e tc .  ) with respect  to radiation, 
oxidation and thermal  stability. Furthermore,  these e thers  have much lower melting 
points, better physical properties and much better lubrication character is t ics  than the 
other aromatic mater ia l s .  Liquid unsubstituted e thers  having pour points of 5O and 
40°F have been prepared.  Initial thermal  decomposition temperatures  of these e thers ,  
a r e  8 3 0 ' ~  o r  higher. 

Selected alkyl-substituted polyphenyl e thers ,  a-cumyl and tert-butyl derivatives, a l -  . 
though l e s s  stable than the unsubstituted compounds a r e  much more  resis tant  t o  radiation, 
oxidation and thermal  decomposition than typical antioxidant-containing oils.  . - .. 

Prac t ica l  methods of liquid polyphenyl e the r s  a r e  being actively investigated' 
with r ea l  promise of success .  



Handschy J R A, Armstrong J W and Gordon B E 
GREASES STABLE TO RADIATION UNDER DYNAMIC CONDITIONS, 
Lubricating Engineering, Vol. 14, No. 7, pp. 292-297, July (1958), (8 re fs ) .  

Conventional g reases  exhibit marked changes in physical propert ies  upon exposure to 
large doses of high-ene rgy radiation. Heretofore, these changes have been evaluated 
in  the usual bench-scale t e s t s  af ter  irradiating the greases  in vials  under static cundi- 
t ions.  While this method is quite ef.fective in identifying and eliminating those products 
most  sus'ceptible t o  radiation damage, it yields little information on the progressive de- 
gradation of g reases  under the combined effects of simultaneous irradiation, oxidation, 
and mechanical working typical of actual service.  To overcome this  limitation, a modi- 
fication of the Shell Holl 'I'ester suitable for underwater operating has  been developed 
and installed in the Gamma P'acility pool a t  the Materials Testing ~ e a c t o r ;  Idaho F'alls, 
Idaho. Details of.this tes t  r i g  a r e  presented in.the text. The equipment permits  
periodic examination of the degradation in mechanical s'lability of grease  under dynamic 
i r radiat ion conditions. Mechanical stability has  been found to be the parameter  most  
sensitive to radiation. 

The screening of many greases  and grease components under both static and dynamic 
conditions has  indicated the thickeners and oils which show the greatest  resis tance to 
radiation degradation. Greases  prepared with these components retain a good measure 
of the i r  initial serviceabili ty even af te r  exposure to more than 5 x l o 8  roentgens. 

Rice William L l3 
EFFECTS O F  GAMMA RADIATION ON ORGANIC FLUIDS AND LUBRICANTS, 
Nucleonics, Vol. 16, No. 10, pp. 101-103, October (1958). 

Irradiations of s ta t ic  samples  of lubricants and other organic mater ials ,  were conducted 
a t  ambient tempera tures  in the spent-fuel-element canal of the Mater ials  Testing Reactor 
and a t  Hanford. Dosages from the two sources a r e  reported in roeritgeiis, but, in accord- 
ance with standard Air Force  practice,  the roentgen values were converted t o  the carbon 
s tandard (87.'1 e r g s  per  gram of carbon pe r  roentgen). Dosages a r e  not corrected for 
gamma attenuation. 

The following fluids were i r radiated and tested: (a) a refined petroleum oil  such a s  is 
used in a i rc raf t  reciprocating (piston) engines; (b) a diester  -based a i rc raf t  -instrument 
lubricating oil; (c) a polymer-thickened sil icate e s t e r  high-temperature hydraulic fluid; 
(d) an  alkyl aromatic  fluid, monoisopropylbiphenyl (MIPB); (e) a paraffinic kerosene 
(special  J P - 5  from Eas t e rn  United States crude).  

Colichman E L and Gercke R H 
RADIATION STABILITY O F  THE TERPHE NY LS AND:"OTHE R POLY PHENYL MATERIALS 
AS MEASURED BY GAS EVOLUTION, 
Nuclear Engineering and Manufacturing, North American Aviation, Inc. , Downey, Calif. , 
Contract No. AT(11-1)-Gen-8, June 15, 1955, 23 pp.: (13 re fs ) .  . 



The gas yield resulting f rom the action of 1.0-Mev electrons on polyphenyls was  used to 
measure the radiation stability (expressed a s  GCas ) of some particularly promising 
polyphenyl organics for use a s  reac tor  coolants and/or  moderators .  The mater ials  
studied were  pure ortho-, meta-, and para-terphenyl, biphenyl, and para-quaterphenyl 
a s  well a s  the mixtures para-terphenyl- -meta-terphenyl and para  -quaterphenyl- -meta- 
terphenyl. Irradiations were ca r r i ed  out over the range 30° to  350 '~.  

Para- terphenyl  was found to  be considerably more  stable than ortho-, and meta-terphenyl, 
these being approximately equal. Para-quaterphenyl is slightly more  stable than pa ra -  
terphenyl, biphenyl (at 3 0 ' ~ )  being equal in stability to ortho- and meta-terphenyl. The 
stability of both mixtures  studied was c loser  to  that of the more  stable component than 
expected, a. synergistic effect on the stability being noted. The radiation stability of a l l  
the polyphenyls studied increases  with "polymertt concentration. This resul t  and the en-  
hanced stability of the mi.xtures a r e  explained on the basis of a proposed fluorescence- 
protective m o c h a n i ~ m .  

Kinderman E M, e t  a l .  
THE EFFECTS O F  HIGH-ENERGY, HIGH-INTENSITY RADIATION ON ORGANIC FLUIDS, 
Stanford Research Institute, Menlo Park,  Calif. Paper  presented a t  the F i r s t  Semi-Annual 
125A Radiation Effects Symposium, May 22-23, 1957, Convair, Fo r t  Worth, Tex. ,  16 pp. 

An investigation of the e'ffects of molecular s t ructure and type of radiation (electron and 
gamma) on the radiolysis of organic liquids has been completed. Data a r e  presented for  
comparison of both effects. Aliphatic and alkyl aromatic hydrocarbons and e s t e r s  were 
studied. Yields of radiolysis products were determined by a variety of analytical tech-  . 

niques, the principle ones being mass  spectrometry and gas partition chromatography. 

The observed radiation stability of the compounds varied in a systematic manner.  The 
principle radiolysis products formed were  those predictable from m a s s  spectrometry 
and chemical data. Qualitative s imilar i t ies  in product were found in the irradiations 
with electrons and gamma rays .  

Minden B M 
THE EFFECT OF NUCLEAR RADIATION ON PROTECTIVE COATINGS, 
Convair, Div. of General Dynamics Corp. , For t  Worth, Tex. , Contract No. AT-33(600)-32054, 
September 12, 1958, 34 pp. (10 refs) .  

Dow No. 17 anodic coating for magnesium and Hardas (sulfuric acid) anodic coating for  
aluminum alloys were i r radiated for  40 hours a t  500 kw [6.5 x 1 0 ~ * n / c m ~ ,  E>2.9 Mev, 
and 8.1 x 10' e rgs lg (c ) ] .  Post-exposure sal t -spray t e s t s  resulted in  excessivk co r ro -  
sion on the 24s aluminum alloy 'and no damage to magnesium-thorium alloy. 

General Paint Corporation Epoxy P r i m e r  HX-10447 wgs i r radiated.for  20 hours at  500 kw 
a t  300°F [3.2 x ' 1 0 ~ ~ n / c m ~ ,  E > 2.9 Mev, and 4.1 x 10- e r g s / g ( ~ ) ] .  The Epoxy res in  
p r imer  systkm showed very  ' g~d&~rad ia t ion  resis tance.  



McEwen Malcolm 
PRELIMINARY ENGINEERING STUDY O F  ORGANIC NUCLEAR REACTOR COOLANT- 
MODERATORS, 
Monsanto Chemical Co . ,  Research and Engineering Div., Dayton, Ohio, Contract No. 
NObs-66067, March 31, 1956, 80 pp. 

A tes t  loop was designed, constructed, and installed in the Bi-ookhaven National Labora- 
to ry  reac tor .  It was operated for the purpose of making a preliminary engineering study 
of the feasibility of using organic mater ia l s  a s  nuclear reactor  coolant-moderators. 

Even though the range of conditions obtainable in this loop system did not (and could not) 
cover  all- conditions that would exist  in reactors ,  the data a r e  sufficiently detailed on 
diphenyl and monoisopropylbiphenyl to  allow reasonably sa.fe extrapolations to  more  
stringent conditions. 

- - - -  

EFFECTS OF RADIATION ON AIRCRAFT LUBRICANTS AND FUELS, 
Quarter ly Report No. 6 ,  California Research Corp . ,  Richmond, Calif. , Contract No. 
Hb'YYib1b)-3184, May 31, 1 Y S 7 ,  186 pp. (14 re fs ) .  

A special  section entitled l 1  ~ u b r i c a n t  Product Summary1' begins on page' iv. All data a r e  
tabulated for  the cur ren t  best products developed in this  research  on greases ,  hydraulic 
fluids, gas  turbine oils, and gear  lubricants. 

Exploratory synthesis in  support of the lubricant development emphasized dia.rylal.kanes. 
These mater ials  were attractive a s  base stocks because of good physical propert ies .  
Of three different 1, 9-bis(butylpheny1)-nonanes prepared (200-gram batches), the 
n-alkyl derivative had the best viscosity and pour point properties.  However, infrared 
spec t ra  showed carbonyl groups which possibly caused observed oxidation. Several 
alkyl diphenyl e thers  were also synthesized during this  period, a s  well as alkylbenzenes 
and a ry l  eslers. 

Five pounds of the prefer red  radiation resis tant  grease, Calresearch 159 (alkylbi- 
phenylsodium terephthalamate), was i r radiated for 8 x 1 o8 r to  provide sample for  test 
work. Radiation damage was moderate; complete tes t s  a r e  in progress .  Several other  
g reases  of the terephthalamate type were i r radiated for 10' r at  350°F. Damage to  
physical propert ies  was not severe;  functional tes t  work is progressing. In exploratory 
r e sea rch  a grease made from an alkylbiphenyl fluid and a sodium mixed benzoate and 
N -0ctadecylterephtha1amate gelling agent was attractive in preliminary oxidation and 
radiation stability tes t s .  Different antioxidants a r e  under study in this grease.  Evapo- 
ration t e s t s  a t  350°F on new oi ls  showed a trioctyl-diphenyl e ther  and a polyoctyl-m- 
terphenyl to  be attractive a s  base fluids for  the further grease  formulations. 

In a fur ther  s ea rch  for.new bases for  hydraulic fluids, an experimental Dow Corning 
silicone having a high phenyl content was fourid to survive 10' r .  This unusual perform- 
ance was confirmed by a low gas evolution for  this dosage: about 2.4. m l  p e r  gram.  

CFR fuel coking t e s t s  were  performed on the five JP -4  fuels i r radiated for  gamma 
dosages from 1 to 10 x 10' r .  Thermal  stability of a l l  five fuels was better af ter  10' r 



than on the original. At 5 x 10' r ,  four out of five fuels were better than original, while 
a t  10' r only two were better.  'These data suggest the need for  fur ther  tes t  work on 
samples  i r radiated below the 10' r level. 

. . 

Hayward James  C, Jr. \ 

POLYMERIZATION OF ETHYLENE INITIATED BY GAMMA RADIATION (THESIS), 
Yale University, New Haven, Conn. , .Contract No. AT(30.- 1);1173, June (1955), 268 pp. 

' . 
(129 re fs ) .  

Initial r a t e s  of the polymerization of ethylene initiated by gamma radiation have been 
derived from total p ressure  measurements on batch sys tems of ethylene. Initial r a t e s  

0 
between about 0.1 and 60% per  day were obtained at temperatures between 80 and 460°F, 
p re s su re s  between 112 and 21 atm, and a radiation intensity of the order  of 100,000 r / h r .  
The initial r a t e s  correspond to ion-pair yields between 5 and 2,500 and to G values be-  
tween 20 and 10,000. The product was generally a liquid; however, a white waxy solid 
was obtained a t  room temperature and the higher pressures .  The reaction is homo- 
geneous and is strongly inhibited by a t race concentration of oxygen. Furthermore,  the 

0 
effect of a saturation electr ic  field on the ra te  of po1ymerizatio.n a t  80 F and 2 atm is 
small ,  i f  not completely negligible. 

A simplified version of a f ree  -radical  polymerization mechanism is presented. Accord- 
ing to this mechanism, the ion-neutralization energy is ineffective in the initiation of 
ethylene polymerization and, furthermore, the chain-transfer .p rocess  by which the 
liquid product is formed at elevated temperatures  is suppressed by. an increase in 
p re s su re .  

REIC-4(Add 1) . AD-210760' 

Cosgrove S L 
THE EFFECT O F  NUCLEAR RADIATION ON LUBRICANTS AND HYDRAULIC FLUIDS, 
The Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
March 31, 1959, 26 pp. (42 re fs ) .  

This report  is an  addendum to REIC Report No. 4,  he Effect of Nuclear Radiation 
on Lubricants and Hydraulic Fluids. " It reviews publications, repor t s  and other com- 
munications received by the Radiation Effects Information Center  during 1958. ~ 

. . 

Those basic radiation studies on drganic compounds of significance to  lubricant and 
hydraulic fluid development a r e  reviewed, and their  significance is discussed. 

, . 

. ~ad ia t ion - re s i s t an t  g a s  -turbine -1ubricarit development during,thb past year  has  centered 
ardund the expanded study of pblyphenyl e thers  and alkylated aromatic  ethers .  Meta- 
linked polyphenyl e thers  (unhibited) show promise for  use in  the 0 to 7 0 0 ~ ~  range and a t  
exposures up'to 1 x 10" e r g s  g-l (C). Alkylated aromatic 'e thers  (containing ant i - ,  

I oxidahts) a r e  somewhat l e s s  radia$ion stable, but show a useful tempera ture  range of 
-approximately - 35O to  6 0 0 ~ ~ :  

, Alkylated dipheiyl e thers  and diaryfalkanes show the most promise fir use in  conven- 
tional hydraulic systems under irradiation conditions. In hydrablic systems w.hich 
would tolerate high pour points (about  OF) and marginal '  high-temperature viscosity, 
unsubstituted polyphenyl e thers  could be used to  advantage. 



The combination of radiation-stable fluids and modified soap (terephthalamates) o r  non- 
soap thickeners has  resulted in greases  of adequate radiation stability for anticipated 
ANP needs. Likewise, commercially available dry-film lubricants show adequate radi-  
ation stability for anticipated ANP applications. 

Cosgrove S L 
THE E F F E C T  OF NUCLEAR RADIATTON ON LUBRICANTS AND HYDRAULIC FLUIDS, 
Battelle Memorial  Institute, 505 King Avenue, Columbus 1, Ohio, Contract No. AF33(616)- 51 71, 
Apri l  30, 1958, 70 pp. (50 r e f s ) .  

This  report  presents  the state of the a r t  of the effect of nuclear radiation on a.i.rcraft 
fluids from 1955 through 1957. 

A br ie f  review of the mechanism by which organic mater ials  degrade chemically under 
the influence of nuclear radiation i s  fn l lnw~rl  by a. discussion of thc radiation stability u l  
cur ren t  a i rc raf t  lubricants and hydraulic fluids. In general, military-specification 
a i rc raf t  lubricants and hydraulic fluids show inarlerliia tc radiation ~ t a b i l i t y  for  projected 
ANP purposes.  The incorporation of antirads into these materi,als does not providc thc 
necessary  additional stability. 

Aromatic compounds, specifically alkyl biphenyls, and substituted aromatic ethers 'show 
the most promise a s  radiation-resistant base stocks. In most ca ses  their  performance 
propert ies  have yet to  be fully evaluated, especially under in-source, o r  dynamic i r r a -  
diation conditions. 

Lubricants a r e  categorized by function; radiation-resistant lubricant and hydraulic-fluid 
development programs a r e  reviewed by chemical species  ra ther  than by the contracting 
agency responsible for their  development. The appendixes contain selected tabular data 
showing the effects of radiation on both conventional mater ia l s  and those developed for  
projected ANP use. I 

Hillenbrand L J 
THE EFFECT OF NUCLEAR RADIATION ON HYDROCARBON FUELS, 
The Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, November 30, 1958, 11 pp. (5 refs) .  

It is not surpris ing to find that complex mixtures such a s  jet fuels respond to irradiation 
in diverse ways. It is satisfying, however, to  find that, in a qualitative sense, the over -  
a l l  picture of the effects of radiation upon hydrocarbon jet fuels is also quite consistent. 

The extent to  which various radiation doses will affect the usual physical and chemical  
propert ies  of fuels has  been measured.  No simple relationship s e e m s  to  exist  between 
the effects of irradiation upon thermal  stability and upon other fuel propert ies .  However, 
both the thermal-stabili ty tes t s  and the fuel-property determinations indicate that de - 
hydrogenation, polymerization, and degradation occur .  It i s  interesting to  note, 
fur thermore,  that the changes in thermal  stability caused by irradiation (as  measured 
in a fuel coker)  tend to  disappear af ter  several  months of s torage.  



Wyant Robert E 
THE EFFECT OF NUCLEAR RADIATION ON ORGANIC HEAT-TRANSFER MATERJALS, 
REIC, Battelle Memorial Institute, Columbus 1, Ohio, February  28, 1959, 16 pp. (39 r e f s ) .  

This memorandum summar izes  the information available a t  the Radiation Effects 
Information Center on the radiation stability of organic heat-transfer mater ials .  

Of the mater ials  surveyed, the terphenyls show the greatest  radiation resis tance and a r e  
the preferred c lass  of organic heat-transfer mater ials  for  high radiation exposures.  At 
low exposures, the para-isbmer shows the greatest  resistance, while a t  higher exposures 
the three i somers  approach one another in stability. Monoisopropylbiphenyl, biphenyl, 
diphenyl ether,  and sil icate e s t e r s  a lso appear to possess  good radiation stability. . 

Ethylene glycol, chlorinated diphenyls, DC-710 silicone, and phosphate e s t e r s  have poor 
stability and should probably not be used where total  exposure exceeds about 
8.5 x 10' e r g s  g-l (C). 

Minor H B, et  a l .  
RESEARCH ON DETERMINATION OF THE STABILITY OF J E T  ENGINE FUELS, 
Quarter ly P rog res s  Report No. 1, September 1 thru November 30, 1956, Shell Deve,lopment 
Co. , Emeryville, California, Contract No. AF33(6 16) -3888 (1956), 33 pp. 

The possibility that the radiation resis tance of a jet fuel can be enhanced by the addition 
of aromatic compounds a s  "protectors' '  is being examined. It has  been found that such 
compounds, contrary to their  behavior in the f ree  state,  a r e  quite reactive in jet fuels 
on exposure to 10' r, although the products a r e  not necessar i ly  harmful.   he extent of 
reaction is greatest  a t  low initial concentration and va r i e s  greatly with both the nature 
of the aromatic and the substrate .  Thus the order  of decreasing reactivity is anthracene, 
hetero aromatics,  naphthalene, phenanthrene and diphenyl. Reactivities a r e  lower in 
aromatic substrates .  The reaction appears to involve radical  scavenging, leading 
(probably) to alkylated aromatics .  

The changes in composition occurring in  both jet fuel and model compounds a r e  very  
complex and model systems a r e  being used to  simplify the unravelling of the reaction 
mechanism. Even with systems such a s  cyclohexane and decalin, however, many new 
molecular species  a r e  formed, involving dehydrogenation, r ing scission, demethylation, 
polymerization and (with decalin) c i s  -transisomerization. The effect of radiation a t  - 
mosphere is not marked. 

Oxidation in storage of s ix  CRC jet fuels resulted in considerable variations' in subsequent 
high temperature stability tes t s .  Of s ix fuels, two exhibited pronounced improvement in 

. thermal  stability, three were  degraded by aging and one was substantially unchanged. 
Evaluation of a number of promising additives for t.he preservation of both storage and 
thermal  stability i s  continuing. , A few inhibitors initially'improve thermal  stability but 

. their  effect is l e s s  than that obtained from dispersants.  . 
. . 

An ozone-contairiing atmosphere had no adverse effect on the thermal  stability of a 
SR JP-4 .  In fact, one tes t  showed that the mild oxidation which occurred with ozone 
somewhat extended the plugging t i h e  of the fuel. 



Trace  metal  analyses by neutron activation a t  Oak Ridge National Laboratory confirmed 
e a r l i e r  data on soluble copper and revealed the presence of nickel and, possible, 
vanadium in jet fuels. Analyses for iron, chromium and cobalt were unsuccessful. 

Minor H a r r y  By e t  a l .  
RESEARCH ON DETERMINATION O F  THE STABILITY OF J E T  ENGINE FUELS, 
Quarter ly P r o g r e s s  Report No. 2, December 1, 1956 through February  28, 1957, Shell 
Development Co. ,  Emeryville, c a l i f : ,  Contract No. AF33(616)-3888, (1957), 27  pp. 

Examination of three jet fuels exposed to mixed gamma-neutron irradiation in the SPT 
No. 2 Tes t  a t  Convair shows that the thermal  stability of a lh three  fuels was considerably 
decreased by the exposure in spite of the fact that little chemical damage occurred. 
These resu l t s  a r e  considerably different than those observed af ter  exposure to  10' gamma 
from spent fuel elements in which two of the three fuels were  improved in thermal  stabil-  
ity and the third suffered only a relatively slight decrease,  even though chemical attack 
was considerable. The cause of the behavior following the neutron exposure is not known, 
although i t  may be connected with the formation of peroxides which resulted a s  a conse- 
quence of the exposure. 'l'he investigation of the radiation stabili t ies of fuel components 
and model compounds has been continued with the object of identifying the types of com- 
pounds that lead t o  poor radiation stability. 

At the present t ime we would conclude that the best choice of an ANP chemical fuel would 
be one composed almost exclusively 'of naphthenes. P r i o r  to  the resu l t s  of the SPT tests, 
our  recommendations ,would probably have included fuels which also contained paraffinic 
components. However, this  is extremely tentative and additional information on the 
effect of neutron irradiation on thermal  stability must be obtained. 

Mahoney C L, et  a l .  
ENGINE OIL DEVELOPMENT FOR WRIGHT AIR DEVELOPMENT CENTER, 
Quarter ly P rog res s  Report No. 6, February 1 through April  30, 1957, Shell Development Co. ,  
Emeryville,  Calif . ,  Contract No. AF33(616)-3182, (1957), 27 pp. 

The investigation of polyphenyl e ther  derivatives for  use a s  radiation-resistant high- 
temperature lubricants has continued to show pr.omise. In general, polyphenyl e thers  
have good radiation resis tance and thermal stability though a few derivatives a r e  defi- 
cient in this latter respect .  Lubrication character is t ics ,  a s  measured by high tempera- 
ture  four -ball wear tes ts ,  a r e  also good for  nearly a l l  of.  these compounds. Fo r  ethers  
a s  well a s  most other potential high-temperature lubricants, upper useful temperature 
l imits  a r e  much more often s e t  by.oxidation stability than by the other properties dis-  
cussed above. Unsubstituted polyphenyl e thers  a r e  appreciably more  resis tant  to 
oxidation and thermal decomposition than a r e  derivatives containing alkyl substituents. 
Unsubstituted ethers  that a r e  readily prepared, however, have ra ther  high melting 
points. The most promising substituted e thers  examined s o  f a r  contain tert-,butyl o r  
a -cumyl groups. with '  these substituents, low -melting compounds can be prepared which 

0 
undergo little change in oxidation-corrosion tests  a t  temperatures  approaching 500 F and 

0 
form little coke a t  800 F panel . temperatures .  Various stability and physical property 
relationships have been developed for  polyphenyl e ther  derivatives.  Only the s t ructure 
and the molecular weight need be known to make a close prediction of .the high tempera-  
ture  performance limits and physical properties.  



SCTM 139-59(16) 

C r o p p e r  W H 
THE RADIATION CHEMISTRY O F  ORGANIC DYES, 
Sandia Corporat ion,  Albuquerque, New Mexico, July 29, 1959, 32  pp. (37 r e f s ) .  

The genera l  f ea tu res  of the solution radia t ion c h e m i s t r y  of dyes a r e  considered in a 
review of the important  work i n  this  f ield.  

F o r  methylene blue, the dependence .of the decolorization yield on the following i s  d i s -  
c u s s e d :  

a .  The p resence  o r  absence of d issolved oxygen, 

b .  The p resence  of organic and inorganic added solutes ,  

c .  The p resence  of impur i t i e s ,  

d .  Changes in cncrgy  and d o ~ e  r a t e  of the ra.dSatinn, and 
.. . 

e .  Changes in pH. 

Also f o r  methylene blue, the equations developed in a n  e a r l i e r  work by the author  a r e  
. applied to many of the a b o v e s i t u a t i o n s .  .The radia t ion chemis t ry  of numerous  other  

. . dyes i s  a l s o  cons ide red .  

A, sect ion i s  included which develops a viewpoint concerning the oxidizing and reducing 
power of r a d i c a l s  in  solution, based on the ~ a l ' c u l a t i o ~  of oxidation potentials ,  and 
applications a r e  made to organic dye s y s t e m s .  R e m a r k s  a r e  a l s o  made concerning the 
effect of pH and nonaqueous solvents  on the mechanisms,  involved ,in the radiat ion. .de - 
composit ion of. dyes.  

Shekhtman I L,  Krasnovski i  A A and Vereschinski i  I  V 
A STUDY O F  TI-IE DECOLORXTIOX'OF'R~ETHYLENE BLUE UKDER THE IXFLUENCE 
OF ROEXTGEN RAYS, 
Trans la ted  f r o m  Dokladi Akademii  Nauk SSSR, Repor ts  of the Academy of Science, USSR., 
Vol. LXXIV, Xo. 4, pp. 767-769, (1950), (4 r e f s ) .  

. . . , 

The decoloration of a n  aqueous solution of methylene blue under the influence of roentgen 
r a y s  w a s  investigated.  Th i s  investigation was  fo r  the purpose  of studying the regu la r i t i e s  

' ,which a r e  connected with the mechan i sm of the action 'of radia t ion on aqueous solutions of 
organic  subs tances .  

The method of exposure  is discussed.  The method of determining the to ta l  dose  on the 
su r face  of a compound i s ' p resen ted .  The r e s u l t s  of the experi.ment a r e  p resen ted . in  four 
c u r v e s .  

Also  inves t igated. is  the inf luence of the addition of quinone, hydroquinone, glucose, and 
gl?-cerine to  the solution.  The o b ~ a i n e d  r e s u l t s  show that  the addition to  the dye. solution 
of fore ign organic  compounds r e n d e r s  a.consi .derable blocking act ion.  

, . 

The s a ~ i s i a c t o r y  reproducibil i ty of the decoloration reac t ion  and i t s  adequate sensi t iv i ty  
t o  doses  f r o m  1 - 3  to 15-23 kiloroentgen units p e r m i t s  it t o  be applied to  a s e r i e s  of c a s e s  
a s  a " roenrgen-chemical  d o s i m e t e r .  " 



Sullivan L 0 
PROBLEMS AND COSTS ENCOUNTERED IN THE HANDLING OF IRRADIATED FUELS, 
Knolls Atomic Power Laboratory, Schenectady, N. Y. Paper  given a t  Fourth Annual  
Symposium on Hot Laboratories and Equipment, held in Washington, D. C . ,  September 29 and 
30, 1955, 17 pp. 

Operating experience in the Radioactive Materials Laboratory is described with emphasis 
on problems and cos ts  encountered in  the handling of i r radiated fuels. The specific ?sob- 
l ems  covered include controi of design of the experiment, contamination, spent fuel 
s torage,  and waste disposal. 

Newlu~l  A I I ~ V S  S and McDoncll -W- R 
THE RADIOLYSIS PRODUCTS FROM ETHYL ALCOHOL; EFFECT O F  TOTAL ENERGY 
INPUT ON.THE RADIOLYSIS PRODUCTS, 
University of California Radiation Laboratory, Berkeley, Calif . ,  Contract No. 
W-(7405)-Eng-48, February  28, 1956, 9 pp. (11 re fs ) .  

Data a r e  presented on the effect of increasing bombardment on the yields of some products 
tormed in the helium ion irradiation of liquid ethyl alcohol. The energy input was varied 
from 0.029 to  2.7 x l o z 2  ev/ml.  Hydrogen, total  carbonyl products, and vicinal glycols 
decrease  markedly with increasing bombardment. The addition of acetaldehyde o r  
hexene-1 causes a .marked decrease in the yield of hydrogen but smal le r  changes in other 
products.  The resu l t s  a r e  discussed in t e r m s  of mechanisms involving charge o r  exci- 
tation exchange and radical  t r aps .  

tiriffith Laddie Ray 
RADIATION-INDUCED REACTIONS IN NONAQUEOUS SOLUTIONS, 
University of California Radiation Laboratory, Berkeley, Calif. , Contract No. 
W-(7405)-Eng-48, July (19561, 82 pp. ( 3 8  re fs ) .  

The photoinduced disappearance of 1, 1-diphenyl-2-p'icryl-hydrazyl, DPPH, in solution 
in s eve ra l  organic liquids was studied. 

Solutions of DPPH in cyclohexane, benzene, toluene, chlorobenzene and bromobenzene 
were  i r radiated with ultraviolet light of wave length 3126 to 3130 A. The initial r a t e s  of 
the disappearancepf DPPH were studied spectrophotometrically and were found to be 
nearly independent of the amount of light absorbed by DPPH except for DPPH in cyclo- 
hexane. The r a t e s  were., however, proportional to the amount of light absorbed by the 
solvent . 

The resu l t s  indicate that the' reaction i s  one of short-lived excited species.of the solvent 
molecules in benzene, toluene, chlorobenzene, and'bromobenzene. Furthermore,  the 
excited species  responsible for the reaction is the lowest triplet  state of the solvent 
molecule. A reaction of f ree radicals  produced by the photodissociation of bromobenzene 
probably contributes to the ra te  of disappearance of DPPH in bromobenzene. 



Reactions of excited s ingle t  s t a t e s  would not be observed in the DPPH concentrat ion 
range studied because  the l i fe t imes  of the excited singlet  s t a t e s  of these  molecules  a r e  
s h o r t  compared  with the t ime between col l i s ions  of these excited s t a t e s  with DPPH.  

Invest igators  using the r a t e  of d isappearance of DPPH a s  a f r e e - r a d i c a l  counting 
technique in radia t ion c h e m i s t r y  mus t  cons ide r  that DPPH a l s o  r e a c t s  with a t  leas t  s o m e  
of the excited s p e c i e s  p resen t  in the i r r ad ia ted  solut ions .  

Nixon Alan C and Thorpe Roy E 
STABILITY O F  J E T  TURBINE FUELS, PART V, 
Effects  of Nuclear Radiation, Emeryv i l l e  R e s e a r c h  Cen te r ,  Shell Development C o . ,  
Contract  No. AF33(616)-2707, Apri l  (1937), 7 1  pp. 

The Emeryv i l l e  R e s e a r c h  Center  of Shell Development Company is studying the effects  
of ionizing radia t ion on jet fuels  and thei r  components,  pa r t i cu la r ly  with r e s p e c t  to 
radiat ion-induced changes in t h e r m a l  s tabi l i ty .  This  investigation i s  p rogress ing  in 
th ree  d i rec t ions  : 

1 .  Evaluation of radiat ion damage in t e r m s  of the rmal  and oxidative s tabi l i ty .  . 

2 .  Determination of the chemica l  changes  by spect roscopy and 'phys ica l  s e p a r a -  
t ions .  

3 .  Evaluation of the feasibil i ty of "radiat ion p ro tec to r s"  ( e .  g.  , a r o m a t i c  
compounds).  ' 

Differences a r e  noted between the damage suffered by var ious  jet fuels ,  both with r e g a r d  
to chemical  changes and stabil i ty ef fects .  On the bas is  of the in f ra red  s p e c t r a  of the ir- 
radia ted  fuels ,  three  genera l  radia t ion reac t ions  occur  in jet fue l s :  

1 .  Format ion  of carbonyl  compounds (in a i r ) ,  

2.  Format ion  of olefine (in both a i r  and nitrogen),  

3 .  Destruction of benzene and naphthalene (par t icular ly  in n i t rogen)  

I r radia t ion of jet fuels to 1 x ld3 roentgens  i n c r e a s e s  soluble gum ( a s  m e a s u r e d  by 
chromatogum,  with and without p r i o r  aging) to about the s a m e  level  in e i the r  a i r  o r  
ni trogen.  The insoluble gum level  is not a l t e r e d  appreciably  in e i t h e r  c a s e .  

Of the th ree  typical  jet fuels ,  two (a spec ia l  kerosene and a' J P - 5  fuel  - Los  Angeles 
0 

Basin c r u d e )  improved in t h e r m a l  s tabi l i ty  a t  450 F a s . a  r e su l t  of , i r radia t ion in a i r  to . 

10' roentgens .  A J P - 4  fuel  - San Joaquin c rude  - on the o the r  h ind ,  w a s  affected a d -  
ve r se ly ,  a s  judged by fi l ter-plugging t endenc ies . ,  Fil ter-plugging t ime  w a s  reduced by a 
fac tor  of 2 to 3 .  A s t a r t  w a s  made towards  re la t ing the t h e r m a l  s tabi l i ty  of these  fuels.  
to composit ion changes .  

The r e s u l t s  of ini t ial  s tudies  of " radia t ion p ro tec to r s"  indicate that the a romat ic  c o m -  
pounds investigated thus f a r  do not genera l ly  extend sponge-type protection to jet fuels ;  
instead they themselves  reac t  in substant ia l  amounts  on i r radia t ing,  in nitrogen o r  a i r ,  
jet fuels  containing 2.5 to 20% w of added a r o m a t i c  compounds.  

At the p resen t  t ime the bes t  choice f o r  a radia t ion-s table  jet fuel  would appear  to be one 
s i m i l a r  to the spec ia l  kerosene,  RAF-99,  r e f e r r e d  to above.  . 



Swakon Edward A 
DEVELOPMENT AND EVALUATION OF HIGH TEMPERATURE GREASE, 
Standard Oil Co. (Indiana), Research Dept. , Whiting, Ind. , Contract No. AF33(038) - 23687, 
September (1956), 54 pp. 

In the work directed toward the development of an aircraf t  grease suitable for  use over 
the temperature range from -65O to 4 5 0 " ~  and higher, emphasis was placed on the 
development and evaluation of arylurea greases  made with the best available fluids and 
the development of thickeners for  use a s  high a s  700°F. The chief c r i te r ia  of laboratory 
evaluation were  performance in  the ABEC-NLGI Bearing Tester ,  the Navy Gear-Wear 
Tes te r ,  low-temperature torque test, apparent viscosity and linear screw-and-nut 
actuator.  

The grease  selected t o  replace MLG-9305 consists of DC-550 Silicone Fluid thickened 
with.para-tolyl and para-chlorophenylurea derivatives of bitolylenediisocyanate. It was 
designated MLG-9349. ,All the thickener ingredients a r e  commercially available and the 
manufacturing procedure was greatly simplified by this  choice of ingredients. The 
corresponding grease made with DC-XF-258 Silicone Fluid was designated MLG-9360 and 
wmes closest to  meeting the proposed requirements for  a grease for the temperature 

. .range from -65' to  450 '~ .  Arylurea grease of Hercoflex 600 (polyester) is the best  
choice for a grease for use from -65O to 3 5 0 O ~  with good lubricity; bearing performance 
a t  3 5 0 ' ~  averaged about eight t imes longer than that obtained with MIL-G-3278 greases .  
Pteridine derivatives were the most promising compounds uncovered during this  period 
for thickeners for  use in greases  in excess  of 4 5 0 ' ~  and a s  high a s  700°F. An anti-  
oxidant, MLO-55-53.5, was at  least as good as phenothiazine o r  dilauryl selenide in 
e s t e r  greases .  An antiwear agent, MLO-55-499, in silicone greases  was effeclive i n  
reducing wear  in the Navy gear-wear test ,  but not enough to  pass  the requirements under 
the ten-pound-load conditions. The fluid continues to be the limiting component in the 
development of a grease  with good lubricity for- the .lerrlperature range froin -65O to 
4 5 0 ~ ~  and ahove. 

WADC-TIX-53-337 (Pt.  3 )  
. . 

Raley C F 
POLYNUCLEAR AROMATIC COMPOUNDS FOR HIGH TEMPEKATUHE LUBRICANTS, 
Technical Report No. 13, Final  Report for period from November 20, 1954 to  November 20, 
1955, Dept. of Chemistry and Chemical Engineering, Southwest Research Institute, 
San Antonio, Tex. , Contract No. AF33(616)-276, February  (1956), 45 pp. (1 ref) .  

The program of investigation of the c lass  of a r y l  phosphate e s t e r s  was continued. These 
mater ia l s  possessed the most 'promising high-temperature propert ies  of those examined. 
The a r y l  groups found to be the most thermally stable were phenyl, fluoro- and 
chlorophenyl, m -trifluorome thylphenyl, 4 -biphenyl, dimethylphenyl, 5 -indanyl and 
,naphthyl. The s imple phosphate' str'ucture was found to be quite stable; ' : ~ ~ r o s ~ h o s ~ h a t e s  
had the drawbacks of mediocre thermal  and hydrolytic stability, although apparently 
possessing good oxidative stability. ' '  

Compositions prepared by reacting two o r  three different phenols with the proper  amount 
of POC1, wc r e  also investigated. These compositions ejrhibited markedly lessened 
tendency to  crystallization. Many of the 'compositioris~ possessed propert ies  almost 
identical t o  pure compounds having equivalent phenol proportions, and had the advantage 
of grea te r  ease of preparation. 



0 
A total of nine fluids were prepared which possessed a liquid range of a t  least  .-20 to 

0 
800 F .  Many of the compounds and compositions prepared, including others not meet- 
ing this liquid range, a r e  considered to have potential .use value. 

. . 

Several generalizations were drawn from the resul ts  of the over-al l  program. It was 
found that thermal and oxidative stability do not necessar i ly  go together. Strongly polar 
substituents on the aromatic r ing adversely affect hydrolytic stability. Two o r  more 
polar groups on a monocyclic r ing adversely affect the thermal stability; one polar group 
on a bicyclic r ing adversely affects thermal  stability. A marked effect on such physical 
properties a s  boiling point, melting point, viscosity, e t c . ,  is observed, depending on 
the nature bf the substituent groups. The more compact molecules generally have the 
greatest  tendency to crystall ize,  with the boiling point increasing with the molecular 
weight. 

Indications were obtained of the possibility of inhibiting the oxidation of a ry l  phosphates 
by the additinn nf smal l  amounts of heterocyclic phosphates. 

Schmidt J E ,  Krimmel John A .and Hobaugh John R 
DEVELOPMENT O F  CHAIN-TYPE POLYPHENYL COMPOUNDS FOR USE AS HIGH 
TEMPERATURE LUBRICANTS AND HYDRAULIC FLUIDS, 
Denver Research Institute, Denver, Colo.,  Contract No. AF33(616)-2939, March (1956), 
106 pp: (2  re fs ) .  

A comprehensive l i terature survey on biphenyl and other "chain type" polyphenyl com- 
pounds was conducted, and abstracted data were s tored in a centr.al card  file and on 
IBM punch cards .  Based on the collected data and correlations thereof, a s e r i e s  of 
biphenyl and terphenyl compounds were synthesized and tested for thermal  stability 
'and other physical properties.  

Alkyl derivatives of biphenyl and of m-terphenyl showed considerable thermal  stability. 
It is suggested that, among other alkyl-m-terphenyl derivatives, compounds with good 
thermal  stability and wide liquid range may be expected. 

Rice William L R, 1 /L t .  (USAF) 
THE EFFECTS O F  NUCLEAR RADIATION ON MILITARY SPECIFICATION GREASES, . "  
Materials ,Laboratory, Wright Air Development Center,  Wright-Patterson 'Air, Force  Base, 

. .. 
Ohio, ~ e c e m b e r  (1956), 23 pp. (8  re fs ) .  

A portion of the Air  Force  effort toward the development of nuclear radiation resis tant  
. lubricants. i s  devoted to an evaluation of the effects of gamma r a d i @ t i ~ n , ~ n  aGaiIable 

. ' .specification and nonspecif icat i~n grease5.  ~ i t a  a r e  qn 't.he . _ , .  effects ... . of gamma 
.radiation on. 47 greases .  Many of the grease? tested appkar to be.satisfactory for  use . . 

. ,af ter  bxpos,u.Se.to about 1 k 1.08'roentgens, . . the screening , . . . dosage us,e'd for ' thkse , . .  sthdies.  



Zebroski  Edwin L and Kinderman Edwin M 
A COMPARISON O F  HIGH-ENERGY EIACTRON AND GAMMA IRRADIATION EFFECTS ON 
ORGANIC LIQUIDS, 
Stanford Research Institute, for  Mater ials  Laboratory, Wright Air  Development Center, 
Wright-Pat terson Air Fo rce  Base, Ohio, Contract No. AF33(6 16) -3738, June (1957), 16 pp. 
(22 re fs ) .  

Gamma and neutron radialioris a r e  among the environmental conditions that will be en- 
countered on nuclear-powered aircraf t .  It is desirable t o  determine the useful life of a l l  
mater ia l s ,  components, and sys tems under the anticipated conditions before actual flight 
testing. Screening, development, and proof-testing of mater ia l s  and components to find 
those which will withstand these conditions of radiation require  extensive and costly tes t -  
ing programs.  Often, accelerated t e s t s  a r e  desired in screening and "state of the art" 
experimental work. Accelerated testing in a gamma radiation environment: car1 be ac -  
complished in part  by utilization of high-intensity gamma sources. ~ u ' r r . e ~ ~ l l ~ ,  sue11 
sources  a r e  limited t o  average close r a t e s  of about 5 x 10"  ergs/grarn/huur ( l l~a l  is, 
about 5 megarepthour) .  Wherever radiation exposures over  1 ~ ' l  e r g s  /gram a r e  r e  - 
quired, the irradiation t imes  required a r e  often too long for  convenience in screening 
t e s t s .  It has  been proposed, therefore,  that high-energy electron irradiation be subst i -  
tuted, where applicable, for  gamma irradiation to accelerate  testing programs.  

P re sen t  electron acce lera tors  a r e  capable of delivering radiation dose r a t e s  up to  about, 
300 t imes  grea te r  than the best gamma sources.  By shortening the test, o r  experiment, 
this  g rea t e r  dose ra te  may produce a substantial increase in the r a t e  of learning for  a 
given t ime and effort .  However, before taking advantage of such rapid irradiations i t  
mus t  be determined if the effects of electron irradiation a r e  equivalent to  those produced 
by garrlrna irradiation. 

This repor t  presents  an intercomparison of gamma and appropriate high-energy electron 
irradiations.  Neutron irradiation is not t reated here,  although some of the considerations 
may a lso  apply to  the effects of neutron irradiation. Included in the presentation is a 
review of the qualitative aspects  of the current  theories of radiation effects, a survey of 
the experimental observations reported in the l i terature,  and a summary  of the recent 
experimental  comparisons made at Stanford Research Institute. 

WADC -TR-57-177 

Mahoney C Lynn, et  a l .  
ENGINE OIL DEVELOPMENT, 
Shell Development Co. ,  Emeryville, Calif . ,  Contract No. AF33(61G)-3102, November (1956), 
96 PP. 

Inhibited lubricants, made from e s t e r  o r  aliphatic-hidrocarbon base oils, a r e  highly 
sensitive to.radiation damage even in absence of oxygen. The effect on the base oil  i t -  
self, measured by such propert ies  a s  viscosity change o r  formation of acidic products, 
i s  generally relatively sma l l  a t  radiation doses l e s s  than 10' reps .  The antioxidant, 
however, ac t s  a s  a radical.scavenger.  While protecting the base oi l  against radiation- 
induced change, i t  is selectively inactivated. Loss  of the antioxidant activity leaves the 
lubricant unprotected against attack by oxygen, which leads t o  formation of corrosive 
mater ia l s  and deposits. Degradation products formed during irradiation uf e s t e r  oils 
a l so  greatly reduce the oxidation stability of inhibited lubricants. 



Auto-oxidation proceeds through free radical  chain reactions.  Therefore,  .oxidation 
reactions would be accelerated during irradiation. The stability of inhibited oils, in  
oxidation-corrosion t e s t s  conducted in a gamma-ray source, decreased rapidly a s  the 
radiation dose ra te  was increased. At 4 0 0 ° ~ ,  a dose ra te  of 1.5 x l o 4  r e p l h r  short-  
ened the stable life of a wide variety of antioxidant-oil combinations to  approximately 
7070 of that obtained in absence of radiation. When the dose ra te  was increased to  7.2 x 
l o 5  . r ep /h r ,  only 2570 of the original stability was retained. In oxidation t e s t s  a t  3470F 
and dose r a t e s  of 7. 2 x l o 5  rep /hr ,  only 1270 of the unirradiated stability was found for  
various types of antioxidant-oil blends. The stable lives of a l l  inhibited lubricants 
tested, in irradiated oxidation-corrosion tes t s  a t  both 3 4 7 O ~  and 4 0 0 ' ~ ~  appeared to  be 
approaching zero  at an  estimated dose ra te  of 2-5 x l o 6  r ep /h r .  The total gamma-ray 
dose absorbed during the stable life of the various antioxidant-oil blends depended on the 
relative stability of the blend, the temperature of the tes t  and the radiation dose rate,  
but in no case was i t  g rca te r  than 2 x 10' rep .  

No protection against antioxidant radiation damage was found through use of radical  
scavengers o r  energy t rancfcr  agcnts (various iucliue-containing compounds o r  aromatic 
mater ials) .  Base oil  damage could be reduced through use of such mater ials ,  but the 
reactivity of antioxidants towards radicals  was considerably grea te r  than compounds 
added a s  protectors .  

The dialkyl selenides show some promise for use with e s t e r  o r  hydrocarbon base oils at  
temperatures  and radiation levels somewhat above those attainable with the more  usual 
antioxidants. On an equal weight basis, the dialkyl selenides a r e  slightly l e s s  'effective 
than phenothiazine in imparting oxidation stability o r  in protecting e s t e r  base oils f rom 
radiation damage. However, they can be used in much higher concentrations without 
greatly affecting the deposit-forming tendency of the lubricant. The selenides must be 
kept from contact with copper and s i lver  to  avoid corrosion and loss  of activity. 

F o r  use at bulk oil  temperatures  above 400°F o r  a t  total  radiation doses of 10 rep  o r  
higher, inherently-stable, aromatic -containing mater ials  will probably be needed. P r e  - 
l iminary work with specifically designed compounds has been directed towards determin- 
ing the advantages and disadvantages of the various types of substituents and linkages 
that can be used with aromatic compounds. Ter t ia ry  butyl and carbomethoxy groups a r e  
promising substituents for use with benzene derivatives. 

Silyl, ether,  and e s t e r  groups can be used to link aromatic nuclei without large reduction 
in oxidation o r  radiation resistance. Prel iminary examination of some of these synthetic 
compounds shows that their  useful life, determined in oxidation t e s t s  a t  4 0 0 ° ~ ,  would be 
a t  least 10 to 20 t imes  longer than the most stable of the MIL-L-7808C es t e r  lubricants. 
Additional aromatic derivatives a r e  being prepared and examined in various high temper-  
a ture  screening t e s t s .  

Matuszak Alfred H 
NUCLEAR RADIATION RESISTANT TURBINE ENGINE LUBRICANTS, 
Products Research Div.,  Es so  Research and Engineering C o . ,  Contract No. AF33(616)-3181, 
September (1 957), 47 pp. 

This report  covers  the resu l t s  of work aimed at developing radiation resis tant  turbine 
engine lubricants. The work has been divided into two par t s :  (1) Phase I covering 
finished lubricants and (2) Phase I1 covering potential lubricating oil  base stocks, a l l  
screened a t  dosages up to 10' roentgens. 



In the Phase I program, twenty-four oils were screened. These included finished o r  
slightly modified mineral-based aviation oils, es ter-based synthetic lubricants and a 
polyalkylene glycol mono ether  lubricant. At 1 o7 roentgens no appreciable changes 
occurred  in lubricant propert ies .  At 10' roentgens, cer tain modifications of the mineral  
oi ls  evaluated showed good retention of original physical and chemical properties.  With 
uncompounded oils (Esso Aviation Oil 65 and 100) borderline performance was obtained 
in  the MIL-L-7808 foam tes t  and in the 3 4 7 ' ~  oxidation-corrosion stability tes t .  These 
deficiencies can be partially overcome through the itlcorpor.al1~11 UP a c l d i l i ~ e ~ .  For im 
proved oxidation-corrosion stability, phenyl-alpha-naphthylamine is beneficial. How- 
ever ,  silicones a r e  not v e r y  effective in maintaining foam suppression af ter  irradiation. 
Additional work will be required to  improve the foaming tendencies of mineral  oils.  

In the  P h a s e  TT program twenty-three base stocks o f  varying chelnical s l i  uctilres wcrc 
screened  a t  10' and/or  1~' roentgeris. As in Ule case irf Phase I lubricantc lhe Pliase I1 
lubricant base stocks were  evaluated against Mililary specification tes t s ,  notably 
MISJ-L-7808 and MIL-L-9236. 'I'he most attractive maler ials  evaluated wcrc thc in- 
hibited minera l  oil  base stocks of which Barosa 56, a paraffinic base, is representative. 
Evaluation of this mater ia l  at  higher gamma dosages (5 x 10' and 10' roentgens) is con- 
templated. 

In the future program this  initial effort to develop a radiation resis tant  lubricant will be 
expanded to include the evaluation of other synthetic and petroleum-type finished oi ls  and 
base stocks. Part icular  s t r e s s  will be placed on higher flash base stocks, many of which 
a r e  available commercially.  Others may have to  be synthesized. Any promising mate-  
r i a l s  coming out of this screening program will be tested a t  higher gamma dosages. The 
most  attractive base stocks will then be blended into finished oi l  formulations and finally 
evaluated further a s  radiation resis tant  engine lubricants.  

Hice ~ i l l i a m  L R,  1 /L t .  (USAI?) and wBy James  H, l / L t . '  (USAF) 
EFFECTS O F  NUCLEAR RADIATION ON ORGANIC FLUIDS. PART I. GAMMA RADIATION 
STABILITY OF CERTAIN MINERAL OILS AND DZSTER FLUIUS, 
Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, June (1957), 
21 pp. (6 r e f s ) .  

A study was made of the stability to gamma radiation of cer tain refined petroleum oils 
and diester  fluids. Testing of the irradiated fluids by means of lubricant evaluation 
procedures,  such a s  viscosity, flash point, and oxidation-cor.rwsioi~ resistance, indicated 
that for  the tes t s  conducted, the mineral  oils of the type studied should have general r e -  
s is tance to  gamma radiation up to a dosage of about 1 x lo8 roentgens. Thc diester fluid 
rli-2-ethylhexyl sebacate (Plexol 201) had very  poor stability t o  gamma radiation over 
the same range. Addition of 0.570 phenothiazine improved the radial ivr~ resis tance of 
this  base fluid, except fo r  the loss of oxidative stability experienced a t  dosage levels of 
1 x l o 7  roentgens and lower.  

Examination was made of the tes t  data for  the i r radiated fluids to determine if any prop- 
e r t y  changes followed the radiation exposure history. This was to  discover i f  either the 
mine ra l  oil o r  diester-typefluids could be used a s  secondary reference standards for 
radiation calibration of nonuniform geometries exposed t? nuclear radiation, such as 
bearing assemblies  o r  circulating fluid loops. The changes offering the most promise 



were  the increase in neutralization number of the diester  fluid and the gas evolution of 
the mineral  oils.  

Rice  W L R, 1 /Lt. (USAF) 
NUCLEAR RADIATION RESISTANT LUBRICANTS, 
Materials Laboratory, Wright Air Development Center, ARDC, USAF, Wright-Patterson Air  
Force  Base, Ohio, May (1958), 24 pp. (25 re fs ) .  

This report  presents  a summary  of current  information on the state of the a r t  of nuclear 
radiation resistant lubricant development. Data a r e  presented on the effects of gamma 
radiation on a number of commercial  fluids and lubricants, -with a discussion of potential 
problem a reas .  Advanced mater ials  f o r  extremely high temperatures  and radiation ex- 
posures  a r e  discussed, and the present status of prefer red  lubricants is outlined. 

' Of the new base mater ia l s  for use in extreme conditions of temperature and radiation, 
' the polyphenyl e thers  show the most  promise.  Relatively'low melting compounds can  be 

prepared that undergo minor change in 500°F oxidation-corrosion tes t s  and form little 
coke a t  temperatures  a s  high a s  800 '~ .  Stability during in-source oxidation-corrosion 
t e s t s  has been shown to be good. The major  drawback t o  use of the polyphenyl e thers  is 
their  low temperature limitation. At present ,  the majority of these mater ials  melt  a t  
temperatures  in the range 100' to over 200 '~ .  

WADC-TR-57-455 (Pt.  2) 

Lavik Melvin T 
HIGH TEMPERATURE SOLID DRY FILM L U  BKICANTS, 
Midwest Research Institute, Contract No. AF33(616)-3684, April  (1958). 

Four commercial  solid d ry  film lubricants were submitted to  gamma and neutron i r r a d -  
iation. Three of the f i lms were resin-bonded mixtures  of graphite and molybdenum 
disulfide. 'I'he other film was a mixture of lead oxide and graphite bonded with a g lass -  
like mater ial .  

Kinderman E M 
EFFECTS OF HIGH -ENERGY, HIGH -1NTE NSITY ELECTROMAGNETIC RADIATION ON ' 

ORGANIC LIQUIDS, 
Materials Laboratory, Wright A i r  Development Center, Contract No. AF33 (616) -3738, July 5, 
,1957, 4'9 pp. (57 re fs ) .  

Effective development of pract ical  nuclear power required that mater ia l s  be developed 
to  withstand i t s  attendant nuclear radiation. F o r  example among the mater ia l s  which 
must withstand radiation in a nuclear -propelled a i rc raf t  a r e  hydraulic fluids and lubri- 
cants.  , A  knowledge of the effects of s t ructure on the radiation stability of organic 
mater ia l s  is of advantage in  designing and producing such radiation-resistant hydraulic 
fluids and lubricants.  This  investigation attempts to  provide such background informa- 
tion. 

A se r i e s  of organic e s t e r s ,  hydrocarbons, and miscellaneous compounds were subjected 
to  radiation. A quantitative measurement of the amounts and kinds of radiation products 



produced was made. F r o m  the observed products and their  amounts, some inferences 
were  made a s  to the stability of these mater ials  and the influence that their  s t ructure had 
on the i r  stability. 

Radiolysis of organic liquids i s  influenced by s t ructure.  Molecules containing branch 
chain and benzyl groupings a r e  more  susceptible to  radiolytic damage than a r e  molecules 
containing only straight chain groupings. This grea te r  damage may be explainable in 
t e r m s  of the grea te r  inductive effects possible with the branch chain and benzyl groupings. 
Greater radiation stability is observed' with higher molecular weight compounds. This 
effect may  be explained in t e r m s  of the mechanisms of energy absorption and disintegra- 
tion by the molecule. 

Comparison of the radiolytic with m a s s  spectrographic data shows some correlation be- 
tween the modes of molecular disintegration induced in the two cases .  The correlation 
i s  best when conditions of radiolysis are sirxiilar 'lu those in the m a s s  spectrograph, that 
is when radiolysis occurs  in an  essentially low pressure  co~ldition through activated 
species  whose half-life is short  and whose diffusion constants o r  reaction t imes  are long. 

Both electron and gamma radiation was used. The former  received emphasis because 
of i t s  speed and convenience in the tes t  program. Comparison of the effects of the two 
types of radiation in  s ix  cases  shows some quantitative differences in radiolytic yield. 
The products identified a r e  the same, and the same s t ruc tura l  effects a r e  evident. The 
.available data do not permit  definite statements of equivalence between electron and 
gamina effects, although this  is indicated. 

Wagner Robert M and Towle Leland H 
EFFECTS O F  HIGH ENERGY, HIGH INTENSITY ELECTROMAGNETIC RADIATION ON . 

ORGANIC LIQUIDS, 
Stanford Research Institute and Wright Air  ~ e v e l o ~ r d e ~ l t  Center, Contract No. AF33(616)-3738, 
October (1958), 45 pp. (14 re fs ) .  

M a t e r i a . 1 ~  employed fo r  pract ical  nuclear power applications must possess  optitnuin 
resis tance to  radiation effects on their  molecular s t ructure.  Although cer tain radiation 
effects a r e  considered beneficial, the majority a r e  degradative t o  an  unacceptable degree 
a,t high dose levels,. '  The functio~ls of hycli-aulic and lubricating  fluid^ in nuclear power 
auxiliary equipment a r e  ca ses  in point. These fluids must maintain viscosity and flash 
point a t  optimum levels.  A knowledge of the effects of molecular s t ruc tura l  characteris- 
t i c s  upon radiolytic stability of organic mater ials  is needed to  aid in the efficient design 
of radiation-resistant equipment. Some mater ials  may, of necessity, be located in a high 
flux density radiation field. This study attempts to provide, through the study of severa l  
representat ives  of different types of organic s t ructure,  background information which 
may  suggest methods of judicious choice for a given application. 

The following compounds were  subjected to  high energy electron bombardment: alkyl 
aromatic  hydrocarbons, aromatic ethers ,  nitro aromatics,  amino aromatics,  and 
aliphatic mixed ether-alcohol types. Quantitative measurements  were made of the 
amounts and types of radiolytic products formed. Inferences were drawn from such 
measurements  concerning (1) the relative stability of compounds, and (2) the influence 
of functional groups upon satiability. 

/ 
Higher molecular weight compounds in general, and condensed aromatic  r ing sys tems in  
part icular ,  a r e  the most resis tant  to  radiation. Aliphatic o r  heterophatic linkages 
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between aromatic ring sys tems a r e  s i tes  of pr imary  radiolytic scission. 

The extent to  which species  of higher molecular weight than parent mater ial  a r e  formed 
is directly dependent upon the fate of the initial products of the sciss ion of each radioly- 
tically labile linkage. The pr imary  products of scission may (1) hydrogenate and rever t  
t o  stable form; (2) i f  energetic enough, they may attack parent mater ial ;  o r  (3) they may 
condense with each other producing products comparable to the parent in  molecular 
weight. 

Compounds possessing the ability to  assume certain spatial  configurations, allowing 
resonance effects to exist, may permit  absorbed energy t o  be innocuously reduced t o  
levels which a r e  below that required to rupture the molecular s t ructure.  

The presence of different functional groups on aromatic ring sys tems markedly influence 
the mode of radiolytic scission. These differences a r e  reflected in ei ther  gas yield, 
polymer yield, o r  both. 

'Jhe data do not permit c'omplete and unequivocal definition of e i ther  the mode of 
radiolytic decomposition o r  the delineation of the s t ructure of a l l  products detected. 

Fainman M Z, et al .  
THE BEHAVIOR OF FUELS AND LUBRICANTS IN DYNAMIC TEST EQUIPMENT OPERAT- 
ING IN THE PRESENCE OF GAMMA RADIATION, 
Cook Electr ic  Co. ,  Contract No. AF33(616)-3865, March 31, 1958, 177 pp. (28 refs) .  

This report tsummarizes  work conducted on a program designed to  evaluate fuels, 
hydraulic lluids, and lubricants for use in  a nuclear-powered a i rc raf t .  , During the pe r -  
formance period ending March 1958, 79 fuels and 41 lubricants were investigated. Results 
obtained clear ly indicate that it is necessary to a s s e s s  the effects of mechanical, thermal,  
and radiation s t r e s se s  simultaneously. It has been observed that mechanical tes t s  in a 
radiation environment often affect mater ia l s  more  drastically and a t  lower doses of 
radiation that 'the same t e s t s  conducted with statically i r radiated samples  without attend- 
ant radiation. Relative ratings of ten of the most promising fuels and s ix  lubricants with 
the best performance character is t ics  a r e  given. These ratings a r e  based on perform- 
ance in dynamic test  machinery operated in a radiation environment. 

Wagner. Robert. M and Towle Leland H 
EFFECTS OF HIGH ENERGY, HIGH INTENSITY ELECTROMAGNETIC RADIATION ON 
ORGANIC LIQUIDS, 
Wright Air  Development Center,  Wright-Patterson AFB, Ohio, Contract No. AF33(6 16) -3738, 
March (1959), 36 pp. (13 re fs ) .  

Prac t ica l  nuclear power applications require organic mater ials  which offer optimum 
resis tance to  the undesirable effects of radiation. Hydraulic and lubricating fluids in 
nuclear power auxiliary equipment a r e  cases  in point. Some of these may of necessity 
be located in a high flux density radiation field. 

This study of severa l  representatives of different types of organic s t ructure was an  
attempt to provide background information which may suggest methods of judicious 



choice for  the efficient design of radiation-resistant equipment. 

The following compounds were subjected to  high energy electron o r  gamma bombardment: 
aromatic  amines, aromatic nitro compounds, alkyl aromatic ethers ,  alkyl aromatic  
hydrocarbons, and aliphatic e s t e r s .  In addition, alkyl aromatic compounds and aliphatic 
e s t e r s  were subjected to  high energy neutron bombardment. 

The data do not permit  e i ther  complete and unequivocal definition of the mode of radioly- 
t ic decomposition, o r  complete delineation of the s t ructures  of a l l  products detected. 
Conclusions were drawn concerning:(a) the relative stability of compounds, and (b) the 
influence upon stability of the location and nature of functional groups. The conclusions 
derived from the thirty-month study a r e  l isted below: 

1. Higher molecular weight compounds in general, and condensed aromatic ring 
sys tems in particular,  a r e  the most  resis tant  to radiation. Aliphatic o r  heter-  
ocyclic linkages between aromatic r ing systems a r e  s i tes  of pr imary  radiolytic 
sciss ion,  

2. The extent of formation of species of higher molecular weight than the.parent 
mater ia l  i s  directly dependent upon the fate of the initial products of the 
scission of each radiolytically labile linkage. The pr imary  products may 
oithor; (a) hydrogenate and rever t  to  stable form, (h) attack parent material  if 
energetic enough, o r  (c) condense with each other, producing products com- 
parable to  the parent in molecular weight. 

3 .  Compounds not possessing the ability to  assume certain spatial  configurations 
cannot utilize,. otherwise available resonance energy dissipation processes .  
Such processes  would permit  absorbed energy to be reduced to  levels below 
that required to  rupture the molecular s t ructure.  

4. The presence of different functional groups on aromatic ring systCms markedly 
influences the mode of radiolytic scission. ~ h e s e ' d i f f e r e n c e s  a r e  reflected in 
either gas  yield, ,polymer yield, o r  50th. 

. . 
5.  There i s  no linear relationship between the amount of methyle.ne insulation be- 

tween two aromatic systems and differences in radiolytic stability. - 
. . 6 .  Unsymmetrical phenyl loading of a short alkyl chain d'oes.not alter the degree 

of radiolytic stability. . , 

7.  Alkyl unsaturation introduced between two ardmatic  systems facilitates 
hydrogen t ransfer  to the target but does not reduce the total  radiolytic in- 
stability of the system. . .  . 

. . 

8. There is no csscnt ial  difference in the yield o r  the.nature of radiolytic products 
when alkyl aromatic  hydrocarbons and .aliphatic e s t e r s ,  a r e  i r radiated with , ,. 

gamma rays,  electrons, o r  neutrons. . i , .  ,. . 

9. An oxygen-rich atmosphere did not effectively scavenge energy, and thus ' in-  ' 

hibit radiolysis damage during electron bombardment of ei ther  alkyi a.rorna.t.ib 
hydrocarbons o r  aliphatic e s t e r s .  

. . , . : . . 
1 0  Branching.of aliphatic chains induces. radiolytic instability in ei ther  e s t e r s  or  

hydrocarbons. . . ,  . .  . ,  

. . . .  . .  . .  



Gisser  H 
THE EFFECT OF NUCLEAR RADIATION ON LUBRICANTS, 
Pitman-Dunn Laboratories.  Presented at Conference on Effects of Nuclear Radiations on 
Materials,  October 1 and 2, 1957; Watertown Arsenal, Watertown 72, Mass . ,  23 pp. (8 re fs )  

This  paper consists of a short  review of recent work on the effects of radiation on 
lubricants and related fluids. Exposure of lubricants to radiation resu l t s  in  the forma- 
tion of f ree  radicals  and the resulting changes in propert ies  can best  be understood in 
t e r m s  of the f r e e  radical  reactions of the chemical sys tems involved. The mater ia l s  
a r e  predominantly organic, and in the absence of oxygen the predominant reaction is the 
recombination of f ree  radicals  to  build la rger  molecules, with the physical observation 
that viscosity increases  with eventual solidification. In the presence of oxygen, f ree  
radicals  initiate oxidation chains s o  that even a t  relatively low doses products of oxida- 
tion such 'as  acids and compounds of lower molecular weight appear.  With increased 
dosage, however, f ree radical  combination eventually leads to solidification. At doses 
below 10' r, observed changes in physical and chemical properties 'depend on the 
compounds being irradiated. Mineral oi ls  a r e  l e s s  susceptible than aliphatic e s t e r s .  
Aromatic compounds a r e  considerably more  stable than aliphatic compounds due to  f ree  
radical  stabilization. The methylsilicones gel  quite readily.  Oxidation inhibitors, 
serving a s  radical  t raps,  tend to reduce oxidation and radical  combination a t  low dosages, 
but in many instances their  effectiveness disappears rapidly a s  dosage is increased. 
Halides and particularly fluorocarbons yield appreciable quantities of s t rong acids. 

The most  promising direction toward development of stable mater ia l s  is the use of 
aromatic  groups in the.molecules,  the total  s t ructure being so  designed to  give the 
desired physical propert ies .  Most of the work was done by gamma radiation using 
either cobalt -60 o r  spent reac tor  .fuel elements.  The behavior of conventional greases  
is s imi la r  to  that of the base fluids from which they a r e  made and he re  again, by the 
suitable selection of thickening agents and fluids having aromatic constituents, radiation 
susceptibility may be considerably reduced. 
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ACS J-0058 

Williams T F, Matsuo H and Dole M 
INHIBITION O F  CRYSTALLIZATION IN POLYETHYLENE SUBSEQUENT TO GAMMA 
IRRADIATION, 
American c h e m i c a l  Society Journal, Vol. 80, p.  2595, (1958), (8 r e f s ) .  

This  is a brief one page discussion of inhibitiori of crystall ization in polyethylene sub-  
sequent t o  gamma irradiation. 

Dole Malcolm, Milner D C and ~ i l l i a A s  k' F' 
KINETICS OF UNSATURATION EFFECTS ON IHHAUlA'l'lON Uh' POLYETHYLENE, 
American Chemical society Journal, tfol. 80, pp. 158U-  1588, Aprll-Jurle (1958), (4'1 refs) 

By studying three different types of polyethylene, it can be shown that the original un- 
saturation in the mater ia l  whether vinyl o r  vinylidene disappears initially according to 
a f i r s t -order  law and that the ra te  then becomes l e s s  than f i r s t  o rde r  a s  the t r ans -  
vinylene concentration builds up. A protective action of vinyl groups by vinylene groups 
i s  postulated to explain the pronounced depar.1ur.e from f i r s t -order  kir~etics.  Formation 
of vinylene unsaturation i s  accurately described by the equation 
c - co = (c, - cO) ( l  - e -kD) which i s  based on a l inear increase of concentration with 
dose followed by a f i r s t  -order  elimination, both effects being independent of vinyl un- 
saturation. The limiting concentration attained is grea te r ,  the grea te r  the crystallinity 
of the polyethylene. At liquid nitrogen temperatures  vinyl destruction is virtually 
suppressed,  but vinylene formation i s  scarcely affected. Approximately half of hydrogen 
elimination resu l t s  in vinylene formation, probably by molecular detachment because of 
i t s  zero  temperature coefficient. A post-irradiation heating of the polyethylene to room 
temperature kauses a significant amount of vinyl o r  vinylidetle destruction, thus proving 
the existence of f ree  radical  reactions in the solid s ta te .  Evidence from infrared data 
for  cyclization o r  r ing link formation is given. Production of ring links is linear with 
t ime, and the grea te r  the crystall inity of the polyethylene. The yield of ring links is 
l e s s  a t  liquid nitrogen temperature than a t  room temperature.  'l'he f i r s t  -order  kinetics 
observed for  vinyl, vinylidene and vinylene elimination together with the high initial 
value of Go for vinyl decay, 9.6 ,  can only be explained on Lhe basis  of activation of the 
double bond of energy of excitation released in  localized regions corresponding to the 
spu r s  of fast  electron t racks .  Thus this  paper descr ibes  the kinetics of decay in the 
solid phase of a specific group whose chemical s t ructure and concentration a r e  both 
known. 



ACSJ-0458-2 ., 

. . 
Schultz Allan R 
CROSSLINKING EFFICIENCIES IN THE METHYL METHACRYLATE -ETHYLENE 
DIMETHACRYLATE AND ETHYL METHACRYLATE -ETHYLENE DIMETHACRYLATE 
SYSTEMS. DEGRADATIVE ANALYSIS BY ELECTRON IRRADIATION, 
American Chemical Society Journal, Vol. 80, pp. 1854-1860, April-June (1958), 
(22 re fs ) .  

The intermolecular crosslinking efficiencies, 6 ,  of ethylene dimethacrylate have been 
determined in four methyl methacrylate (MMA)-ethylene dimethacrylate (EDMA) co- 

- 

polymers and four ethyl methacrylate (EMA) -EDMA copolymers. Random sciss ion of 
the "copolymer networks by ,100-kvp electrons .was employe'd to determine the.liumber of 
crosslinked units per  gram.  MMA-EDMA copolymers having EDMA .m'ole fractions, Ns 
of 0.00578, 0.00291, 0.00147 and 0.000868 exhibited &-values of 0.39, 0.395, 0.44 and 
0.48, respectively. EMA-EDMA copolymers with N2 of 0.00675, 0'.00333, 0.00172 and 
0. 00102 had &-values of 0.32, 0.36, 0.38 and 0.39, respectively. The extrapolated 
efficiencies l im &(N2+0) a r e  0.46 'and 0.40. These .limiting efficiencies a r e  consistent 

"with the. postulate of slightly greater ' than 5070 loss  of doubly reacted EDMA units to 
smal l  intra-chain ring formation. The decrease in E with increase in fl, in t h i s . 1 0 ~  
EDMA concentration range i s  in qualitative agreement with the limited accessibili ty con- 
cept of Loshaek and Fox for pendant double bond isolation on a polymer .network. 

Bur r  J G and Garr i son  W M 
THE EFFECT OF RADIATION' ON .THE PHYSICAL PROPERTIES O F  PLASTICS, 
Argonne National Laboratory, Lemont, I l l . ,  December 6, 1943, 17 pp. ' . 

Changes in tensile strength and electr ical  resistivity a s  a resul t  of and y irradiation 
a r e  presented for 25 .different plastics and synthetic rubbers .  In cer tain cases ,  hardness  
and elasticity measurements  a r e  also given. It is shown that the rate,  a s  well a s . t he  
total  amount of radiation, determines the res'ultant changes in physical propert ies .  An 
attempt has been made to correlate  the resu l t s  in t e r m s  of the chemical and physical 
propert ies  of the plastics.  

Those plastics which can be used over a large thermal  range a r e  affected l e s s  with high- 
intensity radiation than those mater ia l s  which have a low useful thermal  range. Gener- 
ally, plastics with a low initial specific resistance, i. e . ,  lo1' to 1012 ohm-cm, show 
little relative change on irradiation. F o r  plastics with high initial resistivity 
(i .  e . ,  > 1014 ohm-crn), the effect of irradiation depends upon the amount and nature of 
added impurities.  Those which contain the most impurity exhibit the greatest  change in 
resistivity.  

Miller A.rild J ' and Steel. Gertrude 
BEHAVIOR OF CERTAIN PLASTICS AND ELASTOMERS UNDER IRRADIATION. 
BASED ON WORK DONE DURING THE PERIOD 1942-1946, 
Metallurgical Laboratory, University of Chicago;. Chicago, I l l . ,  Contract No. W-(7401)-Eng-37, 
(1948), 23 pp. (12 r e f s ) .  

. :  , .  . 

Data here  presented show the  effects of X-rays and electrons on the propert ies  .of 
various plastics and elastomers .  The propert ies  investigated were electr ical  resistance, 
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tensi le  strength, elasticity, hardnes3  and optical properties,  dependent on the proposed 
use  of the mater ial .  In general, radiation causes a decrease in electr ical ' res is tance,  
tensi le  strength, elasticity and light t ransmission and a n  increase in hardness.  . 

Five tables  and two figures a r e  included. 

VanWyck R W and Butler H L 
INTEGRITY O F  A PLASTIC SUIT IN TRITIUM ATMOSPHERE, 
Pape r  proposed for  presentation at the 1957 annual meeting of the Health Physics Society, 
E .  I. duPont de Nemours Co. ,  Health Physics  Section, Works Technical Dept., Savannah 
River Plant, Contract No. AT(07-2)-1, January 14, 1957, 9 pp. 

The integrity of a plastic suit  in t r i t ium contaminated atmospheres  was  determined. At 
contamination levels ranging from 10,000 to 100,000 t imes  MPC levels, the level inside 
the sui t  is about 0. 3% of the exposure level. Above this  range, permeability of the suit 
increases  rapidly. Penetration of the suit  involves a t ime lag which offers protection 
against sudden burs t s  of activity. 

AERE -E/R-2518 
-. ,. . .. . . ,.. , , ... . . . 

Wells H and Williamson I 
THE DEGRADATION O F  PLASTICISED P. V. C. COMPOSITIONS UNDER HIGH LEVEL 
GAMMA RADIATION, 
Research  Group, Atomic Energy Research Establishment, Harwell, Berkshire,  England, 
May (1958), 18 pp. (5 re fs ) .  

Resul ts  a r e  presented which indicate that polyvinyl chloride, plasticised with tri tolyl- 
phosphate, is far l e s s  affected by gamma radiations than when plasticised with other 
conventional compounds. 

AERE -GP/R-1402 

Little K 
THE EFFECTS O F  HIGH DOSES OF IONIZING RADIATIONS ON ORGANIC HIGH 
POLY WIl31-ts, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, March 22, 1954, 
6 pp. (10 refs) .  

In observing the changes caused by ionizing radiation on high polymers it has  been found 
that these changes depend upon the chemical nature of the polymers, and a r e  different for 
each. The types of effects can be classified to  a cer tain extent, but by no means com- 
plefely, and attempts to do so  seem t o  emphasize that each polymer must be considered 
a s  a chemical  entity. Mechanical propert ies  such a s  toughness combined with flexibility 
a r e  likely t o  be good i f  polymers have a high melting point and high crystallinity (a 50% 
crystall ine polymer i s  "highly crystall inet1).  

Samples used were ei ther  in the form of textile f ibers  or 'polymer chips. 

The conclusions reached suggest that polymers might be prepared which would retain 
desirable physical propert ies  in a nuclear reactor  for  long periods, and all ,polymers 
can be expected t o  decompose about 350°C. 



AERE -M/R-978 

Charlesby A 
THE DECOMPOSITION OF POLYTETRAFLUORETHYLENE BY PILE RADIATION, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, July 10, 1952, 7 pp. 
(1 ref) .  

To.determine whether the presence of hydrogen atoms i s  necessary .to permit  crosslink- 
ing of polymers under irradiation, the behavior of P T F E  was compared with that of 
polythene. 

Under irradiation P T F E  is found to break up, but there is no evidence of crosslinking. 
This effect which is mainly due to Y radiation is ascr ibed to the preferent ial  f racture of 
C-C bonds.in the main chain'. No definite evidence i s  available that fluorine itself is 
liberated. 

.The change in weight AM with radiation dose R depends only on the surface a r e a  A, and 
~ i u l  u11 the 11lass irr.adiaLed; 

This  equation is very  s imi la r  .to one of the m a s s  loss  t e r m s  found in polythene, where it 
i s  ascr ibed t o  the fracture of C-C bonds within the molecule, with subsequent evolution 

' 

of hydrocarbons (such a s  CH,, C,H,) only if they a r e  liberated near  the surface. In the 
case  of PTFE the evolution of the analogous fluorocarbon CF, has  been observed. In 
polythene the weight loss  t e r m  -cu, MR is ascr ibed, to  the liberation of hydrogen. In 
PTFE,  no such t e r m  is observed, nor  has  the analogous fluorine gas been detected 
among the gaseous products. 

Charlesby A and Ross M 
THE EFFECT O F  PILF: RADIATION ON THE DENSITY AND MELTING . O F  POLYTHENE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, August 21, 1952, 
18 pp. (16 re fs ) .  

The density of polythene has  been studied in relation to  temperature and the degiee of 
crosslinking produced by pile irradiation. Crosslinking resu l t s  in a progressive r e  duc- 
tion in the percentage of crystall ine mater ia l  a t  room temperature.  The transition 
temperature corresponding to melting in ordinary polythene is only very  slightly de - 
creased  with increasing crosslinking, s o  that the temperature a t  which all crystall ine 
s t ructures  vanish is little affected. However, because of the reduced amount of 
crystall ine mater ial  present.in ' the crosslinked polymer, the magnitude of the ,change.in 
density a t  the transition temperature is considerably lessened. There  a r e  cer tain 
anomalies between the transition temperature deduced from, density measurements  and 
from other methods. 

The decsity of crosslinked polythene in the amorphous state is found to  obey a law v e r y  
s imi la r  to  the Van der Waals law for gases: - 



where Po is the internal  p re s su re  ar is ing f rom binding forces,  Vo is a constant c o r r e -  
sponding t o  a "residual" volume per  gram at O'K independent of the degree of c r o s s -  
linking, and c and a r e  a constant close t o  unity. P represents  the external  pressure,  
V(c) is the specific volume (or volume p e r  gram)  of crosslinked polymer, and M is the 
mola r  weight 28(CH, - CH,). 

Charlesby A 
THE SOLUBILITY AND MOLECULAR SIZE DISTRIBUTION OF CROSSLINKED POLY - 
STYRENE, 
Atomic Energy Research ~ s t a b l i s h m e n t ;  Harwell, Berkshii-e, En'gland, November 18, '1952, 

. . .  .. 
7 pp. (1 ref) .  

When exposed t o  pile radiation, polystyrene becur~les  c r u s s l i ~ ~ k e d  forming a l~etworlr 
s t ruc ture  (or .gel) which is, insoluble in the usual organic solvenls.  Nut all i l~olecules  
are linked into the network; these remaining molecules f o r m  a sol  which can be leached 
out by .solvents. 

On the assumption that a l l  molecules a r e  inilially of the same size,  F lory  has obtained 
a theoretical expression for  Lhe sul lraction, i .  e . ,  the proportion of soluble material ,  
in  t e r m s  of the degree of crosslinking. In this paper a theoretical expression is de- 
r ived for  the so l  fraction on the assumption that the molecular s izes  a r e  initially dis-  
tributed a t  random, i. e., that they follow a Poisson distribution. This expression is 
extended to  cover the case  where both crosslinking and chain fracture occur, due to pile 
radiation. 

Measurements of the so l  fraction for polystyrene show that the la t ter  formula fits the 
observed data. Thus the distribution of r~luleccllar weight in ordinary polystyrene is ' 

shown to  follow a Poisson distribution. Chain fracture due to  pile radiation i s  shown 
to  be smal l  or  imexi.stent. 

. . . . 

. . 
~ h a r l e s b ~  A 
THE' SWE L;LING PROPE RT'LEs ..OF POLYSTYRENE ' CROSSZINKED BY HIGH ENERGY 

. . 
RADIATION, 
Atomic Energy Res'earch Establishment;~Harwell ,  Berkshire,  England, November 18, '1952, 

> .  . . . . . . . . . . . . 7 pp. (5 refs) .  ' 
.* . . 

The swelling propert iss  of polys'tyrene, crossl inked by Pile ir'radiaf ion; a r e  studied a s  
a function of the degree of crosslinking. The volume swelling' ra t io  V l s '  re lated to  the 

a a . degree of 'crosslinking and the sol fraction s 'by the relationship: 
. . .  . 

v5" , . = (0.5-p) M ~ / Y  ( l - s ) ~ v = ,  
, . .. . . .  . , . .  . 

where Mo i s  the initial average molecular weight, and i, p and v , ,  a r e  kn~w?~cohs t an t s .  
The power factor (513) predicted on theoretical grounds is observed in the experiments.  
F r o m  the observed swelling,in benzene and in toluene the average molecular weight Mo 
is found to  be, about 450,000.: 'A s imi la r  va'lue is 'obtained for the weight swelling ratio.  

The method used in the paper may se rve  to  determine molecular weights in other long 
chain polymers. Moreover, the swelling of polystyrene may serve  a s  a means of 



measuring the density flux of ionising radiations. 

Charlesby A and Hancock N H 
THE INFLUENCE OF CROSSLINKING ON THE ELASTIC MODULUS OF POLYTHENE, 
Atomic Energy Research Establishment, Harwell, Be rkshire ,  England, December 3, 195 2, 
11 pp. (5 refs) .  

The effect on Young's modulus E is studied when polythene is crosslinked by pile i r r ad i -  
ation. Dynamic and s tat ic  measurements  of E a r e  given at various temperatures  and 
for  varying degrees of crosslinking. At room temperature, E decreases  a t  f i r s t  with in- 
creasing crosslinking, resulting in a more  flexible polymer. With further crosslinking 
E increases  rapidly a s  a glass  like amorphous s t ructure is produced. 

With increasing temperature E decreases  up to a temperature of about 1150C when a l l  
crystallinity disappears.  Beyond this point E increases  with T, approximately obeying 
the relationship 

E = nppgT/MC 

where p is the density, Pg the gas constant, T the absolute temperature,  and Mc is the 
average molecular weight between cross l inks . .  The value of n obtained experimentally 
is approximately 2.  F o r  highly i r radiated mater ial ,  with about one crosslink pe r  2.5 
carbon atoms, this formula no longer applies. The application of t h i s  formula t o  partly 
crystall ine mater ial  is discussed. 

Ross Maurice and Charlesby Arthur 
THE EFFECT OF PILE RADIATION ON POLYME THYL METHAENYLATE, 
Atomic Energy ' ~ e s e a r c h  Establishment, Harwell, Berkshire,  England, August (1953), 6 pp. 

Unlike marly vlher long chain polymers, Perspex  is broken up by high energy radiation 
in an atomic pile. Several of the changes produced a r e  described, the most obvious 
being internal bubbling. The minimum radiation required for  incipient bubbling depends 
on the temperature,  e .  g. , 1.5-2 units a t  70°C. Specimens exposed t o  shor te r  doses of 
radiation, although apparently unaffected, can  be bubbled subsequently by heating. The 
suggested explanation of this phenomenon is the decomposition of the side chains of the 
polymer, liberating gases  which, at  a suitable temperature,  can diffuse into bubbles. 
Polymer breakdown occurs  when the internal gas p re s su re  is sufficient to  overcome the 
cohesive forces  of the mater ia l s .  

Bubbles do not occur within a distance of I m m  from the 'surface of the plastic.  This 
is ascr ibed t o  the diffusion of the decomposition products to the surface, provided they 
a r e  liberated sufficiently close to  it. A hypothesis of this  .character was previously put 

' forward t o  account for  the weight changes in polythene and is here  confirmed visually in 
..Perspex. . . 

The possibility of producing an expanded form of Pe r spex  by radiation and subsequent 
heating i s  discussed. This important ar t ic le  will  be continued in a future issue. 



Charlesby A 
MOLECULAR WEIGHT CHANGES IN TIlE DEGRADATION'OE' LONG CHAIN POLYMERS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, November 18, 1953, 
10 pp. ( 2  re fs ) .  

The changes in  molecular weight of a long chain polymer (initially of a rb i t r a ry  
molecular  weight distribution) a r e  studied when the main chain i s  subjected t o  random 
f rac ture ,  such a s  occurs  when cer tain polymers a r e  exposed t o  high energy radiation. 
F o r  s eve ra l  distributions studied, a l l  t r ace  of the initial distribution curve is lost a f te r  
some  th ree  t o  eight main chain f rac tures  per  molecule. F o r  lower degrees of degrada- 
tion, the shape of the weight average /degradation curve can provide information a s  t o  
the initial weight average, z average, and z + 1 average molecular weights. The 
initial  number average can be obtained by a method of extrapolation. 

Charlesby A 
THE DEGRADATION O F  CELLULOSE BY IONISING RADIATION, 
Atomic Energy  Research Establishment, Harwell, Berkshire,  England, January 21, 1954, 
6 pp. (11 re fs ) .  

When subjected to the effect of ionising radiation, such a s  atomic pile radiation o r  
gamma radiation, cellulose is rapidly degraded into a powdery mater ial .  

A theoretical treatment shows that i f  the effect of radiation is t o  cause fracture a t  
random in the main chain, the relation between intrinsic viscosity [q] and.radiation dose 
R should be of the form 

log += -a log (R + Rg) + consta,nt 

where Ro is a "virtual" radiation dose needed t o  produce the initial number average 
molecular  weight f rom a chain of irlfirlite molecular weight. 

The published data of Saeman, Millett and Lawton have been used to  verify this formula, 
which leads t o  a relationship between [?I in cupriethylene diamine and Viscosity average 
molecular  weight Mv 

with cr = 0.71. The constant K has been evaluated by comparison with data given by 
Gralen, but is l e s s  accurately known. 

It is deduced that one million roentgen resul ts  in  fracture of 0.1670 of the monomer units 
in  the main chain. The decomposition of carbohydrates under radiation, which occurs  
a t  the s ame  time a s  main chain fracture,  can be explained on the assumption that approx- 
imately one monomer unit is decomposed per  main chain fracture.  

The study of intrinsic viscosity of i r radiated polymers appears  t o  offer an  accurate - means  of evaluating cr in  the usual formula fo r  iritrinsic viscosity [ T I  = K M ~ .  



Ross M 
CHANGES IN SOME PHYSICAL PROPERTIES OF POLYETHYLENE BY PILE IRRADIATION 
AT 80°c, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, Apri l  2, 1954, 13 pp. 
(7  refs) .  

Changes a r e  studied in  the density, percentage of crystallinity and Young's modulus of 
polyethylene due to  pile i r radiat ion a t  about 80°C. It is shown that increasing the tem-  
perature during irradiation makes possible the production of amorphous mater ial  after a 
shor te r  irradiation time, and a wide variety.of mater ia l s  of varying density and different 
mechanical propert ies  can be made. A new method of estimating the, density of amor -  
phous mater ia l  in ordinary (unirradiated) polyethylene is outlined. 

Charlesby A 
TI-IE DEGRADA'l'IUlV Ub' CELLULOSE BY IONISING RAUIATION, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, January 21, 1954. 

When subjected t o  the effect of ionising radiation, such a s  atomic-pile radiation o r  
gamma radiation, cellulose i s  rapidly degraded into a powdery mater ial .  A theoretical 
t reatment  shows that, if the effect of radiation is to cause fracture a t  random in the 
main chain, the relation between intrinsic viscosity (n) and radiation dose, R, should be 
of the form 

log(n) = - alpha log (R + Ro) + constant, 

where Ro is a virtual radiation dose ileeded lu pr.uduce the initial-number average 
molecular weight f rom a chain of infinite molecular weight. 

AERE-M/R-2159 

Worra l l  R 
THE GAMMA AND PILE IRRADIATION OF POLYTETRAFLUOROETHYLENE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, January 1957, 12 pp. 
(15 re fs ) .  

Fluorine is evolved on gamma and pile irradiation of polytetrafluoroethylene (PTFE)  
and continues .to diffuse out of the polymer after irradiation. 

Except for thin specimens, the total  fluorine evolved (determined a s  fluoride F-) is 
dependent on the surface a r e a  A and on the radiation dose R: 

where /3 = 0.0025 mg/cm3/( lo6  roentgen) l'" for gamma irradiation, 
and /3 = 0.17 mg/cm2 (unit) le2 radiation for  pile irradiation. 

An equivalence of pile radiation i s  obtained which is in reasonable agreement with that 
obtained by calor imetry.  



Bates W J and Kelly M J 
THE RELATIVE PROTECTION AGAINST RADIATION BURNS PROVIDED BY HEAT- 
TREATED ORLON, 
Mater ial  Laboratory, New York Naval Shipyard, ~ r o o ' k l ~ n  1, N. Y . ,  August 13, 1952. 

The protection against radiation burns afforded by heat-treated Orlon was investigated, 
by comparing the protection given by the Orlon with that given by other representative 
clothing fabrics  of comparable welght. The Lexllle y l . u l~e~ , l i e s  uf heat-4reatcd Orlon a rc  
discussed, indicating that, although the heat t reatment  causes the 0 r l o n  t o  lose much of 
i t s  original strength, the propert ies  of the heat-treated ~ r l o n , '  a r e  favorable when 

v 

compared with other clothing fabrics,  Beef muscle t issue was used in contact with the 
hack of the cloth a s  a human skin equivalent. Upon irmr-adiation, the temperature r i s e  of 
the interface of the fabric and meat  in  coiitacr was cleternli~~ecl a s  a llleasuic ljf the pro  
tection afforded. A correlat ion of temperature r i s e s  between a sma l l  blackerlecl copper 
disc  and the beef was determined Lo facilitate the measurements .  A theoretical analysis 
of the problem was made-.to determine the temperature charge a t  the interface of the 
cloth and meat upon radiation. The experimental study showed that the heat-treated 
Orlon, in comparison.with other fabrics of s imi la r  weight when used a s  a single garment 
in  contact with the skin,offered no grea te r  protection than the standard cloths except for 
radiant exposures of more  than 30 cal /cm2.  Cotton and wool a r e  destroyed by this  
radiant exposure while the Orlon remains intact. 

Collins C G and Calkins V P 
RADIATION DAMAGE TO ELASTOMERS, ORGANIC LIQUIDS, AND PLASTICS, 
Atomic Products  Div., Aircraft  'Nuclear Propulsion Dept., General Electr ic ,  Evendale, Ohio, 

. Contract No. AF33(038)-21102 and AT(l1-1)-171, September (1956), 245 pp. 

This  report  presents  a collection of the available data on radiation damage t o  mater ia l s  
that a r e  of value for  engineering purposes.  An attempt has  been made to  generalize, 
categorize,  and evaluate the data, a s  well a s  reducing dosages to  a common basis  for 
comparison. This report  is comp'rised principally.of tabies aiid graphs uf experirrle~llal 
data on elastomers ,  plastics,  and organic liquids. . . 

Sisman 0 and Bopp D 
A SUMMARY. OF ,THE E F F E C T  OF RADIATION ON SOME PLASTICS AND ELASTOMERS, 
Oak Ridge National ~ a b o r a t o r y ,  , Oak Ridge, Tenn. Symposium on Radiation Effects on 
Mater ials  published by the American Society fo r  Testing ~ a t e r i a l s ,  (1957), 11 pp. 

As a resul t  of the absorption of high-energy radiation, organic solids undergo ra ther  
complicated chemical reactions.which a r e  nul; yet fully understood in even the most 
simple polymers. Two general c lasses  of reactions have been recognized, however, 

'which can  explain most of the changes that a r e  observed in the physical propert ies  of 
plast ics  and elastomers .  The react ions are. called cleavage o r  sciss ion and c ros s -  
linking. The crosslinking reaction resu l t s  in the binding together of'the molecules of a 
polymer into a network s t ructure such a s  is found in a gel.' The cleavage reaction, a s  
the name implies, breaks down the long polymer chains into sma l l e r  fragments. 



Two main topics a r e  discussed. These a r e  reaction mechanisms and how the formation 
of crosslinks and the breaking up of molecules by cleavage will affect the mechanical 
properties of solids. 

Irradiation induced changes in the mechanical properties of plastics and elastomers a r e  
discussed. It is pointed out that these property changes depend upon the ra tes  of cross-  
linking and cleavage. 

Restaino A J 
ME TALLO-ORGANIC.. POLYMERS, . .  . 

The Martin Company, Baltimore, Md. Paper presented 'at the .Second Semi-Annual 1 2 5 ~  
Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-23, 
1957, 8 pp. (9 refs).  

'l'his paper discusses organic polymers containing metals. . Tables a r e  included in 
which is given the effect of gamma.irradiation on the rate of polymerization of metal 
acrylates;' the effect of metal polymer compositon on.tensile strength and elongation; 
the effect of gamma radiation on the tensile strength and elongation of some metal- 
organic polymers; the composition and properties of some newly developed metallo- 
organic polymers; and the swelling ratios of metallo-organic polymers in various 
solvents at 22OC. The metals used in these polymers is lead, lithium, and uranium. 

Bauman R G and Born J W 
TIIE 'MECHANISM OF RADLATION DAMAGE TO ELASTOMERS, 
B. F. Goodrich Company Research Center, Brecksville, Ohio. Paper .presented at the. , , . 
Second Semi-Annual 125A.Radiation Effects Symposium, Battelle Memorial Institute, 
Columbus, Ohio, October 22-23, 1957, 5 pp. ( 6  refs).  

Although the effectiveness of anti-rads (chemical inhibitors of radiation damage) in 
rubber is known emperically, our knowledge of their mode of action has been only 
speculative. Continuous s t r e s s  relaxation studies were made in an attempt to learn 
details of their effectiveness in preventing chain scission of elastomers. Analysis of 
the results  of relaxation in a i r  and in nitrogen reveals that the anti-rads a r e  in general 
more effective in preventing radiation-induced oxidative chain scission than nonoxidative 
chain scission. 

. . 

When a rubber sample is stretched to  a given degree of s train and held fixed at that 
strain, the s t r e s s  gradually decreases. This phenomenon is termed s t r e s s  relaxation. 

This paper has two tables: s t r e s s  relaxation rates of various elastomers and the effect 
of anti-rads on chain scission. A photograph is included which shows the s t r e s s  relaxa- 

. . 
,, tion reader . . assembly. 

The material  compounded and vulcanized to serve a s  control stock in the study of anti-, 
rads was natural rubber, SBR, Neoprene GN, Hycar 1002, and butyl rubber. Two 
separate ser ies  of stocks containing anti-rads were prepared. In one ser ies  5 pphr of 
beta-naphthyl amine was compounded into each base 'recipe. ' In the'other ser ies  anti- 
r ads  wereseparately~c.ompounded into carbon black-reinforced natural rubber.recipe 

. . 
in the ambu~lt or 5' pphr.   he' I-es.uits a r e  discussed. 



Dirkes W E 
REINFOR'CED PLASTICS AND STRUCTURAL ADHESIVES, 
WADC, Wright-Patterson Air  Fo rce  Base, Ohio. Paper  presented a t  the Second Semi-Annual 
125A Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22 - 
23, 1957, .4 pp. (7 refs).  

A summary  is presented of the Mater ials  Laboratory internal and contractual studies of 
nuclear radiation effects on s t ruc tura l  plastic mater ials .  Transparent  mater ia l s  used 
fo r  a i rc raf t  glazing, thermosetting plastics reinforced with glass  cloth, and s t ruc tura l  
metal-to -metal adhesive bonding mater ials  have been irradiated. Thresholds of de - 
gradation vary  f rom 10' e rgs /@ for  t ransparent  plastics to  about 3 x 1012 e rgs /gm for  
g lass  cloth reinforced plastics.  Each mater ia l  was investigated in t e r m s  of the proper-  
t i e s  considered essent ia l  for  use in a i r f rames .  

:I 
Structural  adhesives used t o  bond metals  have also been exposed to  gamma radiation a t  
WADC. WADC Technical Report 56-467 contains an  evaluation of strength degradation 
for  vinyl phenolic, nitri te rubber phenolic, nylon phenolic, epoxy, and epoxy phenolic 
adhesives. The propert ies  determined were tensile shear ,  bend, and fatigue strengths 
at room and elevated temperatures .  

Loss  of nearly one-half the init ial  strength occured in uric aclhestve a.1 a n  exposure of 
about lo1' e rgs /gm.  In general, the mater ials  tested showed a loss  of one-third the 
initial  strength around 5 x lo1' ergs/@, while one adhesive had very  little loss  in 
s t rength with an exposure of nearly 1011 ergs /@.  

Lightfoot R P and Rivera W H 
PROBLEMS WHICH ARISE DURING ENGINEERING EVALUATION OF RADIATION EFFECTS 
ON ORGANIC MATE RIALS, 
Convair Div., F o r t  Worth, Tex. P a p e r  presented a t  the Second Semi-Annual 125A Radiation 
Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-23, 1957, 17 pp. 
(7 refs) .  

Engineering evaluation of radiation-induced physical property changes in  plastics and 
e las tomers  is needlessly complicated by the lack of complete data concerning mater ia l s  
and procedures.  Problems encountered in correlat ing data from various tes t  facilities 
a r e  enumerated and discussed with points of major  concern graphically illustrated. 
Recommendations for uniformity in reporting of radiation effects data a r e  presented. 

F i sche r  D J and Warrick E L 
POST- IRRADIATION CHANGES IN SILICONE RUBBER, 
Dow Corning corporation, Midland, Mich. Paper  presented a t  the Second Semi-Annual 125A 
Radiation Effects Symposium, Battelle Memorial Institute, Columbus, Ohio, October 22-23, 
1957, . 5  pp. 

The great  majority of radiation studies of e lastomeric  compounds assume that 'the 
effects observed'  immediately following radiation a r e  the only which occur.  
Silicone rubber shows marked t ime effects as changes in physical propert ies  for a 



number of days following irradiation. Studies of the stability of materials should consider 
such post irradiation changes. 

The crosslinking effect of radiation on elastomeric materials has been shown to correlate 
well with dose. Indeed some have suggested that this might be used for dosimetry. The 
experience of the authors in crosslinking simple silicone rubbers led them to believe 
that such a linear correlation existed between the dose of gamma radiation and the 
number of crosslinks established. Six months after obtaining such data it  became nec- 
e s sa ry  to check some values and they were quite surprised to  find the crosslinking level 
greatly increased. At some dose levels the number of links nearly doubled. A system- 
atic study of the phenomena is under way. Not all aspects of the time effect a r e  clear,  
but it  does seem to  be enhanced by the presence of oxygen. Presumably this is similar  
to the effect observed by Sears a s  oxidative changes in radiated styrene.and deprotenized 
natural rubber. Miller and Lawton also show an oxidative time effect for polyethylene. 
One must be certain that the magnitude of such time effects a r e  known o r  a r e  entirely 
absent before one can be assured of the stability of a material  tow&d radiation exposure. 

Manowitz B, Horrigan R V and Bretton R H 
PRELIMINARY STUDIES ON INDUSTRIAL APPLICATIONS OF INTENSE GAMMA 
RADIATION, 
Fission Products Utilization Project,  Research Div., Reactor Science and Engineering Dept., 
Brookhaven National Laboratory, Upton, N. Y., December 1, 1951, 15 pp. (5 refs). 

This report presents the results  of preliminary studies on industrial applications of 
intense gamma radiation and is part  of a program to study the possibilities for  the 
utilization of the radioactive wastes produced a s  byprodilcts of plutonium separation 
processes.  

Radiation sources a re  discussed, and it  is pointed out that a considerable amount of 
effort has been put into the production of intense gamma radiation sources to be used 
for application development. 

The AEC is supporting research  programs in gamma radiation application at several  
universities. These experimental programs a r e  discussed. 

Another purpose of this investigation is to  determine the kinetics of styrene poly- 
merization ,under the influence of gamma radiation. The theory is discussed. The 
procedure for purification and preservation of the styrene monomer is outlined. This 
procedure is used by the Eastman Kodak Co. to produce chemical grade styrene, 
stabilized with tertiary-butyl catechol. 

A discussion of the results  of the preliminary studies is included. 

Ballantine D and Manowitz B 
PROGRESS. REPORT ON FISSION PRODUCTS UTILIZATION. V. - THE POLYMERIZATION 
OF VINYL MONOMERS BY INTENSE GAMMA RADIATION, 
Brookhaven National Laboratory, Upton, N. Y., March (1953), 13 pp. (15 refs).  



The gamma-ray induced polymerization of styrene and methyl me thacrylate has been 
investigated and has been shown to be free radical in nature. Both monomers show a 
constant ra te  of polymerization in the initial stages followed by a rapid increase similar  
to  a " ~ r o m m s d o r f '  effect. Molecular weight increase occurs with the increased rate. 
 here 'is some indication of surface effect on polymerization r a t e  and of crosslinking of 
polymer. Activation energies for combined propagation and termination rates have been 
calculated and agree  well with published values for f r ee  radical polymerizations involv- 
ing bimolecular termination. Experimental results  a r e  discussed and future plans out- 
lined. 

BNL- 294(T-50) 

Ballantine D S 
PROGRESS REPORT ON FISSION PRODUCTS UTILIZATION. VI. - FURTHER S'I'UDIES ' 

OF THE EFFECT OF GAMMA RADIATION ON VmYL POLYMEH SYS'I'EMS, 
Brookhaven National Laboratory, Upton, N. Y . ,  March (1954), 18 pp. (23 refs). 

The initiation of polymerization by gamma radiation has been extended to  emulsions of 
styrene a t  various temperatures. The ra tes  a re  faster  and molecular weights higher 
than those obtained in bulk polymerizations a t  s imilar  temperatures. 

The monomer N-vinylpyrollidone has been polymerized in aqueous solutions under ,vary- 
ing conditions 'of intensity, temperature, and solvent composition. The polymer is 
manufactured under the name "~ lasdone"  and is used a s  a blood.plasma substitute. Data 
on rate .and K value (an empirical index of molecular weight) a re  given. 

A se r i e s  of perfluoromonomers were irradiated in an attempt to cause polymerization, 
but the r a t e s  observed were extremely low a s  was the molecular weight of the polymer 
produced. 

Acrylamide, a monomer with melting point of 84.5OC, has been polymerized in the solid 
s tate  by means of gamma rays. Rate and molecular weight data from experiments at 
various intensities and temperatures a r e  reported. 

Commercial polyethylene films and rods have been irradiated with gamma rays, and 
quantitative measurements of the physical properties such a s  tensile strength, creep and 
heat deformation were made. In general, radiation produces an improvement in heat 
stability but deleteriously affects tensile and elastic properties.  

Ballantine D S and Manowitz B 
PROGRESS REPORT ON FISSION PRODUCTS UTILIZATION,, VII. - STATUS REPORT ON 
THE GAMMA- RAY INITIATED POLYMERIZATION OF N-VINY LPYROLLIDONE, 
Brookhaven National Laboratory, Upton, N. Y., October (1954), 7 pp. 

Gamma radiation from cobalt-60 has been used to polymerize N-vinylpyrollidone in an 
attempt to  produce a polymer that might have use a s  a blood plasma expander of better 
quality than the commercial polymer. A study has been made of the effect of monomer 
concentration, temperature, gamma-ray intensity, and solvent composition on the poly- 
me rization rate and average molecular weight. 



It has been found that ra te  depends upon monomer'concentration to the f irs t  power and 
' that average molecular weight increases with increasing monomer concentration. . 

Material of desirable average molecular weight was produced a t  1 to 2% monomer con- 
centrations in water. 

Temperature increase caused an increase in ra te  but had little effect on average 
molecular weight. 

Increasing intensity of the gamma radiation caused increase in rate but decrease in 
average molecular weight. 

The polymerization rate and average molecular weight decreased a s  water was replaced 
with alcohol and chlorinated solvents. 

The polymer produced by radiation has a narrower molecular weight distribution, and it 
was found that radiation of the polymer caused a decrease in average molecular weight. 

BNL-2275 

Ballantine D, Glines A and Manowitz B 
GAMMA-RAY INITIATED POLYMERIZATION OF N-VINYLPYROLLIDONE, 
Brookhaven National Laboratory, Upton, N. Y. , (1954), 5 pp. (3 refs). 

See BNL-317(T-53) for  complete abstract. 

DeZeih C S 
EFFECTS OF NUCLEAR RADIATION ON CORK, LEATHER, AND ELASTOMERS, , 

Boeing Airplane Company, Seattle 24, Wash., June 25, 1957, 23 pp. 

Samples of cork, leather, and various elastomers were irradiated in the cobalt-60 
gamma source of the California Research Corporation at dosages of 
ca. 10' to lo1' e rgs tgram.  

No significant changes were observed for cork. ' er ensile strength of leather was affected; 
no hardening was noticed. ,These materials can be used in certain systems in nuclear 
environmeqts. ~ l a s t o m e r s  SE -55 1 and SE -371 'are affected by nuc'lear radiation. At 
ca. lo1' e rgs  tensile strength and elongation properties decrease considerably, while 
hardness increases to the point of crumbling. High temperature Thiokol exhibiis good 
properties after irradiation. . . 

, Viton A retains usable tensile strength up to c a .  10" e igs ,  with someincrease  in hard- 
ness. At.ca. 10'' e rgs  the pe'rcent of elongation.%f  ito on A drops considerably. 

, , 

Viton A and high temperature Thiokol appear to be promisihg materials for use in 
nuclear environments. 

. . . . .. . 

Ballantine :D S,. Glines A and Metz D J 
THE ROLE OF OXYGEN IN THE POST-IRRADIATION GRAFTING REACTION, 
Brookhaven National Laboratory, Upton, N. Y . ,  April (1958), 9 pp. (8 refs) .  



If a high polymer is subjected to  ionizing radiation and a vinyl monomer added to it in a 
postirradiation step, a graft of block copolymer is formed. This reaction can occur via 
two mechanisms: the f irs t  involving peroxides formed in the irradiation step i f  oxygen 
was present, and the second involving trapped free radicals formed during irradiations 
in vacuum. There is also evidence for some trapped free radicals in the oxygen irradia- 
tion. This paper discusses the efficiency of the reaction involving polyethylene and 
styrene monomer a s  a function of dosage, dose rates, temperature, and atmospheric 
environment .during irradiation a s  determined by chemical analysis. The results a r e  in 
agreement with the mechanism suggested. Some preliminary electron paramagnetic . 

resonance results a r e  in essential agreement with ,the hypotl~esis. The half liveo of tho 
trapped f ree  radicals in polyethylene vary with temperature and atmosphere, but if  
maintained in vacuum at  room temperature they a r e  at least 6 months long. 

Watson C D and Tyner M 
RADIATION DAMAGE STUDIES - PAINTS, PLASTICS, INSULATORS, AND STAINLESS 
STEELS, 
Unit Operations Section, Chemical Technology Div., Oak Ridge National Laboratory, Oak 
Ridge, Tenn., November 10, 1951, '! pp. 

This report discusses the exposure ro gamrna 11-radialiul~ uf several  plaotic paintc, 
Teflon plastic, two types of electrical insulators, and three common types of stainless 
s teel .  

The plastic paints irradiated were commercial brands of nonstrippable maintenance 
coatings painted on ARC0 concrete specimens. The electrical insulators exposed were 
synthetic mica and porcelain. Welded ar~d nonwelded specimens of 347, 309, and 316 
stainless steels were exposed in the presence of 2070 HNO,. 

COO- 196 

Brownel.1 I., E, e t  al.  
UTILIZATION OF THE' GROSS FISSION PRODUCTS - PROGRESS REPORT 5, 
Engineering ~ e s e a r c h  Institute, University of Michigan, Ann Arbor, , Mich. , Contract No. 
AT(l1-1)-162, September (1953), 186 pp. 

This report describes the work accomplished since Progress  Report 4 (COO-124), dated 
March 195'3, was prepared. The experimental studies detailed in this report may be 
summarized as  follows: 

The fundamental study of the effect of radiation on combustion (sub-project M943-2) has 
continued and the experimental equipment has been used successfully;~ however, a s  yet 
experimental difficulties have not permitted the comparison of explosion-limit curves 
with and withqut the influence of beta-particle radiation. This study will be completed 
a s  a portion of the studies, on the effect of radiation on chemical reactions 
(sub-project M943-4). 

The study of performance of combustion engines under the influence of radiation (sub- 
project M943-3) has been continued with tes ts  on drag-stabilized hydrocarbon-air flames 
under the influence of radiation from 2050 cu~sies or gold-198. The results of these tests  
indicate that more efficient combustion is obtained when radiation intensity is high. 

' 



. . 
These tes ts  were concluded with support frdm Michigan ~emor ia ' l -phoen ix  Project 83. 

The study of the effect of radiation on the promotion of chemical reactions has been con- 
tinued with studies on the polymerization of ethylene and the chlorination of benzene and 
toluene. Initial studies indicate that the chlorination of toluene gives the hexachloro 
addition product. A discussion of the 'thermodynamics and kinetics of reactions is in- 
cluded. 

Dosimetry studies on both the 1-kc and 10-kc sources a re  reported, and the nominal 
activities and thosecdetermined from dosimetry measurements a r e  compared. The 
actual activity.of both the 1-kc and 10-kc sources is found to  be considerably less  than 
the reported activity. Personnel of Brookhaven National Laboratory have reached the 
same conclusion regarding the true activity of the 1-kc source, based on reactor compu- 
tat ions . 

The Michigan Memorial-Phoenix Projects have used gamma radiation in a number of 
studies which a r e  reported. Phoenix Project 41 is supporting an extensive animal-feeding 
experiment using gamma-irradiated food. The original plan of the feeding experiment 
reported in Progress  Report 4 has been modified to include one diet in which al l  the 
food is irradiated. Personnel of ~ h o e n i x ' ~ r o j e c t  54 have treated large sections of 
trichinous pork with gamma radiation using both the 10-kc cobalt source and radiation 
from spent reactor fuel slugs. A preliminary design for a pork processing plant to 
handle 2000 hogs per  day indicates that the irradiation of pork using waste fission pro- 
ducts would require 1-112 megacuries of fission products and would increase the cost of 
the pork approximately 2. 3 mills per pound. Various designs of irradiation chambers 
a r e  considered. 

Michigan Memorial-Phoenix Project 73 is supporting an investigation of the nutritive 
valuc of irradiated media using the protozoan 'l'etrahymena Pyriformis a s  the test 
organism. The requirements of this protozoan for the.essentia1 amino acids and the B 

' vitamins a r e  very  similar  to those of man. The short life cycle of this organism com- 
pared to experimental animals such a s  r a t s  should accelerate the accumulation of data 
on this problem. 

Preliminary studies of the effect of radiation on rubber and on polymerization have been 
initiated with the support of Phoenix Project 43. The nature of the polymer, the action 
of compounding agents, and possibly the degree and nature of cure al l  influence the 
resistance of a given rubber formulation t o  gamma radiation. 

The gamma-catalyzed polymerization of a mixture of styrene and methyl methoxylate 
appears to be a free-radical process; however, the gamma-catalyzed polymerization 
of styrene is mildly promoted by several  rubber antioxidants and vulcanization accelera- 
to r s  and is retarded by sulfur, dinitrobenzene, and other materials.  

Academic studies in the Department of Bacteriology by N. J. Williams on the irradiation 
of human blood culture media indicate that radiation sterilization of media is not feasible 
because changes a r e  produced which al ter  the growth of certain organisms on the i r radi -  
ate d media . 
The new 1-kc gamma source has been installed in the Fission Products Laboratory and 
has been in satisfactory operation for several  months. It was found necessary to  add 
concrete shielding to the ceiling of the radiation "cave" in order  to reduce radiation 
effects in nearby buildings to levels approved by the Radiation Policy Committee of the 



University of Michigan. ,Some difficulty has  been experienced in controlling the pH. and 
c la r i ty  of the water in  the well of the radiation cave; however, to date no corrosion of 
the aluminum jackets of the cobalt rods i s  evident. 

Academic studies on the use of polyvinyl chloride f i lms in dosimetry measurements  has 
been conducted by L. M. Welshans. Procedures  for preparing and' using these fi lms and 
modifications of published techniques a r e  reported and discussed. 

Brownell L E, e t  al. 
PROGRESS REPORT 6 - UTILIZATION O F  THE GROSS FISSION PRODUCTS, 
Engineering Research Institute, University of Michigan, Ann Arbor,  Mich. , Contract No. 
AT(l1-1)-162, March (1954), 249 pp. 

Performance t e s t s  were  made with a diesel engine using 1000 cur ies  of palladium-109 
in the combustion chamber.  No significant improvement in  performance was observed. 

Ethylene was polymerized under gamma radiation at p re s su re s  of about 1000 ps i  and 
room temperature.  Radiation dosages of 5 to  7 megarep produced a hard tough polymer 
having a tensile strength up to  2300 ps i  with 79% elongation upon rupture, and a molecular 
weight of 37,300. L e s s e r  dosages of radiation produced a soft, brit t le,  waxy polymer. 
Toluene was chlorinated under gamma radiation and produced the addition compound. 
This reaction is considered to be unique in  that it is believed to be promoted only by 
gamma radiation. The product toluene "hexachloride" is being evaluated a s  an  insecti-  
cide. 

In organoleptic studies on i r radiated food the problem of flavor in i r radiated food, the 
design of experiments for  flavor evaluation, and the u s e  of s ta t is t ics  in expcrimental 
studies a r e  discussed. Experimental resu l t s  a r e  reported from a taste  panel in  which 
the triangle tes t s  and incomplete block ranking tes t s  were used. Pasteurization and 
steril ization doses of gamma radiation were used in the studies on f resh  fruits.  The 
pasteurization and s torage life of meat  a t  refr igerator  temperature were  investigated. 
Flavor  and texture changes were  slight in i r radiated f resh  peaches, dark sweet cher r ies ,  
and cooked applcsauce. Test  panel t e s t s  showed that the shelf-life of pasteurized 
ground pork s tored a t  4 0 O ~  could be 1engthened.to 10 days and possibly longer; ground 
heef to 8 hays. Taste  panel t e s t s  on i r radiated cooked meat indicated'that by the com- 
bination of heat and gamma radiation i t  may be posvlbie .to ster i l ize  canncd m8&% WWithuirt 
undesirable,  flavor changes. 

A new method of wholesaling meat is proposed, based on the prepackaging of meat  a t  the 
packing house followed by pasteurizing with gamma radiation. Advantages of this proc-  
e s s  to the retai ler ,  wholesaler, and consumer a r e  discussed. A design for  a commercial  
radiation facility is presented. Separated cesium-137 is selected a s  a gamma source 
over  3, 6, 12, and 24  non nth old fission products on the basis  of radiation character is t ics-  
and cost. By use of multipasses and by interception of a grea te r  percentage of.the radi-  
ation flux the efficiency of utilizing radiation was increased five fold over Ithat of a prev-  
ious design. 

Re sea rch  reported by the Michigan Memorial Phoenix Project  includes the animal feed - 
ing experiments using i r radiated food, Tetrahymena, for .  the ,evaluation of the effects of 
gamma radiation on essent ia l  nutrilites, gamma r a y  steril ization of c a ~ ~ r i e d  meat, aerobic 
growth of micro-organisms in raw beef exposed t o  .sublethal ("pasteurizing") dosages of 



radiation, and gamma ray  steril ization of t issue culture media. 
- 

In the pilot studies with animals fe'd i r radiated food no acute toxicity was observed in  
animals fed food receiving a 20 megarep radiation dose. However, a marked vitamin 
deficiency was observed when the complete diet was i r radiated with this dosage. This  
deficiency was removed by supplementing the diet with the water  soluble vitamins. Long 
t e r m  feeding and breeding experiments a r e  underway using a colony of 124 initial animals 
(albino r a t s )  and a diet receiving 4 megarep. 

A completely synthetic medium was prepared consisting of the essent ial  amino acids and 
vitamins required by ~ e t r a h ~ m e n a .  The individual constituents were  i r radiated in solu- 
tion and tested for  their  ability, t o  support growth of the protozoa. These t e s t s  showed 
that thiamine, riboflavin, pantothenate, pyridoxine, folic acid, and thioctic acid were  
destroyed by irradiation in dilute solution by l e s s  than 1 x l o 6  rep, while 2 x l o 6  r e p  
was ' requi red  to inactivate niacin. Most amino acids proved to  be relatively radiation- 
rcoiotant. 

Clostridium botulinum 62A and Putrefactive anaerobe NCA 3679 were used on the tes t s  
with canned meat.  The s ter i l i ty  dosage for  canned meat was found to  increase from 2.5 
t o  4 million rep a s  the concentration of Clostridium botulinum spores  is increased from 
4 to 40,000 per  gram.  

Raw beef exposed to 40,000 to 160,000 r ep  was s tored for 13 days a t  4 0 O ~  without the de- 
velopment of the off odor of putrid meat; but .such an off odor and a s l imy growth devel- 
oped in samples  receiving a dose of only about 20,000 rep  and s tored under s imi la r  
conditions. Bacterial  counts made in this  study showed a time lag in the growth of 
micro-organisms in the i r radiated meat indicating a decrease in population. 

A radiation .dosage of l o 6  r ep  destroyed nonspore-forming organisms in t issue culture 
medium witl~out d e t r i r ~ ~ e ~ l l  lo .the growth-promoting and tissue-sustaining propert ies  of 
the medium a s  measured over a short  t ime. 

Studies undertaken cooperatively with industry.inc1uded the gamma irradiation of glass  
fibers,  of beer,  and of cut flowers. The evaluation of resu l t s  in  each case  was made by 
the industrial  laboratory concerned. 

Glass  f ibers  exposed to gamma radiation had a lower tensile strength than the controls, 
for  reasons undetermined. The Young's modulus of glass  is not appreciably affected by 
large a.mounts of gamma irradiation. 

Gamma radiation does not appear promising as a substitute for heat for the pasteurization 
of beer  because dosages sufficient to  destroy the brewery organisms a l so  change the odor, 
color, tas te  and clar i ty  of the beer .  

Roses packaged in polyethylene and irradiated with doses up to  l o 5  r e p  kept twice a s  long 
a t  room temperature a s  the controls and were perfectly preserved after 30 dayst s torage 
a t  refr igerator  temperature.  

Routine operation of the laboratory has continued according to plan. Wooden equipment 
in  the radiation cave failed under normal  load a s  a resul t  of 10%-term radiation damage. 
The design of the ion exchange equipment used to t r ea t  the water  in the cave well  is 
described. 



Faraday-  12 

Collinson E and Dainton F S 
THE X-RAY AND GANIMA-RAY INDUCED POLYMERIZATION O F  AQUEOUS SOLUTIONS 
O F  ACRY LONITRILE, 
Reprint f rom Discussion of the Faraday  Society, Vol. 12 (1952), 14 pp. (14 refs) .  

Polymerization induced by the action of radium gamma rays,  220kV and 50kV X-rays 
on aqueous solutions of acrylonitri le has  been studied. Radiation dosimetry was by 
measurement  of the oxidation of ferrous ions in a l l  cases .  Polymerization in D,O 
solution, followed by infra-red spectroscople a n a l y ~ i s  of Llle pu1y111el.b PI U J U C ~ ~  gave 
direct  proof of the formation of D-atoms in the i r radiated liquid, .and confirmed the i r  
participation in the polymerization. 

The kinetics of the polymerization were studied over the available conce~ltration range, 
and with dose r a t e s  ranging f rom b.tj  x 10" to 33,400 x 10" 1u11 pa l l . s /~ l l l  ~llill. AL l ~ w  
dose r a t e s  the kinetics were  consistent with a nur~uniform distribution of the radrcals 
formed from the water,  while at  high dose r a t e s  an  increasing degree of uniformity was 
indicated. There was apparently no difference in  the effects produced by the three types 
of radiation. 

A possible explanation of these resu l t s  is that a l l  th ree  radiations give r i s e  to  randomly 
distributed volume elements of radicals  in  water in  which chemical  reaction takes place, 
the volume elements being widely separated and independent of each other a t  low dose 
r a t e s  but tending to  overlap a t  high dose r a t e s .  Though this  hypothesis is not finally 
established the viscosity molecular weights of the polymers showed a dependence on 
dose r a t e s  which is in general  agreement with i t .  

Newel1 D M 
IRRADIATION O F  PLASTICS AT GODIVA, 
Pape r  presented a t  the Second Annual 125A Radiation Effects Symposium, October 22-23, 
1957, Convair, Div. of General  Dynamics Corporation, Fo r t  Worth, Texas, 16 pp. (6 refs) .  

- 
(This is Propr ie ta ry)  

Ryan J W 
EFFECTS O F  RADIATION ON ORGANIC MATERIALS, 
General  Electr ic  Laboratory, General  Electr ic  Co., Schenectady 5, N. Y . ,  December 5, 1952, 
31 PP. 

A study of cer tain insulating mater ia l s  and varnishes by gas evolution, tensile strength, 
elongatioqand c reep  and abrasion resis tance is pl-esenl;ed and discussed. 

The inorganic mater ia l s  (mica and phosphoasbestos papers)  a r e  relatively unaffected by 
in-pile irradiation. A silicone (81132), a phenolic (9555), and Formex were tested. 
The Formex  could not take the temperature of the Brookhaven pile (160-180°C); 
#81132 appears  to  be 5e t te r  than the 9555. 



HDC- 1876 

Peterson D L 
PRELIMINARY RUBBER IRRADIATION TESTS, . , 

Reactor Design Division, Hanford Works, General  Electr ic  Co., Richland, Wash. ,  
August 25, 1950, 6 pp. 

The tes t s  presented in  this  report  were proposed to  give necessary information on the 
effect of intense irradiation on various synthetic and natural rubbers.  This information 
is necessary to  properly evaluate a proposed design for  a synthetic rubber gland on the 
discharge end of the process  tubes. Such an  outlet would be used in connection with 
"segmented" o r  continuous discharge of metal. 

All samples  tested began t o  lose springiness a t  7.52 x l ox2  nvt average exposure. At 
14.14 x 1012 nvt all samples  were s t i l l  fairly springy, but surfaces were  becoming hard 
and shiny. 

The conclusion reached is that none of the samples  tested can be considered for  u s e  in 
seals ,  flexible connections, flexible shielding o r  s imi la r  applications where a high 
neutron flux exists.  

Cooke J P 
FINAL REPORT PRODUCTION TEST 105 -5 85 -A, FINAL TESTING OF TEFLON FLEXIBLE 
CONNECTOR, 105-C TYPE, 
Pi le  Technology Sect. , Engineering Dept.. , Hanford Works, Richland, Wash. , June 15, 1955, 
6 pp. (3 refs) .  

A new type of flexible hose connector consisting of a Teflon tube enclosed in a stainless- 
s t e e l  wire  braid sheath was proposed for  use on 105-C r e a r  face in late 1954. A tes t  
,was initiated to  determine the suitability of Teflon, and specifically Fluoroflex Teflon 
compound for  r e a r  face application. 

Fai lure  of the connector af ter  approximately eight months service was due t o  s t r e s s  
corrosion of the stainless-steel braid caused by HC1 which was liberated during the de- 
composition of a polyvinyl coating used t o  keep surface.contamination out of the braid.  
Physical  t e s t s  of specimens of Teflon cut f rom the section of tubing when correlated 
with other t e s t s  indicated that i t  had been exposed to a n  irradiation dose of 100,000 t o  
300,000 H. Fluoroflex Teflon compound is both s t ronger  and more  flexible than the 
ordinary white variety. and even af ter  l o 6  R, t e s t s  have s t i l l  shown strength approxi- 
mately that of unirradiated white material ,  with considerably grea te r  s t r e t c h  before 
break. Probable useful life limit is estimated a t  lo6  R, which would be attained in  
about three yea r s  in contact with f resh  effluent. A softer  temperature stainless-steel 
wire  would undoubtedly be l e s s  subject to  s t r e s s  corrosion. 

Harrington Robert 
PLASTICS AND ELASTOMERS FOR USE IN RADIATION FLELDS - EFFECTS O F  GAMMA 
IRRADIATION, 
Reactor and Fuels  Research and Development Operation, Hanford Atomic Products  Operation, 
Richland, Wash.,  Contract No. W -(31-109)-Eng-52, November 30, 1956, 41 pp. 



This report summarizes the results  obtained from exposing 48 plastics and elastomeric 
materials  over a dose range of 3 x lo6 r to  9 x l o 7  r. Spent reactor  fuel elements were 
used a s  the source of gamma (ionizing) radiation. The studies were undertaken to pro- 
cure practical engineering data for the design engineer. 

Although al l  of these materials  will become damaged from long exposures, plastics and 
elastomers can, with proper evaluation and selection, be used satisfactorily in radiation 
fields. 

Among the materials evaluated, a STyrene -buladlel~e i-iibbtr (PII 408 70,) appeared to be 
the least affected. Two acrylic '  materials (Acrylon BA- 1 2  and EA-5) and two vinyl 
chloride materials (Vyflex L-10 White and Black) appeared allnost equally a s  good a s  
the styrene. Teflon was the poorest of the materials, being severely damaged at 
3 x l o 6  r. Kel-F Elastomer 'and a butyl type (Hycar 2202) became soft and tacky, in- 
dicating their poor suitability tor  use in m~adiallul~ fields. The acrylico, nooprsnes, 
nitriles, and ethylenes appeared to be about equally damug'ccl a B  classes, wllll Y L I I I I E  

overlapping with respect to the individual 111aler isrlv within thc claoooc, The  silicon^ 
elastomers were generally aaivlaged mure sevel.ely, although thc phony1 types we re  
affected l e s s .  Although elongation is a sensitive prope~-l;y and provides a fairly good 
index of the de.gradation of the materials, a study of the effects on several properties 
is necessary to obtain the t rue  condition of the materials.  

IEC-0358 

LeClair H G and Cobbs W H, Jr. 
EFFECTS OF RADIATION ON PLASTIC PACKAGING FILMS, 
Industrial and Engineering Chemistry, Vol. 50, No. 3, pp.323-326, March (1958), (20 refs).  

The effects of irradiation on high polymers have been investigated in recent years .  How- 
ever,  much of the work reported was performed on bulk samples for both irradiation and 
testing. In this work, polymers were irradiated and tested in the for111 uf thin films. 
Although the fundamental changes should be the same regardless of the physical state of 
the polymer, they may be reflected differently in films because differed testing methods 
measure different combinations or these fundamental changes. In this report a r e  sum- 
marized the effects of high energy irradiation on a number of com111ercially availahle 
plastic films. 

In general the physical properties of these polymers a r e  degraded with increasing 
radiation exposure, ' regardless of whether o r  not the polymer 'is crosslinked. The 
amount of such degradation a t  any given exposure level depends markedly on . the . struc-  
ture  of the polymer. ' s 

. . 

. . 
The polyethylene, a s  h o w n  by solubility measurements, is cross~inked '  by irradiation. 

. .. 
At the same time i t  is unique in showing the sharply increased impact strength; al l  the 
other properties a r e  degraded with increasing exposure it: rooin temperature. Cross-  
linked polyethylene becomes a very viscous liquid. However, these effects impart no 
advantages to the film when used for rlvrmal packaging applications at room tempera- 
tures .  



Deeley C W, e t  al. 
EFFECT O F  PILE IRRADIATIQN ON THE DYNAMIC MECHANICAL PR0,PERTIES O F  
POLYETHYLENE, 
Journal of Polymer Science, Vol. 28, pp. 109- 120, . February (1958). 

The effects of pile irradiation on the damping and resonant frequency of a "high pressure" 
polyethylene were investigated over a temperature range from 80° to  550°K in the audio- 
frequency region using an apparatus which drives rod-like specimens in their  t ransverse 
modes. Using irradiation dosages which result in approximately 470 crosslinking o r  
greater,  the mechanical loss peaks found at about 165O, 2650, and 355OK in polyethylene 
a re  altered. Definite changes in the resonant frequency o r  modulus -temperature plots 
also occur. The 3 5 5 ' ~  peak, attributed to the melting of the crystalline portions of the 
sample, decreases in height and shifts to lower temperatures with increasing irradiation 
dose. A decrease in the height of the 265OK peak accompanied by a shift to higher tem- 
peratures takes place. The 1 6 5 ~ ~  peak initially increases in height and peak temperature, 
but at higher dosages a marked decrease in the damping maximum occurs. The damping 
behavior in the 165O and 2 6 5 ' ~  regions is discussed in te rms of diffusional motion of chain 
segments in the amorphous polymer portions. 

Angier D J and Turner D T 
GRAFT INTERPOLYME RS FORMED BY Y-IRRADIATION OF METHYL METHACRYLATE - 
NATURAL RUBBER MIXTURES, 
Journal of Polymer Sciences, Vol. 28, pp. 265-274, March (1958). 

On exposure to co60 Y-radiation, mixtures of natural rubber and methyl methacrylate 
yield almost exclusively an appreciable amount of f ree  polymethyl methacrylate which is 
formed only in the presence of a t ransfer  agent o r  following radiation-induced degrada- 
tion of the interpolymer. The influence of the purity of the rubber, monomer concentra- 
tion, field intensity, the presence of t ransfer  agent, and the gel effect on the rate of 
formation, yield, and structure of the interpolymer a r e  reported. 

Bauman R and Glantz J 
THE EFFECT OF COPOLYMER COMPOSITION ON RADIATION CROSSLINKING, 
Journal of Polymer Science, Vol. 26, No. 114, pp. 397-399, December (1957), (1 ref). 

The efficiency of radiation. crosslinking a s  a function of copolymer composition has not 
been extensively studied to date. This paper presents two figures showing radiation 
crosslinking of butadiene -styrene and butadiene -acrylonitrile .copolymers. The curves 
show swelling ratio a s  a function of weight percent for given total gamma doses. 

At any given dose the crosslink density decreases with increasing styrene content. In 
the case of acrylonitrile cvpolymers the situation is more complex. Up to exposures of 
3-5 x 10' roentgens, the acrylonitrile exerts  a protective influence. Above this exposure, 
there appears to be some evidence of enhanced crosslinking with increasing acrylonitrile 
content. The mechanisms of these structure interactions a r e  not understood a t  present. 



Glegg R E and Kertesz Z I 
EFFECT OF GAMMA-RADIATION ON CELLULOSE, 
Journal of Polymer Science, Vol. 26, No. 114, pp. 289-297, December (1957), (17 refs).  

The present investigation arose  out of studies on the effect of ionizing radiations on the 
texture of fruits and vegetables, in which it was shown that considerable softening of 
the t issues could be induced at comparatively low dosages. This phenomenon could be 
due, a t  least in part,  to  the degradation of the cellulose componenr of cell walls. A 
study of model systems of cellulose was therefore undertaken to  determine the degra- 
dation caused by gamma radiation in the dosage range known to  affect the texture of 
fruits and vegetables. Particular emphasis was placed on the effect of moisture content 
on degradation. In addition, this paper presents some further observations on t h e .  
I I after-effect" of gamma-radiation-induced degradation of cellulose reported previously. 

Mincher E L 
SUMMARY OF AVAILABLE DATA ON RADIATION DAMAGE TO VAHlUUS NUITMETALLIC 
MATERIALS, 
General Engineering Laboratory, General Electric Co.,  Schenectady, N. Y. ,  Contract NU. 
W-(31-109)-Eng-52, April 2, 1952, 51 pp. (71 refs).  

This document abstracts  from the literature the known effects on selected nonmetallic 
materials.  The original sources a r e  quoted, giving the doses, the physical changes 
noted, and the source of the radiation. The emphasis is on the electrical insulating 
materials .  'l'he following types of materials were studied: (1) lubricants and organic 
liquids, (2) plastics and elastomers, and (3)  ceramic electrical insulator materials.  

Conclusions concerning the lubricants and liquids were: 
1. Alkyl derivatives of aromatics a r e  the most radiation-resistant lubricants, 

whether o r  not the samples a r e  exposed to a i r .  
2. Ether-linked polymers a r e  also radiation-resistant. 
3 .  High molecular weight polymers commercially used a s  viscosity improvers 

a r e  depolymerized by pile radiation. 
4. The effects of oxidation inhibitors vary with the material.  
5. An electric motor equipped with lubricated ball bearing can be operated in a 

pile. 
6. Improved choice of lubricants now would permit the operation of a tes t  stand 

engine with some qualification at low temperatures. 

The plastics and elastomers studied to failure were ally1 diglycol carbonate,. Casein, 
cellulose acetate, cellulose acetate bulyrate cellulose nitrate, ethyl cellulose, fluoro- 
ethene, furfural alcohol polymer, lucite, masonite, melamine resin-glass cloth 
laminate, mica tape, neoprene,.nylon, phenol formaldehyde with linen, colton, paper, 
with asbestos bakelite polyester plastic polyethylene, polystyrene, saran, silicone 
resin cloth laminate silicone pasted mica tape, teflon, vinyl chloride acetate, vortex 
silicone-coated glass fiber. 

A number of ceramics were given pile exposures. The changes in electrical resistivity 
and dielectric strength for the exposures a r e  tabulated. ~ l k r n i n a ,  beryllia, sillimanite, 
zirconia, mica and some glass-mica mixtures were studied. 



, . 
- - - -  
DETAILED PROJECT STATUS REPORT - REMOTELY OPERATED THOMPSON DIS- 
CONNECT, 
The Kellex Corporation, New York, N.Y. ,  Contract No. AT-(30-1)-Gen-169, September 26, 
1949, 18 pp. (1 ref).  

The main effort of this project was directed toward the development, fabrication and 
tes t  of a plastic s ea l  (gasket) for  the Thompson Quick Disconnects proposed for in- 
stallation in the process  lines of the Job 11 Metals Recovery Plant, the main process  
sections of which it was proposed t o  install  under water .  This  device offers par t icular  
advantages in underwater operation. Various sea l  mater ia l s  were examined in o rde r  
to  obtain a s e a l  which could be used in the device. The two most promising mater ia l s  
appear to  be Kel-F and Teflon. 

Collins C G 
COMBINED TIME, TEMPERATURE, AND RADIATION EFFECTS ON ORGANIC 
MATERIALS, 
General  Electr ic  Company, Cincinnati, Ohio. Paper  presented at the 3rd Semi-Annual Effects 
Symposium, October 28-30, 1958, Lockheed Aircraft  Corp . ,  Marietta, Ga. , 16 pp. (5 re fs ) .  

Experimental observations of combined time, temperature,  and radiation effects on a 
lubricating oil  and Teflon aircraf t  engine hoses a r e  described for  the temperature 
range from 80° to  4000F and for radiation r a t e s  of l o 6  to  5 x lo7  e r g s  (grn~)- '  h r - l .  

The resul ts  show that a t  a constant radiation ra te  the failure t ime - a s  judged by the 
oxidation-induction period of the oi l  and by leaks in the Teflon hoses - follows an 
Arrhenius -type relationship with temperature.  At a constant temperature,  failure 
t ime was found t o  follow a logarithmic relationship with radiation dose rate .  The over-  
a l l  resu l t s  can be described in a summary  equation in t e r m s  .of t ime, absolute temper-  
ature,  and radiation dose rate .  

Several  implications of the summary  equation a r e  discussed in reference to .radiation 
effects in organic mater ia l s .  One implication is that observations of equal damage a t  
constant dosage i r respect ive of dose ra te  may be valid at  only one temperature o r  a t  
high dose r a t e s .  

LAC -NR -51 (Vol. 3 ) -  24 

Gregson T C and Gehman S D 
RADIATION DAMAGE O F  AIRPLANE TIRE MATERIALS, 
The Goodyear T i r e  and Rubber. Company, Akron, Ohio. Pape r  presented a t  the Third Semi- 
Annual Effects Symposium, October 28-30, 1958, Lockheed Aircraft  Corp . ,  Marietta, Ga., 
25 pp. (20 refs) .  

An airplane t i r e  is a relatively complex, highly s t r e s sed  s t ructure.  Radiation damage 
effects a r e  unusually complicated in this  case  because of the number of mater ia l s  in-  
volved and the cooperative effort required of each. Damage to  t i r e  components typical 
of present production was studied with cobalt-60 gamma radiation. The influence of 
various environmental factors was a l so  investigated. T i r e  fabric and fabric-rubber 



adhesion a r e  far more susceptible to radiation damage than a r e  the rubber compounds 
in general use. Damage to  the fabric is especially critical, in t e r m s  of t i r e  perform- 
ance, since it bears  the brunt of the s t resses .  Cord fatigue and dyndmic adhesion a r e  
the most serious aspects of radiation damage to  t i res .  Various types of nylon t i re  cords 
possess significant differences in their ability to withstand irradiation. Presence of a 
nitrogen atmosphere was found to be very efficacious for reducing radiolysis in nylon 
cords.  It was thus conceived that nitrogen inflation would provide a practical means of 
raising the damage threshold of tubeless airplane t i res .  Several nitrogen inflated t i r e s  
were exposed to a dose of l o 7  rad, a level above the damage threshold for nylon cords 
when irradiated in a i r .  Their performance in laboratory tes ts  confirmed the protective 
benefits of nitrogen inflation. 

Thomas Frank W 
AIRCRAFT RADOME DESIGN PROBLEMS ASSOCIATED WITH A NUCLEAR ENVIRON- 
1VlE N'l;  
Lockheed Aircraft Corporation, Marietta, Georgia. Paper presented at the Third Semi- 
Annual Effects Symposium, October 28-30, 1958, Lockheed Aircraft Corp. , Marietta, Ga.,  
7 pp. (9 refs) .  

The effects of nuclear radiations in relation to  microwave transmiSSiOn through a di= 
electric lens, o r  radome, presents a number of design problems associated with 
nuclear-powered aircraft.  A mathematical prediction technique was used to  estimate 
the effect of radiation on multilayer dielectric flat panels. 

The results  show how radiation effects data may be interpreted in the design of a 
radome tes t  panel. 

Barnett D E 
RADIATION TESTING OF 5-79 ORGANIC ENGINEERING MATERIALS AND COMPONENTS, 
General Electric Company, Cincinnati, Ohio. Paper presented at the Third Semi-Annual 
Effects Symposium, October 28-30, 1958, Lockheed Aircraft Corp.,  Marietta, Ga., 1 p. 

A number of organic engineering malerials and componcntcl uced by the General . . 

Electric Company on 5-79 turbojet engines have been and a re  presently being irradia-  
tion tested at the ANPD in an effort t o  determine the applicability of these materials in 
propulsion machinery for nuclear powered flight. The materials and components a r e  
irradiated in anticipated thermal environments, while being subjected t o  functional 
pressure  and fluid flow. The materials and components under investigation include a 
turbojet lubricant, hydraulic fluid, fuel, elastomer seals, gaskets, and hoses. The 
elastomer materials consist of seven commercial products in the form of fabricated 
O-rings, gaskets and flexible hoses. 

This paper will present the past, present and planned materials and conlponents 
irradiation programs, post -irradiation materials evaluation, the necessity for inform - 
ation of this kind, -and other problems and considerations associated with applications 
proving radiation tolerance of organic engineering materials.  
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Van Lint V A J and Miller P H, Jr. 
ELECTRICAL EFFECTS O F  HIGH-INTENSITY IONIZING RADIATION O N  NONMETALS, 
General  Atomic Divisionof General  Dynamics Corporation, San Diego, .Calif. Pape r  presented 
a t  the Third Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Air -  
craf t  Corp.,  Mariet ta ,  Ga., 10 pp. 

It is well known that nuclear radiation produces permanent damage to  electronic 
components. This  damage is associated with the displacement of a toms from the i r  
normal  s i tes  in c rys ta l s  and molecules. The advent of ve ry  intense sources of ionizing 
radiation has introduced another problem into electronic circui t ry -- the transient 
e lectr ical  conductivity induced in otherwise poorly conducting mater ials .  This con - 
ductivity is due t o  the electron excitation produced by the ionizing radiation. 

Experiments have been performed to  measure  the magnitude of these effects, The 
radiation source used was an  electron linear accelerator  capable of delivering dose 
r a t e s  in excess  of 10' r ad / sec  during 1 0 - ~ s e c  pulses. The mater ia l s  which have been 
studied include res i s tors ,  capacitors,  and semiconducting diodes. 

The apparent resis tance of a megohm res i s tor  during the i r radiat ion was l e s s  than 
2 x l o 4  ohms. However, th i s  effect was proved t o  be due pr imar i ly  to  the ionization 
of the a i r  surrounding the component and i t s  leads. Transient  conductivity of a megohm 
re s i s to r  encapsulated in an evacuated container was not detectable in these experiments. , 

However, e lectr ical  effects were observed even in this  case.  These effects were 
associated with electrons being emitted by the component and i t s  leads during the ir- 
radiation (i. e . ,  photoeffect). 

Capacitors exhibitethe same type of behavior a s  res i s tors .  The data can be interpreted 
in t e r m s  of a mean trapping t ime for the c a r r i e r s  which a r e  induced in the dielectric 
by the radiation. This  trapping time in the dielectric of a mica capacitor has  been 
shown t o  be less than 2 x 10-l3 sec.  This value indicates that the product of t r a p  density 
and t r a p  concentration is grea te r  than 2 x 10' cm-la  a quantity which is unexpectedly 
large. 

Rectifying semiconducting junctions a r e  affected drast ical ly  by ionizing radiation. 
Reverse cur ren ts  a s  large a s  100 ma  can be observed during intense radiation, and 
pulses containing a s  little a s  0.1 rad  delivered during 10 ksec have appreciable effects 
(> 5'0 Fa r eve r se  current  in a IN91 diode). 

These effects can have significant influence on circui ts  which may be exposed to  intense 
ionizing radiation. Future experiments a r e  planned to  study in detail the effects in in- 
sulators 'and semiconductors and to  evaluate quantitatively the effect of the surrounding 
a i r .  

Shatzen M L 
A STUDY O F  RADIATION EFFECTS ON FUEL TANK SEALANTS AND BLADDER CELL 
MATERIAL, 
Lockheed Aircraf t  Corporation. Paper .presented at the Third Semi-Annual Radiation Effects 
Symposium, October 28-30, 1958, Lockheed Aircraft  Corp.,  Marietta, Ga., 7 pp. 



The effects of exposure t o  gamma irradiation were studied on two commercial  thiokol 
based sealants  and one high-temperature bladder ce l l  material .  Samples were tested 
d r y  in the i r  original cured s tate  then, after exposure to  140°F, immersed  in JP -4  fuel 
for  periods equivalent t o  those required t o  reach the three  radiation doses used. After 
gamma irradiation a t  1 4 0 ' ~ ~  they were immersed in JP -4  fuel t o  radiation doses of 
9.3 x lo8, 3.5 x los ,  and 9.9 x 10' e rgs /gm (carbon). The sealants  showed about 1070 
degradation at the intermediate dose level and ser ious damage a t  the highest dose level. 
The bladder cel l  mater ia l  apparently withstood a dose of 9.9 x 10' e rgs /gm (carbon) at  
140°F in J P - 4  without great  damage. 

Chambers  R H 
TZEE EFFECT OF ELECTRQN RADIATION UN 'laW COMPLEX DTiT(AMIC MODULUG O F  
POLYSTYRENE AND HIGH-DENSlrI"Y POLYETHYLENE, 
Genera l  Atomic Division of General Dynamics Cor-poration, San Diego, Calif. Paper  presented 
a t  the Thi rd  Semi-Annual Radiation Effects Syinposium, OcLubel. 20-30, 1068, Loclrheed ~ i r - '  
craf t  Corp. , Marietta,Ga., 11 pp. (10 refs) .  

Measurements  of the elast ic  modulus and mechanical loss  at 5 t o  10 kcps were made on 
nonirradiated and 5 -Mev-e1.ectron-irradiated specimens of polystyrene and high-density 
polyethylene over a temperature range from 80° t o  320'~. Specimens were i r radiated 
a t  liquid-nitrogen and room temperatures  t o  doses of up to 7 x lo7  rads.  Considerable 
dependence of the modulus on irradiation temperature was noted in polyethylene. The 
polystyrene specimens exhibited marked modification of the internal friction spectrum 
under room-temperature irradiation. These changes in the dynamic modulus a r e  dis-  
cussed in t e r m s  of ear ly-s tage crosslinking mechanisms. 

Wasrick E L, et  al. 
RADIATION RESISTANT SILICONES, 
nnw Corning Corporation, Midland, Mich. Paper  presented at thc Third Semi-Annual Radiation 
Effects Symposium, October 28-30, 1958, Lockheed Aircraft  Corp. , Marietta, Ga. , 22 pp. 
(3 refs) .  

Silicones as a c l a s s  cover  a wide range of polymer compositions within which a r e  newer 
mater ia l s  of outstanding radiation resis tance.  These take the form of fluids, greases ,  
r e s in s  and rubbers .  Inherently, silicones a r e  thermally stable and this  is reflected in 
excellent performance for some polymers in the combined environments of radiation 
and high temperature.  Comments in the l i terature which classify silicones as .poor in  
radiation resis tance a r e  based on observations covering only a limited a r e a  of the total  
field with concentration on a few of the l e s s  stable polymers.  

Albrecht T W 
RADIATION EFFECTS ON ORGANO-SILICONS, 
Convair, A Division of General Dynamics Corporation, Fo r t  Worth, Tex. Paper  presented a t  
the Third Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Locltheed Aircraf t  
Corp. , Marietta,  Ga., 10 pp. 



The paper discusses the heat, radiation, and oxidative stability of silicon materials.  
A stepwise energy reduction mechanism for oxygen is proposed.that allows molecular 
oxygen to be changed to  atomic oxygen in 30-40 Kcal increments rather ' than in steps of 
96 Kcal. The mechanism helps explain the -relative ease of oxidation of silicon materi-  
a ls  and the products formed at relatively low temperatures. 

Wall Leo A, e t  al. 
RADIATION CHEMISTRY O F  FLUOROCARBON POLYMERS AND MONOMERS, 
National Bureau of Standards, Washington 25, D. C. Paper presented at the Third Semi-Annual 
Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraft Corp., Marietta, Ga., 
25 pp. (16 refs). 

The changes in polymers irradiated with coS0 gamma rays  were studied with reference 
t o  formation of gas molecules, crosslinking, and scission in a i r  and in vacuum, a s  
evidenced by 'mechanical properties such a s  "zero-strength-time1' and free-radical 
accumulation and disappearance a s  shown by electron spin resonance. The polymers 
studied 'were: Teflon, Teflon 100X, Kel F, Kel F elastomer, Viton A, and trifluoro- 
ethylene. These polymers show great differences in radiation stability depending upon 
environment and constitution. The molecule hexafluorobenzene showed outstanding 
radiation stability, approximately comparable to benzene, and would be a promising 
basis for the preparation of resistant ,polymers. Mixtures with added hydrocarbon 
materials  were somewhat less  stable. It appears that radicals in Teflon build up ap- 
proximatelylinearly, at least up to  a dose of 72 megr, and disappear very  slowly in 
vacuum, while in a perfluoropropene -tetrafluoroethylene copolymer the radical concen- 
tration shows s i g i ~ s  uf leveling off at 50  megr and probably declines somewhat in two 
days. 

DeZeih Chester J 
EFFECTS O F  NUCLEAR RADIATION ON CORK, IXATHER, AND ELASTOMERS, 
Boeing Aircraft Company, Seattle 24, Wash. Paper presented at the Third Semi-Annual 
Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraft Corp., Marietta, Ga. , 
23 PP. 

Samples of cork, leather; and various elastomers were irrad.iated in the cobalt 60 
gamma source of the California Research Corporation at dosages of 
ca. 10' to lo1' e rgs lgram.  

No significant changes were observed for cork. Tensile strength of leather was 
affected; no hardening was noticed. These materials  can be used in certain systems in 
nuclear environments. Elastomers SE-551 and SE-371 a r e  affected by nuclear radia- 
tion. At ca. lo1' e rgs  tensile strength and elongation properties decrease considerably, 
while hardness increases to the point of crumbling. High temperature Thiokol exhibits 
good properties after irradiation. 

Viton A retains usable tensile strength up t o  ca. 10" ergs,  with some increase in 
hardness. At ca. lo1' e rgs  the percent of elongation of Viton A drops considerably. 

Viton A and high temperature Thiokol appear t o  be promising materials for use in 
nuclear environments. Additional work is being planned. 



Kerlin E E . 
'0' RING TESTING IN A MIXED FIELD IRRADIATION, 
Convair, A Division of General Dynamics Corporation, Fort Worth, Tex. Paper presented at 
the Third Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Aircraft 
Corp. , Marietta, Ga., 1 p. 

This report describes work directed toward the development of 'Ot rings that a r e  r e -  
sistant t o  the .combined effects of radiation, fluid, temperature and pressure.  This 
work is in two parts ,  screening of existing compounds, and actuator sea l  tests .  

In the screening tes ts  aircraft '0' ring compourlds were 'compared to control samples , 

t o  determine the percent damage. 

For  the actuator sea l  tests,  equipment was built to  simulate '0' ring sea l  conditions. 
This equipment gives information on the sealing ability of '0' rings in actual working 
.conditions. 

Compounds that were least affected in the screening test were tested in thc actuator 
sea l  test.  The most promising material tested was  Parco  303, a teoprene W T  rubbor, 

Present  work on this program is being directed toward development of testing tech- 
niques to give a more accurate environment for the screening tests.  In addition testing 
will be done in the development of a more radiation resistant '0' ring. 

Newel1 D M 
RADIATION EFFECTS ON 23 SILICONE RUBBERS A?' AMBIENT TEMPEHArURE, 
Convair, A Division of General D,ynamics Corporation, Fort Worth, Tex. Paper presented 
at the Third Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Air- 
craft Corp.,  Marietta, Ga., 39 pp. (4 refs). 

Convair-Fort Worth has conducted screening tes ts  on 23 silicone rubbers, irradiated 
at three temperatures and four fluxes. The Grourld Test  lieactor was used. The ill- 

formation obtained to  date i s  from tests  conducted during February and March 1957 
(MCI-4). Standard physical tes ts  were performed. 

The materials were obtained from Dow Cor.t~ing, General Electric, and Union carbide. 
The materials found to  be the most radiation resistant were: Silastic 7-170, SE 381, 
Silastics 2048 and 80, and 81641 (GE). There was a definite correlation between the 
filler content and the damage, with the percent damage varying inversely with the 
percenl filler. 
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Allen A 0 
EFFECTS O F  RADIATION ON MATERIALS, 
Lecture-Seminar in Nuclear Science and Engineering, Massachusetts Institute of Technology, 
May 20, 1947, 1 7  pp. (16 refs). 



This paper is a qualitative survey of the complicated subject - Effects of Radiation on 
Materials. High energy radiations have long been known to  produce changes in chemical 
constitution and physical properties in the materials which they traverse: Types of r a -  
diation and their interactions with matter, effects of radiation on the different types of 
chemical bonds, effects of radiation on simple gases, and organic compounds a re  dis- 

Colichman E L and Strong J D 
EFFECT OF GAMMA RADIATION ON EPOXY PLASTICS, 
Modern Plastics,  Vol. 35. 1, No. 2, pp. 180, 182, 184, 186, 282, October (1957). 

The extent to which.typica1 thermally cured epoxy plastics might be improved by radia- 
tion postcuring has been investigated. Nine different epoxy compositions were studied 
containing various curing agents and the presence o r  absence of reactive diluents. 
Gamma radiation dosages were lo6 ,  lo7 ,  and 10' roentgens. Physical properties 
measured on irradiated and unirradiated specimens were hardness, heat distortion 
temperatures, and compressive strengths. Hardness properties were found to  change 
the greatest amount. Hardness results  can be. correlated with the molecular structure 
of the epoxy compositions and can be used a s  a measure of radiation resistance: Epoxy 
plastics a r e  highly radiation resistant and little change occurs in hardness on radiation 
when relatively inert aromatic-type curing agents a r e  used. Active methylene groups 
permit cross-linking analogous to  that occurring in polyethylene, and hardness in- 
c reases  in excess of 5070 were obtained in these epoxy compositions at gamma dosages 
of 10' roentgens. If reactive groups a r e  present,that allow radiation-promoted vinyl 
polymerization to  occur, the concentration of these reactive diluents determines whether 
hardness increases o r  decreases a s  a result of radiation. 

Heat distortion temperatures and compressive properties a re  little changed by radiation 
up to  at least 10' roentgens. Specific epoxy compositions show increases in compres- 
sion strength of about 7%. 

Radiation curing of epoxy resins t o  form rigid plastics without using heat is possible 
with compositions that permit vinyl polymerization. Radiation curing alone apparently 
results in a smaller  and less  desirable polymer molecule, due probably to  the fact that 
the curing agents cause polymerization normally by condensation reactions which a r e  
not radiation promoted. 

Metz Donald J 
GRAFT COPOLYMERS - A NEW TECHNOLOGY? 
Nucleonics, Vol. 16, No. 4, pp. 73-77, April (1957) (11 refs) .  

Several promising new materials can be made by graft copolymerization. Most promi- 
nent among them a r e  ion-exchange membranes made by grafting styrene onto poly- 
ethylene and sulfonating the styrene. An addition of properties occurs. Polyethylene 
has good tensile strength and flexibility, and it can be extruded o r  rolled into thin sheets. 
Polystyrene, on the other hand, is brittle but can be sulfonated to  make an ion-exchange 
medium. Grafting makes a strong, flexible membrane that can be sulfonated. 

V 



Existing data a r e  not sufficient to determine the effects of various experimental para-  
meters  on this process. Polyethylene films were soaked in benzene at room tempera- 
tu re  and dried until their weight remained constant. Then they were covered with 
styrene monomer and exposed t o  cosO gamma rays: Nitrogen was used to purge oxygen 
f rom a closed system. After irradiation the films were extracted with benzene and 
dried. Figures a r e  included which show properties of cation exchange membranes made 
by sulfonating such films and, for comparison, those,of several  currently marketed 
membranes. 

Anion-exchange membranes can be made by grafting vinyl pyridine to polyethylene and 
following with quaternization o r  by introducing quaternary am'ine groups into the styrene- 
polyethylene copolymers. Their properties a r e  s imilar  to  the cation-exchange 
membranes jus t  described. 

Artandi Charles and Stonehill A A 
POLYVINYL CHLORIDE - NEW HIGH-LEVEL DOSIMETER, .- - 
lVucleonies, Vol. 16, Nu. 5, pp. 110-120, May (1068), (11 rcfc). 

This paper discusses polyvinyl-chloride film which has been found to  be a good dosim- 
e te r  for electron doses in the 0.5-6 megarad range. It turns amber in color and a 
measurement of optical density indicates the absorbed dose within -8%. The film makes 
a cheap, simple, accurate and permanent dosimeter. After proper standardization it is 
equally good for gamma-ray dose. The mechanism of discoloration of irradiated high 
polymers is discussed and compared to that of irradiated glass.' 

Other known dosimeters in the megarep range a r e  discussed. Tliese are silver- 
activated phosphate glass, photographic print -out paper, and a pH -sensitive dye into 
polyvinyl,-chloride film. 

Rasor N S and Nading J M 
RADIATION AND HEAT RESISTANT VACUUM SEALS, 
North American Aviation, Inc. , Downeg, .Calil'. , Contract No. AT(11- 1) -Gen-8, Decer~iber 18, 
1951, 28 pp. (6 refs).  

A vacuum seal  utilizing an inflatable sheet metal gasket has been developed for appli- 
cations in which high intensity nuclear radiation o r  high temperature make the use of 
conventional sealing materials and techniques unsatisfactory. A test model of this sea l  
is described and a possible mechanism t o  explain its observed performance is proposed. 
The application of this sea l  and i ts  modifications is discussed with a view toward its 
suitability for use in the MTA Mark I11 accelerator. Alternative .seals also considered 
include a gasket of an alloy of gold and cadmium having unusual elastic properties, and 
a multiple pump -out arrangement employing no gasket. 

----  
PROCEDURES FOR SYSTEM PANELS TEST NO. 2, ADDENDUM 5, 
Convair, A Division of General Dynamics Corp., For t  Worth, Tex., " 

Contract No. AB33(600)-32054, September 7, 1956, 47 pp. 



'system Panels Irradiation Test No. 2 has been performed at ~ o n v a i r - F o r t ' w o r t h  during 
late 1956 and ear ly  1957. In this test, existing aircraft .systems mounted on test  panels . 
were irradiated, using the Ground Test  Reactor a s  the source. The Ground Test Reactor 
was placed in the dry pool, and the panels to be irradiated were grouped around the r e -  
actor inside the pool. Measurements were made of thephysical properties and operating 
characteristics of the panel before, during, and after irradiation. ' 

This report is the fifth addendum to  Procedures for System Panels Test No. 2 (Convair- 
For t  Worth Report MR-N-122). It describes the static systems to  be irradiated and 
tested. It also establishes procedures for the exposure, testing, and handling of this 
equipment. Essentially this equipment consists of a disc-type Rotor Brake, Ti re  and 
Tube Assembly and Chaff Samples .supplied by Wright Air Development Center, Dayton, 
Ohio; Type 9519 Liquid Spring Shock Struts supplied by Cleveland Pneumatic Tool Co., 
Cleveland, Ohio; and Plastic Laminate Coupons supplied by Zenith Aircraft, Gardena, 
California. 

Other static systems t o  be irradiated in this test but not described in this ser ies  of 
addenda are:  Aluminum Structural Materials and Fuel Bladder supplied by Lockheed 
Aircraft Co., Marietta, Ga. ; various material samples supplied by Glenn L. Martin 
Aircraft Co., Baltimore, Md. ; Elastomers and Sealants supplied by Test  Laboratory, 
Convair-Fort Worth, Texas; and various oil  samples supplied by Wright Air Develop- 
ment Center, Dayton, Ohio; Shell Development, Eme ryville, California; California 
Research Corp. , Richmond, California. 

Although the above samples a r e  not covered by Planning Documents, the complete 
results will be published in the final report. L 

Griffin W R 
RUBBER IN A NU'CLEAR ENVIRONMENT, 
Wright Air Development Center, Wright-Patterson AFB, Ohio. Paper presented at the F i r s t  
Semi-Annual 125A Radiation Effects Symposium, May 22-23,. 1957, Convair, Fort  Worth, Tex., 
3 PP. 

We find rubber among those materials most sensitive to  nuclear radiations. Since it 
appears that rubber will be a necessary part of this nuclear system, the limitations a s  
a material must be established. 

The B. F. Goodrich Company has been under Air Force contract for approximately 
3-112 years  to study al l  phases of radiation damage. The results of this  work which 
have been published in three summary reports a r e  briefly discussed. 

In addition,' work at WADC has been directed toward high temperature and simulated 
testing of new fluid resistant elastomers. Results of this work which will also be 
published soon, is briefly covered. 

Supporting work of. direct interest is being conducted at Oak Ridge National Laboratory, 
who a r e  providing fundamental data using mixed radiations. 

The a i r  frame and engine manufacturers a r e  assisting with this project by establishing 
the limitations on commercial materials. 



Johnson R E and Sicilio F 
RADIATION DAMAGE TO ELASTOMERS AND SEALANTS --I, 
Convair, For t  Worth, Tex. , Contract No. AF-33(600) -32054, November 26, 1957. 

Elastomer and sealant samples were irradiated in a i r  and some sealant samples were 
irradiated while immersed in Type LII hydrocarbon fuel. The samples irradiated in a i r  
received an average integrated fast neutron flux of 6 x 1014 nvt and an average inte- 
grated thermal neutron flux of 6 x 1013 nvt. 

NARF-58-1T (Add. 5) FZK-9-126-5 

- - - -  
RESULTS OF SYSTEM PANELS TEST NUMBER 2 - ADDENDUM 5, 
Convair, A Division of General Dynamics Corporation, Fort  Worth, Texas, Contract No. 
AF-33(600)-32054, September 6, 1958, 177 pp. 

This report d i s c ~ ~ s s e s  eight t e s t s  performed a t  Convair-Fort Worth during late 1956 
and ea r ly  1957. 

Reinforced plastic laminates were tested. As a result some characteristics improved, 
some remained constant and others w,ere harmed by the mixed flux environment of 
gamma (20 x lo6  roentgens) and neutron radiation (3.5 x 1014 nvt). No changes were 
observed in the res in  content o r  the specific gravity. Polyester laminates and silicon 
laminates were tested and compared at 450°F, 5 0 0 ° ~ ,  and room temperature. 

Three  jet fuels irradiated underwent small  changes in composition commensurate with 
total dose but a major decrease in thermal stability. The degrading effect of the com- 
bined neutron-gamma flux appears t o  be mainly due to the gamma flux level and pos- 
sibly to solution of iron. 

A. wi.de variety of synthetic oils (esters,  hydrocarbons, silicones, etc. ) were i~.z.adiated 
t o  determine their  sensitivity t o  reactor radiation. The total absorbed radiation, 
approximately equivalent to 6 x 10" rad, was l a w  and caused no significant property 
changes in most of the materials.  Inhibited es t e r  oils that contained t r ic resyl  phos- 
phate did show appreciable loss of antioxidant activity and increased corlviderably in 
high-temperature deposit forming tendencies. Similar changes in t r ic resyl  phosphate 
containing es ter  oils were observed after irradiation t o  the same level with cobalt-60 
Y-rays. Reactor irradiations t o  much higher levels will be needed before any possible 
neutron sensitivities of the more stable oils can be determined. 

A limited experimental investigation into the effects of nuclear radiation on the t ea r  
resistance characteristics of 2024-T81 and 7075-T6 clad aluminum sheet and Type 422 
CRES sheet was conducted. Irradiated and nonirradiated specimens were compared 
on the basis  s f  the ultimate gross s t ress ,  Fg , and the nondimensional ratio of crack 
length a t  maximum load to panel width, X /B.  Only representative examples of crack 

ml 
growth versus load curves for each of the materials  a r e  presented in this report.  Com- 
plete data may be found in Reference 11. The low level irradiation had no detectable 
effect upon the t e a r  resistance of these materials.  

Two standard and three experimental t q e s  of chaff were irradiated. These samples 
received a total gamma dose of 2.0 x 10 R, and a total flux of 2 x 1014 nvt. There was 



no noticeable radiation damage to the chaff itself. However, the rubber cement holding 
the rayon reinforcing fibers in the puller tapes deteriorated, leaving the tapes stiff and 
brittle resulting in doubtful serviceability of the chaff units. 

A Bendix aircraft brake assembly was irradiated statically. The test  was conducted at 
Convair-Fort Worth with the Ground Test Reactor (GTR) a s  the radiation source. The 
assembly was exposed to an average integrated neutron flux of 5.5 x 1014 n/cm2 and a 
gamma dose of 6 x l o 6  R. No radiation damage was detected after this exposure. 

Two'oils and one fuel supplied by California Research Corporation were irradiated. The 
oil  and fuel samples were subjected to an integrated neutron flux of 1.2 x 1014 n/cm2 
and a gamma dose of 1 x 10' R. The test results indicate that the physical properties 
of the oils were changed only slightly but that the oxidation-c.orrosion performance was 
adversely affected. An adverse effect was also experienced on the coking properties 

. of the fuel. 

A selection of sealants, elaslurneric samples,  fabric.^, plastics, wire insulation, 
finishes, bonded metals, and thermal insulation material along with corrosion test  
samples and a simulated seaplane hull bottom were irradiated statically. The test 
samples were irradiated t o  an average integrated neutron flux of 2.4 x lo1' n/cm2 and 
gamma dose of 1.5 x 10' R. Radiation damage was detected in the sealants, elastomeric 
materials,  fabrics, and wire insulation. 

Johnson R E and Sicilio F 
RADIATION DAMAGE TO PLASTICS AND COATED FABRICS - 1, 
Convair, A Division of General Dynamics, Fort  Worth, Tex., Contract No. AF-33(600)-32054, 
January 24, '1958, 55 pp. (34 refs). 

Various plastics, plastic laminates, fabric laminates, glass cloth laminates and a 
fabric were irradiated in October 1955 using the Ground Tes t  Reactor at Convair-Fort 
Worth. The specimens were subjected to  an average integrated fast.-neutron flux of 
6 x lo i4  nvt, an average integrated thermal-neutron flux of.6 x 1013 nvt, and an average 
integrated gamma flux of 5 x 1016 gammas/cm2. 

After irradiation, tes ts  were performed on irradiated and control &nples  t o  detect 
changes in physical properties resulting from the irradiation. The properties which 
showed most change were tensile strength, elongation, compressive and flexural 
strength, hardness, and tear  strength. However, a trend in the. changes was. not dis- 
cernible; for example, in some cases tensile strength was increased, and in samples 
of the same type materials, a decrease was noted. The samples displayed few changes 
in thermal expansion, dielectric constant, surface resistivity, and loss tangent. 

Albrecht T W 
RADIATION EFFECTS ON ORGANO-SILICONS, 
Engineering Department, Convair, A Division of General Dynamics Corporation, Fort  Worth, 
Tex., Contract No. AF-33(600)-32054, February 25, 1958, 52  pp. (27 refs). 

The paper discusses the heat, radiation, and oxidative stability of silicon materials.  A 
study is made of the comparative stability of silicon with organic molecules through the 



use of electronegativity and bond strength differences of the elements and the rate of 
diffusion of the f ree  radicals away from their bond rupture site.  

.A stepwise energy reduction mechanism for oxygen is proposed that allows molecular 
oxygen to  be changed to  atomic oxygen in smal l  30-40 Kcal increments rather than in 
one big step of 96 Kcal. The mechanism helps explain the relative ease of oxidation of 
silicon materials  and the products formed at relatively low temperatures. Theories of 
antioxidants as a means of protecting irradiated silicon materials a r e  discussed briefly. 

When the structure of a silicon compound is known, its thermal and/or radiation stabil- 
ity can be estimated. Traces  of impurities (metals, H*, OH).mixed with the silicon 
materials  can favor undesirable catalytic reactions that a r e  capable of rendering the 
mater ia l  useless when exposed to radiation and/or thermal environments. A me chan- 
i sm has been proposed in which oxygen has been considered t o  break down in 
30 -40 ~ c a l / m o l e  increments in Its c h a ~ ~ g e  from n~vldcular  oxygen Lo ato111i.c~ oxygen. 
Thus, oxidation of the silicon can take place at lower temperatures than if 96 Kcal/mole 
were required a s  is often.reported in the literature. Antioxidants act a s  either an oxygen 
o r  a f ree  radical scavenger, thereby hindering crosslinking of the main chains. 

Newel1 D M 
THE EFFECTS OF REACTOR RADLATION.ON ELASTOMERS AND SEALANTS - 11, 
Convair, A Division of General Dynamics Corp. , For t  Worth, Tex. , 
Contract No. AF-33(600)-32054, December 29, 1958,. 28 pp. (2 refs). 

Fifteen elastomers - one fluorinated, orle natural, one nitrile, and 1 2  silicone subhers - 
were irradiated t o  maximum integrated fluxes of 4.5 x . loL4 n/cm2 (fast neutrons) and 
1.2 x 10' ergs/cm(C)(gamma). Standard physical property tes ts  were made after i r rad-  
iation. 

Twelve of the rubbers were screened at the maximum flux, and a l l  were fourld t o  be . 
damaged in at least one property; the General Electric SE -750 was found to be least 
affected. In a threshold study of three of the elastomers, curves were oblaiued sl~owing 
the damage trends. 

Crecelius S 13 
A SURVEY OF THE CHEMISTRY OF POLYMER FORMATION, 
Naval Research Laboratory, Washington, D. C. Paper given at Conference on Effects of 
Radiation on Dielectric Materials, Naval Research Laboratory, Washington, D. C., 
Decerrlber 14-15, 1954, 8 pp. (3 refs).  

In this paper an attempt is made only to cover ,the general reactions relating to  some of 
the most common types of polymers in order  that a relation may be established between 
these reactions and.the behavior of these materials when treated with radioactive . 

irradiation. 

These reactions may be divided roughly into several  types; namely, that of condensa- 
tion, f r e e  radical polymerization, esterification, etherification and combinations of 
these. 



Callinan T D 
I.:= 

POLYMER SYNTHESIS BY GAMMA RADIATION, 
Naval Research Laboratory, Washington, D. C. Paper given at Conference on Effects of 
Radiation on Dielectric ~ a t e r i a l s ,  Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 6 pp. 

This paper covers the experimental use of co60 gamma rays in'performing the function 
of radiation catalyst in each of three compounds: (1) ethylene derivatives, (2) poly- 
e s t e r s  and (3) polysiloxanes. 

Sisman 0 and Bopp C D 
RADIA'I'lON Srl'ABILITY OF POLYME RS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper given at Converence on Effects of 
Radiation on Dielectric Materials, Naval Research Laboratory, Washington, D. C. 
~ e c e m b e r  14-15, 1954, 7 pp. 

The ultimate result of the reaction of high-energy radiation with organic polymers is 
primarily to cause crosslinking and chain cleavage. Except for very hard materials,  
the effect of displacements due to  collisions of nuclei with heavy particles is smal l  
compared to the crosslinking and chain cleavage caused by ionization, and may be 
neglected. 

To have a radiation resistant polymer the material  must (1) be able to absorb energy 
with a minimum amount of ionization, and (2) the reaction should be predominantly 
crosslinking rather than chain cleavage. In addition to this the changes will be slower 
i f  the material  i s  rigid. - 

Meyer R A 
CONDUCTIVITY OF POLYETHYLENE AND TEFLON DURING IRRADIATION AT LOW 
TEMPERATURE, 
Naval Radiological Defense Laboratory, San Francisco, Calif. Paper given at Conference on 
Effects of Radiation on Dielectric Materials, Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 4 pp. (3 refs). 

F o r  a number of years  it has been known that the electrical conductivity of plastic 
insulators greatly increases over its initial value when measurements a r e  made 
immediately after the sample has been irradiated.' Other investigators have noted 
that this change is temperature dependent and does not vary with the type of material  
being irradiated.2 Although the increased conductivity has been measured, the cause 
for such a change has not been determined; that is, whether the charge c a r r i e r s  a r e  
electrons o r  ions. This investigation has been undertaken to attempt t o  determine 
experimentally whether the conductivity change is dependent on the type of Aater ia l  
being irradiated, total dose, o r  flux and finally, if the charge c a r r i e r s  a re  electrons 
o r  ions. 

1 
F. T. Farmer ,  ~ a t u r e  150:521 (1942). 

2 S. Mayburg, "Conductivity in Good Insulators During Gamma Irradiation, " 
.WAPD-RM-122. 



It was assumed that hydrogen ions would be present in polyethylene due to  irradiation 
3 

if any ions existed. A recent article indicates that this assumption is correct.  Like- 
wise, i t  seems reasonable that fluorine ions will be produced in Teflon i f  i t  is irradiated 
and this ion will have a lower mobility than the hydrogen.ion. If the charge c a r r i e r s  a r e  
ions, the change in conductivity for polyethylene and Teflon should be different if  the 
samples a r e  irradiated at low temperatures. 

Conductivity measurements were made before, during, and after irradiation of the 
sample. The sources employed in this study were cobalt-61) and gammas frorri a gold 
target  bombarded by electrons from a-Van de Graaff generator. The flux intensities 
from the cobalt source were approximately 20 r /min  and 423 r /min .  Those from the 
gold target were varied from 30 r /min  to 1223 r/min, depending upon the number of 
electrons striking the gold target.  These fluxes were determined with a rate  meter  and 
phosphate glass dosimeters.  

3 M. Dole, C. K. Keeling, and D. G. Rose, 3'. Am. Chem. Sue., 70:4304 (1064). 

Sun K H 
EFFECTS OF ATOMIC RADIATION ON HIGH POLYMERS, 
Westinghouse Electric Corporation, East Pittsburgh, Pa. Paper given a t  Conference on Effects 
of Radiation on Dielectric Materials, Naval Research Laboratory, Washington, D. C., 
.December 14-15, 1954, 30 pp. (217 refs) .  

When atomic radiation passes through ordinary matter, the energy is dissipated largely 
through ionization and electronic excitation, plus a small  fraction through atomic dis- 
placement and lattice disturbance, and usually an even smaller fraction through trans-  
mutation. For different kinds uT radiation and different kinds of matter, the effects 
differ primarily in degree rather than in kind. 

S i n c ~  high polymers a r e  covalent substances, the effect of radiation is largely caused 
by ionization and electronic excitation. These processes cause instantaneoub: lluw or 
electric current and the breakage and rearrangement of chemical .bonds, and the 
formation of free radicals. C~nsequcn t ly~  chornisal r eac t inns  are initiated. The 
phenomenological results  include gas liberation, double-bond formation and elimination, 
degradation, polymerization, crosslinking and vulcanization, vitrification, hydrogena- 
tion, and others. As. a consequence, many important physical properties a r e  changed. 

The implications of atomic radiation a r e  far  reaching in their  practical respect. Under - 
standing of the deleterious effects has already resulted in development of high polymers 
that will withstand intense radiation. Studies of beneficial effects indicate that atomic 
radiation. provides to  the scientific and technical world a new experimental variable ,or 
tool unique in itself. Already, high polymers of better physical o r  chemical properties 
a r e  produced that cannot be achieved otherwise. 

Wall L A 
ATOMIC RADIATION AND POLYMERS, 
National Bureau of Standards, Washington, D. C. Paper given at Conference on Effects of 
Radiation on Dielectric Materials, Naval Research Laboratory, Washington, D. C. , 
December 14-15, 1954, 10 pp. (19 refs). 



The behavior of polymers when exposed to high-energy radiation is reviewed. and dis- 
cussed. Data on heats of polymerization, which reflect s ter ic  hindrance, thermal 
decomposition, and bond energies a r e  used for the purpose of elucidating the factors 
involved in the crosslinking o r  degradation of polymers when irradiated. A mechanism 
involving the random formation of radicals followed by the characteristic reactions, of 
such species appears to be a possible explanation of the observed changes in polymers. 

In addition, some evidence is offered for the existence of immobilized radicals in, 
irradiated polymethyl methacrylate. 

NAVR-SYM-ACR-2 (20) 

. . 
Saldick J 
ANALYTICAL EVALUATION OF THE EFFECTS OF RADIATION ON ORGANIC MATERIALS, 
General Electric Co., Cincinnati, Ohio. Paper given at Conference on Effects of Radiation on 
Dielectric Materials, Naval Research Laboratory, Washington, U. C . ,  Uecember 14-15, 1954, 
5 pp. (1 ref).  

Pract ical  questions, which design engineers ask about the effects of radiation on 
specific materials, usually cannot be answered completely enough from our meager 
understanding of the basic principles of the effects of radiation on matter. Yet exten- 
sive programs of engineering testing a r e  exceedingly costly and must be avoided, i f  
possible. Many times, the necessary information can be derived from data in the 
literature by using the proper proced;res for applying it to a problem at  hand. This 
paper attempts to  show possible procedures for deriving engineering effects analysis 
from basic principles of radiation effects on matter. 

Wolock Irvin and Parker Midgetts . 
INVESTIGATION OF THE EFFECTS O F  NUCLEAR RADIATION ON THE PROPERTIES O F  
TRANSPARENT PLASTICS, S57-55, 
Organic and Fibrous Materials Division, National Bureau of Standards, May 22, 195 8, 20 pp. 
(7 refs).  

Copolymers of methyl methacrylate and of styrene were polymerized and irradiated in 
an effort to  produce a transparent plastic of improved heat resistance for use a s  a i r -  
craft glazing. It.was also desirable that the copolymer have good weathering proper- 
ties.  

Comonomers selected for study were a s  follows: (1) those reported a s  crosslinking 
readily when irradiated, (2) those having excellent weathering stability, and (3 )  those 
selected to  check some of the results  and theories reported in the literature. The 
comonomers investigated were ethyl methacrylate, octyl methacrylate, methyl 
acrylate, isobutyl acrylate, actyl acrylate, methyl alpha-chloroacrylate, vinyl acetate, 
ally1 acetate, acrylonitrile, 2, 5-dichlorostyrene, and 1, 3-bu;tadiene. Copolymers 
prepared from these comonomers were irradiated in a cobalt-60 source for dosages 
up to  100 megaroentgens in most cases.  Properties used to evaluate the results  of 
irradiation were precipitation titration, intrinsic viscosity, swelling and heat deforma- 
'tion. In general, the results indicate that i f  a copolymer is prepared with a major 
percentage of a comonomer known to produce a homopo1yme.r that crosslinks, the,  

, 

copolymer will crosslink, and vice versa.  It was also found that thermoplastics can.  
be crosslinked without increasing their deformation temperature appreciably. 



Butadiene o r  ac rylonitrile copolymerized with methyl methacrylate and acrylonitrile 
copolymerized with styrene appear t o  be the most promising for further study a s  
possible aircraft glazing materials. 

----  
FINAL SUMMARIZING REPORT - RADIATION DAMAGE STUDY - EFFECTS OF IONIZING 
RADIATION ON CERTAIN MATEHlALS, 
The Sarah Mellon Scaife Radiation Laboratory, University of Pittsburgh, Pittsburgh, Pa. , 
Contract No. DA18-108-CML-3429, March (1954), 50 pp. (32 refs).  

The expanding uses of atomic energy make it necessary td study the effects that gamma 
rays  &d high energy particles have on materials that are used ill a slr,ulig is radiation 
field. 

This report covers studies which have beer1 made ul llle ellccts of radiation on cilioone 
rubbers, silicone polymers, O-rings, refrigerants, chemical compounds, grease and 
oils in order  to determine their usefulness after exposure to high intensity gamka-ray 
flux. The chemical compounds investigated included: Tantalum and lead oxide tested 
for  mechanical properties; potassium silicate and zinc chloride for their deliquescence; 
hercolyn, staybelite, silicone oil, abalyn silastic and abitol tested for thickness; and 
fluoro -chemicals, calcium hydride, calcium nitride, and potassium phosphate tested 
for  off -gassing during irradiation. 

Kinderman E M and Radding S B 
LITERATURE SURVEY OF RADIATION OF ADHESIVES AND RELATED MATERIALS, 
Wright Air Development Center, Wright-Patterson Air Force Base, Dayton, Ohio, June 15, 
1956, 73 pp. (187 refs).  

A review of the literature about the radiation effects' on commercially available adhe- 
s ives and plastics. Two categories a r e  covered by this bibliography: p o l p e r h a l i u l ~  
by irradiation and irradiation of polymers. Each category is covered a s  follows: 

A. General 
B. Thermosetting materials 
C. Thermoplastic materials 
D. Elastomers 
E. Adhesives 
F. Miscellaneous materials 

Definite emphasis is placed on the formation, improvement, and degradation of poly- 
ethylene by irradiation. 

----  
THE EFFECT OF NJCLEAR RADIATION ON STRUCTURAL ADHESIVES AND PLASTICS, 
Bimonthly Report No. 1, June 7, 1957 to August 15, 1957, Stanford Research Institute, Menlo 
Park,  Calif., Contract No. AF-33(616)-5369, August 15, 1957, 7 pp. (1 ref). 



This document indicates some of the work being done on laminating resins and lap shear  
specimens. This work is incomplete and later  publications should be consulted; 

The antirad and scintillator work indicate that 2.5-phenyloxayole is the best protector 
found t o  date for the organic components of adhesives. 

Duffey Dick 
THE IRRADIATION OF POLYVINYL METHYL ETHER WITH ELECTRONS AND GANIMA 
RAYS TO FORM ELASTOMERS, 
Dielectrics Branch, Solid State Division, Naval Research Laboratory, Washington, D. C. , 

. August 19, 1957, 33 pp. (26 refs). 

Polyvinyl methyl ether and mixtures of this ether with a variety of powdered fillers 
were irradiated with electrons from a Van de Graaff and gamma rays  from cobalt-60 
to  form elastomers. The f i l lers  included carbon black, magnesia, silica, iron oxide, 
calcium phosphate, calcium carbonate, clay, zinc oxide, rutile, chromium sesquioxide, 
litharge, antimony tri-sulfide, zinc sulfide, barytes, zircon, calcium fluoride, anti- 
mony tri-oxide, zinc borate. 

The ether crosslinked; however, fil lers were necessary to  give products with much 
strength. carbon black, magnesia, silica, iron oxide, and calcium phosphate resulted ;. 
in significant reinforcement. o rd ina ry  chemical methods of crosslinking, o r  vulcaniza- 
tion, were ineffective. 

The optimum amount of fil lers for strength was about 30% of the mixture by volume, 
and the required radiation levels were the order  of 40 megaroentgens. Tensile 
strengths of over 1500 psi with elongations at breaking of 100 to 20070 were' obtained. 
The products swelled in the solvents of the crude ether.  In particular, cold water 
swelled the products, which could be a serious limitation to  many uses. Some liquids, 
such a s  straight chain hydrocarbon and caustic solution, did not effect the product 
appreciably. 

NYO- 729 2 

True11 Rohn 
RADIATION DAMAGE IN SOLIDS AS OBSERVED BY ULTRASONIC ATTENUATION AND 
VELOCITY MEASUREMENTS, 
Brown University, Providence, Rhode Island, Contract No. AT-(30-1)-1772, January (1956), 
28 PP. 

I 

Measurement of ultrasonic wave velocity and attenuation in solids yield considerable 
information about elastic constants, dislocation damping, and other important proper - 
t ies  of solids. Such measurements have been made on silicon, before and after reactor 
irradiation, and on alkali halides before, during, and after exposure in intense gamma- 
ray  sources. Results of irradiating other materials with gamma rays  a re  mentioned 
briefly. Reactor irradiation increases the attenuation in silicon but this increase 
gradually disappears in about one year, when the sample stands at room temperature. 

The effects of reactor radiation on silicon appear to be connected with dislocation 
damping. It is not yet clear  that the effect of intense gamma-ray irradiation of alkali 
halides is connected with dislocation damping; there may be electrical damping effects 



. observed by ultrasonic attenuation. The effect of cold working on changes in attenua- 
t ion caused by gamma radiation in alkali halides is not  yet sett led although it s eems  
c l ea r  that there  a r e  effects of this  type. 

Sauer  J A 
EFFECT O F  RADIATION ON DYNAMIC PROPERTIES O F  HIGH POLYMERS, 
Phys ics  Dept., The Pennsylvania State University, University Park,  P a . ,  Contract No; 
AT(30-1)-1858, July 1, 1958, 19 pp. 

P r o g r e s s  made on r e sea rch  work during the last  year  is briefly summarized. Nine 
additional technical papers  on various aspects  of this  r e sea rch  work have appeared in 
print during the last  twelve months and these a r e  l isted by ti t le and author. A number 
of additional polymers have been investigated during the year  by both dynamic mecha- 

. nical  techniques and nuclear magnetic resonance techniques. Studies on i r radiated 
polyethylenes have been made both for  mater ia l s  subject to  co60 radiation a s  well a s  
t o  pile radiation. Apparatus fo r  measuring specific volume from 1 5 0 ' ~  t o  above the 
melting point has  been completed and a s e r i e s  of branched and i rradiated polyethylenes 
have been investigated. P rog res s  has  also been made in designing and constructing 
new apparatus for  measurement  of mechanical propert ies  over a frequency range from 
1/100 c / s  t o  20 Mc/s.  Dielectric apparatus has  been assembled and investigations 
begun, both experimental and theoretical, on determination of the detailed s t ructure 
of polymer molecules. 

Sisman 0 hnd Bopp C D 
PHYSICAL PROPERTIES O F  IRRADIATED PLASTICS, 
Reactor Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., 
June 29, 1951, 224 pp. 

A s e r i e s  of graphs and cha r t s  a r e  presented depicting quantitatively the changes in  
physical propert ies  which various plastics undergo when subjected to  radialion in lhe 
ORNL Reactor. Tes t s  were  made of the following properties:  tensile properties,  
shea r  strength, impact strength, Rockwell hardness,  change in weight, specific 
gravity, water absorption, light t ransmission and haze, volume ~ ~ e s i s l i v i l y ,  dielectric 
strength, and a r c  resis tance.  

Cer ta in  mineral-filled phenolics and styrene polymers withstood a dose of 10'' nvt with 
little change in properties.  Cellulosic, casein, acrylic,  and chlorofluoroethylene 
plast ics  decrease 50% in tensile strength at  10" nvt. P las t ics  of intermediate r e s i s t -  . 
ance in order  of resis tance a re :  polyvinyl carbazole, aniline formaldehyde, poly- 
ethylene, nylon, polyester, organic-filled phenolic, melamine, urea, ur~filled phenolics, 
polyvinyl-vinylidene chloride, and polyvinyl chloride acetate. 

Higgins I R 
RADIATION DAMAGE TO ORGANIC ION-EXCHANGE MATERIALS, 
Chemical  Technology Division, Oak Ridge National Laboratory, P. 0. Box P, Oak ~ i d ~ e ,  Tenn., 
Contract No. W-(7405)-Eng-26, March 16, 1953, 13 pp. (6 refs).  
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The stability of polystyrene and phenolic ion-exchange resins to radiation from a Co60 
source and from absorbed was investigated. - Sulfonated polystyrene . 
cation-exchange resins lost 10 to 20'70 of their capacity per  watt-hour of radiation 

I 

absorbed per  gram of oven-dry resin, while the quaternary amine anion-exchange poly- 
styrene resins lost about 40'70. Phenolic cation-exchange resins lost only 170. 

ORNL- 1373 

Bopp C D and Sisman 0 
RADIATION STABILITY O F  PLASTICS AND ELASTOMERS, 
Oak Ridge National b b o r a t o r y ,  P. 0. Box P, Oak Ridge, Tenn., Contract No. 
W-(7405)-Eng-26, July 23, 1953, 81 pp. 

Radiation-induced changes in the physical properties of several  plastics that were not 
included in ORNL-928 and the radiation-induced changes in the commercial elastomers 
a rc  rcportcd. In addition, a iiu~liber. UP fabrics and some specially prepared materials 
a r e  examined. . 

For  the most part, reactor  radiation was used, but other types of radiation a r e  com- 
pared with reactor  radiation in producing changes in the properties of the materials  
studied. The effect of the presence of oxygen during irradiation and the effectiof time 
of aging subsequent to irradiation a r e  also studied. The rate of gas evolution and the 
rate of change in volume a r e  given for many of the materials studied, and a correlation 
i s  drawn with'the chemical structure. Also, changes in the mechanical properties of 
the polymers a re  correlated with their chemical structure. 

Hoiberg Arnold J, Watson C D and West G A 
AN EVALUATION OF ASPHALT AND OTHER MATERIALS FOR LINING RADIOCHEMICAL 
WASTE STORAGE BASINS, 
Oak Ridge National ~ a b o r a t o r ~ ,  Oak Ridge,. Tenn., Contract No. W-(7405)-Eng-26, 
September 10, 1958, 50 pp. ( 2 1  refs).  

Asphaltic membranes appear practical for lining earth storage pits for aqueous radio- 
chemical waste provided that the wastes a re  neutralized and a r e  decayed sufficiently 
that the self -heating temperature does not exceed. 150°F and the time for the asphalt to 
acquire a dose of 10' r i s  more than 25 years. In laboratory tes ts  gamma irradiation 
of asphalts caused: (a) evolution of H, and CO,, resulting in 14 to-30'70 volume increase 
and a honeycomb structure; (b) increase in softening point, slight increase in ductility, 
and decrease in penetration; (c) decrease in flash point but no increase in "loss on 
heating"; (d) increase in asphaltenes and res ins  and decrease in oils. The addition of 
mineral f i l lers  was' not beneficial. Prefabricated asphaltic membrane and plank 
samples were st i l l  serviceable after 10' r irradiation. Irradiated t a r s  showed some 
change in ductility but little change in other physical properties. 

In 1- to 4-week immersion tests,  asphalts deteriorated in simulated acid waste 
solutions above 150°c, but changes were slight when the HNO, concentration was 
< 170. Chemical damage to  t a r s  appeared to  be similar  to that of asphalts but the phys - 
ical changes were not actually measured. 

In l -year  field tes ts  an asphaltic membrane remained impervious t o  passage of 
neutralized waste containing curie/liter,  and a prefabricated asphalt plank sagged 



1.5 in. , but did not rupture while supporting 2 ft of gravel. In survey studies, soil  
solidified with liquid silicate conditioners was stable in acid waste but not in water of 
caustic waste. 

It was calculated that wastes from fuels irradiated to  10,000, 3,300, and 1,000 Mwd/ton 
and decayed 6 years  would irradiate an asphalt lining to 10' r in 20, 79, and 300 years, 
resp.ectively; with 10. years1 decay the times would be 27, 95, and 365 years. Longer 
decay t imes  offer little, if any, advantage. An open pit of lo6  gal capacity could be 
constructed for $0.03 per  gallon, and one with a concrete roof for $0.07 per  gallon; 
corresponding cas ts  for  a 5 x lo6  gal pit would be $0.02 and $0.05 per  gallon. 

Reitz J R and Epremian E 
EUROPEAN SCIENTIFIC NOTES, 
Office of Naval Research, London, England, April 1, 1954, 14 pp. (5 refs). 

This report describes in brief form some work being done in Europe in the fields of 
Physics, Chemistry, and Biosciences. The report deals specifically with the following 
subjects: (1) semiconducting compound, (2) slip plane of a dislocation jog, (3) the effect 
of ionizing radiation on high polymers, (4) kinetics and mechanism of inorganic reactions 
in solution, (5) a simple microcalorimeter,  (6) the effect of dietary calcium level on 
bone absorption during pregnancy and lactation, (7) mutations in Saccharomyces 
cerevisiae, and (8) the correlation between histological and radiological appearances in 
injected bronchi. 

Daviduor~ W L 
ELASTOMERIC MATERIALS AS SHIELDING COMPONEZ\TTS FOR NUCLEAR REACTORS, 
The B. I?. Goodrich 'Company, Contract No. AT-(40-1)713~09, July 1, 1951, 9 pp. 

Inasmuch as  this project has been active for 'only two weeks there is nothing definite to 
report yet in the way of progress. A compilation of important physical properties for  
existing elastomers has been started, and planning is underway on the itenis listed: 

1. A study of the possibility of preparing synthetic elastomers with higher 
populations of H atoms per cc  than occurs in presently existing elastomers. 

2. An experimental compounding study covering the addition of large volume 
loadings (20 to 50%) of high atomic number elements into elastomers having a 
favorable H-content. Small loadings of boron will also be included in this pro- 
gram as  well a s  the addition of materials such as  ammonium dihydrogen 
phosphite. Efforts will be made to secure maximum physical properties in 
these vulcanizates, measured at room temperature and at 250°F. Means of 
stabilizing these compounds against aging at 250°F will likewise be investigated. 



Broadway N J, et al. 
THE EFFECTS OF NUCLEAR RADIATION ON ELASTOMERICS AND PLASTIC MATERIALS, 
The Radiation Effects Information Center, Battelle Memorial Institute, Columbus, Ohio, 
Contract No. AF-33(616)-3171, May 31, 1958, 50 pp. (appendices and 37 refs).  

This report presents the state of the a r t  of the effects of nuclear radiation on elasto- 
mer ic  and plastic materials from 1947 to  the present. A brief .description of the 
mechanism of radiation damage is followed by detailed presentation of data summa- 
rizing the radiation effects information on numerous types of elastomers and plastics. 
Also, a reas  in which more research  is needed a r e  indicated. This report does not 
include information on the use of radiation for polymerization o r  vulcanization unless 
it has some bearing on effects of radiation on the finished polymer. 

The information in this report is not new, but it is believed that it  is sufficiently in- 
clusive and is presented in a form which will make it valuable a s  a reference guide to 
the engineers designiug i~uclcar  weapons systems. 

Leininger R I 
THE EFFECT OF NUCLEAR RADIATION ON FLUORINATED ELASTOMERS IN DIFFERENT 
ENVIRONMENTS, 
Battelle Memorial Institute, 505 King Ave., Columbus 1, Ohio, Contract No. 
AF-33(616)-5171, October 31, 1957, 2 pp. 

This memorandum points out that fluorine-containing elastomers and plastics such as  
Viton-A and Teflon a re  widely used in seals  and gaskets in lubricating and hydraulic 
systems because of their resistance to  oils and thermal stability. Nuclear radiation 
causes rapid disintegration of such materials.  

A table is included showing property changes of Viton-A and Teflon irradiated in a i r ,  
argon, and jet turbine oil at 4 0 0 ' ~  by a co60 source. 

REIC -TM - 3  

Broadway .N J 
THE EFFECT OF NUCLEAR RADIATION ON METALLO-ORGANIC COMPOUNDS AND ON 
POLYESTHYLENE, 
RETC, Battelle Memorial institute, Columbus, Ohio, Contract No. AF-33(616)-5171, 
February 15, 1958, 5 pp. (Bibliography - 11 refs). 

This is a technical memorandum discussing the effects of reactor radiation on 
metallo-organic compounds and the relative effectiveness of neutrons, gammas, and 
electrons in producing damage to  polyethylene. 



REIC -TM - 8 

Broadway N J and Palinchak S 
THE E F F E C T  O F  NUCLEAR RADIATION ON SEALS, GASKETS AND SEALANTS, 
The  Radiation ~ f f e c t s  Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
Contract No. AF33(616)-5171, November 30, 1958, 9 pp. (16 refs) .  

Available information shows that most e las tomers  and a number of plastic mater ia l s  
have been utilized a s  seals .  Of these, nitrile, neoprene, and ~ h i o k o l  rubbers  were 
i r radiated a s  gaskets, seals ,  o r  sealants for operation below 300°F. Thiokol was 
evaluated in JP-4  fuel as a sealant and was found to perform satisfactorily t o  a dosage 
of 3.5 x l o g  'ergs (C). Nitrile and neoprene were evaluated only in a i r  and were 
found t o  b e  resis tant  t o  1 x lo1' and 1 x 10' e r g s  g-l (C), respectively. 

F o r  operation above 300°F, fluorocarbon elastomers ,  Viton A and Elastomer 214 
(copolymers of hexafluoropropylene and vinylidene fluoride) 1F4, a lso called PolyFBA 
(a polyrne r of 1, 1 -dihydroperfluorobutyl acrylate),  Kel-F elastvrrler (a copolymer of 
chlorotrifluoroethylene and vinylidene chloride), and a number of silicone mater ials  
were  evaluated. In the nonelastomer class,  Teflon was i r radiated a s  a seal. 

F o r  the higher temperature range of operation, Viton A and Elastomer,  214 tended t o  
soften in  a i r  at  6 x 10' e r g s  g-' (C), but in diester  fluid at  400°F survived this  amount in 
radiation resistance. Silicones, with the exception of Silastic 50-24-480, have been 
evaluated in a i r  only. A dimethyl s i las t ic  O-r ing retained flexibility in a vacuum sea l  
a t  a dosage of 2 x 1011 e r g s  g-l (C), while the Silastic 50-24-480; used a s  an oi l  s ea l  
for  48-50 hours a t  450°F, has withstood a radiation dosage of 1.2 x l o ?  e r g s  g'l (C). 

Schroeder M C 
THE E F F E C T  OF NUCLEAR RADIATION ON HOSES AND COUPLINGS, 
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio, 
March'31, 1959, 3 pp. (5 refs) .  

Standard a i rc raf t  hoses and couplings contain organic polymeric mater ia l s  which a r e  
affected significantly by nuclear radiation. To  determine the functional life of these 
i tems  when exposed t o  radiation, some t e s t s  have been conducted a t  controlled con- ' 

ditions of temperature,  p ressure ,  type of internal  fluid, ,and radiation -exposure rate. 
Buna N, a solvent-resistant synthetic rubber, and Teflon, a temperature-resis tant  . 

plastic, were the hose mater ials  for  most of the tests .  

These hoses were  i r radiated by gamma rays at conditions simulating actual operation 
fo r  a specified t ime o r  until leakage occurred. Buna N hose withstood exposure dosages 
up t o  4 x 10' e r g s  g-' (C) before leaking, compared with 1 x 10' e r g s  g-' (C) for  Teflon 
hose, both at s ta t ic  p re s su re s  of 1200 psig and temperatures  up to  350 '~.  The exposure 
dose required fo r  failure of Teflon hosc by intermittent p re s su re  (0 to  1000 psig) was 
about 1 x l o 7  e r g s  g-l (C) at 350°F. 



- - - -  
EFFECT OF RADIATION ENERGY ON FLEXIBLE CONTAINERS, 
Reprinted from the Activities Report, IX, 2(1957), The ~ e s e a r c h ' a n d  Development Associates, 
Food and Container Institute, Inc . ,  11 pp. (50 re fs ) .  

This report  discusses  what happens to polymeric substances when exposed to gamma o r  
beta radiation ions. The more  common, polymeric, food packaging mater ials  have been 
studied in varying degrees.  Some of these discussed here  a r e :  polystyrene, poly- 
ethylene, mylar,  pliofilm, halogenated plastics, cellulose, paraffin, and laminated 

-mater ia l s .  

RIA-53 -4519 

E i s l e r  Stanley L 
ENERGY RADIATION O F  POLYMERS - A LITERATURE REVIEW,. 
Rock Island Arsenal, Rock Island, Ill. , November 5, 1953, 15 pp. ( 3  1 re fs )  

This report  is a compilation of information collected from a l i terature survey undertaken 
by Rock Island Arsenal.  The general conclusions formed from the data found were that 
it is possible t o  produce crosslinking in various polymers and e las tomers  by means of 
high energy radiations. In addition, neutron irradiation of rubber vulcanates was found 
to be advantageous for  natural rubber but degrading for  polyisabutylene. Further ,  the 
irradiation of polyethylene was found t o  improve i t s  resis tance to heat and solvents which 
should be an indication that the heat and oi l  resistance of rubbers  may be improved by 
radiation exposure. 

- - - -  
PHYSICAL PROPERTIES O F  GAMMA RADIATION CURED ELASTOMERS, 
Presented at OMRO Council on October 4-5, 1955, Rock Island Arsenal, Rock Island, I l l . ,  
(1953), 27 pp. ( refs) .  

On the basis  of a l i terature survey by Rock Island Arsenal  in 1953, it was decided that 
an investigation of the effects of high intensity radiation on cured and uncured rubber and 
on the polymerization and copolymerization of monomers would be of interest  and would 
augment the research  program on rubber being ca r r i ed  out at the Arsenal.  Cobalt-60 
was used for  the irradiation because of availability. 

The rubber  samples  to  be i r radiated were sheeted from a rubber mixing mil l  to  a thick- 
ness  of approximately .070 in . ,  placed, between sheets  of polyethylene, rolled into a 
cylinder, placed in canis te rs  and into the i r radiator .  The samples  were removed af te r  
various dosages and t e s t s  to determine s t r e s s  -strain,  oi l  resistance, and low tempera-  
t u re  properties,  and other physical property t e s t s  were conducted according t o  ASTM 
procedures.  Rubber samples  s imi l a r  to  those irradiated, but cured by conventional 
means, .were prepared and tested fo r  comparison. 



Ference  Michael, Jr. 
EFFECTS O F  RADIATION ON. MATERIALS, 
Society of Automotive Engineers,  Inc. , The Sheraton-Cadillac and Statler Hotels, Detroit, 
Mich. , Annual Meeting, January 14-18, 1957, 13 pp. (14 refs).  

It is the purpose of this  paper  t o  point out the nature of the changes that occur  in the 
physical and mechanical propert ies  of mater ia l s  subjected to  various types of radiation, 
and to  discuss the resu l t s  of some recent experiments on the effect of radiation on 
chemical  systems.  

In summary,, radiation can produce significant changes in the propert ies  of mater ials .  
However, there is a lack of fundamental data and theory t o  permit  engineering calcu- 
lation of the effect of radiation-induced point defects on the bulk propert ies  of metals.  
Furthermore, there  is no obvious economic advantage at present  to  i r radiate  metals in 
the bulk for possible beneficial effects. Most plastics degrade rapidly in intense radia- 
t ion fields, although in the case  of polyethylene, improvements in propert ies  have been 
noted under moderate radiation doses.  On the other hand, there  is r e a l  promise in  the 
use  of radiation for  initiating novel chemical reactions.  F o r  example, radiation- 
grafted copolymers offer the possibility of a new c lass  of engineering mater ia l s  with 
prescr ibed  properties.  

SCTM 283-59(16) 

Montoya 0 
CORROSIVITY O F  ROOM TEMPERATURE POLYSULFIED AND SILICONE SEALERS, 
Sandia Corporation, Albuquerque, N. Mex., August 17, 1959, 11 pp. 

Because of the tendency of some organic vapors  to  corrode electr ical  contacts and 
thereby increase contact resistance, a s e r i e s  of t e s t s  was performed at various 
temperatures .  t o  determine the difference in corrosivi ty  with the different sea le rs .  
Typical sealing formulations which a r e  commonly used a t  Sandia were chosen for  these 
t e s t s .  This  memorandum presents  the resu l t s  of these tests .  

Ballantine b avid S 
THE INITLATION OF CHEMICAL REACTIONS BY GAMMA AND OTHER IONIZING RADIA- 
TIONS, 
Fission Products  Utilization Project,  Brookhaven National Laboratory, Upton, N. Y. , 
February  (1956), 6 pp. (19 refs).  

The re  a r e  three processes  by which a gamma ray  loses  i t s  energy to initiate a chemi- 
c a l  reaction. They a r e  the photoelectric process ,  the Compton process,  and the 
annihilation process .  

In radiation-induced polymerization there  .ark believed t o  be s ix  advantages for this  
type of catalysis, a s  follows: 

1. Low Temperature Radical Initiation 
2. Use of Low P r e s s u r e s  
3. Solid-State Polymerization 



4. Different Temperature - Molecular Weight Relationships 
5. Different Polymer Character is t ics  
6. Completely External Catalyst 

Talbert  Bert M and Lemmon Richard M 
RADIATION DECOMPOSITION O F  PURE ORGANIC COMPOUNDS, 
University of California, Radiation Laboratory, Berkeley, Calif. , 
Contract No. W-(7405)-Eng-48, August (1954), 36 pp: (60 refs).  

A review is presented on the changes produced in organic compounds by radiation. In 
general the sys tems under consideration a r e  res t r ic ted  to  water-free,  a i r - f ree  
irradiations of single compounds. Data a r e  reviewed regarding the types of compounds 
irradiated, the important G values, and the effects of functional groups on radiation 
sensitivity. 

WADC-TR-52-197 (Par t  3) 

Bovey F A 
SYNTHETIC RUBBERS FROM CARBON-FLUORINE COMPOUNDS, 
Minnesota Mining and Manufacturing Co. , for  Materials Laboratory, Wright Air Development 
Center, Wright-Patterson Air Force  Base, Ohio, Contract No. AF33(038)-515, September 
(19531, 193 pp. 

This  report  descr ibes  the preparation and propert ies  of fluorine-containing rubbers.  
The object of the work is the development of e lastomeric  mater ia l s  which a r e  resis tant  
t o  the fuels, lubricants, and hydraulic fluids used in mil i tary aircraf t  and which a r e  
serviceable over the widest possible temperature range. Of the mater ia l s  under 
development, the following appear to  be of chief interest:  

A. Perfluorobutadiene Copolymers. Copolymers of perfluorobutadiene with 1, 
l -dihydroperf lu~roalkyl  vinyl e thers  offer excellent high temperature 
resistance, low swelling in aircraf t  fluids, and high resis tance to ozone. 

B. Fluoroacrylates.  In addition t o  the 1, 1 -dihydroperfluoroalkyl acrylates,  , 

which have been described in ea r l i e r  reports  and which have outstanding 
solvent resis tance but limited low temperature flexibility, newer c l a s se s  of 
fluoroacrylates have been synthesized. Of particular interest  a r e  the 
Y-(perf1uoroalkoxy)-1, 1-dihydroperfluoropropyl acrylates,  which offer 
solvent resis tance at least equal t o  that of the .ear l ie r  s e r i e s  but a r e  flexible 
at temperatures  25OC lower than the polymers of the 1, l-dihydroperfluoro- 
alkyl a c r  ylate . 

WADC-TR-55-58 (Par t  I) 

Loughborough D L, et al. 
A STUDY OF THE EFFECTS OF NUCLEAR RADIATIONS ON ELASTOMERIC COMPOUNDS 
AND COMPOUNDING MATERIALS, 
Research Center, The B. F. Goodrich Co., Brecksville, Ohio, Contract No. 
AF33(616)-2308, December (1954), 98 pp. (27 refs).  



i 
Comprehensive study of the effects of nuclear radiation upon elastomeric  compounds 
and compounding ingredients was the main purpose of the development. The work was 
done at the B. F. Goodrich Company Research Center.' Two-hundred-nineteen com- 
pounds were  selected for  study. One-hundred-ninety were  selected and tested. S t ress -  
s t r a in  and stress-relaxation measurements  were made, along with special analyses of 
i r radiat ion products. The investigations exhibit three principal resu l t s  : (1) a catalog 
of s t r e s s - s t r a in  data for many elastomeric  formulations has been compiled, (2) a group 
of inhibitors of radiation deterioration in  rubber has  been discovered, and (3) evidence 
has  been gathered that the effect of cobalt-60 gamma irradiation on rubber is different 
in a i r  than in high vacuum. The rubber  compo.unds which a r e  most resis tant  to  
deterioration a r e  cited by recipe. 

WADC -TR-55-58 (Part  11) 

Born John W 
A STUDY OF THE EFFECTS OF NUCLEAR RADIATIONS ON ELASTOMERIC COMPOUNDS 
AND COMPOUNDING MATERIALS, 
Research  Center,  The B. F. Goodrich Company, Brecksville, Ohio, Contract No. 
AF33(616)-2308, December (1955), 78 pp. 

Continuous s t r e s s  relaxation measurements  in air detail  the effects of temperatures  
ranging f rom 25' through 80°c on radiation damage to  rubber compounds. The o rde r  
of decreasing resis tance to  damage is natural rubber, GR-S, Neoprene GN, and Hycar 
1002 for  gum rubber compounds and GR-S, Hycar 1002, natural rubber, and Neoprene 
GN among the black compounds. Graphs il lustrate these results.  

Stress-relaxation measurements,  volume swell  measurements,  infrared absorption 
analyses,  and m a s s  spec t r a l  analyses provided fundamental information about radiation 
damage. They showed further that heat and radiation damage differ significantly. 

The Anti-Rad Screening Program and the study of the effect of radiation upon dynamic 
propert ies  of rubber  have reached the physical testing stage. Compounds containing 
91 specially-selected potential anti-rads have received optimum cures ,  and samples  
have undergone gamma irradiation. The 'purpose of the screening is to  provide c r i te r ia  
for  the synthesis of specific new anti-rads.  

WADC -TR -55-5 8 (Part  111) 

Born John W, Diller Dwain E and Rowe Eugene H 
A STUDY O F  THE EFFECTS OF NUCLEAR RADIATIONS ON ELASTOMERIC COMPOUNDS 
AND COMPOUNDING MATERIALS, 
Research Center,  The B. F. Goodrich Co., Brecksville, Ohio, Contract No. 
AF33(616)-2308, December (1956), 47 pp. 

The effort to define, understand and prevent radiation damage to  rubber continued during 
1956. Research followed four main lines: the development of ant i - rads to  prevent rad-  
iation damage; infrared and m a s s  spec t ra l  analyses t o  relate  radiation stability to  molec- 
u l a r  s t ruc tures  of e lastomers;  s t ress-relaxat ion studies to  define the mechanisms of 
radiation damage; and measurements  of dynamic mechanical propert ies  of representative 
rubber  compounds af ter  irradiation. Emphasis upon applied testing of end-item mater ials  
increased. 



The best anti-rad extended the retention of tensile strength and ultimate elongation by 
natural rubber t read  stock more  than tenfold. The screening .study is providing c r i t e r i a  
for the selection of superior  anti-rads.  A new technique of m a s s  spec t ra l  analysis 
promises  to  aid greatly .in determining what molecular s t ruc tura l  features impart  
radiation stability. Stress-relaxation measurements  detail  the important role  of oxygen 
in' radiation damage. Dynamic tes t  data a r e  given for eight representative rubber 
compounds. 

WADC-TR-55-58 (Par t  N) AD-206077 

Born John W 
A STUDY OF THE EFFECTS O F  NUCLEAR RADIATIONS ON ELASTOMERIC COMPOUNDS 
AND COMPOUNDING MATERIALS, 
The B. 5'. Goodrich Co., Research Center, Contract No. AF33(616)-2308, WADC, 
November (1958), 267 pp. (22 refs) .  

The r e sea rch  in this fourth year  under the contract included the following: fundamental 
studies of the mechanism of radiation damage to  high polymers and of the influence of 
molecular s t ructure on the relative degree of radiation effects; basic attempts to  pro-  
tect  textile filaments and cords from radiat.ion damage; further screening of ant i - rads 
for  other conventional and newer elastomers;  a search  for  and attempted synthesis of 
new and more  effective anti-rads; app1ie.d studies of the separate  and combined effects 
of heat and radiation on aircraf t  rubber compounds; irradiation and full-scale indoor 
testing of a i rc raf t  t i r e s ,  with and without potential anti-rad protection; and formulation 
of a detailed program for the next end-item study, which will deal with "0" ring sea ls .  

The work which is reported thus included fundamental, basic, applied, and end-item 
research .  The resulls a r e  stated briefly in the summary.  

Tomashot Robert C and Harvey Douglas G, l / ~ t .  (USAF) 
NUCLEAR RADIATION OF REINFORCED PLASTIC RADOME. MATERIALS, 

. Materials Laboratory, Wright Air  Development Center, Wright-Patterson Air Fo rce  Base, 
Ohio, September (1956), 48 pp. (3 refs).  

Nine different reinforced plastic laminate mater ials ,  each made with a different 
laminating resin,  and one alkyd-isocyanate foam core-glass  fabric faced sandwich 
mater ia l  were  subjected t o  integrated gamma radiation dosages up t o  10" roentgens. 
After completion of the radiation exposures, the mater ia l s  h e r e  tested t o  determine 
the  flexural, tensile, and ~ o r ~ ~ r e s s i o n .  strengths under both standard and wet conditions. 
The mechanical propert ies  of the heat-resistant plastic laminates were  also determined 
a t  elevated temperature.  

Dielectric constant and 1oss.tangent measurements  were  conducted on i r radiated 
samples  t o  determine the effect of radiation on the electr ical  propert ies  of these 
mater ials .  

Data obtained from these t e s t s  show that the mechanical propert ies  were not significant- 
ly  affected except for  one epoxy-type r e s in  laminate. None of the mater ia l s  showed any 
significant change in electr ical  propert ies  due to  radiation. 



T e r r e l l  William B, l / ~ t .  (USAF) and Humphries Jack T, l / ~ t .  (USAF) 
EFFECTS O F  GAMMA RADIATION ON LINEAR POLYETHYLENE, 
Wright Ai r  Development Center,  Wright Pat terson Air Force  Base, Ohio, February  (1958), 
39 pp. (Bjbliography - 10 refs).  

Linear  polyethylenes have recently been developed which have empir ica l  chemical 
formulae identical t o  those of common polyethylenes, but which differ in the molecular 
arrangement  of the polymer chain. The physical propert ies  of two linear polyethylenes 
were  measured before and af ter  gamma irradiation t o  afford a comparison with con- 
ventional polyethylene. 

Measurements were  made of 111e fullowing propc r t i o ~  as functions nf total  radiation 
dosage up to  l o S  roentgens: tensile strength, elongation, hardness,  impact strength, 
specific gravity, water absorption, heat distortion temperature,  dielectric constant, 
a r c  resis tance,  color, and infr.ared absorption. In addition, densities were determined 
as functions of both radiation dosage and temperature.  

WADC-TR-56-534 (Par t  3 )  AD-131029 . , . . . . . . . . . . . . , . . . . .-4 

Mixer R Y and Parkinson D B 
NUCLEAR RADIATION EFFECTS ON STRUCTURAL PLASTICS AND ADHESIVES - PART 111. 
EXPERIMENTAL RESEARCH, 
Stanford Research Institute, Contract No. AF33 (616)-3632, August (1957), 44 pp. 

Nuclear radiation damage mechanisms a r e  pres,ented for  model compounds representing 
seve ra l  typical a i rc raf t  s t ructual  adhesives and laminates. Larninates were prepared 
f rom eight resin-curing agent sys tems and i rradiated t o  10' and lo1' r ep  for determina- 
t ion of the threshold dose for damage. The threshold dose for  one system was found t o  
be l e s s  than 10' rep. In the case  of typical amine-cured, epoxy-type adhesives, radia- 
t ion appears  to cleave the amine groups with volatilization of some fragments and to 
crossl ink the polymer chain. Small amounts of chemical changes resul t  in large changes 
in physical properl ies  of the cured adhesive. Beta and gamma irradiation have produced 
equal  effects on one vinyl-phenolic and one epoxy-type adhesive. One organic scintillator, 
2, 5-diphenyloxazole, appears  to  be partially effective in preventing irradiation damage 
in an epoxy-type adhesive. 

WADC-TR-56-557 (Part  I) 

Schmidt Donald L and Johnson Robert H, l / L t s .  (USAF) 
EFFECTS O F  GAMMA RADIATION ON AIRCRAFT TRANSPARENT MATERIALS, 
Mater ials  Laboratory, Wright Air Development Center, Wright-Patterson Air Force  Base, 
Ohio, March (1957), 24 pp. (13 refs).  

The effects of gamma radiation on various optical, mechanical and thermal  propcrt ies  
of t ransparent  plastic mater ia l s  were  investigated. . Gafite, Plexiglas 55 and Sierracin 
611 mater ia l s  were  i r radiated in a gamma facility t o  total  absorbed doses of lo6  to  
lo1' e r g s  per  g r a m  and then evaluated in  accordance with standard testing procedures.  

The physical propert ies  of the t ransparent  plastics were  not significarltly affectcd by a 
radiation exposure of 10' e r g s  per  gram, o r  less .  At higher absorbed doses, most of 



- t h e  physical properties were  degraded. In addition, severa l  desirable changes. in 
specific physical propert ies  were also obtained. 

,The optical propert ies  of the t ransparent  plastic mater ia l s  were more  susceptible to  
radiation-induced changes than were the mechanical o r  thermal  propert ies .  

Marcus Hyman and Zaleski Frank V 
EXPANSION CHARACTERISTICS OF MARLEX 20 A m  MARLEX 50, 
Wright Ai r  Development Center, Wright-Patterson Air  Force  Base, Ohio, July (1957), 21 pp. 
(3 refs) .  

A suitable technique was developed fo r  volume dilatometry of plastic mater ia l s  and the 
the rma l  behavior of two commercial  l inear  polyethylene plastics.  Marlex 20 and 
Marlex 50 w e r e  ubserved. 

The technique consisted of sealing a tes t  sample in a glass  tube with mercury  a s  the 
confining fluid. The change in volume of 'mercury a s  evidenced by i t s  r i s e  in a 
capillary tube was noted at different temperatures .  The volume expansion of the tes t  
samples  was calculated from.the known expansivities of glass  and mercury .  

The dilatometers used were  immersed  in an electrically heated oi l  bath equipped with 
a motor-driven s t i r r e r  to  insure a uniform temperature distribution. 

Matlack J D 
HIGH ENERGY RADIATION IN THE FIELD O F  PLASTICS, 
Picatinny Arsenal.  Presented at Conference on Effects of Nuclear Radiations on Materials,  
October 1-2, 1957, Watertown Arsenal, Watertown 72, Mass . ,  10 pp. (1 ref).  

Data a r e  presented which show the effect of nuclear radiation on plastic mater ials  f rom 
two points of view, i .  e . ,  changes: (a) in molecular s t ructure,  and (b) in mechanical 
properties.  This presentation is in the nature of a review and deals with information 
available from all  sources  including work being done by Picatinny Arsenal.  

Mayburg S and Lawrence W L 
THE CONDUCTIVITY CHANGE IN POLYETHYLENE DURING GAMMA IRRADIATION, 
Atomic Power Division, Westinghouse Electr ic  Corp. , Contract No. AT - ( l l -  1)-Gen- 14, 
January 2, 1952. 

The effect of co6' irradiation on the direct current  conductivity of polyethylene has been 
determined up t o  an intensity of 4000 roentgens pe r  hour a t  room temperature.  Temper-  
a ture  data serve  t o  suggest an ionic mechanism. 

Shaver Richard C and Semegen Stephen T 
THE EFFECTS O F  NUCLEAR RADIATION ON ELASTOMERIC COMPOUNDS AND COM- 
POUNDING MATERIALS FOR USE IN NAVAL MATERIALS, 



Research  Center, The B. F. Goodrich Company, Brecksville, Ohio, May (1958). 

E las tomer  recipes were chosen to  give a c ros s  section nf end-use gaskets, shock- 
mounting and hose stocks; and a variety of polymers.  Also included in the program 
was  the evaluation of these same compounds containing anti-irradiation chemicals.  

Sixteen compounds were selected from the rubber formulary. They included neoprene 
compounds, Hycar compounds, SBR compounds, and natural rubber c o m p ~ u n d s .  Data 
show the limits to  which polymeric compbunds can be exposed to  nuclear radiation 
(co6') and remain serviceable.  

Sachs Frances  
THE E F F E C T  O F  ALPHA-, RETA -, GAMMA- AND X-RAYS ON ORGANIC COMPOUNDS, 
A l i te ra ture  search .  Carbide and ca rbon   hem-Gls Co. ,  a .Division of Union Carbide and 
Carbon Corp . ,  Oak Ridge, Tenn.., cont rac t  No. W-(7405)-Eng-26, August 18, 1952, 92 pp. 

This  report  is a ' l i t e ra ture  search  on the effect of alpha, beta, gamma, and X-rays on 
organic compounds. There a r e  35 a r t ic les  l isted for  effects of alpha particles,  25 
a r t ic les  on effects of beta par t ic les ,  42 ar t ic les  on effects of gamma particles,  and 
107 ar t ic les  on effects of X-rays.  There a r e  27 a r t ic les  on general i tems of interest  
and related mater ial .  
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Rosenwasser  H 
EFFECTS O F  GAMMA RADIATION ON EXPLOSIVES - - FINAL AND SUMMARY REPORT 
ON ARMY ORDNANCE PROJECT TA3-5003R-STABILITY AND REACTIONS O F  EXPLO- 
SIVES, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., Contract No. 
W-(7405)-Eng-26, December 6, 1955, 28 pp. (18 refs) .  

This  is the final report  on the joint investigation of the effects of gamma radiation on 
explosives by the Oak Ridge National Laboratory and the Picatinny Arsenal, The data 
obtained by subjecting different cxplosives a t  various tempera tures  to  the influence of 
an  intense gamma-radiation field a r e  presented. The work showed that the different 
explosives exhibited varied resis tances t o  the t reatment  and gave an indication of the 
direction future work should follow. Explanation is required for the sensitization of 
the p r i m e r s  and detonators used, as well a s  the peculiar character is t ic  of gas 
formation by some of the explosives following irradiation. M o r e  generally, however, 
a need for  a study of the radiation chemistry of explosives is indicated. It is hoped 
that provision will  be made for  such a study. 

Rhodes R T 
ABILITY O F  THE XMC-1107 TO FUNCTION AFTER EXPOSURE TO A BLAST SPECTRUM 
O F  RADIATION, 
Sandia Corporation (Interoffice Memo), Albuquerque, N. Mex., July 17, 1959, 4 pp. 

The XMC-1107 must function after exposure to  a blast spectrum of radiation. Irhis 
memo outlines a plan t o  demonstrate the component's ability to meet  these require-  
ments.  In addition tes t  data a r e  also included. Conclusions a r e  stated. 

Bollo F G, et  al .  
ROCKET FUELS DERIVABLE FROM PETROLEUM, 
Quarter ly Detailed Report, November, December 1952 and January 1953, Shell Development 
Co. , Emeryville,  Calif., Contract No. NOas 52-808-c, (1953), 38 pp. (15 I-els). 

Work during this  second quarter  included synthesis and prel iminary screening of 
s eve ra l  new compounds a s  liquid rocket fuels. Included in this  group were low freezing 
point conjugated diacetylenes, a triethyl phosphorous triamide, two organoboron com- 
pounds, and thc product of reaction of acetylene with hydrazine. An investigation of 
procedures  fo r  synthesis of large lots of selected fuels was also undertaken. 



Work was continued on more  detailed' evaluation of blending agents to  upgrade the 
ignition quality and improve the combustion character is t ics  of a i rc raf t  JP -4 fuel; on 
the development of hypergolic acetylenic-phosphorous triamide fuels equal o r  superior  
to  JP-4  in specific impulse; ,and on organoboron compounds. Arrangements a r e  being 
made to obtain smal l  scale  rocket motor t e s t s  on representative mater ials  f rom each 
of these' groups in o rde r  to  gain some idea as t o  their  combustion character is t ics .  

So Tar the most effective blending agents for JP-4, based solely on ignition data, a r e  
the phosphorous t r iamides;  but information on the i r  effect on combustion is urgently 
needed. In view of the importance of this  application, it is receiving part icular  atten- 
tion in our program and a l l  new fuels showing good ignition qualities a r e  tested a s  
blending agents in JP -4  fuel for their  effect on ignition quality. The acetylenic- 
phosphorous t r iamide blends have excellent ignition character is t ics ,  and if  their  com- 
bustion quality is favorable, they might be considered a s  a replacement for JP-4 blends, 
should attempts t o  improve combustion character is t ics  of the la t ter  be unsuccessful. 
The organoborons a r e  attractive because of the estimated high specific impulse. The 
resul ts  of storage stability, gasket compatibility, and corrosivity t e s t s  with RF-208 
a r e  reported. 

~ e v e l o ~ m e n t  of evaluation methods, particularly for storage stability, is discussed. 

Conklin G W, e t  al .  
ROCKET FUELS DERNABLF: FROM PETROLEUM, - 

Quarterly Detailed Report, February thru  April  1953, Shell Development Co. , Eme ryville, 
California, Contract No. NOas 52-808 -c, (1953), ,36 pp. 

During the third quar te r  of the current  contract, synthesis work and preliminary screen-  
ing have continued with three  c l a s se s  of potential rocket fuels. With unconjugated 
diacetylenes, emphasis has been placed on the longer chain compounds which promise 
improved stability with only smal l  reduction in impulse. Several new organophosphorus 
compounds containing amine groups have been prepared and examined a s  ignition up- 
graders .  In the organonitrogen field acetylene-hydrazine reaction produc'ts a r e  explored. 

In the blending program advantages have been indicated fo r  fue.1~ consisting of a blend of 
acetylene -hydrazine reaction products. The improvement of the burning character is t ics  
of J P - 4  has .  also been fur ther  studied. 

SCTM 53-59(51) 

Smith R E 
UNDERGROUND MINING WITH NUCLEAR EXPLOSIVES, 
Sandia Corporation, Albuquerque, N. Mex., May 14, 1959, 31 pp. (2 refs).  

Mining methods have developed in the course of centuries f rom the breaking of o re  by 
hand from smal l  but r ich deposits to  modern techniques by which 20,000 to  50,000 tons 
of low-grade o r e  can be removed each day from deposits hundreds of feet underground. 
A fur ther  advance in technique is proposed and discussed; namely, the use of nuclear 



explosives in underground mining. Such a method would add to  our  national resources  
by making it possible to  mine deposits which cannot now be economically exploited. 
Proposed nuclear modifications a r e  presented, together with the potentialities and 
limitations of the proposed technique. . 

Vortman L J 
FALLOUT FROM A HYPOTHETICAL 1-MT SURFACE BURST AT ALBUQUERQUE, 
Sandia Corporation, Albuquerque, N. Mex. , Contract No. AT(29-1)-789, March 10, 1957, 7 pp. 

The  direction and extent of fallout from a hypothetical 1-mt surface burst  at  
Albuquerque a r e  examined using available 1956 wind data. 

Broido A, el; al. 
THE EFFECT O F  THERMAL RADIATION ON MATERIALS, 
U. S. Naval Radiological Defense Laboratory, San Francisco, Calif., September (1951), 245pp. 

Pro jec t  6.2 was set  up partly to  obtain information concerning the character is t ics  of 
t he rma l  radiation from an atomic bomb detonation,necessary t o  the prosecution of the 
general  laboratory thermal  program and partly t o  make exposures of mater ials  which 
could not be done in the laboratory. The thermal-radiation character is t ics  of greatest  
interest  were the total  energy, the time-intensity relation, and the spec t ra l  distribution 
Measurements of these character is t ics  were made at severa l  distances using calor im- 
e t e r s  with oscillographic recorders ,  rotating drums with sensitive-paper indicators, 
and passive rece ivers  consisting of metal  foils. A number of the mater ials  used in the 
field were previously exposed t o  laboratory sources.  Those mater ia l s  used 'in the in- 
cendiary program were chosen for studies.of the effects of such factors  a s  a rea ,  back- 
ing mater ial ,  geometry, and reflectance on the incendiary character is t ics .  Documen- 
tation was car r ied  out by means of motion-picture photography. 

"l'he total  thermal-energy values at  approximately 2 mi les  from ground zero  were 
found t o  be about one-half of those expected. The values at  the c loser  stations were 
found t o  be even smal le r  fractions of expected values. Time-intensity curves indicate 
that this  fur ther  reduction is due to  obscuring mater ia l  ar is ing at about 0.5 s ec  between 
ground ze ro  and the points a t  which measurements  were made. Peak  intensities were 
reached in approximately 0.25 sec, and i t  is probable that the most thermal  damage 
occured within 1 sec. Since the shape of the thermal  pulse was different for  each 
station, it was necessary  to make t ime corrections in the analysis of the passive- 
rece iver  data. 

Rough spec t ra l  measurements  indicated that the bulk of the the rma l  radiation was in the 
visible portion of the spectrum, although all measurements  were  uncertain to  107'0 of 
the total  thermal  energy. With this  uncertainty no ultraviolet energy was found, and 

. the infrared energy beyond 1p was measured to  be only 10%. On the basis  of these 
resul ts ,  all existing laboratory sources would appear to overemphasize the infrared 
portion of the spectrum. 

A considerable amount of data was obtained concerning the effect of the field radiation 
on mater ia l s  previously exposed t o  laboratory sources.  A comparison of field and 
laboratory effects under s imi l a r  conditions of exposure will provide an  indication of 
the extent to  which the laboratory sources  simulate the field source. 



The results  of the  incendiary experiments showed that small  individual samples of 
. 

solid combustible materials such a s  wood and cloth did not 'sustain f ires  for more than 
1 sec o r  so. For  the stations used, no f ires  existed at the time of ar r iva l  of the blast 
wave. However, indications a r e  that the proper' combination of materials arranged in 
suitable geometry may result in sustaining primary fires. 

The nature of the results obtained, particularly the effect of obscuring material, in- 
dicates the need for additional information from future atomic -bomb -detonation field 
tests .  In particular, it is considered highly desirable to obtain information from 
several  s izes of detonations and for a i r  bursts. 





SHIELDING 

Tirpak  Edward G 
REPORT ON THE USE O F  BARYTES AGGREGATES IN CONCRETE FOR SHIELDING 
PTTRTOSES. 
Engineering Dept. , Laboratory Design Sect. , Uak Kldge National L a b u r . a l u ~ ~ ,  Oalr nidgc, Tonn. 
Contract No. W-7405-Eng-26, April  13, 1950, 20 pp. 

The repor t  discusses  the general  nature and need ful. s l~ielding n ~ n t c r i a l  to  protest man 
from overexposure. Several mater ials  can be used a s  shields, but in this  report  s teel  
and lead are used for comparison wi th  barytes aggregates.  One disadvantage of con- 
c r e t e  for  heavy shielding is the great thickness required. On the other hand, s t ructural  
strength, workability and adaptability, and low cost per  unit of shielding a r e  in i t s  favor. 

Several  concrete mixes were t r ied  s o  a s  t o  a r r ive  at  one suitable to the shielding r e -  
quirements.  The report, discusses  and summar izes  the methods of testing and pouring 
of the different mixes.  The concrete was tested for  effects of heating. 

McKinney V L and Rockwell Theodore, 111 
BORAL: A NEW THERMAL NEUTRON SHIELD - SUPPLEMENT I, 
Technical Division and Reactor Experimental Engineering Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, May (1954), 39 pp. 

A technique has been developed .for making large sheets  or c a s t i ~ ~ g s  uf B,C and alumi- 
num complex for absorption of thermal  neutrons without production of hard gamma 
radiation. The 1/4" sheet has  the following properties:  

Boron Content: 5070 B,C (or 4070 B) by volume, 0.91 g ~ / c r n ~  o r  0.58 g ~ / c m "  of 
1/4" sheet. 

Thermal  Neutron Attenuation of lo1' in 1/4" (based on C& = 100 em-'). 

Density: 2.53 g/cm3 o r  3-114 1b/fta 

Cost: 15-20 $/ft2 

Tensile Strength: 5500 ps i  (10 t imes concrete, 1/10 mild steel, about equal for  
best plastics).  

Thermal  Conductivity: Somewhat better than s t ee l  (more precise  measurements  
in progress),  I 

Can be sheared, sawed, 'welded, punched, drilled, tapped, rolled, and hotLpressed. 
Sheets 7' by 33' by 114" a r e  in preparation for shearing to  5' x 6' t es t  sheets.  



It .  is felt that th i s  mater ia l  will have many uses  where a l a rge  the rma l  neutron flux must 
be absorbed'without production of hard gammas, e .  g. , inner section of reactor  shields, 
shut ters  for  thermal  columns, instrumentation. . . 

Barfield W D 
A COMPARISON OF DIFFUSION THEORY AND TRANSPORT THEORY RES.ULTS FOR THE 
PENETRATION O F  RADIATION INTO PLANE SEMI-INFINITE SLABS, 
Los Alamos Scientific ~ a b o r a t o r ~ ,  University of California, Los Alamos, N. Mex. , 
Contract No. W-7405-Eng-36, June (19541, 39 pp. 

The  penetration of radiation into plane semi-infinite s labs  of mater ia l  has  been calcu- 
lated numerically by means of the t ime -dependent t ransport  theory (Boltzmann equation) 
and the approximate "diffusion theory. I t  Quantitative resu l t s  a r e  given for  the case of 
a nonscattering mater ia l  with constant absorption c r o s s  section, and for the general  
case  of a scat ter ing mater ial  (boron) with absorption coefficient a function of energy. 

I Results show that the diffusion theory calculation gives an energy penetration which is 
too large, but that in a t ime during which the diffusion wave penetrates to a depth 
corresponding to  a few mean f ree  paths, the ra te  of energy penetration calculated .using 
the diffusion approximation approaches the value calculated using the exact theory. 

AECD-3769 

Poleczny M P 
COFFIN AND COFFIN HANDLING, 
Materials Testing Reactor Project,  Design Report No. 21, Argonne National Laboratory, 
December 5, 1949, 15 pp. 

Special shielded containers, called coffins, will be used for removing radioactive beam 
hole plugs from the reactor ,  transporting them to plug storage and inserting them there- 
in. Alternately, a coffin may be moved up t o  a "hot" laboratory o r  "cave" where, by 
remotely operated manipulating devices, operations such a s  charging of experimental 
samples  may be safely ,conducted, af ter  which the plug may be reinser ted into the r e -  
actor .  

In this  report  no attention has  been given t o  the more  o r  l e s s  standardized type of coffin 
used for  the transportation of isotopes and ' irradiated samples  nor to  special designs for  

, the t ransport  of radioactive graphite pebbles o r  any other special purposes which may 
never a r i se .  Attention has been given only to  the handling of dulrlmy and experimental 
beam hold plugs. 

This  report  gives a detailed disclosure of the problem, design data, and several  
: appendices. 

Warren Curt is  
THE ENGINEERING PROPERTIES O F  IRON-LIMONITE CONCRETE FOR CONSTRUCTION 
O F  BIOLOGICAL SHIELDS, 
Hanford Works, Richland, Wash. , January 30, 1952, 8 pp. . . 



This is a letter intended to  provide a brief summary of the information presently 
available on the engineering properties of iron-limonite concrete with the view of 
adapting such concrete for use a s  biological shielding material  in a Hanford pile. By 
reducing materials and fabrication costs, such an adaption might effect a savings of at 
least two million dollars per  pile over the present iron-masonite laminated shield 
structure.  

After carefully reviewing the results  of tes ts  made to determine the mechanical'and 
thermal properties of iron-limoiiite C O R C I ' ~ ~ ~ ,  il Carl be cuucliidtd that such concrctc 
has engineering properties which would make it .acceptable for use a s  a biological 
shielding material  provided its properties a r e  not adversely affected by irradiation. 

Chapman G T and Storrs  C L 
EFFECTIVE NEUTRON REMOVAL CROSS SECTIONS FOR SHIELDING, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26, September 
19, 1955, 148 pp. 

The effective removal cross-section cuncepl as applied in s l ~ i t l d  ealculat ion~ ic dic- 
cussed and a method of deterrniriir~g lhe nu111el.ica1 value of this eroza acction from 
LTSF experimental data is presented. Radiation intensity measurements in water be- 
yond some 20 elements and compounds and the corresponding removal cross-section 
values' a re  reported. These values a r e  useful in determining the relative shielding. 
effectiveness of the various materials,  but can be used with complete assurance for 
shielding calculations only when the geometry under consideration closely resembles 
that employed at the LTSF. Specifically there must be many relaxation lengths of 
hydrogeneous shield following the material. 

A graphical comparison of the effective removal. c ross  sections and the total c ross  
sections a t  a high neutron energy (8  Mev) is also made and should be applicable to  shield 
calculations. In addition, calculations a re  presented of correction factors for various 
values of the water thickness, sample thickness, and attenuation lengths in order  to  
facilitate the calculation of the removal cross  section from future measur.en~er~ts.  

This report also discusses the description of the Lid Tank Shielding Facility (LTSF), 
procedure of removal cross-section measurements of L'l'Sb', and procedure fur re4 
moval cross-section calculations from the data. Numerous tables and curves a r e  
included. 

' Bowman W H, James D L and Roarty J D 
THE DECAY OF INDUCED ACTIVITY IN PORTLAND, BARYTES, AND BROOKHAVEN 
CEMENTS, 
Massachusetts Institute of Technology, Engineering pract ice School, Oak Ridge, Tenn., 
.August 23, 1950, 27 pp. (Bibliography - 6 refs). 

The materials used in pile construction must be of such a nature that little response is 
shown to neutron bombardment and that the induced activity decay rapidly. Mainten- 
ance is facilitated since personnel may enter  the irradiated regions shortly after pile 
shut down. 



Three types of cements, Barytes, Brookhaven, and Portland, were exposed in the ORNL 
Reactor for periods of seven and twenty-eight days, and the induced activity was meas-  
ured in a 10070 -geometry ionization' chamber responding only to  gamma radiation. The 
activity was plotted a s  a'function of the length of decay and the half lives of the active 
materials determined therefrom. Using these data the probable identity of the elements 
giving r i se  to this activity was determined from a search of the isotope tables. 

The absorption of radiation by lead from these samples was measured with a Geiger- 
Mueller counter. 

It will be observed that the Portland cement has the least activity and that the activities 
of the Barytes and Brookhaven cements a r e  about 10 t imes greater.  Other properties 
being equal, the Portland is the most promising for use in irradiated regions. It has 
an additional advantage in that there a r e  no extremely active short-lived materials in it 
although this is of no consequence i f  a cooling-off period of two o r  three days is avail- 
able. 

In order  to make these results easy to compare with results  obtained from samples ir- 
radiated with a different neutron flux, the activities a r e  presented for a standard radia- 
tion of ld2 neutrons/(sq cm)(sec). 

Ruddy John M 
GAMMA- RAY SHIELDING FOR ENGINEERING REFERENCE, 
Brookhaven National Laboratory, February 15, 1951, 23 pp. (Bibliography - 30 refs).  

'Data a r e  provided here for computing gamma-ray attenuation through medium and heavy 
shields of lead, iron, o r  concrete; for light shields o r  nuclides with very weak gamma 
rays, .  a check for beta-ray protection is advisable. F o r  higher energy gammas, over 
10 Mev, and for sources emitting an appreciable quantity of neutrons, both exceptional 
cases, a separate determination of shielding attenuation for mesons and fast and/or 
thermal neutrons and their secondary effects should be made. Other. than this, .the 
gamma-ray shielding described will, in general, adequately shield from other rays o r  
particles. 

Although the literature covering the theoretical and experimental behavior of gamma 
rays penetrating shielding material is not complete in the higher energy ranges above 
5 Mev, o r  for heavier layers of absorbers, sufficient data were obtained to prepare 
simplified equations, tables, and figures for engineering practice after the present 
basis for gamma-shielding computations was brought into agreement with the latest 
observations and theoretical data. 

Dennis R, Purohit S N and Brownell L E 
PROCEDURES FOR SHIELDING CALCULATIONS-TECHNICAL REPORT NO. 1, 
Engineering Research Institute, University of Michigan, Ann Arbor, Mich., 
Contract No. AT(l1-1)-162, January (1957), 106 pp. (104,refs). 

This report deals with the shielding of nuclear radiation facilities. It is divided into 
two sections. The f irs t  part of the report deals with the gamma-radiation shielding. 



The concept of the "build-up factortt is discussed in detail. As an illustration, the 
analysis of the heterogeneous gamma-radiation spectrum from the MTR fuel element 
from the point of view of shielding has been given. The analytical expression for the 

' build-up factor, a s  obtained by Taylor, has be.en used in the above analysis. The 
. second part  of the report discusses the problems involved in shielding a nuclear reactor. 
A sample calculation of the shielding of a nuclear reactor is given. The report contains 
graphs for determining the standard integrals involved in calculating the radiation flux 
for  standard geometries and also an extensive bibliography. 

Tarbox Leon A and Beck Christian 
ENGINEERING STUDY ON REACTOR SHIELDING, 
Engineering Branch, Division and Construction and Supply, U. S. Atomic Energy Commission, 
Washington, D. C. , April (1958), 17 pp. (7 refs).  

A study was made to  determine variation in construction costs for biological shielding 
vs.  changes in radiation levels and exposure to  personnel working around a reactor.  
The study is based on a hypothetical production-type reactor; however, various assump- 
tions. have been made to  simplify and clarify the analysis. These assumed conditions 
may be more applicable to  those related to an industrial power reactor.  Comparisons 
a r e  made based on the cost of constructing a biological shield that will reduce the 
radiation level to  1 mrem/hr  at the outside face of the shield, a conservative criterion 
which is often used. Estimates of comparative costs a r e  made for radiation levels 
higher by factors of 10, 50, and 100. Comparative cost estimates have also been made 
for  biological shields made of less  costly construction materials than in the assumed- 
basic shield. The analyses include a l l  cost i tems involved, such a s  reductions in the 
primary biological shield, in the building'size, in the secondary shielding walls, and in 
tubings, etc. In a reactor,  such as. the assumed hypothetical reactor,  the reduction in 
cost, i f  the radiation levels were allowed to be increased by a factor 10, was estimated 
to be $237,000, o r  10.3% of the $2,308,000 total costs of the primary biological shield. 
The possibility of cost reductions has been analyzed in relation to  the computed 
radiation levels in the areas  around the reactor, and the expected exposure to the in- 
dividuals working in these areas.  

Pr ice  B T 
THE ATTENUATION OF GAMMA RADIATION AND NEUTRONS IN THE SHIELD BEPO, 
Atomic Energy Research Establishment, Harwell, Berkshire, England, February 28, 1952, 
13 pp. (6 refs) ,  

Measurements have been made of the attenuation of radiation by the barytes concrete 
discharge face shield of the Harwell pile. The integrated dose of gamma radiation is 
found t o  fall off exponentially with a 10-folding length of 8.2 f 0.2 inches. Fast  neutrons 
(E > 1 Mev) a re  attenuated with a 10-folding length of 7.3 f 0.3 inches. Thermal 
neutrons show a gradual increase in 10-folding length a s  distance into the shield in- 
creases .  At a depth of iron and concrete equal to 36" the 10-folding length is 8.1 f 0.4 
inches. 

Some measurements on the attenuation of neutrons in the thermal shield of. the pile a re  
also included. 



Minimum thicknesses of shielding required for health and instrumental tolerances a r e  
discussed. 

. . 
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Horton C C 
SHIELDING STUDIES - 11. THE DISTRIBUTION O F  GAMMA-RADIATION IN GRAPHITE 
MODERATED URANIUM REACTORS, 
Atomic Energy Research Establishment, Harwell, Berkshire, England, October 14, 1953, 
23 pp. (16 refs) .  

The distribution of gamma radiation in the core,  reflector,  thermal  column, and a 
mock thermal  shield of BEPO has been studied using a "homogeneous" ion chamber.  
The chamber is of simple construction and i t s  output current  is a known function of 
the gamm'a energy deposited in the chamber volume. 

The resu l t s  may be fjtted'by formulae based on a simple method of calculation of . 
gamma-ray t ransmission through matter.  It is shown that the radiation escaping from 
a typical graphite-uranium reac tor  consists mainly of gamma rays  from neutron 
capture in ' the moderator and thermal  shield, these have an effective energy of.about 
5 Mev. The gamma radiation in the core  of such a reactor  is shown t o  consist .mainly 
of soft gamma rays  originating in the fission process  and from decay of the fission 
products. 

Using these resu l t s  the distribution of gamma rays  in the shield of BEPO has been 
calculated, and shown t o  fit data obtained by other experiments over the ' range of 
measurement.  

Salmon A 
THE DIFFUSION LENGTH OF THERMAL NEUTRONS IN PORTLAND CONCRETE, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, March (1955 ), 
12 pp. ( 3  refs).  

The diffusion length of thermal  neutrons in Portland Concrete has  been measured t o  
provide fundamental data for shielding studies. The composition and environment of 
the concrete was measured and is noted. . The determined value of the diffusion length 
was (7.30 f 0.2) cm. The density of the concrete was (2.23 * 0.02). gm. ~ r n - ~ .  The 
diffusion length was thus (7.04 f 0.21) cm. a t  a density of 2.3 gm. ~ m ' ~ .  

Halliday D B 
HEAT RELEASE IN CONCREtr'E REACTOR SHIELDS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, November 17, 1954, 
16 PP. 

The purpose of th i s  paper is to  analyse the way in which heat is deposited in a concrete 
reactor  shield, t o  discuss  i t s  probable l i m i t a t i h s  and how these might be modified by 
design and experiment. 



It is of great  economic interest  to  determine t o  what extent concrete can be used a s  the 
innermost par t  of the shield, thus saving more  expensive s t ruc tura l  and shielding 
mater ia l s .  The use of concrete depends on the quantity and distribution of the heat r e -  
leased in the shield by the radiation; methods of removal of heat f rom the shield, a lso 
the the rma l  conductivity of the concrete, both of which control the maximum tempera-  
t u re  and maximum gradient in the shield; and the maxim'um irradiation damage flux for  
the concrete, for a given lifetime before deterioration takes place. 

The heating in  a reac tor  shield i s  due to  a mixtul?e of last ncutrons, thermal  neutron 
and gamma irradiation, and once it has  been split up into these separate  groups, the 
heat re leased and tempera ture  attained can be readily calculated by the method a s  out- 
lined in this  report.  

Experiments ca r r i ed  out in B. E.  P. 0. suggest that a ccjncreto ~h ie l r l  wnuld have an  ir - 
radiation life of at least 10 yea r s  in a flux of 1011 n/cm2 -see. 

D y s u ~ i  J A (Miss) and Harr i son  J R 
THE DEPENDENCE OF FAST NEUTRON A'l"1'ENUATION IN PORTLAND CONCRETE ON 
ITS HYDROGEN CONTENT, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, April  11, 1956, 
7 pp. (2 re fs ) .  

The  effect of varying the hydrogen content in a typical Portland concrete on the attenua- 
tion of fast  (> 1 Mev) neutrons has been investigated using the theory developed by 

. Spinney. It is shown that increasing the hydrogcn contcnt f rom 0.1 t o  1 percent (by 
weight) changes the asymptotic relaxation length from 10.6 to  8.9 cms.  

Hostnn C C 
THE THEORY AND PRACTICE OF SHIELnTMG, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, November 25, 1854, 
16 pp. (2 refs).  

In the operation of a nuclear reactor ,  a smal l  fraction of the neutrons generated in  
fission will escape entirely from the system; and nearly all of the neutrons captured 
within it produce y-rays by excitation of the nuclei in which they a r e  captured. The 
design of the reac tor  must,then, incorporate a means of reducing the fluxes ul escaping 
neutrons and y-rays t o  a tolerable level, and since this  shield is nonproductive, it 
must  be kept to the cheapest o r  smallest  s ize possible consistent with this  object. The 
lcvel  of radiation attained outside the shield is not necessar i ly  res t r ic ted  only in this  
way; however, in many cases  it may be necessary  t o  consider the effect of the radiation 
leaking through the shield on the instruments which will be used in  conjunction with the 
reactor .  In addition t o  this  basic aim, the field of shielding design covers  many other 
considerations, these include : 

(a) Calculation of the heat re leased in the shield by absorption of the reactor  . 
radiation. 

(b) Shielding required for components which have been i r radiated in  the reactor .  

(c) Effects of coolant irradiation and s treaming of radiation down coolant ducts. 

(d) Evaluation of the biological effects of radiation. 



Mandl M E (Mrs.  ) 
ENERGY. FLUX AND AVERAGE ENERGY O F  NEUTRGNS SCATTERED BY THE WALLS 
OF A LABORATORY, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England (1 95 I),  14 pp. (3 r e f s  ). 

The energy flux of neutrons scat tered back to  the source is calculated for a source a t  
the centre  of a spherical  room. 

The average energy of the returned neutrons is calculated by comparison with the 
formula given in T /R  563 for the neutron flux. 

The walls of the room were assumed to  be of some noncapturing mater ial  having 
scat ter ing propert ies  s imi la r  to  concrete. 

Doe William B 
ZINC BROMIDE SOLUTION FOR USE IN SHIELDING WINDOWS, 
Remote Control Engineering Division, Argonne National Laboratory, P. 0. Box 299, 
Lemont, I l l . ,  Contract No. W-(31-109)-Eng-38, September (1952), 30 pp. 

Large-area dense-material  shielding windows a r e  useful for viewing into enclosures 
containing high levels of radiation. They a r e  particularly desirable when used in con- 
junction with rapid manipulators, such a s  the mas t e r  slave type developed at Argonne. 

In the irltroduction this report discusses  several  types of shielding possibilities. Some 
of these a r e  lead acetate in water,  acetylene tetrabromide, and concrete. 

This  report  is specifically directed toward a discussion of zinc bromide solution for  
use in shielding windows. Zinc bromide i s  discussed with respect  to  chemical stability, 
radiation stability, low ' temperature stability, optical transmission, corrosion of con- 
ta iner  mater ials ,  filtration and handling of the solution, and measurement of haze. 

A MANUAL FOR REMOTE VIEWING, 
Remote Control Engineering Division, Argonne National Laboratory, P. 0. Box 5 20 7, Chicago 
80, Ill. , Contract W-(31-109)-Eng-38, August 11, 1952, 44 pp. (Bibliography - 4 refs).  

The observation of a procedure involving radioactive mater ia l  is complicated by the 
necessity of seeing through o r  around the required biological shield. "Seeing" in general 
denotes receiving the same visual impressions a s  those of an observer  moving around 
inside the shield. This  report  discusses  the requirements,  basic techniques, and sub- 
merged operation of such a viewing system. Also discussed a r e  specific t.ypes of view- 
ing windows, simple reflectiriy systems,  periscopes, and closed circuit  television. 



APEX- 176 

Moteff John 
MISCELLANEOUS DATA FOR 'SHIELDING CALCULATIONS, 
Atomic Products  Division, Aircraft  Nuclear Propulsion Dept., General Electr ic  Company, 
Evendale, Ohio, December 1, 1954, 117 pp. 

  his report  represents  an  effort to  consolidate under one cover the data of importance 
to  the shielding groups. The major  topics considered a r e  a s  follows: 

Gamma .R,ay Attenuation Coefficients 
Buildup Fac tors  
Fiss ion Product Gamma Spectrum 
Geometric Considerations 
Flux to  Dose Conversion 
Attenuation Fission Product Gamma Rays Through Lead, Iron, and Water 

Kichtmyer R I3 
RESONANCE CAPTURE CALCULATIONS FOR LATTICES BY THE MONTE C A R M  
METHOD, 
AEC Computer Facility, New York University, New York, N. Y. Paper  given at Brookhaven 
Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956, 
8 PP. 

The procksses  occurr ing when neutrons a r e  slowed down in a hexagonal lattice of fuel rods 
(usually U) in a moderator  (usually H,O) a r e  simulated on the Univac by Monte Carlo tech- 
niques and various quantities, including the resonance capture probability, 1 -p, a r e  es t i -  
mated by more  o r  l e s s  usual sampling methods. Effects take11 into account include: 
energy loss  in collisions with heavy atoms a s  well a s  light ones, resonance scattering a s  
well  a s  resonance absorption, Doppler broadening, absorption in the wings of the reso-  
nances, and cladding uf the fuel rods.  A stat is t ical  accuracy of about 2% in 1-p can be 
obtained. Differential effects (e. g. , due to  a temperature change) can be obtained with 
g rea t e r  accuracy b$ use of a special technique. F rom the known propert ies  of the lowest 
18 resonances of u"~ '  and an estimated statistic a1 description of the higher rcconances, 
values a r e  obtained which agree roughly with the semiempir ical  formula for  p .  

BNL-433(C-24)-17 

St. John D S 
RESONANCE ABSORPTION IN HEAVY WATER REACTORS, 
Savannah River Laboratory, Aiken, South Carolina. Paper  given a1 Brookhaven Conference 
on Resonance Absorption of Neutrons in ~ u c l e a r  Reactors, September 24-25, 1956, 2 pp. 

The  resonance absorption of various fuel shapes in heavy water reactors  is being 
studied at the Savannah River Laboratory. The proposed experimental program will 
determine the rat io  of resonance t o  thermal  absorfitions in u~~~ in various geometries.  
These data will be used to  deduce effective resonance c r o s s  sections. A Monte Carlo 
code is being prepared for the IBM 650 to  c o ~ r l ~ u t e  resonance absorption in a var iety 
of elements.  Neutrons a r e  followed through the energy region of resolved resonances, 
at  a ra te  of 50 t o  100 per  hour. 



Sampson J B 
ATTEMPTED, MONTE CARL0 CALCULATIONS OF RESONANCE ESCAPE PROBABILITY 
IN A GRAPHITE LATTICE, 
Knolls Atomic Power Laboratory, Schenectady, ~ e w  York, Paper  given at Brookhaven 
Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956, 
3 pp. (7 re fs ) .  

Monte Carlo calculations have been car r ied  out of resonance capture phenomena in the 
6.7- and 104-ev resonances of uZ3' in a graphite moderated lattice. Values obtained 
for  1-p were 0.0258 f 0.0017 and 0.0012,. f 0.0013, respectively, for these resonances. 
The influence of the large scat ter ing component in the 104-ev resonance was indic'ated 
t o  be small .  F o r  the 6.7-ev resonance, severa l  associated phenomena were also de- 
termined including spatial  distribution of flux at s eve ra l  energies.  The s tat is t ical  
accuracy of t h e  resul ts  and thc calculatirsi~ tirll; required were somewhat disappointing 
in this  particular coding. 

. . 

I Smith Nicholas M, J r .  
THE ABSORPTION AND SCATTERING O F  RADIATION BY RANDOM AGGREGATES O F  
PEBBLES, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., September 23, 1948, 27 pp. 

This report  discusses  absorption and scat ter ing of radiation by random aggregates of 
pebbles. The general theory, compa.rison with expcrimcnt, chau~lelling effect factor, 
channelling effect in diffusion and channelling effect when inters t ices  a r e  filled a r e  
discussed. 

Blizard E P 
SHIELDING O F  NUCLEAR REACTORS. LECTURE I1 - NEUTRON AND GAMMA CROSS 
SECTIONS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , August 8, 1950, 14 pp. 

All interactions of neutrons with nuclei can be divided into two classes:  those in which 
a compound nucleus is formed, and those in  which the neutron is diffracted around a 
nucleus. Topics discussed a r e  shadow scattering, cross-section limits at high energy, 
asymmetry of scattering, nuclear resonance, and c r o s s  sections from the shielding 
viewpoint. 

The three distinct processes  by which gamma rays  can interact with mat te r  - photo- 
electr ic  effect, compton effect and pair  production - a r e  discussed. 

Blizard E P 
SHIELDING O F  NUCLEAR REACTORS. LECTURE I11 - GEOMETRY TRANSFORMATIGNS 
FOR SHIELDING, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. , july (1950), 9 pp. 



Shielding theories usually express  attenuation in t e r m s  of e i ther  a point source o r  an  in- 
finite plane isotropic source in  an infinite medium. Most shielding measurements  a r e  
made with a uniform disc source in a "semi-infinite" medium. Most reactors ,  on the 
other  hand, a r e  approximate cubes, cylinders, o r  spheres .  In o r d e r  to  convert f rom 
one shape t o  another, cer tain geometrical manipulations a r e  use,d and a r e  demonstrated 
in  th i s  repor t .  

Bl izard E P 
SHIELDING OF NUCLEAR REACTORS. LECTURE V - THE ECONOMICAL DISTRIBUTION 
O F  GAMMA AND NEUTRON ATTENUATING MATERIAL IN A REACTOR SHIELD, 
Oak Ridge National Laboratory, Oak Ridge, ~ e i l i l . ,  Auguat 35, 1950, 8 1 1 1 1 ,  

This  lecture ~ ~ S C U S S ~ S  tile ex11 erfie i ~ i p o ~ t a n o o  of w ~ i g h t  -saving i.n mobile reactor  
shielding. It i s  pointed out thal were it not for  the production of secondary gamma rays 
f rom neutron attenuation the problem would be solved by locating a l l  the gamma shield 
next t o  the reactor  where i t s  volume would be wrapped on the outside. 

A soltition to this  shielding problem is presented and mathematically solved using two 
shielding mater ials :  one mater ia l  pr imari ly  for  neutrons and the other for gammas. .. . 

Segaser  C L 
HRE SHIELDING DESIGN REPORT - SUPPLEMENT, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-(7405)-Eng-26, 
December 27, 1950, 43 pp. 

This  report  i s  submitted a s  a supplement t o  CF-50-10-135 in which a proposed shield- 
ing s t ruc ture  was presented and analyzed from the standpoint of biological effectiveness. 
This  report  describes further prccautions to  redrice possible radiation hazards.  Also 
the benefits derived from additional p r e c a u l i u ~ ~ s  are discusncd. 

A proposed system for inducing a i r  through the HRE shielding s t ructure is described. 
The requirements for this  system a r e  presented. 

Abernathy F H and Enlund H L F 
HEATING BY FAST NEUTRONS IN A BARYTES CONCRETE SHIELD, 
Oak Ridgc National Laboratory, P. 0. Box Pa Oak Ridge, Tenn., February  11, 1953, 7 pp. 

The moderation of fast neutrons in shield mater ia l s  resu l t s  in the loss  of their  energy 
which then appears  a s  heat. Equations and constants a r e  preserlted for  calculating the 
heating in barytes concrete.  

Blizard E P 
REACTOR LEAKAGE FOR SHIELDING CALCULATIONS, 
Oak Ridge National Laboratory, o a k  Ridge, Tenn., July 24, 1953, 8 pp. 



The geometry transformation from plane t o  spherical  reactor-shield interfaces depends 
only on the assumption of the existence of a unique attenuation kernel  for  a l l  pa i r s  of 
points in space, (source at  one point and detector at  the other), but it applies only t o  
surface distributions of sources.  F o r  neutron attenuation the assumption is quite good, 
but surface source distributions do not exist  except a s  infinite s imals .  Integrations a r e  
used to show the equivalence of imaginary surface sources  to  volume-distributed 
sources.  

Pea rce  W R 
ANALYSIS O F  WATER ACTIVATION AND COMPONENT SHIELDING FOR THE ORNL 
PACICACE REACTOR FOWER PLANT, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-(7405)-Eng-26, 
November 10, 1954, 23  pp. (8 rcfc)  

The activity of pr imary  coolant water in the ORNL Package Power Reactor is estimated 
for  10-Mw operation and the required thickness of concrete shielding about the s team 
generating compartment is specified. 

Assuming a normal  contaminant concentration of 2 ppm in the initial charge of coolant 
' 

and 30 gallons per  hour makeup of the same degree of purit a corrosion ra te  of 
0.05 mg/cm2 -mo, and an effective range of lo-" c m  for Mng' recoi l  atoms, a concrete 
thickness of 4 ft is required t o  obtain the specified tolerance of 5.36 mrep/hr .  

Shield thickness is determined solely by the magnitude of N~~ activity and appears  to  
be independent of the contaminant content. 

Blizard E P 
THE SHIELDING OF NUCLEAR RADIATIONS. LECTURE I - INTRODUCTORY SURVEY, 
Oak Ridge School of Reactor Technology, Oak Ridge National Laboratory, Oak Ridge, Tenn.,  
November 2, 1953, 14 pp. 

This paper is a lecture covering introduction to  shielding, the sources  of radiation, 
and tolerances.  

The importance of shielding i s  discussed in regard  to  the biological damage resulting 
from nuclear radiation. 

A brief description is given of the individual radiations. These a r e  the alpha particle,  
the beta ray, the gamma ray, the X-ray, and the neutron. 

The radiation dose below which harmful biological effects will not be induced is called 
the tolerable dose, o r  simply the tolerance. The magnitudes of this dose, the periods 
over  which it may b.e received, and maximuln lifetime total dose a r e  discussed. 



Cochran R G, et  al. 
REACTOR RADIATIONS THROUGH SLABS O F  GRAPHITE, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-(7405)-Eng-26, July 30, 
1954, 22 pp. 

Measurements have been completed t o  determine the attenuation of large thicknesses of 
graphite next to a reactor .  These measur.ements a r e  of interest.  for evaluating a 
graphite reflector as a shield component, and they also provide a direct  comparison with 
LTSF determinations of the carbon removal c r o s s  section. Graphite thicknesses of 1, 2, 
and 3 ft were  used, and the usual gamma-ray, thermal-neutron, and fast-neutron dose 
measurements  w,ere made behind each s lab thickness. In addition, the fast  -neutron 
spectrum ('above '1.3 IvIev) through 1 I ;  of glbaphite was meaaurcd., 

Claiborne H C and Fowler T B 
CALCULATION O F  SHIELD-INDUCED GAMMA RADIATION ESCAPING THROUGH OPEN- 

, INGS IN A BIOLOGICAL SHIELD - APPLICATION T O  THE HRT, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn. , January 11, 1957, 19 p'p. 
(9 refs).  

This  report  presents  the derivation of equations for calculating shield-induced gamma 
radiation escaping through openings in  a biological shield. This method of calculation 
is applied t o  the HRT and the resu l t s  indicate that the contribution to  the dose from in- 
duced activity in the HRT shield was around 0.1 r / h r  and was insignificant in compar- 
ison t o  other mechanisms contributing to the escape of gamma rays  through shield 
openings. 

Claiborne H C and Fowler T B 
CALCULATION O F  WALL-SCATTERED GAMMA RADIATION ESCAPING THROUGH A 
SHIELD OPENING - APPLICATION TO THE HRT, 
Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., li'elsruary 10, 1057, 36 pp, 
(3 refs) .  

This  report  discusses  a simplified method developed fo r  calculating wall-scattered 
gamma radiation escaping through a shield. opening. The method was applied to the 
HRT and the resu l t s  show that next. t o  the line of sight contribution, scat ter ing off the 
wall  of the shield opening was the main contribution to  the dose at  the r e a r  edge of the 
shield.  Design char t s  a r e  presented which give the dose as a function of the gamma 
source  locations within the reac tor  cell: 

Jones B L, H a r r i s  J W and Kunkel W P - 

ATR AND GROUND SCATTERING O F  COBALT-60 GAMMA RADIATION, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Tex.,  Contract No. 
AF33(038)-21117, March 30, 1955, 38 pp. (6 refs). 



Air and ground scattering of cobalt-60 gamma radiation has been experimentally in- 
vestigated for source-receiver  separation distances from 7.5 feet t o  70 feet and for 
heights above ground from 9 feet to  57 feet. Light weight television antenna towers .  
were used to  support the source and detector at  various heights and separation dis-  
tances.  One tower was used to  support the detector and a 4" x 4" x 8" lead brick. 
The lead brick was used to  attenuate the direct beam s o  that'only scat tered radiation 
was measured. The detector tower was mounted on a dolly, allowing the source - 
detector separation distance to  be controlled remotely. 

I 

A second tower was.used to  support a cable and pulley arrangement that.permitted the 
source height to  be. remotely controlled. The' detector employed was an  anthracene 
scintillation dosimeter.  The anthracene c rys ta l  was mounted on an RCA-5819 photo- 
multiplier tube from which the integrated signal current  was obtained and measured. 
Dark current  compensation and a magnetic shield were incorporated in the design. 
Linearity of response to  radiation intensity and the effect of temperature changes on 
response were checked. 

The experimental resu l t s  show that the dose r a t e  at  the detector due t o  scat tered 
radiation was negligibly affected by changes in height af ter  a height of about 45 feet 
had been reached. It was concluded, therefore,  that the data for  heights greater  than 
45 feet was about equal t o  that which would resul t  f rom a i r  scat ter ing alone in the 
absence of the ground. The raw data for  heights grea te r  than 45 feet and for  separation 
distances grea te r  than 35 feet closely fit a straight line plot on log-log paper. The 
variation of the air-scattered dose ra te  thus fi ts a straight line corresponding to  a 
variation l /an.  The best value of the exponent of a was found to  be n 1.06 2 0.02. 

The effects of radiation scat ter ing by the television antenna tes t  r i g  s t ructure were 
experimentally determined by taking data with and without a replica of the top section 
of the detector-shield tower mounted in  a mir ror - image  position above the detector and 
shield. The difference in the data with and without the image s t ructure was considered 
t o  be the correction for tower s t ructure 'scat ter ing.  

Bernard C H 
AIR SCATTERING OF GAMMA RAYS FROM A ~ 0 ~ '  SO.URCE, 
Convair, Division of General Dynamics Corporation, Fort  Worth, Texas, August 20, 1953, 
26 PP. 

A 70 curie  co60 gamma source was used i n  conjunction with a nondirectional anthra- 
cene dosimeter to  measure a i r  scattering. The experimental resu l t s  were then used 
t o  make a comparison study to  determine the accuracy with which single scattering 
theory could predict dose ra tes .  The dose ra te  was found to  be inversely proportional 
t o  the source -detector separation distahce a s  predicted by theory for distances between 
30 ft and  70 ft. When the source-detector system is 45 ft o r  more  above ground, the 
measured dose r a t e  is. almost wholly due t o  a i r  scattering. This  then makes available 
a method by which ground scat ter ing can be determined experimentally. 



Bernard C H 
GROUND SCATTERING OF GAMMA RAYS FROM coGO SOURCE, 
Convair, Division of General Dynamics Corporation, Fort  Worth, Tex., Contract No. 
AF33(038)-21117, August 13, 1953, 31 pp. 

A single scattering theory has been developed for  the purpose of evaluating i ts  use in 
predicting ground-scattering dose rates. When compared with experimeatal measure-  
ments from a co60 gamma source, there is fairly good agreement when the source- 
detector separation distance is more than three t imes the height above the ground. The 
theory is based on Klein-Nishina relations and, since the geometry in zir utilizes dis - 
tances much less  than the mear! free path, a i r  attcnuation is neglected. The source and 
detector were each mounted un teltvlsfon ur~lcnnu towers in s~lck) n nl.f:l.rkrlnr that both t h ~  
height above the ground and the separation distance could be varied through rather wide 
limits ; 

A theory based on reflection coefficient (albedo) was applied to  the experimental data 
and the albedo calculated. The ground (ordinary soil) albeclu for co60 gamma rayc was 
found to  vary from about U.UZ to  0.06 as the geu11leli.y was varicd, indicating that the 
albedo is not constant for a giveri marerial bul il~cr.e&ses as thc ratio of cource=det~rtnr 
separation to height increases. There seems to  be a dependency upon the angle between 
the incident radiation and the ground. 

Woodruff L V, Harr is  J W and Kunkel WP 
AIR AND GROUND SCATTERING OF ~ 0 ~ '  GAMMA RAYS IN A SHADOW SHIELD 
GEOMETRY, 
Nuclear Physics Group, Convair, Division of General Dynamics Corp.,  Fort Worth, Texas, 
Jlecember 16, 1953, 10 pp. 

This report presents preliminary results  obtained to ascertain the manner in which the 
scattered dose rate from a eoG0 source var ies  a s  a function of the shadow shield angle. 
The shadow shield employed was the container for the large co60 source. An anthra- 
cene scintillation dosimeter was used to lneasure the scattered dust: lLate. 

The experimental layout is shown and the results  presented graphically. 

Weller G S and Workman B J 
SINGLE SCATTERING OF NEUTRONS IN AIR, 
Nuclear Physics Group, Convair, ~ i v i s i o n  of General Dynamics Corpo~.ation, Fort  Worth, 
Texas, September 17, 1954, 19 pp. 

Shielding studies often require an evaluation of the radiation scattered into a detector 
from a distant source. This evaluation entails long and tedious calculations for each 
specific case. In this report an attempt has been made to set  up a method whereby two 
of the three required integrations have been performed for the general case so that only 
one integration is necessary for a specific case. 



Secrest  E L 
MULTIPLE SCATTERING OF NUCLEAR RADIATION, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, January 8, 1954, 
23 PP. 

A systemic approach to  scat ter ing calculations for point sources  in infinite media has 
been outlined. This  model c lassif ies  successive approximations to  the complete 
scat tered dose according to  single collision flux, double collision flux, etc. 

Numerical calculations a r e  presented fo r  isotropic scat ter ing with a definite average 
energy loss  per  collision. It is shown that the single collision model can give ei ther  
an  underestimate o r  an overestimate of the scat tered flux. The dependence of th i s  
effect on c r o s s  section and separation distance is demonstrated. 

The calculations cover a range of separation values from 0 t o  5 mean f ree  paths (for 
the source energy). 

Leonard B P, et al. 
REPORT ON THE EXPERIMENTAL DATA OBTAINED WITH THE 2n SHIELD, 
Convair, Division of General Dynamics Corporation, Fo r t  Worth, Texas, January 15, 1954, 
34 PP. 

The necessity for  performing s t ruc tura l  scat ter ing experiments near the ground in the 
initial phascs ofthe pr.ogram has lead to  a search  for a means of eliminating ground 
scattering from the resul ts .  It was thought probably that, in the case  of the co6" exper-  

. 

iments, a 2n source shield might prove effective. This experiment was performed t o  
determine the effect of placing a coS0 source at the center  of a square lead shield 
4 inches thick and 24 inches on a side. Specifically, it was desired to determine: 
(1) the sharpness  of the reduction in dose rate  at  the edge of the shield (at the surface 
joining the shielded and the unshielded hemispheres),  (2) the dose ra te  in the shielded 
hemisphere,and ( 3 )  the rat io  of the dose ra te  due to the back scat tered and the direct 
radiation a t  various positions in the unshielded hemisphere.  

The reduction in dose ra te  at  the edge of the shield was observed t o  be extremely sharp, 
going from a maximum to background in slightly more  than 2 degrees.  The dose r a t e s  
recorded at severa l  positions in the shielded hemisphere were at  the background level. 
The rat io  of the dose r a t e s  due t o  radiation scat tered from about 1. 570 to  slightly l e s s  
than 5%. 

CVAC -243T FZK-9 -082 

Perk ins  J F 
A.MONTE CARLG CALCULATION O F  SCATTERING O F  GAMMA RAYS BY CONCRETE 
AND ALUMINUM, 
Nuclear Ph::sics Group, Convair, Division of General Dynamics Corporation, For t  Worth, 
Texas, July 9, 1954, 65 pp. (11 r e f s )  

The number and energy gamma-ray albedos of a mater ial  of Zeff = 13, which includes 
both concrete and aluminum, and the spatial  and spec t ra l  distribution of the scat tered 



radiation have k?en calculated using a random sampling technique. Incident angles of 
oO, 45O, 60°, and 80° and a number of incident energies between 0.66 and 6 Mev were 
treated, the only interaction processes considered being Compton scattering and photo- 
electr ic  absorption. The calculations were performed on an IBM 701 computer, the 
requisite speed dictating operation in a fixed point. 

The portions of the albedos aris ing from the f irs t  scattering and from al l  subsequent 
scatterings have been calculated'separ.ately with the result that the f irs t  scattering 
usually contributes considerably less  that1 half of the total; this holds for  both.nuinber 
and energy albedos. The fractional probable e r r o r  in the portion of the albedo arising 
from the f i rs t  scattering is larger  than in the other portion and, since the contribution 
from the f i rs t  scattering is fairly easy  to t reat  deterministically, it is felt that the most 
significant aspect of the. present results is that concerned with the multiple -scattered 
component. . 

The spatial distribution of the multiple-scattered component was found to be definitely 
anisotropic; in fact for smal l  and ~nuderatc inoident angles the distributions of the 
number dose and the energy dose per  unit emergent solid angle a r e  each rather  ade- 
quately fitted by a lactor proportinnal to the cosine of the normal angle of emergence. 

Both the single- and multip1.e-scattered components were found lo i i ~ c r c n ~ e  with the 
angle of incidence. 

The spectra peak around 150-250 kev and in some cases  have a second peak a t  higher 
energy; such secondary peaks move upward in energy and increase in importance a s  
the angle of incidence increases.' The average energy of the emergent photons varies 
from 0.33 t u  1.4 moc2. F o r  the multiple-scattered component the average energy 
var ies  from 0.30 ,lo 0.93 moc2. 

.The variation wi.th azimuthal angle peaks in the forward direction. This results  largely 
from the single -scattered component, becoming Iriore pronounced at higher angles of 
I I I C ~ ~ C T ~ C C .  

Buildup factors have been calculated for 2 m,c2 gammas rlormally incident on aluminum 
slabs of 2 and 4 mean free path thickness. . 

CVAC -245T MR-N-25 

Feinauer E a r l  
A MONTE CARLO EVALUATION OF' SlNGLE SCATTERING INTEGRALS, 
Nuclear Physics Group, Convair, Division of General Dynamics Corporation, Fort  Worth, 
Tex. ,  March 19, 1954, 23 pp. (2 refs).  

This study was conducted to investigate the applicability of Monte Carlo sampling 
techniques to theoretical calciilations of gamma and neutron scattering. The single 
scattering of gamma rays  in a i r  was evaluated by Monte Carlo techniques, using a 
table of random numbers to determine the points at which evaluatipns of the integrarld 
were made. 

The investigation gave a value of 0.7863 mr/hr /cur ie  for the air-scattered dose for 
N = 126 which is within 3.24% of the 0.7616 mr /h r / cu r i e  reported in MR-A-319. A 
complete tabulation of the results  may be found in Pa r t  I11 of this report. 



CVAC-251T MR-A-342 

Weller G S and Workman B J 
ANGULAR NEUTRON SCATTERING CROSS SECTIONS FOR AIR, 
Nuclear Physics Group, Convair, Division of General Dynamics Corp. , Fort Worth, Tex. , 
August 24, 1954,. 1 2  pp. 

In many cases the scattering of neutrons by a medium results  in an important contribu- 
tion to  the energy received at a point due to a given neutron source. Since the medium 
often concerned is a i r ,  this report presents results  from calculating the angular 
elastic scattering c ross  section in this medium. for neutrons of various energies. 

The calculations a r e  based on a11 average a i r  nucleus, the radius of which was calculated 
from the expression: R = 1.5 x 10-l3 A 1'3cms, where A ,is a weighted mean atomic 
weight for air.  

Weller G S 
CALCULATION OF THE MINIMUM NEUTRON SHIELDING WEIGHT REQUIRED FOR A. 
SPHERE USING TWO MATERIALS, 
Nuclear Physics Group, Convair, Division of General Dynamics Corp.,  For t  Worth, Tex.,  
November 25, 1954, 21 pp. 

I For  a given total attenuation using two materials which differ in density and attenuation 
factors but have similar.attenuation characteristics,  the overall  neutron shield weight 
is less  than that of a single material. This is dut: lo the fact that a heavy material with 
high attenuation characteristics is best for minimum weight close to the reactor core, 
whereas a light material  with a smal l  attenuation factor effects more weight savings 
a s  the shield thickness increases. 

The purpose of this report is to calculate and tabulate in graphical form the optimum 
thicknesses for materials of.various densities and attenuation factors to give a mini- 
mum spherical shield weight. 

The method of calculation is presented. 

. . 
Billings J J 
SPACE DISTRIBUTION OF GAMMA FLUX - THE SINGLE SCATTERED COMPONENT, 
Nuclear Physics Group, Convair, Division of ~ e n e r a l  Dynamics Corporation, Fort  Worth, 
Texas, October 12, 1953, 15 pp. 

Both theoretical and experimental work indidate that scattering of gammas is of great 
importance in shield design. The thickness of the shield should vary depending upon 
the distribution. of the a i r  -scattered flux falling upon the shield. Shield design would 
be facilitated if this flux distribution were known.. It is the purpose of this report to 
present the distribution of the single-scattered component, the contribution likely to 
predominate at distances of interest in s'hielding'calculations. Results for four energies 

. a r e  presented in the expectation that these four energies can be made to  represent an 
actual energy spectrum. 



Shelton R D, Perk ins  J F and Feinauer E a r l  
GROUND SCATTERED DOSE CALCULATIONS USING A MONTE CARLO ALBEDO, 
Nuclear Physics  Group, Convair, Division of General Dynamics, Fo r t  Worth, Texas, 
September 14, 1954, 17 pp. 

An approximate analytic expression for  the multiple scat ter ing predicted by the Monte 
Car lo  albedo cal .c~~lat ions for co6" has  been obtained in a form readily applicable to  
ground scattering calculations for various source-detector geometr ies . .  It is seen  
that th i s  expression, which cvntains the assumption that the ground scat ter ing can be 
descr ibed as a surface effect, does not agree with the albedo assumptions usually made 
for  the purpose of calculating ground-scattered dose. 

The expression fo r  the multiple scat tered dose, when added t o  the known expression for 
the single-scattered dose, should permit  a calculation of the total  ground-scattered dose 
which is more  accurate  than calculations assuming single scat ter ing only o r  single 
scat ter ing plus the usual albedo assumptions. , 

Aitken P B 
CORRECTION FOR,BUILDUP FACTORS FOR U3AD AND STEEL SHIELDING FOR 1 MEV 
AND 1.3 MEV y RADIATION, Available in the Sandia Corporation Library, 6 pp. 

In o r d e r  t o  visualize the effect of the correction due to  buildup, and for  convenient . 
reference, shielding values for lead and s t ee l  for  two common energy'values - 1 Mev 
and 2 Mev - have been calculated and plotted graphically, together with values un- 
cor rec ted  for buildup. 

Byrum Barney L and Biggerstaff John A 
NUCLEAR RADIATION HEATING, 
The  Glenn L. Martin Company, Baltimore 3, Md., January (1956), 45 pp. (9 refs).  

The problem of heat generation in a reactor  gamma shielding mater ia l  is defined, and 
a technique that is adequate for establishing prel iminary design requirements is de- 
veloped. The resu l t s  a r e  presented in a manner facilitating application by the designer 
of the best pertinent experimental data which may be made available from t ime 'to time. 

The  salient simplifying assumptions a r e  : 

1 Geometry m.a.y be represented by a plane sl.ab (gamma shielding) of finite 
thickness and infinite extent bounded by a reac tor  core  region and a neutron 
shielding region. 

2. Neutron fluxes in the s lab  follow simple exponential distributions (thermali-  
zation of fast  neutrons is not considered). 

3. Gamma rays  which leave the s lab  do not return, 

4. Neutrons scat tered from the plane s lab region into the reac tor  core region do 
not re turn  to  the s lab (albedo of source region is ze ro  for neutrons). 



5. Albedo of the neutron shielding region is known for  neutrons. 

6 .  P r i m a r y  neutron and gamma-ray cur ren ts  incident upon the s lab a r e  known. 

7. Certain nuclear parameters  (discussed in the text) a r e  knowri for  the case  of 
interest.  

8. Annihilation photons a r e  absorbed near  their  points of origin. 

9. F i r s t  o rde r  correction? for multiple Compton scat ter ings a r e  sufficient. 

Although considered adequate for  preliminary design, the simple exponential function 
(representing the volumetric source strength of gamma rays ar is ing in the shield) may 
be modified, when war ranted, on the basis  of approximate experimental data. 

As an example, the heat generation distribulyion in  a s lab of i ron  6 inches thick is 
estimated for  a given se t  of parameters .  

Bonsall W 
SUMMARY . O F  CALCULATIONS ON THE FAST REACTOR SHIELDS, 
Division of Atomic Energy (Production), Risley, Lancashir'e, England, January 12, 1955, 

5 PP- 

This is a brief report  which presents  a summary  of calculations on the fast  reac tor  
shields. The topics briefly presented a r e  data on which the calculations a r e  based: 
shield thickness and resul ts .  

Brown R E 
HEAVY AGGREGATE INVESTIGATION, 
Radiological Sciences Department, Hanford Works, Richland, Wash., December 19, 1952, 
11 PP. 

This  report  is the resul t  of a survey of minerals  and minera l  products that might be 
used and available for  high-density concrete aggregate for reac tor  construction. 
Mater ials  used in the past and those planned f o r  future construction a r e  discussed and, 
a r e  probably the most satisfactory. This  report  a l so  suggests new and local sources  
of aggregate material .  

---- . ~ 

NEUTRON ATTENUATION IN MAGNETITE CONCRETE HEATED TO 200°C!, 
Hanford Works, Richland, Washington, March 25, ,1958, 14 pp. 

This  report  is a continuation of the previously described program (Wood, D. E . ,  
Neutron Attenuation in Magnetite Concrete Heated to  10oOc, HW-53395, December 
1957) to determine attenuation propert ies  of heated concrete. Curves a r e  included 
which show the attenuation t r ave r se s  for heated and unheated magnetite concrete. 
Horizontal t r ave r se s  were also taken and a r e  presented in curve form. Several  s labs 
were weighed a t  different stages of the tes t  and these data 'are in table form. Slab 
temperature was recorded by installing thermocouples between each. 



Clark  R G 
RADIATION DAMAGE TO. CONCRETE, 
Hanford Atomic Products  Operation, Richland, Wash. , Contract No. W-(3 1 - 109)-Eng-52, 
Murch 3'1; 1955; 23 pp. ( 1 3  1 refs) .  

The question of radiation damage t o  concrete i s  of importance. This  report  represents  
a compilation of significant resu l t s  to  date, and also a cur ren t  bibliography on the sub- 
ject, 

Data a r e  available for  conditions 6f flux up t o  2 x 10'' nvt (thermal) and temperatures  
of 120 '~ .  Under these conditions, radiation damage t o  concrete is apparently insignif- 
icant. A l l  effects on concrete due to  radiation per  s e  were too slight to  reliably 
measu re  because of the g ros s  eflects from the increased .I.erl~per.atures during exposi,!r~. 

McMurry H L 
SHIELDING REQUIREMENTS FOR EXPERIMENTS ANL-2 AND KAPL-2, 
Technical Branch, Atomic Energy Div., Phillips Petroleum Co., Idaho Falls,  Idaho, April  1, 
1952, 9 pp. (11 refs) .  

Severa l  experiments proposed for the MTR will involve irradiation of u~~~ bearing 
mater ia l s  in regions of high thermal  flux. These experimerits will have t o  be removed 
f rom the pile in the lead coffin and some of them may require  examination in the pro-  
posed hot cave. In o rde r  to  know whether they can be handled safely in  these facilities, 
es t imates  of the gamma-ray i r~ l e~ l s i t i e s  t ransmit ted by the coffin and cave a r e  neces-  
s a ry .  Calculations a r e  reported he re  for  the experiments ANL 2 and K A P L  2. Until 
fur ther  calculations a r e  available for  other experiments these resu l t s  will. s e rve  as 
guides to what can be expected in experiments with s imi la r  compositions. 

F a s t  E, Byrom J P .and McCaslin J W 
A SURVEY O F  THE MATERIALS TESTING REACTOR SHIELD, 
Atomic Energy Division, Phillips Petroleum Co., Idaho Fal ls ,  Idaho, Contract No. 
AT(10-1)-205, May 27, 1953, 33 pp. 

A detailed survey of the MTR shield to determine i t s  adequacy from a health physics 
point of view has  been completed. The survey was made with X-ray film and with survey 
instruments .  The bulk shield in general  shows no radiation leaks attributable t o  faulty 
construction. However, beam intensities f rom the experimental plugs a r e  g rca t e r  than 
anticipated. Revisions were  made in the keys for  orienting the experimental plugs, and 
in  the outer shielding plugs to  reduce these beam intensities to  permissible  values. No 
excess  neutron intensities were found except at the thermal  column. The slow neutron 
flux was originally at  biological maximum permissible during full power operation, but 
one-fourth inch of boral  plate has  effectively reduced this by a factor of roughly l o 3 .  
Gamma intensities at this  point remain at nea r  maximum permissible  levels 
(MPL = 7.5 m r / h r )  



The shield of the sub-pile room appears to be considerably better than the designers 
anticipated. A maximum intensity of 300 m r / h r  was measured in the basement during 
the discharge of a fuel assembly through the sub-pile room. During normal operation, 
a reading of 1 to  2 m r / h r .  is observed in general in the sub-pile room. 

IDO-16414 
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Kobold V C 
HEAT GENERATION WITHIN THE THERMAL SHIELDS AND VESSEL WALL OF THE 
SPERT-I11 REACTOR, . . 
Phillips petroleum' Co. , Atomic Energy Div. , Idaho Falls,  Idaho, Contract No. 
AT(10-1)-205, March 1, 1958, 2 2  pp. (19 refs ) .  

This report presents calculations of heat generation within the thermal shields and the 
vesse l  wall of the SPERT-I11 Reactor. The calculations were performed to check an 
ear l ie r  estimate and assure  adequacy of the shield design prior  to installation in the 
reactor.  The data a r e  derived from an evaluation of the heat generated by the, ab- 
sorption of gamma photons from fission and from neutron capture within the core, 
reflector and shield regions. , 

- - - -  
. BARYTES AGGREGATE CONCRETE APPLIED TO REACTOR SHIELDING, 

Chemical Plants Division, Blaw-Knox Construction Co., Contract No. AT(10-1)-2, July (1952), 
220 pp. (16 refs).  

Beginning in February of 1950 Chemical Plants Division of Blaw-Knox Construction 
Company, then under contract with the USAEC to design the reactor  and auxiliary 
facilities for  the Material Testing Reactor at Arco, Idaho, collaborated with ORNL 
in the redesign of the biological shield. 

previous practice, in designs for biological shielding, utilized lead, steel, ordinary 
concrete and heavy concrete made with processed iron o r  s teel  a s  the coarse aggregate. 
On the basis of previous limited use and tests  of concrete made with natural o res  a s  
aggregate. by ORNL, it was decided that the biological shield for the MTR should be 
designed using a concrete containing barytes o re  a s  the aggregate. 

This report contains detailed descriptions of (1) methods used for selection, handling; 
and processing of the ore, (2) test  programs conducted to  determine the design of the 
mix for s tructural  ,properties and density, and (3) actual field operations of mixing and 
placing three types of concrete made with barytes aggregate. 

Tes ts  conducted prior , to  actual placing proved that barytes concrete had structural 
properties nearly equal t o  stone aggregate concrete (except for weathering), a density 
ranging between 218 and 226 pounds per  cubic foot, and that it could be mixed and 
placed at a cost comparable with placing the amount of ordinary concrete required for 
equivalent biological shielding. The most variable factor affecting the cost was the 
distance of the ore  deposit from the si te .  
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Goldberger Marvin L 
THE SHIELDING O F  NUCLEAR. REACTORS, 
Argonne National ~ a b o r a t o r ~ ,  Lemont, Ill., (1947), 9 pp. (2 refs) .  

A summary  of the problems connected with the protection of personnel from the 
radiation coming from a pile is given. The tolerance doses due t o  the various radia-  
t ions a r e  computed and methods a r e  given for  estimating the thickness of protective 
shields  in cer tain pract ical  cases .  

Henrie J 0 
MAGNBTITE IRON ORE CONCRETE, 
North American Aviation, h c . ,  Uowney, Calil., Contract No, AT-(3 1 - 1  )-Gen-8, January 26, 
1954, 21 pp. 

Crushing and handling of the magnetite iron o re  which was used a s  the aggregate for a 
dense shielding concrete is discussed. The physical propert ies  and costs  of the con- 
c r e t e  a r e  compared t o  those of other concretes.  The mix  used has a compressive 
s t rength of 4,000 ps i  in  10 days. The methods used in fabricating shielding blocks a r e  
described. Recommendations for producing a low cost, relatively high density shield- 
ing concrete a r e  made. The shielding blocks used in  the hot ce l l  at North American 
Aviati6n, Inc. (9 x 9 x 18 inches nominal) have a density of 3.7 gm/cm2 o r  230 lb/ft3 
and cost '$163.50 per  cubic yard. The dimensions of the blocks a r e  quite uniform, 
having a standard deviation of approximately 0.0 15 inch. 

Certaine J and Goldstein H 
FINAL R E P O R T  ON SHIELDING CONTRACT FOR 1956, 
Nuclear Development Corporation of America, White Plains, N. Y. , Contract No. 
AT(30-1)-862, December 31, 1956, 4 pp. 

This  report  i s  a summary  of the unclassified activities oi NDA in eour~ectio~-1 with 
con t r ac t  AT(30-1)-862, Modification No. 31, during the year  1956. The year 's efforts 
were  directed along four lines: (1) shielding needs for  neutron cross-section data, 
(2) revision of unclassified publication titled "Shielding of Nuclear Reactors.  ' I  (3 )  mod- 
ification and extension of the Univac codes for  studying penetration of neutrons, and 
(4) calculation of penetrations of n e u t r o ~ ~ s  in lithium, lithium compounds,, water,  
homogeneous lead-water, boron, and B". 

Six papers  were published during the year  and two more  were published shortly a f te r -  
wards.  The t i t les  of these publications a re :  

NDA 15C-61 A Solution of the Neutron Transport  Equation, P a r t  I11 
NDA 15C-87 Operating Instruction for  NVPAK 
NDA 15C -88 . T r i p  Report of NBS Neutron Age Meeting - J. Certaine 
NDA 15C-89 T r i p  Report of NBS Neutron Age 'Meeting - P. Mittelman 
NDA 15C-91 Final  Report on Shielding Contract for 1955 
NDA 2015-92 Addition of Inelastic Scattering to  the Univac Movement 

Calculations 



NDA 2015-94 Age of Neutrons in Water a t  the Indium Resonance 
NDA 2015-95 Operating Instructions for  Inelastic Scattering Calculations. 

Alexander Lloyd G 
THE INTEGRAL SPECTRUM METHOD FOR GAMMA-HEATING CALCULATIONS IN 
NUCLEAR REACTORS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Published by The American Society of 
Mechanical Engineers, for the Second Nuclear Engineering and Science Conference, 
Philadelphia, Pa. , March 11-14, 1957, 13 pp. (9 .refs). 

T h e  attenuation law for the "integral" beam is derived for the straight-ahead-scattering 
model, and the mean energy absorption coefficient is defined. The general gamma- 
heating equation is then formulated and applied to a variety of geometries, including 
self-shielded cylinders and plates, slabs with nonuniform volume distribution of 
sources, etc. Numerical examples are given. 

Glen H M 
MATERIALS O F  ' BIOLOGICAL SHIELDING, 
Oak Ridge NationalLaboratory, Oak Ridge, Tenn. Published by The American Society of 
Mechanical Engineers, for the Second Nuclear Engineering and Science Conference, 
Philadelphia, Pa.  , March 11-14, 1957, 10 pp. (7 refs). 

This paper discusses major design requirements for effective hi.ol.ogica1 shielding of 
(a) hot cells and caves (b) nuclear reactors,  including a.comprehensive review of the 
properties. Characteristics, costs and other considerations for several  types of 
metallic, organic and concrete shields. Particular attention is given to  high density 
and hydrogeneous concrete mix ratios and special placement and curing problems 
associated with various .shield designs. 

Secrest E L 
NUCLEAR SHIELDING STUDIES, A QUADRATURE METHOD FOR COMPUTING NEUTRON 
DISTRIBUTIONS IN TWO DIMENSIONS, . . 

Laboratory for Nuclear Science and Engineering, Massachusetts ~ns t i tu te  of Technology, 
Cambridge, Mass., July 16, 1951, 112 pp. (12 refs). 

The transport equation governs the scattering and absorption of multiply scattered 
neutrons during passage through matter. Present  techniques do not allow exact solu- 
tion of the equation except for a very few special cases. Elementary diffusion theory 
has proved quite useful in some instances, but for a large number of problems this 
theory does not give results  of sufficient accuracy. Several methods have been de- 
veloped in the past which give better solutions for certain classes of problems, prin- 
cipally for those problems involving only one-dimensional space variation. 

It has been the'purpose of this work to investigate the possibility of arriving a t  a method 
which can be used for problems in two dimensions, Although the transport equation has 
not been solved exactly in two dimensions, an iterative method has been developed, 
which, when combined with a quadrature approximation, allows derivation of approxi- 
mate solutions of' the transport equation. 



' 

An integral relation for the neutron distribution function has been set  up in a form suit- 
able for an iterative solution. In order  to  ca r ry  out the iteration the assumption has 
been made that the neutron distribution at a given point in space can be represented by 
neutron flow along a finite number of streamlines. This assumption greatly simplifies 
the performance of the iterative integrals. 

Since the method is expected to be most useful when the problem under consideration 
differs but slightly from a similar  problem with a known solution, several  such ex- 
amples have been worked out. More specilicaiiy, the effect: wi lilll.uclu,Cil~g a void in 
the form of a slit into a semi-infinite medium (either capturing o r  noncapturing, in- 
finite o r  finite) has been considered in some detail. 'l'his alteration of geometry 
effectively transforms the one-dimensional problem to a two-dimensional problem. 

T t  h a s  heen found that the iterative solution is satisfactory in buurlclary regiulia only i f  
a large number of quadrature angles a r e  chosen for the iterative integrals. 'l'he 
solution in such boundary regions does not seem l;o require a large number of iterations. 
On the other hand, in regions far  removed from the source ul per.luilation, a largc 
number of iterations is necessary for satisfactory results, while a large number of 
quadrature angles does not seem to be necessary. 

Although the investigation has been carr ied out primarily for the one-velocity form of 
the transport equation, a procedure has been indicated whereby energy dependence of 
the distribution can be included to a limited extent. 

- - - -  
PROCEEDINGS OF THE SHIELDING SYMPOSIUM, 
The Naval Radiological Defense Laboratory, San Francisco 24, Calif. , October 17- 19, 1956, 
266 pp. 

 resume' of the papers presented at the shielding symposium is  a s  follows: 

Aspects of Gamma-Ray Penetration 'l'heory Relevant to Shielding Problems. 
Effects of Boundaries arld Inhomogeneities on the Penetration of Gamma Radiation. 
Some Theoretical Methods and Results in Gamma-Kay and Neutron Shielding. 
Radioactive Decay Characteristics of Fallout and Gamma Radiation Fields. 
Brief Summary of Gamma Radiation Spectra from Residual Radiation Sources. 
Shielding Properties of Naval Buildings. 
Shielding by Nlilitary Structures. 
Fallout Countermeasures for AEC Installations. 
Fission Product Gamma-Ray Spectra for Short Times after Fission. 
Basis for Determining Shielding from Weapons Radiation. 
Pulse  e eight Spectra from Gamma-Ray Slab Penetration Experimerlts. 
Use of Locally ~ v a i l a b l e '  Material for Argonne Low Power Reactor (ALPR) Shield. 
Gamma Intensity-Time Instrumentation for CASTLE Shielding Studies. . 

Monte Car  lo Shielding Calculations. 



Beach L A, Theus R B and Faust  W R 
PENETRATION OF N ~ ~ F  RADIATION THROUGH H 2 0  AND Hg, 
Naval Research Laboratory, Washington, D. C., July 26, 1955, 4 pp. 

The dose ra te  a s  a function of penetration distance was measured for  a point isotropic 
~a~~ y- ray  source in water and in mercury.  The experimental resu l t s  agreed with 
dose r a t e s  predicted by the moment method calculations of NDA Report No. 15C-41. 

NRL-4673 

Podgor S and Beach L A . 
MONTE CARL0 REACTOR CALCULATION, 
Naval Research Laboratory, Washington, D. C., December 9, 1955, 8 pp. (8 refs).  

The Monte Carlo method has been used t o  est imate the slowing down of fast  neutrons 
in a spherical  homogeneous mixture of u2"' and HzO. The estimated probability dis-  
tribution of thermalization was compared favorably with those of other calculational 
methods and with experimental measurements.  These probability distributions were  
used to calculate the cr i t ical  ra t io  of u~~~ to  H 2 0  for  both bare  and reflected core 

' 

reac tors .  

Goldstein Herbert  and Wilkins J Ernest,  Jr . 
CALCULATIONS OF THE PENETR..ATION OF GAMMA RAYS, 
Nuclear Development Associates, Inc. , White Plains, New York, Contract No. 
AT(30-1)-862, June 30, 1954, 196 pp. (49 refs).  

An extensive s e r i e s  of calculations on the penetration of gamma rays  in  infinite homo- 
geneous media has been made using the "moments method" introduced by Spencer and .  
Fano. Spectra of scat tered photons, due to  monoenergetic sources ranging in ene.rgy 
from 0.5 Mev to  10 Mev, were obtainkd at distances .up to '20 mean-free-path lengths 
in eight mater ia l s  whose atomic numbers var ied from 0 t o  92.. Source geometries in- 
cluded point isotropic and plane monodirectional. The computations were  performed 
with the aid of a high speed automatic computer, the SEAC. The' choice of microscopic 
absorption coefficients for  the calculation is discussed at length, and the data used a r e  
reproduced. Definitions a r e  given for  the quantities describing the scat tered photons, 
and the fundamental equation g6yerning the photon t ransport  is derived. The "moments 
rrlethod" is described in detail, bdth' a s  t o  the derjvation and integration 0.f the kquations 
for  the spatial  moments of the flux, and a s  to  the ptocedures  for  reconstructing the 
.flux f rom the moments.  ~ c a t t e r k d  flux spec t ra  and buildup factors  a r e  reproduc'ed for  ' 
a l l  the calculated problems in  the form of some 140 tables and 75 graphs.. Methods for  
extending the resu l t s  to  problems not calculated a r e  described. Possible sources of 
e r r o r  a r e  discussed. It is concluded on the basis  of internal checks, comparison with 
other theoretical predictions, and kxamination of published experiments,  that the 
accuracy of the c a l c u l a t i o ~ ~ s  is more  than adequate for  almost all pract ical  applications. 



Goertzel G and Garabedian H L . . 

A METHOD O F  SOLUTION O F  .THE CRITICAL MASS .PROBLEM' FOR A .THERMAL. PILE 
WITH SLOWING DOWN PROPERTIES INDEPENDENT OF POSITION, ' 

. . 
Oak Ridge National Laboratory, Oak ~ i d ~ e ,  ' ~ e n n .  , contract '  No. W-(35-058)-Eng-71, 
June 1, 1948, 2 2  .pp. 

In this report the cri t ical  mass  problem is studied for a thermal pile with slowing down 
properties "independeht of 'position. Up to the present time, there has been available 
essentially only one method for  solving the critical mass  problem. This method is 
called the "variational method" and it is limited in that it is useful only for the case 
that. the core and reflector have the same slowing down properties, and that the method 
has not a s  yet been extended to  include a cylindrical geometry. The' sc'ope of the . . 

present methnd referred t o  as the "method of harmonics, I '  is wider than that of lht! 
I I variational methodI1.in that it can be used in a cylindrical geometry, arid it is more . 
restr icted in that it does not include the case of the infinite reflector. 

. . 
ORNL- 1.44 

~ a i n e k  G and Way K 
GRAPHS SHOWING NEUTRON CROSS SEC'I'IUN'S 'AS F'U'NC'P'TONS O F  A, Z, OR W, 
Physics Division, Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn. , 
November 24, 1948, 12 pp. 

The accompanying graphs were prepared from the neutron cross-section data of 
Mon P-405, Tables of Neutron Cross  Sections, dated October 1947, and Mon P-405, 
Supplement and Erra ta ,  dated April 1948. A, Z, arid .N stand for atomic number, proton 
number, and neutron number, respectively. References to sources of data a r e  given on 
the graphs. . . 

Clark R L, Flynn J D and Clifford C E 
DETERMINATION OF SHIELD' REQUIREMENTS. FOR A 4-INCH SQUARE STRAIGHT HOLE 
THROUGH '1'HE ORNL SHIELDS, 
Oak Ridge National Laboratory, P .  O. Box P, Oak Ridge, Tenn., 
contract  No. W-(7405)-Eng-26, November 1, 1949, 15 pp. 

Measurements were made of fast and thkrmal neutrons, and of gamma radiation, 
s treaming through a 4-inch square straight hole (No. 61-S) through the ORNL reactor . 

and shield. The hole was covered with slabs of lead, paraffin, and "boroffin" 
(paraffin-B,O, mixture) in various arrangements. The following conclusions a re  drawn: 

1. The minimum shield thickness t o  reduce all  radiation to 8-hour operating 
tolerance is 22 inches, 

2. The presence df boron has' a small, but worthwhile, effect on the gamma 
attenuation. 

3. The arrangement resulting in minimum weight and cost consists of four 4-inch 
layers of boroffin, separated by three 2-inch layers of lead. Moving the lead 
further into the shield increases appreciably the production 01 secondary 
gamma radiation in the shield. 



4. Nearly equal neutron shielding i s  required in a l l  directions, i. e . ,  scatter'ing 
in the paraffin causes the hole to  appear almost a s  an  isotropic point source, 
requiring a hemispherical . . shield., 

. . 
. . 

ORNL- 1046 

Meem J L and Johnson E B . , 

A NUCLEAR -PLATE CAMERA FOR F:AST, NEUTRON SPECTROSCOPY AT THE BULK 
SHIELDING FACILITY, 
Physics  Division, Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., . 

Contract .No. W-(7405)-Eng-26, January 16, '1952, 16 pp.. (5 refs) .  . 
I : .  . . 

An intensive program of instrument development. is underway a t  the -Bulk Shielding 
Facili ty for the purpose of realizing instruments which will measure the effect of 

. - shielding mater ials .on the neutron and gamma-ray spectra  from a reac tor .  The 
development of a proton recoi l  counter to be used a s  a fast neutron spectrometer  i s  
nearing completion. Prel iminary reports  on this  instrument a r e  available, and a 
rough check on the uZZ5 fission spectrum has been made. . . . , 

CRNL-1217 (Rev. ) '  . . 
. . . . 

Simon A and Clifford C E 
THE ATTENUATION OF .NEUTRONS. BY AIR. DUCTS IN SHIELDS, 
Oak Ridge National Laboratory, P. 0. I Box P, Oak Ridge,, ,Term.. , C.ontract No. 
W-(7405)-Eng-26, March 8, 1954, 20 pp. 

. . 

The attenuatio~l uf ~leul rons  by 'a i r  ducts in shields i s  considered from a simple . 
phenomenological point of view. .In Section I1 it will be shown that the wall scattering 
in a straight duct is sma l l  compared to the uncollided neutrons which .have traveled 
directly in a i r  f rom one end of the duct to  the' other. In Section-I11 the attenuation due 
to  a duct which consists of two straight sections joined at an angle 8 is considered. 
Finally the formula is extended to the case of any number of straight sections joined 
at a rb i t r a ry  angles. 

. . . . , . . . 
Gallaher R B and  .Kitzes A S . . '  

SUMMARY REPORT ON PORTLAND CEMENT CONCRETES.FOR SHIELDING, 
Reactor Experimental Engineering Division, Oak Ridge National Laboratory, P .  0.. Box P, 
Oak Ridge, Tenn. ,. Contract No. W-(7405)-Eng-26,, March.2, ,1953,. 30 pp. ,(4-.refs). 

Portland cement concretes of medium density have been.developed, using.a var iety of 
. aggregates to impart  specific nuclear propert ies  to  the finished product. Concretes 

containing 1% boron a s  colemanite and 8% water a r e  described,, and physical property 
data for various concretes a r e  given. . . . 

. Thermal.conductivity for barytes concrete was found to be: 
. . '  

, . 

Temperature ( O F )  122 212 257 302 . 392 482 
k (~ tu /h r - f t -OF)  0. 926 0. 997 1. 02 0. 872 0. 866 . O .  745 . 

The specific heat (~ tu / lb -OF)  of barytes concrete increased linearly with temperature 
from 0. 123 at 1 2 2 O ~  to 0. 150 at 392OF. 



ORNL- 16 20 

Snell A H 
SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING SEPTEMBER 10, 1953, 
Physics Division, Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn., 
Contract No. W-(7405)-Eng-26, December 17, 1953, 72 pp. (refs).  

This report describes work performed at ORNL in the Physics Division. The subjects 
investigated were a s  follows: (1) Neutron yields just above thresholds for (pn) r e -  
actions; (2)  Angular correlation measurements; (3) Magnetic scattering properties 
of erbium metal; (4) Nuclear polarization of ~ n "  and sm14'; (5) Measurements of the 
electron capture and loss c ross  sections for heavy ions passing through gases; (6) Pile 
oscillator measurement of the thermal capture c ross  section of thorium and time 
of-flight spectrometer measurements a r e  reported for Thorium, ~ickel '" ,  and 
~echnetium"; (7) Instrumentation development; (8) Bulk shielding studies; (9) A con- 
sistent redi.~ction of the nuclear operators in the theory of beta decay to  nonrelativistic 
form. 

ORNL- 1730 

Ti1-pak I3 C 
REPORT ON DESIGN AND PLACEMENT TECHNIQUES O F  BARYTES CONCRETE FOR 
REACTOR BIOLOGICAL SHIELDS, 
Engineering and Mechanical Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. , 
Contract No. W-(7405)-Eng-26, May (19541, 22 pp. (3 refs).  

This report discusses the use of barytes aggregate for use in the pouring of reactor  
shielding. Physical properties are  given for gravel-sand, barytes -barytes, barytes - 
shot, and taconite-shot concretes. Three methods of placement were tested: con- 
ventional vibrated !agers of grout, course aggregates, and pressure grouting. A dis - 
cussion of the MTR shielding is .included. 

ORNL- 1891 

Maienschein F C, et al. 
ATTENUATION RY WATER OF RADIATIONS FROM A SWIMMING POOL-'I'YPE REACTOR, 
Bulk Shielding Facility, Applied Nuclear Physics Division, Oak Ridge Natiorial Laboratory, 
P. 0. Box P,  .Oak Ridge, Tenn., Contract No. W-(7405)-Eng-26, September 7, 1955, 11 pp. 

The water attenuation of the gamma-ray dose rate and thermal-neutron flux from the 
Bulk Shielding Reactor (Swimming Pool Reactor) was measured out to  distances of 770 
and 470 cm, respectively. Beyond a distance of 200 cm from the reactor,  the slopes 
of plots of the two measurements a re  s imilar;  this results from the fact that essentially 
all  neutrons beyond 200 cm a r e  photoneutrons produced by gamma rays in the deuterium 
occurring naturally in the pool water. With the photoneutrons subtracted, the true 
thermal-neutron attenuation curve is exponeritial with a relaxation length that varies  
between 6 and 9 cm over a reduction of lo1'. From these measurements it was deter- 
mined that for a 1 -megawatt operation the thermal-neutron leakage flux at the reactor 
surface (the reactor was loaded with 28 fuel elements containing a total of 3.6 kg of u~~~ 
and was water-reflected) was 1.1 x 1013 neutrons/(cm2. sec); the gamma-ray dose rate 
at the reactor surface was 8 x lo7 r / h r .  



ORNL- 2013 

Cure J W, I11 
NEUTRON SCATTERING, 
Health Physics Division, Oak Ridge National Laboratory, P. 0. Box P, Oak Ridge, Tenn. ; 
Contract No. W-(7405)-Eng-26, January 30, 1956, 34 pp. (8 refs).  

Scattered radiation reaching the point of measurement  is one of the major  problems of 
neutron dosimetry. An experiment was designed to determine the variation in neutron 
dose ra te  at  a point in air with: (a) the distance between the sourc'e and the detector, 
and (b) the height of the source and detector above a concrete slab. 

The experimental data a r e  compared with data obtained from the albedo theory, and the 
resu l t s  agree  within the experimental e r r o r .  When a conical f rustum of paraffin, which 
reduces the direct beam of neutrons by a factor of a few thousand, was placed between 
the source and detector, only the scat tered neutrons contributed to  the dose rate .  This  
method gives data which enables one t o  correct  for  scat tered radiation. T o  reduce ex- 
t raneous scattering mater ia l  to  a minimum, the detector and source were supported 
5 feet below a s tee l  ba r  which was suspended from two painters '  scaffolds 40 feet apart  
and 55 feet high. The neutron source was polonium-boron (which gave neutrons with a n  
average energy of 2.5 Mev). The dosimeter was a proportional counter, ethylene- 
polyethylene type, with a pulse integrator for  measuring the t issue dose. 

Thomas J T 
PARAMETERS FOR TWO-GROUP ANALYSIS OF CRITICAL EXPERIMENTS WITH WATER- 
KEE ' J J3  CTED SPHERES OF U02F2 AQUEOUS SOLUTIONS, 
Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, Oak 
Ridge National Laboratory, P .O.  Box X, Oak Ridge, Tenn.,  November 20, 1956, 5 pp. 

F r o m  four cr i t ical  measurements  on spheres  of th ree  s i ze s  containing aqueous 
uranium solutions a r e  obtained a se t  of parameters  f rom which various other c r i t i ca l  
s p h e r e s  a r e  calculated.. These incl.udef a determination- of minimum cr i t ica l  volume 
(6.291 l i te rs  for a concentration of 537.86 g / l i t e r )  and minimum cr i t ica l  m a s s  
(0.790 kg of u * ~ '  for a uZ35 concentration of 58. 81,gI l i ter) .  The parameters  a r e  not 
satisfactory for  calculations on s labs and infinite cylinders, probably because the 
measured cadmium fraction va r i e s  with geometry. 

Pra t t  W W, et al. 
THERMAL-NEUTRON FISSION CROSS SECTIONS O F  ~ 6 ~ ~ "  AND P U ~ ~ ~ ,  
Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National labor at or.^, P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 4 pp. 

By use of neutrons coming from a hole in the shield and moderator of the ORNL 
Gr.aphite Reactor, measurements  have been made of the relative fission c ros s  sections 
of ~ u ~ ~ ' a n d  P U ~ ~ ~  compared with the c r o s s  section of uZ3'. The resul ts ,  af ter  co r r ec -  
t ion for  the neutron spectrum to  give c ros s  sections for neutrons of 2200 m/sec,  a r e  
04' = 715 15 barns and 040 = 3.7 + 8 barns.  A value of 02' = 580 2 8 barns  was used 
to determine the resul ts .  



Nelson M L 
REFLECTOR SAVINGS METHOD FOR ESTIMATING .FLUXES IN A FULLY .REFLECTED' 

. . 
REACTOR, 
Applied Nuclear Physics  Division Annual Report f o r  Per iod  Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 1 p. 

, a 

, The group equation's f o r  a fully reflected reactor. have not been satisfa6torlly s 'o i~ed ,  
except in one dimension, owing .to the nonseparabili'ty of 'the flux. . ' ~ n  iterative scheme 
is described which converges t o  what is presumed to  be a'good approximation t o  the 
cr i t ical i ty  and flux in the reflected reactor.  This  scheme has been programmed for 

' .use with the Oracle  three-group, three-region code and may be,applikd to  . a . fully r e -  
, ' flected cylinder br 

Dresne r  ' L , . . . . . . . .  

,CAL;'CUEATION OF 'WTT.TRON RADIATIVE CAPTURE CROSS SECTIONS, 
Appliec! Nuclear Physics ~ i v i s i o n  Annual Report for  Period Ending Skptember lU, 1956, 
Oak Ridge National Laboratory, P. 0.. Box X, Oak Ridge, Tenn. 'Nuvei~lber ,20, . 1056, 3 pp. 

Several  methods of calculating radiative capture c r o s s  sections a r e  compared, and : ,. 

numerical  resu l t s  a r e  given for  u ~ ~ ~ .  The importance of neutron angular moments ' -  . '  

higher than zero is found to  be large at quite low energies.  
. . 

Kiriney W I3 and Hcilborn G 
THE ORACLE THREE -GROUP, THREE -REGION REACTOR CODE, 
Applied Nuclear Physics  Division Annual Report for  Period Erlding September 10, 1956, 
Oak Ridge National Laboratory, Box X, Oak Ridge, Tenn. , November 20, 1956, 1 p. 

Improvements have been made in the Oracle three-group, three-region reac tor  code. 
Some of these take advantage of new features of the Oracle,  such a s  the curve plotter. 

~ i n n e y  W E, e t  al. . . 
MULTIGROUP CALCULATIONS FOR A MULTIREGION REACTOR, 
Applied Nuclear Physics Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge; ' Tenn. .November 20; 1956, 7 pp. . 

. . . . 

' A mliltigroup, multiregion reac tor  code known a s  " c o r n   one" i s  under development. 
Equations resulting from a consistent P, approximation to  the Boltzmann equation a r e  
incorporated in the code. ~ ~ $ r o ~ ? n  slowing down is t reated exactly; while a variety 
of approximate slowing-down kernels for the heavier elements a r e  available. 

Bate R R, e t  al. 
ORACLE MASTER CROSS-SECTION TAPE, 



Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 195.6, 
, <  

Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956;' 1 p. 

A mas ter  cross-sect ion tape is being prepared for  use with the,various reactor  pro-  
g rams  on the Oracle.  .Cross  sec t ions  which have not been experimentally determined 
will  be estimated by use bf c u r r e n t . n u c l e a ~  models. ~ u x i l i a r j r  routines for this purpose 

. . . .  . . 
a r e  being prepared. ' 

. . 

. . ORNL-2081-30 . . 
. . , .  , 

Bate R R, e t  a'l. 
MONTE CARL0 MASTER CROSS-SECTION TAPE, 
~ p ~ l i e d  Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. G. Box X, Oak Ridge, Tenn. ,  November 20, 1956, 1 p. 

This Monte C a l . 1 ~  tape has greater  cross-sect ion detail  for a lesser  number of elements, 
than the mas t e r  cross-sect ion tape. It is specifically tailored with regard t o  fast  acces s  
and rapid use i n  Monte Carlo ,problems. 

ORNL-2081-31 

Bate R R .and LaVerne M E 
A PROGRAM COMPILER FOR THE ORACLE, 
Applied Nuclear 'Physics Division Annual Report f o r  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. ,  November 20, 1956, 3 pp. 

The "Compiler" is an Oracle routine which is capable of integrating standard sub- 
routines into a more  general  code. A'routine of t h i s  so r t  has proved t o  be a valuable 
aid to  programmers .  A brief description of the Compiler is presented. 

Coveyou R R 
MONTE CARL0 CALCULATION O F  NEUTRON AGE IN WATER, 
Applied Nuclear Physics  Division Annual ~ e p o r t  for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn. , November 20, 1956, 2 pp. . . 

A Monte Carlo code has been prepared for the Oracle  to  compute neutron ages in 
mixtures.  The age of fission neutrons to  indium resonance in water has  been com- 
puted to  be 25.17 f 0.27 cm2,  which is in agreement with previous calculations and in 
the usual disagreement with experiment. 

Marable J H 
NUMERICAL INTEGRATION OF THE ONE -VELOCITY BOLTZMANN EQUATION, 
Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0 .  Box X, Oak Ridge, Tenn. , November 20, 1956, 1 p. 

A program for solution of the one-velocity t ransport  equation has been coded for the 
Oracle.  Numerical integrations a r e  performed over' an  a rb i t r a ry  number of space 
points and up to  20 'regions of solid angle a s  determined by the neutron direction. The 
code, at  present,  applies only t o  a single region. 

567 



Welton T A and Biedenharn L C 
SOME REMARKS ON THE SLOWING DOWN O F  NEUTRONS IN HYDROGEN, 
Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge,Tenn., November 20, 1956, 1 p. 

The predictions of the Goertzel-Selengut theory for  the age in pure hydrogen a r e  
compared with the exact values obtained from the Pl equations. 'I'hese reslilts are 
obtained for  both the second moment of the flux density and the second moment of 
the slowing-down density. Numerical resul ts  a r e  given for  constant c r o s s  sections 
and for the experimental value of ZH . 

Slrllvll A 
NEUTRON SLOWING DOWN BY HYDROGEN IN THE CONSISTENT P, APPROXIMATION, 
Applied Nuclear Physics  Division Annual Report fo r  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1958, 2 yp. 

Two analytical solutions for the flux, slowing-down density, and ago art! der ived ill 
the consistent Pl approximation to  the Boltzmann equation. One solution is for pure, 
nonabsorbing hydrogen with a l / v  scat ter ing c r o s s  section. The other is for  a l l  c r o s s  
sections constant, with the heavy elements assumed to  have infinite mass.  These 
resu l t s  a r e  compared with the corresponding predictions of the Goertzel-Selengut 
theory, and a tentative explanation of the g ros s  behavior is advanced. 

Blosser  T V 
ATTENUATION RY WATER O F  THE FAST-NEUTRON DOSE RATE FROM THE BSR, 
Applied Nuclear Physics Division Annual Report for  Period Ending September 10, 1956, 
Oak Hidge National Laboratormy, P. 0. BUA IL, Oak nidgc, Tcnn. November 20, S!956, 3 pp. 

The fast-neutron dose r a t e  in water at  distances up t o  180 c m  from the BSR has been 
measured.  

Miller J M 
RADIATION ATTENUATION CHARACTERISTICS O F  STRUCTURAL CONCRETE, 
Applied Nuclear Physics  Division Annual Report fo r  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X; Oak Ridge, Tenn.,  November 20, 1956, 6 pp. 

Since the shields of many stationary reac tors  wili probably be made of concrete, a 
s e r i e s  of experiments has  been initiated at the LTSF t o  measure  the attenuation by. 
concrete of radiation from a fission source. A fast-neutron removal attenuation 
coefficient (2 / p )  of 3.7 x lo - '  c m 2 / g  was calculated and was in good agreement with 
a value of (3.6 3 0.2) x 10 -2cm2/g  obtained by taking the sum ol the products of the 
percent by weight of each element (obtained by chemical analysis) and the m a s s  
attenuation coefficient of the element. 



Trubey D K and Chapman G T 
EFFECTIVE NEUTRON REMOVAL .CROSS SECTIONS O F  CARBON AND OXYGEN IN 
CONTINUOUS ME DLA, 
Applied Nuclear Physics  Division Annual Report for  Per iod  Ending September 10, ,1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 1 p. 

Thermal-neutron flux measurements  at  the LTSF in media of water, oil, and a sugar -  
water solution have been used to  calculate the neutron removal c r o s s  sections of carbon 
and oxygen distributed in continuous media. The values were 0.72 2 0.05 barn  for 
carbon and 0.92 + 0.05 barn for oxygen. 

Peel le  R W, e t  al. 
ENERGY AND ANGULAR 'DISTRIBUTION O F  GAMMA RADIATION FROM A co60 .SOURCE 
AFTER DIFFUSION THROUGH MANY MEAN FREE PATHS O F  WATER, 
Applied Nuclear Physics  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 10 pp. 

* 

Measurements have been made of the energy and angle spec t ra  of the photon energy 
flux resulting f rom 1.17- and 1.33-Mev gamma rays  from a point source after diffusion 
in an infinite water medium. The two sour.ces used had strengths of 100 curies  and .  
195 mc, respectively. Spectral measurements  were  made with a Compton spectrometer  
having a peak-to-total ra t io  of 0.7 and a resolution of 14% (full width a t  half maximum) 
for  1.12-Mev photons. The resulting energy and angle spec t ra  of the energy flux a r e  
compared, af ter  integration over angle, with calculated resul ts  which have been 
obtained by the "moments method. " 

Zerby C D 
ENERGY AND ANGULAR DISTRIBUTION OF AIR-SCATTERED NEUTRONS FROM A 
MONOENERGETIC SOURCE, 
Applied Nuclear Physics Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn.,  November 20, 1956, .1 p. 

A calculation of the energy and angular flux distribution of a ir-scat tered neutrons is 
being made by using the Monte Carlo method. The source of neutrons can be taken a s  
an  isotropic point source, o r  a unit surface source, located in a sphere.  The coding 
for  calculation on the Oracle is near  completion. 

Auslender S 
ENERGY ABSORPTION RESULTING FROM GAMMA RADIATION INCIDENT ON A MULTI- 
REGION SHIELD WITH SLAB GEOMETRY, 
Applied Nuclear Phys i c s  Division Annual Report for  Period Ending September 10, 1956, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tenn., November 20, 1956, 5 pp. 

The code of a Monte Carlo calculation of energy penetration and deposition resulting 
from transport  gamma radiation in a shield of s lab geometry has been used in a para-  
met r ic  study of a two-region lead-water shield. F o r  the study the radiation was 



1-Mev gamma r a y s  incident on the s lab a t  0°, 60°, 70° 32', and 75' 31'. Results of 
the calculation a r e  presented. 

ORNL-2081'-47 ' -  . 
. . 

Auslender S , .. 
MONTE CARL0 STUDY'OF THE GAMMA-RAY ENERGY FLUX, DOSE RATE, AND 
BUILDUP FACTORS IN A LEAD-WATER SLAB SHIELD O F  FINITE THICKNESS, 
Applied Nuclear Physics  Division Annual Report for  Period Ending September  10, ,1956, 
Oak Ridge ~ a t i o n a l  Laboratory, P. 0. Box X, Oak Ridge; Tenn. , November 20; 1956, 4 pp. 

l'he gamma-ray energy flux, dose rate,  and buildup lactui-s in  a lead-water shield of 
.finite thickness have been calculated by a Monte Carlo method for I-, 3-, and 6-Mev 
photons incident on the s lab both along a normal  and at an angle of 60 deg. The 
resu l t s  a r e  compared with those obtained by use of the "moments method" for  mono- . 
energetic,  plane monodirectional sources  normally incident upon a semi-infinite, 
homogeneous medium. The calculations for  lead agree reasonably well for  the f i r s t  
few relaxation lengths, where .the effects stemming from the diss imilar i ty  of the s1ab.s 
should be least.  

Bl izard E P and Mil ler  J M 
RADIATION ATTENUATION CHARACTERISTICS O F  STRUCTURAL CONCRETE, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract.No. W-(7405)-Eng-26, 
August 29, 1958, 50 pp. (refs).  

An experiment was performed a t  the Lid Tank Shielding Facili ty t o  determine the 
dependence of the neutron attenuation of a s t ruc tura l  concrete shield on the amount and 
placement of water  hydrogen throughout the shield. It was found thal a 7 wlOJo water 
content is adequate t o  insure that intermediate-energy neutrons a r e  quickly slowed 
down to the rma l  energy, at  which energy they are easily captured. A grea te r  water  
content improves the over-al l  neutron attenuation according to  the removal c r o s s -  
section theory. In addition t o  the investigation of the neutron attenuation, the measured 
gamma-ray  attenuation was compared with the predicted gamma-ray attenuation obtained 
in a calculation using buildup factors  determined by llle ~ ~ l u l ~ l e u l s :  ~ l~e t l iud .  The two 
values were in good agreement.  

Greene  F N, Fink C R and P r i c e  W E 
DETERMINATION OF THE POWER O F  THE TOWER SHIELDING REACTOR, 
Applied Nuclear Physics  P r o g r e s s  Report for  Period Ending September. 1, 1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (3, r e f s )  

Calorimetr ic  experiments t o  determine the power of the TSF reac tor  were conducted 
weekly during March and bimonthly thereaf ter  in o r d e r  to.collect sufficient data for a 
s ta t i s t ica l  analysis of the resul ts .  The resul ts ,  when plotted with previous data taken 
a t  six-month intervals,  indicate a t rend toward increasing power with t ime. Thermal-  
neutron flux measurements  on the center  line of one fuel element during calor imetr ic  

' 

experiments  disclosed a 'shift  in power distribution effecting an  increase in total  power 
fo r  the element. 



Dresner  L and Simon A 
SOME ANALYTICAL SOLUTIONS O F  THJ3 SLOWING?D,OWN PROBLEMS IN HYDROGEN, 
Applied Nuclear Physics  P r o g r e s s  Report,for Period ~ n d i n ~  September 1, 1957, , . 
Oak Ridge  ati id rial Laboratory, Oak Ridge, Tenn. , ~ o v e m b e r  26, 195 . 7, . 3 pp. , (6 refs).  

. 
. Analytic solutions for the slowing-down density in the P, ,, B,,. and Selengut-Goertzel 
approximations a r e  given for two special  problems. The f i r s t  i s , fo r  the case  i n  which 
a l l  c r o s s  sections a r e  constant, with the heavy elements"assumed to  have infinite mass .  

.. , 
The Yekokd i s  for  pure, nonabso'$bini hydrogen with . a . , o3 , scattering c r b s s  section. The 
resu l t s  a r e  discussed. . . 

Dresner  L 
EFFECT OF FLUCTUATIONS IN THE 'WIDTHS ON NEUTRON REACTION CROSS 
SECTIONS, 
Applied Nuclear Physics P rog res s  Report for Period Ending sept,&mberi 1, 1957, , . , 
Oak Ridge National Laboratory, Oak Ridge, ~ e n n .  , November. 26, 1957, ; 4 pp. (7 refs'). . ' . . 

. . . . 
. .  he effect of fluctuations in the widthsqn reaction c r 6 s s  sections is discussed. when 

the widths a r e  distributedii? chi-squared distributions, this  effect c'ah'b'e expressed in 
,, 

t e r m s  of a single, infinite integral. The integral is evaluated explicitly in ,some 
, simple cases .  A ~ o n t e  Carlo machine .code fdr  evaluating the, integral  in general  is 

. . 
de'scribed. . . .  . ,  . . . 

. . .  . . . .  . . 
. . .  ORNL-2.389728 . ,. . . .  . . . .  . . 

. . .  . , . . .  . . 

Lustig H, Goldstein H and Kalos M H 
COMPILATION O F  NEUTRON CROSS SECTIONS O F  NITROGEN AND OXYGEN, ' . . 

Applied Nuclear Physics  P r o g r e s s  Report for  Period Ending September 1, 1957, : oak  Ridge .' 

National Laboratory, Oak Ridge, Tenn. ,  November 26, 1957, 9 pp. (25. refs) .  . , . , 

. . .  
' The best information - experimental, thebret'ical, and educated 'ar t is t ic  - i s  being 

used, to  present,  in. convenient form for  reac tor  .and shielding calculations, the .cross 
. . ' . 

sections o f  nitrogen and'.oxygen. , 'The data 'for nitrogen have been gathered $~d:are . . .  , 

presented. The data for  oxygen a r e  not yet complete.' ' .  ' 

. . .  . . .  . . . .  . . . .  . . . , .  . 0 . . .  .,i . I  ' .  . . . 

. ,  . . . .  . . . .  . . . .  ORNL-2389-3k . . ,  . . , . .  

; .  . . . . . * .  . . i . :  

Johnson E B, Henry K M and Kington J D . . 

STUDY O F  A. THIN I Z A D  WATER SHIELD, 
Applied Nuclear Physics  P rog res s  Report for  Period Ending September 1, 1957, Oak Ridge, 
National Laboratory, Oak Ridge, Tenn.,  November 26, 1957, 1 p. 

Configurations of shields consisting'of lead,, water, and boron ,were .studied to  develop 
.an arrangement  which would a l te r  the leakage of neutr0.A~' and g a + k a  r ays  from 

.. , . .  
TSR- I1  type of react61; in "a desire'd way. ' . . .  . . . ' .  . : ,  . , 

, . 



Otis  D R 
ATTENUATION O F  FAST NEUTRONS FROM A FISSION SOURCE BY WATER: COMPAR- 
ISON O F  EXPERIMENT WITH THEORY, 
Applied Nuclear Physics  P rog res s  Report for  Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn.,  November 26, 195.7, 3 pp. (6 refs) .  

Several  calculations of the attenuation kernel  f o r  the fast-neutron dose ra te  from an  
isotropic point fission source in water have been performed. One calculation based on 
LTSF experiments in  which the old source plate (SP-1) was used did not agree  with a 
calculation performed later  with the "moments" method. At the t ime, the discrepancy 
could not be resolved, but the installation of the new source plate (SP-2) has allowed 
some differences to  be explained. A new calculation based entirely on experimental 
data obtained with SY-2 has resulted in agreement with the moments-method calculation,, 

Auslender S and Fut te rer  A T 
, SUMMARY O F  MONTE CARL0 CALCULATIONS O F  GAMMA-RAY PENETRATIONS IN 
VARIOUS MULTIREGION SHIELDS WITH SLAB GEOMETRY, 
Applied Nuclear Physics P r o g r e s s  Report for  Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. ,  November 26, 1957, 3 pp. (4 refs) .  

Several  Monte Carlo calculations have been performed on the Oracle  to  determine the 
dose rate ,  energy flux, energy deposition, and, in some cases ,  the energy spec t ra  in 
laminated shields a s  a function of the energy of the gamma-ray source and the angle of 
incidence 'of the gamma r a y s  on the shield. Since it i s  impract ical  to  publish a l l  the 
resu l t s  f rom these  calculations in a progress  report,  a summary  of. the problems i s  
presented along with references to  the published data. 

l3owman L A and 'I'rubeg U K 
MCNTE CARL0 CALCULATION O F  GAMMA-RAY PENETRATION O F  LEAD-WATER 
SHIELDS, 
Applied Nuclear Physics P r o g r e s s  Report for Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Term.-, November 26, 1957, 2 pp. 

Calculations have been continued for  one of the lead-water s lab shield s e r i e s  mentioned 
in Sec 9.8 and extended to include additional total  shield thicknesses,  a s  well a s  addi- 
t ional initial gamma-ray energies .  A total  of 512 problems has now been computed in 
th i s  s e r i e s .  

ORNL- 2389 -40 

Trubey D K 
MONTE CARL0 CALCULATION OF GAMMA-RAY PENETRATION O F  ALUMINUM SLABS, 
Applied Nuclear Physics P rog res s  Report for Per iod  Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge; Tenn.,  November 26, 1957, 4 pp. 

A Monte Carlo calculation of the energy spectrum and angular distribution of normally 
incident 0.662-Mev gamma rays  which a r e  transmitted through 3-, 6-, and 9-in. thick 



aluminum slabs has been performed on the Oracle. ' Plots  of the transmitted collided 
energy fraction a r e  fitted with analytical expressions. 

Zerby C D 
MONTE CARL0 CALCULATION OF THE ENERGY AND ANGULAR DISTRIBUTION O F  
AIR-SCATTERED NEUTRONS FROM A MONOENERGETIC SOURCE, . 

Applied Nuclear Physics P rog res s  Report for  Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. ; November -26, 1957, 2 pp. (3 refs).  

A Monte Carlo calculation has been .performed to  determine the energy flux and angular 
distribution of a ir-scat tered neutrons from a monodirectional beam a t  a source-  
detector separation.distance of 64 ft. The source was assumed to  be located on a n  
absorbing sphere of diameter Do; which was assigned the values of 0, which resulted 
in a point source, and 12 ft. Isotropic scatteririg in the center-of-mass system was 
taken a s  the scat ter ing law. The source energies included in the calculations were 
0.55, 1.2, 2, 3, and 5 Mev, and the angle of radiation emission from the source was 
considered to be 2, 15, 30, 60, 90, 135, and 180 deg. The problem was idealized in 
that the source-detector sys tem'was  considered a s  suspended in an infinite body of a i r .  

Goetz C A 
CALCULATION OF AIR-SCATTERED NEUTRON DOSE RATES AROUND A CYLINDRICAL - 
LY SYMMETRIC SOURCE, 
Applied Nuclear Physics  P rog res s  Report for  Period Ending September 1, 1957, Gak Ridge 
National Laboratory, Oak Ridge, Tenn.,  November 26, 1957, 1 p. 

An Oracle  code has been written with which the resu l t s  obtained in the Monte Carlo 
air-scat ter ing calculation (Secs 9.11 and 9.12) can be utilized t o  calculate the neutron 
dose ra te  around a cylindrically symmetr ic  source. 

Lynch R E, e t  al. 
MONTE CARL0 CALCULATION O F  AIR-SCATTERED GAMMA RAYS, 
Applied Nuclear Physics  P rog res s  Report for Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 5 pp. (3 re fs ) .  

A Monte Carlo calculation has  been performed to determine the fluxes, t issue dose 
rates ,  angular distributions, and energy spectra  of multiply scat tered gamma rays  in 
a i r  at  various distances from a monoenergetic, monodirectional source.  The calcula- 
tion included source energies of 0.6, 1, 2, 4, 7, and 12 Mev; source beam angles of 1, 
15, 30, 60, 90, 135, and ..180.deg; and source-detector separation distances of 5, 10, 
20, 40, 65, and 100 ft. 



- - - - 
ATTENUATION IN WATER OF RADIATION FOR THE BULK SHIELDING REACTOR;. . 

MEASUREMENTS O F  THE GAMMA-RAY DOSE RATE, FAST NEUTRON DOSE RATE, 
AND THERMAL N E U T R O ~  FLUX, 
Oak Ridge ~ a t i o n a l  Laboratory, Oak Ridge, Tenn., Contract No.' W-(7405)-Eng-26, July 8, 
1958, (1 curve sheet) 

This  is a large curve sheet showing attenuation in water of radiation from the Bulk 
Shielding Reactor.  This  curve contains measurements  of gamma dose rate,  fast  
neutron dose rate ,  and thermal-neutron flux a s  a function of distance from face of the 
reac tor .  

. . ,. . . . .. , 
coppage F N 
SERE MO.RIT.JE BIOLOGICAL SHIELD-CONTROL SYSTEM, 
Snnrlia ~ n r ~ o r a t i o n ,  Albuquerque, N. Mex., cont rac t  No. ~ ~ ( 2 9 - 1 ) - 7 8 9 :  January 27, 1958, 

2fi  PP 

This  report  contains prel iminary information on a proposed control and power. system 
for  the mobile biological shields of the Sandia Engineering Reactor Facility (SERF). 
The shields, four in number, will be divided into s ix  doors, which will range in weight 
f rom 73 to  275 'tons. This  report  will discuss  the desired features of such a system, 
a proposed control system, and possible difficulties to be edcountered with the' system. 
The .SERF proposal is not yet complete'ly f i rm,  and information on some phases of the 
program is limited. ' As a tesul t ,  change's to  the contrdl and power ,system proposed in 
th i s  report  may be required. Any such changes will be described in subsequent reports .  

) .  . . 
. . . . 

SCTM 21-59(16) . - 
Barcus J R 
TRANSMISSION O F  NEUTRONS BY CYLINDRICAL DUCTS PENETRATING RADlATION 
SHIELDS, 
Sandia Corporation, Albuquerque, N. Mex., March 25, 1959, 18 pp. (4 refs).  . , 

After a brief introduction to 'elementary neutron t ransport  theory, the problem of the 
t ransmission of neutrons by straight and ,bent cylindrical ducts penetrating a radiation 
shield is considered. The direct  scat tered component is t reated to a f i r s t  approxima- 
t ion using the diffusion approximation 'applied :to the disfi-ibution. of effective anisotropic 
sources  along the duct wall. The geometric approximations a r e , such  that the method 
i's applicaljle mainly t o  ducts with diariletei-to-length rat ios  small'  compared to unity. 

. . . . I . .  

. . I  

TID-270 
. a  

, .. . . . .  

- - - -  
SHIELDING - REPORTS FROM SESSION I V ,  GENERAL INFORMATION MEETING, 
United States Atomic Energy Commission, Oak Ridge, Tenn., October (1949), 57 pp. (refs).  

This  report  i s  a compilation of papers  a s  concern problems associated with neutron 
and gamma shielding. Subjects discussed include the following: (1) The design of a 



minimum weight shield; (2) Calculation of the attenuation of neutrons and gamma rays  
' through thick layers  of shields; (3). Fundamental information on shielding as .concerns  
analysis of shields 'in fast neutron fields; (4) Tes t s  of bulk shields; and (5.) Shielding 

. . .  . . 
materials .  

: .  

TID-5280(Suppl. 1)-2 
. . . * .  

. 1 .  , . 

Stephenson Richard 
ELEMENTS OF RADIATION SHIELDING, . . 

Department of chemica l  Engineering, New York University. Paper  given at ~ 6 u r t h ' ~ n n u a l  
Symposium on Hot Laboratories and Equipment, held in Washington, D. C. ,: September.'29 and 
30, 1955, 5 pp. 

. . 

F o r  those involved with the handling of radioactive mater ials ,  the  shielding problem 
becomes that of pure gamma shielding, since the beta par t ic les  which usually accom- 
pdi~y radioaclive decay dre ve ry  easi ly  stopped. ' 'i'he three  factors  which must be con- 
s idered in the design of a suitable shield for a gamma emit ter  a r e  :, the nature and 
intensity'of the radiation emitted by the radioactive source, the stopping power and 
geometry of the shield which is used, and the' biological effectiveness of the'  radiation 

w h i c h  leaks through the shield into the working a reas .  
. . 

I . '  

The problem of pure gamma shielding is fairly simple. The theory is well understood, 
and a l l  necessary data for  making calculations a r e  available. At the present  t ime there  
is no reason why engineers should not c a r r y  out such calculations themselves,  ra ther  
than relying upon a nuclear physicist a s  has been common practice in the past. 

Wachspress Eugene L 
THIN REGIONS IN DIFFUSION THEORY CALCULATIONS, 
Paper  given a t  Reactor Control Meeting held in Los .Angeles, March 6-8, 1957, Divisibn.of 
Reactor Development, AEC, Washington, D. C . ,  October (1957), 1 p. 

A method for  determining effective c r o s s  sections for  geometrically thin absorbing 
regions in multigroup calculations is described. The effective absorption c r o s s  
section in multigroup calculations provides a smooth transition from the usual 
diffusion theory c r o s s  section for  low absorption s labs  to  the 213 X t r  extrapolated end- 
point condition for black slabs.  In effect, the average flux between mesh  points of the 
difference equation gr id i s  related to the fluxes at  the mesh points. Self-shielding 
effects a r e  accounted f o r  by mater ial  c ros s  section ra ther  than difference equation 
modification. 

Application of the theory to  lattice calculations is discussed, and comparisons a r e  
made with other methods for limiting cases .  

Ruehle William G, J r .  
A GRAPHIC SOLUTION FOR .GAMMA SHIELDING, 
Radiation Laboratory, University of California, Berkeley, Calif. , Contract No. 
W-(7405)-Eng-48, July 24, 1956, 16 pp. 

I 



An equation for  calculating gamma radiation through shielding is derived, which i s  
applicable t o  pract ical  monitoring and equipment-design problems. A graphic solution 
of the equation is included, a s  well as examples of i t s  use and tables  of values for 
specific conditions. 

Schiff D 
NEUTRON GAMMA-RAY SHIELDING CALCULATION, 
Westinghouse, Atomic Power Division, May (1955), , 34  pp. (2 refs) .  

This  report  descr ibes  a t r i a l  problem done by the integral  network method using the 
or iginal  three scat ter ing directions approximation and the collision density fu~-l~lulal iuu? 
Since that t ime the network method tias Been modified cuusider.ably, and up to  thc 
present  t ime the flux formu'htion has  been used with a s  rrlarly a s  ten scat ter ing angles. 2 

  he problem consisted of a -  plane, monodirectional neutron and gamma-ray fission 
source  normally incident on a.plane shield consisting of alternate s labs of water and 
iron. Thc watcr clab thickness was 1.311 c m ,  the i ron  2.22 cm. and there were s ix  
regions altogether, the water being adjacent to  the source. On ei ther  side of the shield 
a vacuum was assumed. 

The basic 'quantit ies calculated were the neutron and gamma-ray space-energy dis-  
t r ibut  ions of the directional collision density. The quantities graphed in this report  
a r e  the neutron and gamma-ray space-energy distributions of the sca la r  flux and the 
spat ia l  distribution of the dose density. 

1 
WAPD- 108, "Multigroup Integral Network Method, I '  D. Schiff. 
2 
WAPD-TN-513, "Numerical Solution of the Integral Transport  Equation, " D. Schiff 

and R. S. Varga. 

Zabel C W 
REPORTS TO THE AEC NUCLEAR CROSS-SECTIONS ADVISORY UICUUI-', 
White Plains,  New York, October 10 and 11, 1955, 39 pp. 

This  report  was presented t o  the AEC Nuclear Cross-Sections Advisory Group for  con- 
sideration a t  the October 10 and 11, 1955 meeting. The report  i s  concerned with neutron 
c r o s s  -section measurements,  ' and gives recent developments, changes in emphasis, and 
prel iminary data. 

Zabel C W 
REPORTS TO THE AEC NUCLEAR CROSS-SECTIONS ADVISORY GROUP, LEMONT, 
ILLINOIS, . . 

Los Alamos Scientific Laboratory, Los Alamos, N. Mex. , March 18, ,1957, 39' pp. ( re fs ) .  

This  document consis ts  of a group of repor t s  presented to  the AEC Nuclear Cross-  
Sections Advisory Group for  consideration at the September 24-26, 1956 meeting at 
Lemont, Illinois. These repor t s  a r e  not intended t o  be complete and formal  repor t s  



covering a l l  the work of the laboratories involving neutron cross-section measurements, 
but rather  contain an informal statement of recent developments, changes in emphasis, 
and preliminary data, ,consideration of which is important to the cross-section measure- 
ment program of the AEC. 

WASH-292 (Par t  3, Suppl. 1) 

Meem J L and Bairbanks F B 
SHIELDING THE APPR-1, 
Division of Reactor Development, Washington, D. C., September (1955), 17 pp. 

This report outlines the basic operating conditions of the Army Package Power Reactor. 
'The primary and secondary shields a r e  discussed. Small discussions a r e  made of 
shielding for spent fuel elements. 

WASH-292 (Part  31-1 

Flynn J D 
ATTENUATION OF GAMMA-RAY DOSE RATE AND THERMAL-NEUTRON FLUX FROM 
THE BSR THROUGH LARGE THICKNESS OF WATER, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper presented at: Reactor Shielding 
Information Meeting May 12 - 13, 1955, Engineer Research and. ~ e v e l o ~ i e n t  Laboratories, 
Fort Belvoir, Virginia, 9 pp. (6 refs).  

A swimming pool reactor depends upon water in the reactor pool to act a s  the radiation 
chicld. Other reactors  utilizir~g Lhe same type of core use water a s  the initial portion 
of the shield. Therefore part of the basic design data needed for such reactors  is the 
attenuation of the reactor  radiations in water. Measurements of the attenuation of the 
gamma-ray dose rate and the thermal-neutron flux from the Bulk Shielding Reactor 
have now been made through greater  thicknesses of water than would be required for 
any practical shield. Only the direct penetration of radiation is reported here, no 
mention being made of the possibility of activities transported through the water. 

WASH-292 (Part  3)-2 

Murray F H 
SOME STRATIFIED NIEDIA TRANSPORT PROBLEMS SUITABLE FOR MACHINE 
CALCULATIONS, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper presented at:  Reactor Shielding 
Information Meeting May 12- 13, 1955, Engineer Research and Development Laboratories, 
For t  Belvoir, Virginia, 4 pp. (4 refs).  

' This papek presents calcul&ions of neutron flux as  a function of angle in one o r  more 
media. It is assumed that no loss in energy occurs on scattering and that 'absorption 
may be present. In Section I, formulas a r e  derived for the Fourier  t ransforms 
of the coefficients in a spherical harmonic expansion of the flux as  function of the 
angle for arbi trary sources in an infinite medium.' Formulas, a r e  also derived for the 
coefficients of the collision density with emission in an arbi trary direction. Consider- 

2 able use is made of matrix representations of rotations in space, which simplify the 

1 
For  complete details see  F. H. Murray, "Anisotropic Scattering of Neutrons in a 
Uniform ~ e d i u m  with Beam Sources, " ORNL-CF-54- 11 -83  (Dec. 3, 1954). 

2 
E. P. Wigner,  he Problem of Multiple Scattering,'"' Phys. Rev. 9 4 ,  17 (1954). 

. .. 
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formulas  appreciably. In Section 11, cer tain eigen-values which a r e  roots of 
determinants presented in Section I a r e  used.3 The method of analysis consists in 
replacing the homogeneous t ransport  equation by cer tain sys tems of equations for  the 
coefficients in the spherical  harmonic expansion of the flux. These solutions of the 
homogeneous t ransport  equation a r e  employed like the solutions of a homogeneous se t  
of l inear differential equations in the solution of a nonhomogeneous equation. In this  
manner  problems of stratified media with plane, cylindrical, o r  spherical  symmetry ' 
can he solved by digital computing machines. 

3 
See a l so  F. H. Murray, "Analysis of the Constant Velocity Transport  Equation with 
the A i d  of Eigenfunctions of the Various Media, " ORNL-CF -55-5 -2 (May 1955). 

WASH-292 (Pa r t  3)-5 

Gamble R L 
SSN571 SHIELD TEST, 
Convair, Fo r t  Worth, Texas.  Paper  presented at: Reactor Shielding Information Meeting 
May 12-13, 1955, Engineer Research and Development Laboratories,  Fo r t  Belvoir, Virginia,  
3 PP. 

The purpose of the testing program was to  determine the effectiveness of the shield by 
comparing measured radiation levels with levels specified by the Navy. The testing 
was ca r r i ed  out in the following phases: 

1. A gamma survey conducted at low power to  locate possible gross  deficiencies. 

2.  Surveys of fast  and thermal  neutrons a s  well a s  gamma I-adiatiun at high 
power leve 1s. 

3 .  Monitoring of decay of activity in lower reactor  compartment.  

The tes t  on the SSN571 was a simplified version of the program a t  ARCO. The STR 
t e s t  a t  ARCO was devised to check the effectiveness of shield calculations and to  
establ ish relationships between theory and pr.actice; consequently the tes t  program was 
of major  importance. In the ship however, the shield test  was simply one of many in- 
tegrated into the complete ship testing program. 

WASH- 29 2 (Par t  3) -6  

Shore F J and Schamberger R D 
THERMAL AND FAST NEUTRON EFFECTS IN BENT DUCTS, 
Brookhaven National Laboratory, Upton, N. Y. Paper  presented at: Reactor Shielding 
Information Meeting May 12-13, 1955, Engineer Research and Development Laboratories,  
Fo r t  Belvoir, Virginia, 7 pp. 

, I n  connection with the study of neutron ducts in water,  it was previously reported on 
the t ransmission of straight cylinders. Some mention has also been made of bent ducts 
and the i r  behavior. The present paper  is concerned with additional data which have 
been obtained with bent ducts. Mention will be made of the dependence of the t r ans -  
mission on the length of the la t ter  sections of the duct. 'l'he dependence of the t r ans -  
mission on the angle of the bend for  both slow and fast neutrons will a lso be considered. 
In studying the region at a bend which was most efficient in scat ter ing neutrons, data 
were  obtained which a r e  of some interest  and will be mentioned from the pract ical  



viewpoint of neutron trapping. Finally, some r emarks  will be made in connection with 
albedo measurements  at both Brookhaven National Laboratory and Oak Ridge National 

. Laboratory. 

WASH-292 (Par t  31-7 

Schamberger R D and Shore F J 
CROSS SECTIONS WITH A COLLIMATED FISSION NEUTRON SOURCE, 
Brookhaven National Laboratory, Upton, N. Y. Paper  presented at: Reactor Shielding 
Information Meeting May 12-13, 1955, Engineer Research and Development Laboratories,  
Fo r t  Belvoir, Virginia, 4 pp. 

An attempt has beer1 rrlade to obtain the neutron energy spectrum which i s  present in 
these measurements  by exposing nuclear emulsions to  the collimated neutrons. The 
scanning of the plates t o  determine the range and orientation of the recoi l  protons has  
not yct bccn undertaken. Pl.elilllil~ar-y inspection indicates that the scanning is feasible. 



MISCELLANEOUS 



MISCELLANEOUS 

F r o m m  L W 
DECOMPOSITION O F  WATER A T  HIGH TEMPERATURES AND PRESSURES UNDER REACTOR 
IRRABUTION, 
Onlc Ridge National 1 ,aboratory ,  Oak R l d ~ e ,  Teun. ,  Contract  No. W - '14Ub-Eng-26, 
September  16, 1949, 23 pp. 

The investigation of the high t empera tu re  and p r e s s u r e  dlssociaeion uf waler. uuder ir- 
radia t ion was  undertaken by the Power  Pi le  Division of Oak Ridge National Labora to ry  
in a n  effor t  to de te rmine  Lhe degree of .importanoe of the phennrnennn with respec t  to 
the design of a high temper.atu1-e water-cooled power r e a c t o r .  Theory and past  exper i -  
mentat ion indicate that net s t eady-s ta te  dissociation is determined by the r a t e s  of the 
dissocia t ion and recombination reac t ions  under the imposed conditions, the dissociation 
r a t e  being essen t ia l ly  a function of flux and the recombination r a t e  essent ia l ly  a function 
of t e m p e r a t u r e .  A s ta t i c  e lect r ica l ly-heated autoclave and associa ted t empera tu re  con-  
troll ing,  p r e s s u r e  recording,  filling, purging and sampling appara tus  was  const ructed 
and the autoclave ins ta l led  in a t e s t  hole of the X-10 r e a c t o r  under a n  approximate  

0 
t h e r m a l  flux of 5 x 10'' n / c m 2 - s e c .  Two data r u n s  w e r e  made ,  one a t  350 F and one a t  
45oUI?, on wate r  with a gas  phase of sa tu ra ted  s team.  Neither* run  showed any signifi-  
can t  i n c r e a s e  in p r e s s u r e  throughout, and analyses  of the wa te r  phase indicated v e r y  
s l ight  gas  format ion eas i ly  a t t r ibuted to autoclave cor ros ion .  The conclusion was  
reached  that, under the conditions of flux and t empera tu re  of these  exper iments ,  the 
recombinat ion r a t e  is considerably  higher than the dissociation r a t e .  Severa l  a t t empts  
w e r e  made  to determine whether  o r  not gaseous hydrogen and oxygen added to the gas  
phase  would dissolve and e n t e r  into llie r~scon~bina t ion  rcact ion,  but inconsistent  l eaks  
i n  the s y s t e m  valving developed, r ender ing  the data wor th less .  At p resen t  the valving 
is being rr,.hi.lilt, and these exper iments  will be repea ted .  In a future  exper iment  in-  
vestigation a t  higher f luxes w i l l  be c a r r i e d  oiit through Ll~e r.eplai.cruer~t of thc procent 
autoclave by one incorporat ing a n  ou te r  jacket of u ran ium.  

~ n s t r u m e n t a t i o n  and  ex te rna l  valving and connections a r e  d i scussed .  

C a m e r o n  A G W 
STELLAR EVOLUTION, NUCLEAR ASTROPHYSICS, AND NUCLEOGENESIS, 
A S e r i e s  of Lec tu res  given a t  Purdue Universi ty,  M a r c h  25 to Apri l  5, 1957, Chalk Rivcr ,  
Ontar io ,  June (1957), 167 pp. (101 r e f s ) .  

These  l e c t u r e s  a r e  concerned with the development of different kinds of s t a r s ,  the nu- 
c l e a r  react ions  which c a n  go on in the i r  i n t e r i o r s ,  the bear ings  of these considerat ions  
on the chemical  composit ion of the universe,  and the or igin  of the e l e ~ n e n t s .  It is 
pointed out that a good c a s e  c a n  be made fo r  the theory that the e lements  have been and 
a r e  being made in s t e l l a r  in te r io r s .  A brief su rvey  is included of c e r t a i n  f ields of 
as t ronomica l  knowledge which a r e  of par t icular  concern in these  l ec tu res .  



, The m a j o r  topics covered  in these  l e c t u r e s  a r e :  the development of the galaxies;  
Her tz - sp rung-Russe l l  d i a g r a m s ;  physical  conditions in s t e l l a r  i n t e r i o r s ;  the rmonuc lea r  
r eac t ion  r a t e s ;  hydrogen the rmonuc lea r  r eac t ions ;  s t e l l a r  evolution; helium t h e r m o -  
nuc lea r  r eac t ions ;  the abundance of the e lements ;  neutron cap tu re  c r o s s  sec t ions ;  neutron 
cap tu re  on slow t ime s c a l e ;  heavy ion the rmonuc lea r  r eac t ions ;  photonuclear r eac t ions  on 
a slow t ime s c a l e ;  nuclear  react ions  in s t a t i s t i ca l  equi l ibr ium;  supernova explosions;  
thermonuclear  r eac t ions  on a f as t  t ime s c a l e ;  ana lys i s  of nuclide abundances;  and nuc lea r  
r eac t ions  in s t e l l a r  s u r f a c e s .  

AECU -3 184 ERI-1943-7-23 -P 

Brownell  L E ,  Nehemias  J V and Bulm-er J J 
DESIGNS O F  POTATO IRRADIATION FACILITIES, 
Engineer ing R e s e a r c h  Inst i tute,  Universi ty of Michigan, Ann Arbor ,  Michigan, 
Con t rac t  No. AT-(11-1)-  162, November (1.9541, 37 pp.  (9 r e f s ) .  

Pota toes  a r e  the m o s t  important  vegetable food in the domest ic  d ie t .  A g r e a t e r  tonnage 
' of potatoes i s  handled than of any other  vegetable produce.  

I 

This r e p o r t  c o v e r s  effect of gamma i r rad ia t ion  on potatoes,  cos t  e s t i m a t e s  of i r r ad ia t ing  
potatoes using different  s o u r c e s ,  and des ign of a potato i r r ad ia t ion  fac i l i ty .  . 

Brad ley  F r a n k  W,  Murray  Will iam M, J r .  and Whitehouse David R 
RADIATION PROCESSING ECONORIICS, 
Engineering P r a c t i c e  School, DiIassachusetts Institute of Technology, Oak Ridge, T e n n . ,  
Contract  No. W-7405-Eng-26,  May 13, 1935, 25 pp. (24 r e f s ) .  

This  r e p o r t  i s  the r e s u l t  of a l i t e ra tu re  s u r v e y  conducted with the purpose  of analyzing 
the new unit operation of i r radia t ion f r o m  both a technical  and economic viewpoint. The 
scope of this  investigation c o v e r s  the unclassif ied l i t e r a t u r e  of beta and gamma i r r a d i  - 
ation,  availabil i ty of s o u r c e s ,  and economic considera t ions .  

Discussed in the r e p o r t  i s  in teract ion of beta and gamma radiat ion with m a t t e r ,  us ing 
i r radia t ion effects  f o r  indust r ia l  purposes ,  avai lable  s o u r c e s  of beta radiat ion,  economic 
ana lys i s  of beta '  s o u r c e s ,  s o u r c e s  of gamma radiat ion,  and economic ana lys i s  of gamma 
s o u r c e s .  

Daniel C 
STATISTICS FOR ENGINEERS, 
Carb ide  and Carbon Chemical  Corporat ion,  Engineer ing Development Division, Theoret ica l  
Analysis  Department,  Oak Ridge Gaseous Diffusion Plant ,  Oak Ridge,  T e n n . ,  
Contract  No. W-7405-Eng-26, (19471, 88 pp.  ( 3  r e f s ) .  

Eng ineers  a r e  continually confronted with the problem of e s t ima t ing  how c e r t a i n  engi-  
ne,ering equipment wi l l  behave. Many s o u r c e s  of information a r e  used in fo rming  these  
e s t i m a t e s .  ' Physical  and chemica l  theory,  l abora to ry  data,  engineer ing t e s t s ,  pi lot-  
plant exper iments ,  and plant  exper ience  in  varying propor t ions  a r e  a l l  r egu la r ly  used .  



The notes which follow a r e  presented in the belief that more  information can be obtained 
f rom engineering data than is usually thought possible. The s tat is t ical  methods proposed 
a r e  a l so  instructive in that they indicate improved methods of arranging tests  and ex-  
per iments  that w i l l  in many cases ,  provide more  reliable information on the points under 
discussion. 

Twenty-six books a r e  l isted a s  relating to the l i terature of s ta t is t ics .  Several periodi- 
ca l s  a r e  a l so  listed. Sanlple p ~ ~ ~ L l t i i ~ s  arc  inoluded. 

Amphlett C B and Warren D T 
FIXATION OF ACTIVITY TN SOLID ,FORM BY ABSORPTION ON SOILS, 
Atomic Energy Research Establishment, Harwell, Berkshire,  England, June (1 956), 
0 pp. (10 refs). 

The absorption, of,activity on soi ls ,  followed by firing a t  high temperatures ,  has been 
studied a s  a n  alternative to'fixalion pi-ocossco involving clay minera ls .  Fixation on soi l  
i s  a s  efficient a s  on clay. Two types of process  have heen investigated, one based on 
ion exchange, arid one lu wllicl~ the soil io ucod as a. hasp for manufacture of a ceramic  
product by mixing with the waste and firing. Both types of operation give high de- 
contamination factors under suitable conditions (- l o 4  - lo5) ,  but the second enables a 
higher loading to be achieved and isappl icable  to a much wider variety of wastes; the 
engineering problems associated with ia rge-sca le  operation a r e  s impler  in the f i r s t  
case ,  although.there is no doubt that the second system can a l so  be scaled up if desired.  

Penner  S S, Harshbarger  Ei and Vali V 
AN INTRODUCTION TO THE USE O F  THE SHOCK TUBE FOR THE DETERMINATION O F  
PHYSICO-CHEMICAL PARAMETERS, 
California Institute of Technology, Daniel and Florence Guggenheir~l J e t  Propulsion Center, 
Pasadena, Cal i f . ,  June (1956), 54 pp. 

The use of the shock tube for  the determination of physico-chemical parameters  a t  
elevated temperatures  is considered. We present f i r s t  a qualitative survey of shock 
tube development, in which the principles and performance of various shock-tube de- 
s i g n s a r e  described. Next the use of optical techniques suitable for shock-tube studies 
is surveyed. This section is followed by a summary  of representative determinations 
of physic0 -chemical parameters  behind incident and reflected shock waves. Some 
cr i t ica l  r emarks ,  relating to the use of the shock tube a s  a r e sea rch  tool for  studies 
of processes  which a r e  important fo r  understanding combustion reactions,  a r e  in- 
cluded in the discussions. 

McDonell W R (duPont Assigned Employee) 
I. - OXIDATION OF FERROUS SULFATE IN BORIC ACID SOLUTIONS BY IRRADIATION WITH 

THERMAL NEUTRONS, AND 
11. - OXIDATION O F  FERROUS SULFATE I N  LITHIUM SULFATE SOLUTIONS BY IRRADI - 

ATION WITH THERMAL NEUTRONS, 



C h e m i s t r y  Division, Argonne National Laboratory ,  P. 0. Box 299, Lemont,  Ill .  , Contract  No. 
W-31-109-Eng-38, December  22, 1952, 13 pp. (15 r e f s ) .  

P a r t  I. 

In the i r rad ia t ion  of dilute solutions of f e r r o u s  ion and b o r i c  acid  in 0.8N su l fu r ic  acid  
with the rmal  neutrons  a t  fluxes of 10'' and 1011 n / c m 2 - s e c  and low gamma fluxes the re  
is'found a l i n e a r  re la t ionship  between the concentration of bor ic  acid  and the extent of 
radiation chemica l  oxidation of f e r r o u s  ion by the products  of the B'O (n, a ) ~ i '  nuclear  
reaction.  Within l imi t s  of exper imental  e r r o r ,  no variat ion is apparent  in the yield of 
f e r r i c  ion p e r  unit flux in the flux range investigated.  

The determination of the rmal  neutron fluxes of r e a c t o r s  by aqueous solution radiation 
chemical  methods r e q u i r e s ,  in general ,  the convers ion of the neutron flux to a n  ionizing 
f o r m  'of radiation.  

In the exper iments  desc r ibed  herein ,  a p re l iminary  s tandardizat ion of such  a sys tem has  
been c a r r i e d  out.  Solutions of b o r i c  acid  and dilute f e r r o u s  sulfate in 0.8N sulfur ic  acid  
w e r e  i r rad ia ted  in the the rmal  column of the Argonne heavy wate r  r e a c t o r ,  CP-3 '  , and 
the extent of chemical  oxidation of the f e r r o u s  ion w a s  cal ibra ted agains t  the neutron 
flux, a s  determined by activation of gold foils .  

P a r t  11. 

An exper iment  s i m i l a r  to those desc r ibed  in P a r t  I has  been c a r r i e d  out in which a n  
aqueous solution of 0.5 m M  f e r r o u s  sulfate in  0.8N sulfur ic  acid  w a s  i r rad ia ted  with 
t h e r m a l  neutrons  in the p resence  of 0.546M lithium ion. 

McDonell William R 
DECOMPOSITION O F  WATER IN BORIC ACID-CADMIUM SULFATE SOLUTIONS B Y '  
REACTOR RAUIA'SlONS, 
C h e m i s t r y  Division, Argonne National Labora to ry ,  P. 0. Box 299, Lemont,  Ill .  , 
Contract  No. W-31-109-Eng-38, January  11, 1954, 19 pp. (18 r e f s ) .  

The p resence  of cadmium sulfate in bor ic  acid  solutions exposed to r e a c t o r  radia t ions  
has  been shown to i n c r e a s e  the amount of bor ic  acid  which such solutions m a y  contain 
before wa te r  decomposit ion begins.  This  is a s c r i b e d  to a n  i n c r e a s e  in the gamma flux 
by neutron cap ture  in the cadmium,  thus enhancing the recombination of the p r i m a r y  
decomposit ion products of water ,  hydrogen and hydrogen peroxide.  In addition, cadmium 
sulfate h a s  been shown to catalyze chemical ly  the decomposit ion of hydrogen peroxide to 
oxygen, under both c o 6 0  and  r e a c t o r  gamma radia t ion.  , 

ASAE - 18 

Conklin David L , Gordon J a c k  J and Nixon S Reed 
SHIP DESIGN TREND SURVEY FOR THE ATOMIC ENERGY COMMISSION MARITIME 
REACTORS BRANCH, 
Atomic Energy  Division, Amer ican  Radiator  and Standard Sani tary  C o r p . ,  ~ e d w o o d  City, 
Ca l i f . ,  Contract  No. AT-(04-3)-109, June 13, 1957, 22 pp. 



The American-Standard Atomic Energy  Division, ac t ing a s  technical  consultant  f o r  the ' 

Atomic E n e r g y  Commiss ion ,  Division of Reac to r  Development, has  been reques ted  by 
the M a r i t i m e  R e a c t o r s  Branch  to study the u s e  of nuc lea r  power f o r  the propulsion of 
m e r c h a n t  sh ips .  Represen ta t ives  of va r ious  phases  of the shipping indust ry  w e r e  a p -  
proached f o r  thei r  opinions regard ing  this  new a r e a  of m a r i t i m e  development and t r ends  
in  m e r c h a n t  ship  des ign and opera t ing c h a r a c t e r i s t i c s .  

The r e s u l t  is a n  indust ry-wide s u m m a r y  of the l a t e s t  opinions, i m p r e s s i o n s ,  and p r a c -  
t i c e s  f o r  s h i p  building and operation.  Wlcie v a r l a l l u ~ ~ s  ill e x p ~  t s s c d  opiniono aro ap- 
p a r e n t  in th is  r e p o r t  s i n c e  the p e r s o n s  contacted r e p r e s e n t e d  s e v e r a l  d i f ferent 'phases  
of the m a r i t i m e  indus t ry .  A l a r g e  amount of valuable in for ma ti or^ was  gathered con-  
c e r n i n g  types of s h i p s  which m a y  be m o s t  feas ible  f o r  nuclear  propulsion f rom the s t and-  
point of opera t ing economics  and technological  a d v a n c e r ~ ~ e n t .  In addition, problem a r e a s  
r e r l i i i r i n g  resolution before  pr ivate  indust ry  is willing lu 1~ l ' uceed  d i t h  ae t ivc  part ioipation 
in  the f ield of nuc lea r  shlp  propulsion a r e  idelitified. 

It should be noted that  the s t a t ements ,  ques t iu r~s ,  a d  collclusion3 indicated in  this  sl.lr\r~y 
r e p o r t  a r e  those of p r iva te  indust ry  pe r sonne l  and a r e  not interided to r e f l ec t  thc opinions 
of the Atomic E n e r g y  Commiss ion,  i t s  staff, o r  any  of i t s  con t rac to r s .  

Kochanski Adam B 
WIND, TEMPERATURE AND THEIR VARIABILITIES TO 120,000 F E E T ,  
Headquar te r s ,  A i r  Weather  Service ,  Mil i tary  A i r  T r a n s p o r t  Service ,  USAF, Washington 25, 
D. C . ,  May (19561, 34 pp.  (12 r e f s ) .  

1 .  P u r p o s e  - To acquaint  AWS f o r e c a s t e r s  and c l imatologis ts  with the var iabi l i ty  (o r  
p e r s i s t e n c e )  of winds and t e m p e r a t u r e s  up to 120,000 fee t .  This  is the ninth r e p o r t  of a 
s e r i e s  which p r e s e n t s  background m a t e r i a l  to AWS Manual 105-50, "Forecas t ing  Upper-  
Leve l  Winds,  " (in s e v e r a l  p a r t s ) .  The previous  background r e p o r t s  a r e  AWS Technical  
Hepor t s  105-86, 105-96, 105-107, 105-108, 105-115, 105-121, 105-128, a r ~ d  105-129. 

2. Scope - Time-height c r o s s  sec t ions  of daily winds, and g raphs  of wiud  variabili t i  
0 

with height a r e  ~ r e s e n t e g  f o r  four  s t a t ions  s i tuated c lose  to the 70 W Meridian and 
ranging f r o r r ~  28 N to 61. N. The var iabi l i t ies  a r e  d i scussed  in  light of the i r  applic,ation 
a s  p e r s i s t e n c e  " fo recas t s "  of upper- level  winds.  The data analyzed a r e  f o r  the months 
of August 1954 and January  1955. Graphs  of t e m p e r a t u r e  and daily t e m p e r a t u r e  changes 
a r e  a l s o  given. In addition, Chanute A F  B a s e  data ar.e included f o r  J a n u a r y  1955 only. 

3 .  C r e d i t s  - The Evans  Signal Labora to ry ,  F o r t  Monmouth, N. J . ,  provided spec ia l  
equipment  f o r  the balloon fl ights f r o m  which the bas ic  data w e r e  de r ived .  In addition, 
the wind computations w e r e  accomplished by Signal C o r p s  personnel  i n  the Laboratory .  

4. Additional Copies  - This  Technical  Repor t  is s tocked a t  Headquar te r s  MATS, 
Command  Adjutant, Publishing Division. Additional copies  m a y  be requis i t ioned f r o m  
Headquar te r s ,  A i r  'Weather Service ,  Attn: AWSAD, in  accordance  with AWS Regulation 
5-3, a s  amended.  



BMI- 129 2 

Stang John H, Coldthwaite William H and Dunnington Bruce  W 
DESIGN FEATURES O F  CAPSULES FOR HIGH-TEMPERATURE IRRADIATIONS, 
Battel le Memoria l  Institute, 505 King Avenue, Columbus 1, .Ohio, 
Contract  No. W-7405-Eng-92, September  22, 1958, 16 pp. (3 r e f s ) .  

An analys is  was  made of the p rob lems  of control  and m e a s u r e m e n t  of spec imen  t e m p e r -  
a t u r e  and heat  generation in a NaK-filled capsule containing a fuel  spec imen .  A specif ic  
problem i s  used in this r e p o r t  to demonstra te  the l a rge  uncer ta int ies  normal ly  en-  
countered even in capsules  containing thermocouples.  This  analys is  indicates that a n  

0 0 
improvem.ent by a fac to r  of m o r e  than t h r e e  (i. e . ,  f rom a n  uncertainity of f 70 to f 20 F 
in the example used)  may  be obtained by use  of a differential- thermocouple heat-flow 

, 

m e t e r  and by use  of a precis ion thermocouple-place.ment c l ip .  

Since the i r radia t ion damage suffered by fuel specimens is sensi t ive  to s m a l l  changes 'in 
t empera tu re  and burnup, improvements  in precis ion in i r rad ia t ion  tes t ing a r e  of g r e a t  
importance in fuel  s tud ies .  If the indicated improvement  of precis ion by a fac to r  of 
th ree  is actually obtained when capsules  of this design a r e  i r rad ia ted ,  the exper imente r  
will be able to draw much m o r e  re l iable  conclusions f rom a given tes t ing p rogram.  

BNL- 203 

Dwyer 0 E,  e t  a l .  
HEAT TRANSFER RATES FOR CROSS FLOW O F  WATER THRO.UGH A TUBE TANK A T  
HIGH REYNOLDS NUMBERS, 
Brookhaven National Laboratory ,  Upton, N .  Y . ,  Contract  No.  AT-(^ 2-3  AT en- 16, ~ o v e m b e r  20, 
1952, 78 pp. 

Fi lm heat  t r a n s f e r  coefficients have been obtained fo r  cros.s  f low'of '  w a t e r ' t h r o ~ ~ h  a tube 
bank under the following conditions: 

tube s i z e ,  0.810-in. OD ' 

tube length, 12 ' in .  
tube spacing,  1 -9132-in. equ i la te ra l  pitch 
la t t ice  s i z e ,  10 tubes wide x z 0  tubes long 
bulk wate r  t empera tu re ,  360 F 
maximum number  of ac t ive  e lements ,  3 

0 
maximum tempera tu re  r i s e  of water ,  0.4 F / p a s s  

Average heat  t r a n s f e r  coefficients,  on a n  individual tube bas i s ,  have been determined 
fo r  v a r i o u s  positions in the la t t ice .  

~ r n o 1 d . E  D and Gresky  A T . . 

FEASIBILITY STUDY: USE O F  ODOROUS WARNING AGENTS IN RADIO-CLOUDS, 
Oak Ridge  National Labor.ator.y., Oak Ridge, Tenn:, F e b r u a r y  1, 1955, 8 pp. 

This  r e p o r t  presents '  the r e s u l t s  of a brief  investigation.of a n  odor  warning sys tem to 
t r a c e  radio-clouds,  e .  g . ,  f rom HRT incidents, and indicates .  that such  a public protection 

, . . . .  te'chnique is feas ible  and worthy of s o m e  fu r the r  considerat ion.  The ult imate choice of 
the optimum odorous agent and methods f o r  r e l e a s e  o r  d i s p e r s a l  w e r e  not considered.  



Dvorak H R 
OUTLINE O F  CONVAIR RADIATION EFFECTS RESEARCH PROGRAM FOR NUCLEAR 
POWERED AIRCRAFT, 
Convair, Fo r t  Worth, Texas, May 14, 1958, 32 pp. . 

This document contains the char t s  used to explain Convair ts  goals and examples of 
achievements in radiation effects. 

Ryan ' J  W and Langdon W R 
BIBLIOARSTRACT ON RADIATION EFFECTS, 
General  Elec t r ic  C o . ,  Schenectady, N. Y . ,  August 2,1954, 134 pp. 

This i s  a bibliography listing some 528 re fe~ .ences  pertaining to radiation effects. Brief 
abs t rac ts  a r e  included for  each. The references a r e  related to the following.genera1 
topics: biological effects, chemical el'fecls, e lectr ical  effccts, mechanical properties,  
metallurgical effects, optical pr.upelTtics, and thcrmal  cffects,  , ' 

Carbon M W 
SPECIAL IRRADIATION O F  TEMPERATURE -INDICATING LIQUID, 
Pile Technology Section, Technical Divisions, Hanford Works, Richland, Washington, 
Contract No. W-3 1 -109-Eng-52, August 18, 1949, 1 p. 

A sample of "Tempilaq" (a commercially available temperature -indicating liquid) was 
i r radiated in the E-test hole of the b'-pile for  2 1  days. It was then placed in an elcctr ic  
furnace and was found to melt  a t  i ts  designated melting point within the e r r o r  of the 
furnace temperature-indicating apparatus.  One such test  does not provide cullclusive 
data, but it does indicate that the melting point propert ies  of the substance are un- 
affected b$ moderate exposure to radiation. 

Woodley R E . 
THE PROMOTION OF CHEMICAL REACTION BY PILE RADIATION - FINAL REPORT 
PRODUCTION TEST 105-504-E, 
P i le  Technology Section, Engineering Department, Hanford Atomic Products Operation, 
Richland, .flashington, Contract No. W-31-109-Eng-52, November 22, 1955, 52 pp. (33 r e f s )  

The effect of pile radiation on the chemical systems,  graphite plus carbon dioxide, 
graphite plus 85% CO2 - 15% NNz, graphite plus 7070.CO2 - 3070 He, graphite plus oxygen, 
graphite plus liquid water,  graphite plus water  vapor ca r r i ed  by nitrogen, carbon dioxide 
in the absence of graphite, carbon monoxide in the absence of graphite, and carbon 
tetrafluroide plus aluminum, has been investigated by exposing these sys tems to the 
intense radiation in an in-pile water-cooled facility. The resu l t s  demonstrate that: 

1. The low temperature irradiation of graphite under an  atmosphere .of carbon dioxide 
. resu l t s  in the formation of carbon monoxide, par t  of which subsequently decomposes 



to form carbon dioxide and a solid polymer of one o r  more  carbon suboxides. A 
very slow approach to equilibrium is indicated by the constancy of ion pair  yields 
and G values. 

2 .  The dilution of carbon dioxide with either nitrogen o r  helium resu l t s  in a decreased 
ra te  of carbon dioxide reduction a s  a consequence of i ts  decreased partial  p ressure .  
Both diluents increase the dosage received by the carbon dioxide however. Ion pair  
yields and G values show satisfactory agreement with those calculated for  the 
graphite -pure carbon dioxide system. 

3.  In the absence of graphite, the radiation induced reduction of carbon dioxide rapidly 
attains an  equilibrium state  with about one per  cent of the carbon dioxide reduced to 
carbon monoxide and oxygen. 

4. Upon irradiation, graphite reac ts  with oxygen to form carbon dioxide a t  a ra te  which 
appears to be about three t imes a s  rapid a s  the reduction of carbon dioxide by 
graphite. 

5 .  The formation of hydrogen and carbon dioxide occurs  when graphite is i r radiated in 
the presence of liquid water .  The decomposition of water into hydrogen and oxygen 
proceeds rapidly to a steady s tate .  Carbon dioxide i s  subsequently formed in the 
reaction of graphite with oxygen. 

6. The extent of reaction between graphite and water vapor car r ied  by nitrogen was 
limited by the amount of water vapor present. The reaction resu l t s  in the formation 
of carbon dioxide and hydrogen. 

7. Car.lsu11 rrlulluxidt: Jecumposes to carbon dioxide' and a solid polymer of one o r  more  . 
of the carbon suboxides upon exposure to pile radiation. The carbon content of the 
polymer increases  with increasing dosage. 

8. Carbon tetrafluroide reac ts  only slightly with aluminum upon irradiation but under- 
goes an extensive reaction with the quartz ampoule. The la t ter  reaction was e s -  
sentially complete and resulted in the formation of carbon dioxide and silicon 
te trafluoride. 

IDO-16434 (Pa r t  IV) 

Birkhoff G, e t  a l .  
SPHERICAL BUBBLE GROWTH, 
The Ramo-Wooldr'idge Cor.p., Los Angeles, Calif., November 25, 1957, 14 pp. 

P lesse t  and Zwick have calculated the r a t e  of growth of vapor bubbles in slightly super -  
heated steam under constant external pressure .  Their calculation assumes  that the 
temperature drop is localized in a thin "boundary layer" near  the bubble wall; the 
predicted bubble radius R(t) is asymptotically proportional to tV2 when R i s  large enough 
for  surface tension to be negligible. 

An analysis of this asymptotic phase i s  given below, which avoids the above "boundary 
layer1'  assumption, and contains that par t  of the analysis of Plesset  and Zwick dealing 
with this phase a s  a limiting case .  The analysis is shown to be (approximately) appli- 
cable also a l so  to gas bubbles in supersaturated liquids. 



Collins C G 
APPLICATION O F  RADIATION EFFECTS DATA TO NUCLEAR AIRCRAFT PROBLEMS, 
Aircraf t  Nuclear Propulsion Department, General Electr ic  Co. , Cincinnati, Ohio. Paper  
presented a t  the 3 r d  Semiannual Radiation Effects Symposium, October 28-30, 1958, 
Lockheed Aircraf t  Corporation, Marietta,  Ga., 18 pp. (19 refs) .  

The addition of a nuclear environment to the environments normally encountered by the 
a i r c r a f t  designer has  required that the suitability of mater ia l s  and components be r e -  
a s se s sed  on a broad scale .  Much of the act ivi ty  of mater ia l s  engineers and designers 
of the past few years  has been concerned with this assessment .  This repor t  presents  
a summary  ot ttie concepts aull pl.uceilul ts utilized in applying radiation effrr-1,s r1a.t.a. tn 
the solution of design problems and coni r r ie t~ t~  on deveicjprncnts of the pus1 ycnl . .  

Conceptually, application of radiation effects data involves, simply, the comparison of 
observed effects on mater ia l s  propert ies  with the propert ies  requirements of the antici-  
pa ted  application. The analytical processes  necessary in implementing this comparison 
i n c l ~ ~ d e  consideration of the various radiation dosage units, determination of the relative 
effectiveness of different types of particle's in producing damage, and the evaluation and 
extrapolation of data.  Limiting factors  in such an  analysis include difficulties with 
dosimetry, lack of knowledge of radiation effects under combined environments, and 
limited knowledge of the mater ia l s  propert ies  necessary in specific engineering appli- 
cations.  

Despite the approximations necessary, this analytical approach se rves  a number of 
purposes to rea l  advantage. Prel iminary matcr ials  selection can be made w i.th suf- 
ficient confidence that the major  effort of design and development can proceed; time i s  
thereby gained in which to define mater ials  performance. Key problem a r e a s  have been 
defined, and the definition has led to studies to develop new and iimproved matcr ials .  

0s te rman John A 
PNEUMATICS - A TOOL FOR THE DESIGNER O F  NUCLEAR POWERED AIRCRAFT, 
Lockheed Aircraf t  Corporation, Marietta, Ga. Paper  presented a t  thc 3rd Semiannual Effects 
Symposium, October 28-30, 1958, Lockheed Aircraft  Corp . ,  Marietla, Ga . ,  G pp. 

Pneumatics has been demonst~.ated to have promise in the field of high temperature a i r -  
c r a f t  system operation. Air  has greater  resis tance to nuclear radiation and i s  capable 
of operating over a wider range and higher temperatures  than any available hydraulic 
fluid. This paper gives the essent ial  resu l t s  of a program.of study of a high temperature 
pneumatic system which offers a prurnising tool to the nuclcar a i rc raf t  system designer.  

Carlton P F 
THE APPLICATION OF RADIOISOTOPES TO THE MEASUREMENT OF SOIL MOISTURE 
CON'I'ENT AND DENSITY, 
Corps of Engineers,  US Army, 5851 ~ a r i e m o n t  Avenue, Cincinnati, Ohio. Published by The 
American Society of Mechanical Engineers,  for  the 2nd Nuclear Engineering and Science 
Conference, Philadelphia, P a .  , March 11 -14, 1957, 11 pp. (14 re fs ) .  



The physical  b a s i s  of the method,  a s  wel l  a s  the des ign and opera t ional  c h a r a c t e r i s t i c s  
of portable ins t ruments  now being used f o r  field m e a s u r e m e n t s  of so i l  m o i s t u r e  content 
and density a r e  desc r ibed .  Application of the method to engineer ing s tud ies  i s  d i s -  
cussed ,  a s  is the development.now in p r o g r e s s  f o r  improving the c u r r e n t  des ign of the 
ins t ruments .  

Batchelder  H R and Lyons C J 
RADIATION E F F E C T S  INFORMATION CENTER,  
Bat te l le  Memor ia l  Institute, Columbus,  Ohio. P a p e r  p resen ted  a t  the F i r s t  Semiannual 
125A Radiation Effects  Symposium, May 22-23, 1957, Convair ,  F t .  Worth,  T e x . ,  12 pp.  

The Radiation Effects  Information Cen te r  has  been es tabl ished a t  Bat te l le  Memor ia l  
Institute by the A i r  F o r c e  to provide a rapid  m e a n s  of placing radia t ion effects  data in 
the hands of weapons s y s t e m  des igners  and those conducting r e s e a r c h  and development.  
The radia t ion effects  of p r i m a r y  concern  a r e  those of g a m m i  and neutron on m a t e r i a l s  
and  system,^ outside a r e a c t o r  and not in  the c rew compar tment .  A combined team of 

, technologists  f ami l i a r  with m a t e r i a l s  and opera t ing s y s t e m s  l ikely to  be used in a i rborne  
weapons s y s t e m s ,  and information spec ia l i s t s  wil l  col lec t ,  ex t rac t ,  and fi le  f o r  use  
radia t ion effects  da ta .  These  data wil l  be available f o r  d i rec t  u s e  a t  Bat te l le  and in  the 
field and a l s o  wil l  be s u m m a r i z e d  in  the fo rm of s t a t e -o f - the -a r t  r e p o r t s  on b rbad  
c l a s s e s  of m a t e r i a l s  and s y s t e m s ,  and. technical  memoranda  on speci f ic  i t e m s .  In a d -  
dition, spec ia l  r e p o r t s  wi l l  be i s sued  compiling information where  a need e x i s t s  o r  to 
a n s w e r  r e q u e s t s  of the A i r  F o r c e .  The C e n t e r  has  been es tabl ished to suppor t  the 1.25A 
p r o g r a m ,  but the A i r  F o r c e  plans to extend i t s  use  and s e r v i c e s  to the Army,  Navy, 
a n d  n t h e r  government a g e n c i e ~  and thc suppor t ing con t~~ac lu r - s  of each .  

Mart in i  W R and Churchi l l  S W 
NATURAL CONVECTION INSIDE A HORIZONTAL CYLINDER, 
The Universi ty of Michigan, Ann Arbon, Michigan. Published by The A m e r i c a n  Society of 
Mechanical  Eng ineers ,  f o r  the 2nd Nuclear  Engineer ing and Science Conference ,  
Philadelphia,  P a . ,  March  11-14, 1957, 14 pp. (10 . re f s ) .  

T h e  two ve r t i ca l  halves  of the w'all of a horizontal  cyl inder  w e r e  maintained a t  different  
uniform t e m p e r a t u r e s .  .The rat; of c i rcula t ion of a i r  inside the cyl inder  and the local  
and overa l l  r a t e s  of heat  t r a n s f e r  to the wa l l  w e r e  computed f r o m  m e a s u r e m e n t s  of the 
t e m p e r a t u r e  a n d  velocity f ie lds  in the a i r .  

The conclusions found w e r e :  

1. The a i r  c i r c u l a t e s  rapidly  in  a nar row band n e a r  the wall  while the c e n t r a l  c o r e  of 
a i r  is essen t i a l ly  s tagnant .  

2. The c i rcula t ion r a t e  a p p e a r s  to go through a maximum and then d e c r e a s e  with 
inc reas ing  wal l  t e m p e r a t u r e  d i f ference .  

3 .  The local  heat  t r a n s f e r  coefficient v a r i e s  considerably  with angle and i n c r e a s e s  only 
sl ightly with i n c r e a s i n g  wall  t e m p e r a t u r e  d i f ference .  



4 .  The o v e r a l l  r a t e  of heat  t r a n s f e r  by convection f o r  a i r  a t  a tmospher ic  p r e s s u r e  in-  
s ide  a 4.3" cyl inder  c o r r e s p o n d s  to a coefficient of approximate ly  0.3 B T U / h r  s q  f t  
0 

( F) o r  a Nussel t  number  of approximate ly  7 o v e r  a range of wal l  t e m p e r a t u r e  dif- 
0 

f e r e n c e  f rom 3.5  to 367 I?. 

- - - -  
RADIOCHEMICAL LABORATORY MANUAL, 
Advance Technology Corporat ion,  Subsidiary  of Nuclear Development Assoc ia tes ,  Inc . ,  
White P l a i n s ,  N. Y . ,  Con t rac t  No. ~ ~ 1 8 ;  108-CML-4522, November 15, 1953, 379 pp. 

Thio manua l  w a s  p r ~ p a . r e d  for  the rad iochemica l  (RW) sec t ion  of the Chemica l  C o r p s .  
T h i s  is the bas ic  l abora to ry  manual  f o r  the RW secl iou.  It rcvicwsis p1'11'I~![>l~~ ( I ( ?  

phys ics  and chemis t ry ,  spec ia l  l abora to ry  techniques,  speci f ic  "cook book" type 
ana ly t i ca l  p rocedures ,  and data  a s  a r e  considered 111lpul lailt to RW occtions operatinn 

The fact  that  the re  i s  l i t t le  i f  any  ac tua l  combat  exper ience  in a tomic  and radiological  
w a r f a r e  poses  a r e a l  p rob lcm.  The field 1,aboratory m a n  will be  faced with executing 
a s s i g n m e n t s  without e s sen t i a l  m i l i t a r y  intel l igence.  He will be  thus l a rge ly  dependent 
on h i s  r e source fu lness  in improvis ing,  exper iment ing and analyzing f o r  each  new 
s i t u a t i o n .  

R o s e  R 
GAMMA RAYS FROM THE DISINTEGRATION O F  BORON BY SLOW NEUTRONS, 
C e n t r a l  A i r  Documents Office, Wr igh t -Pa t t e r son  A i r  F o r c e  Base ,  Dayton, Ohio, 
November  (1948), 12 pp. (23 r e f s ) .  

The  slow neutron dis in tegra t ion of E'' y ie lds  two groups of a -pa.r t icles,  corresponding 
to the p r n d ~ ~ c t i o n  of ~i~ in  e i the r  the grourid s t a t e  o r  a n  cxcited s t a t e .  The Y-radiat ion 
accompanying the de-excitat ion of the excited nucleus was  s tudied.  Boron in t h e  f o r m  of 
boron t r i f luor ide  in  a propor t ional  counter  w a s  i r r ad ia ted  with slow neutrons  f rom a 
R a  -c-'Be s o u r c e .  Cuirlcidcnees w e r e  counted hetween a-par t ic le  pu l ses  in the p ropor -  
t ional  counter  and y - ray  pu l ses  in a n  adjacent  Geiger-Miil ler  coun te r .  The ra t io  of the 
c-Y coincidence r a t e  to the a - ra te  gave the product of the efficiency of the Geiger-MUller 
coun te r  and the number  of quanta emit ted  p e r  boron dis in tegra t ion.  The absorpt ion co-  
efficient  of the Y-radiat ion in lead w a s  m e a s u r e d ,  and by c o ~ ~ l p a r i s o n  with the absorption , 

coefficients for  the Y-radiation f r o m  c u 6 1  and AU~' ' ,  the energy  was  found to be 
0 .48 f 0.015 Mev. The quantum efficiency of the G e i g e r - ~ u l l e r  counter  f o r  radiat inn of 
th i s  e n e r g y  was  de te rmined  by cal ibra t ion with s t andard  s o u r c e s  of ~o~~ and thorium 
act ive  deposi t .  Hence the n u m b e r  of quanta p e r  boron dis in tegra t ion w a s  found to be 
0.90 f 0.08, in sa t i s fac to ry  a g r e e m e n t  with the value to be expected f r o m  the rc la t ive  
abundance of the G-par t ic le  groups f rom this react ion.  

S c h u l n ~ a n  J a m e s  H, e t  a l .  
SOME OPTICAL PROPERTIES O F  LEAD-ACTIVATED SODIUM CHLORIDE PHOSPHORS, 
J o u r n a l  of the Optical Society of A m e r i c a ,  Vo1.40, No. 12, pp. 854-862, December  (1950), 
(11 r e f s ) .  



Absorption and luminescence phenomena in  NaC1:Pb phosphors  have been found to be  
r a t h e r  complex.  Melt-grown, NaC1:Pb h a s  a n  a s y m m e t r i c a l ,  2730A-peaked absorpt ion 
band. The var ia t ion of emiss ion  s p e c t r u m  with wave-length of excitat ion within this  
band shows that i t  cons i s t s  of two poor ly  r e s o l v e d  absorpt ion.bands ,  one peaking a t  
2730A and the o t h e r  a t  2900A. At low P b  concentrat ions,  i r r ad ia t ion  into the f i r s t  of 
these  c a u s e s  a near-ul t raviole t  e m i s s i o n  peaking a t  3200A; i r r ad ia t ion  into the second 
c a u s e s  a v is ib le  e m i s s i o n  peaking a t  about 4500A. At high P b  concentra t ions ,  i r r a d i -  
at ion into the f i r s t  band gives a second near-ul t raviole t  emiss ion  band peaking a t  3850A 
in addition to the one peaking a t  3200A. P r e c i p i t a t e d  NaC1:Pb shows a l l  the above 
phenomena, and in  addition, h a s  an  excitat ion band peaking a t  2600A, producing s i m u l -  
taneously a 33OOA-peaked emiss ion  a n d a  visible emiss ion .  The NaC1:Pb phosphors  a;e 
unstable,  de te r io ra t ing  a f t e r  a few days a t  room t e m p e r a t u r e  and m o r e  rapidly  a t  130 
X-i r radia t ion of these  phosphors  des t roys  the above absorpt ion and e m i s s i o n s ,  and gives 
a pr in t -out  effect due apparent ly  to the format ion of colloidal  Pb.  The X-rayed m a t e r i a l  
can  be excited by n e a r  ultraviolet  to give a r e d  emiss ion ,  peaking a t  about 6100A. Some 
suggest ions  concerning the in terpre ta t ion of the above phenomena a r e  given.  

Schulman J a m e s  H, e t  a l .  
ENCHANCEMENT O F  X-RAY INDUCED'ABSORPTION BANDS IN ALKALINE EARTH 
COMPOUNDS, 
Journa l  of Chemica l  Physics ;  Vo1.20, No. 12, pp. 1966-1967, December  (1952), ( 5 r e f s ) .  

It is deduced that the incorporat ion of monovalent  posit ive ion impur i t i e s  in alkaline 
e a r t h  s a l t s  should i n c r e a s e  the d iscolora t ion of these compounds by ionizing rad ia t ions .  
Th i s  deduction is confii-n-~ed expersimentally with alkaline e a r t h  f luor ides  and str.ontium 
sulfa te  "sensi t ized"  with alkali- ion impur i t i e s .  As predic ted ,  M + ~  ions and X-ray- ion 
impur i t i e s  poison the sensi t iz ing effect  of the M+' -ion impur i t i e s .  

E t z e l  H W and Schulman J H 
SILVER-ACTIVATED ALKALI HALIDES, 
Journa l  of Chemica l  Phys ics ,  Vo1.22, No. 9,  pp.  1549-1554, September  (1954) ,  (17 r e f s ) .  

The emiss ion ,  excitat ion,  and absorpt ion s p e c t r a  of s i lver-act ivated a lka l i  halides 
have been investigated.  Three  absorpt ion bands due to ionic s i l v e r  have been obse rved  
in NaC1, NaBr,  KC1, and KBr,  and the growth of these  bands with s i l v e r  concentra t ion 
h a s  been s tudied.  In each  of these  c r y s t a l s  the two s h o r t e r  wavelength bands a r e  
a s c r i b e d  to i sola ted  s i l v e r  ions,  while the band of longest  wavelength is a s c r i b e d  to 
p a i r s  of s i l v e r  ions .  

Upon X - r a y  i r r ad ia t ion  a s  many  a s  f ive new absorpt ion bands a r i s e  in  c e r t a i n  a lkal i  
ha l ides  in  addition to the F-band. Excitat ion into t h r e e  of these  bands (designated a s  the 
B, C,  and D bands)  produced luminescence,  the emiss ion  spec t rum being different  f o r  
e a c h  band.  The B-band is a t t r ibuted to a cen te r  consis t ing of a n  e lec t ron  t rapped a t  a 

' 

s i l v e r  ion adjacent  to a halogen-ion vacancy;, the C-band to a n  e lec t ron  trapped a t  a c o m -  
plex of two s i l v e r  ions adjacent  to a halogen-ion vacancy; and the D-band to a hole trapped 
a t  a n  alkali- ion vacancy adjacent to a s i l v e r  ion. 

. . 



Compton W Dale 
PRODUCTION O F  COLLOIDAL SODIUM IN NaCl BY IONIZING RADIATION, 
The Phys ica l  Review, Vol. 107, No. 5, pp. 1271-1275, September  1,1957, (10 r e f s ) .  

A s tudy has  been made  of the coloration of synthetic and natural  sodium chlor ide  c r y s t a l s  
with co '" g a m m a - r a y  and 1.3-Mev e lec t ron  i r rad ia t ions .  These  i r rad ia t ions  produced 
the colloid band, a t  565 mp,  in  the synthetic c r y s t a l s  but not in  untreated na tu ra l  
c r y s t a l s .  Var ious  t h e r m a l  t r ea tments  w e r e  given na tu ra l  c r y s t a l s  p r i o r  to the i r  co lo r -  
a t ion.  . It w a s  found that e i the r  type of i r rad ia t ion  would produce colloids in c r y s t a l s  that 

0 
had been heated a t  700 C f o r  a t  l eas t  2 4  hours  in a n  a tmosphere  containing hydroxyl ions.  
Colloids w e r e  produced in the untreated na tu ra l  c r y s t a l s  by additive coloration.  It was  
found that the c h a r a c t e r i s t i c s  of the coilbids were l11e sarnc whether they w c r e  produced 
by ionizing radia t ion o r  by addit ive coloration,  with the exception of the r o l e  played by 
hydroxyl ions  in the c r y s t a l s  colored by ionizing radiation.  

E r e t t o n  R H 
E F F E C T  O F  GAMMA RADIATION ON CHEMICAL REACTIONS. - I. INSTALEATIUN Oh' 
CORAT.,T- 60 RADIATION SOURCE, 
P r o g r e s s  Repor t  No. 1 (Four th  Q u a r t e r ,  1951), Yale Universi ty,  New Haven, Conn . ,  
Cont rac t  No. AT-(30-1)-1173, January  20, 1952, 12 pp.  

A ki locur ie  coba l tG0  gamma radia t ion s o u r c e  h a s  been received f rom Brookhaven 
National Labora to ry  a n d  instal led in a designated region of a s ingle-s tory  l a b o ~ ~ a t o r y  
annex building. 

The pig containing the s o u r c e  is supported on a base  17 " high and etlclosed by a con- 
c r e t e  wall  8" thick and 5 '  high. A pulley sys tem f o r  use in the remova l  of the plug has  
been const ructed.  - 

A s u r v e y  of the radia t ion field around the pig has  bcen made. '  Even though a ce r ta in  
amount  of downward sca t t e r ing  and reflection of the high intensity beam apparent ly  
o c c u r s  when the beam impac t s  on the ceiling, nu r.egiut1 of excess ive  i n t e n ~ i t y  was  found 
outs ide  of the confined region designated f o r  the pig instal lat ion.  - 

Bre t ton  R H (Pro jec t  Di rec to r )  
E F F E C T  O F  GAMMA RADIATION ON CHEMICAL REACTIONS. - I I. PRELIMINARY 
INVESTIGATION O F  VAPOH -PHASE POLYMERIZATION O F  ACETYLENE AND ETHYLENE, 
P r o g r e s s  Repor t  No. 2, Yale Universi ty,  New Haven, Cunr~ .  , Contract  No. AT-(30-1)-1173, 
Apr i l  2'5, 1952, 11 pp. (4  r e l s ) .  

A hollow-bore a c c e s s  plug h a s  been fabr icated which p e r m i t s  a react ion v e s s e l  to be 
connected to a p r e s s u r e  m e a s i r i n g  device when the f o r m e r  is in position in the coba l tG0  
vault .  Glass  react ion v e s s e l s  for  use  wi th ' th is  plug have been obtained. 

A radia t ion warning sys tem which is controlled by the a m m e t e r  c i rcu i t  of a Beckman 
MX-3A radia t ion m e t e r  has  been constructed.  In n o r m a l  use,  this  sys tem is adjusted to 
actuate  when the a c c e s s  plug is removed f rom the pig, causing a r e d  l amp to light and a 
buzzer .  to operate  : 
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- - - -  
E F F E C T S  O F  GAMMA RADIATION ON CHEMICAL REACTIONS. - I  I I .  PRELIMINARY 
INVESTIGATION O F  VAPOR-PHASE POLYMERIZATION O F  ETHYLENE A T  ROOM T E M P E R -  
ATURE AND ATMOSPHERIC PRESSURE, 
P r o g r e s s  Repor t  No. 3, 2nd Q u a r t e r ,  1952, Yale Universi ty,  New Haven, Conn.,  .Contract  NO. 
AT-(30-1)-1  173, July 25, 1952, 14 pp. (5  r e f s ) .  

A p r e l i m i n a r y  investigation of the gamma initiated polymerizat ion of ethylene a t  
a tmospher ic  p r e s s u r e  and  room tempera tu re  has  been 'made .  In s e v e r a l  runs ,  the r a t e  
of d e c r e a s e  of the total  p r e s s u r e  of the gas  s a m p l e s  being i r r ad ia ted  w a s  m e a s u r e d ,  the 
res idua l  gas  was  analyzed fo r  hydrogen and sa tu ra ted  hydrocarbons ,  and the c h a r a c t e r -  
i s t i c s  of the resu l t ing  po lymer  w e r e  obse rved .  

The obse rved  r a t e s  of p r e s s u r e  d e c r e a s e  can  be  r e p r e s e n t e d  by f i r s t  o r d e r  r a t e  con-  , 
s l a l ~ t s  uf the o r d e r  of magnitude of 0.01 p e r  day. 

Jn con t ras t  to the r e s u l t s  of Lind on the a lpha-par t ic le  ini t iated reac t ion  of ethy1,ene 
and the e l e c t r i c a l  d i scharge  reac t ion  of ethylene,  substant ia l  amounts  of hydrogen o r  
sa tu ra ted  hydrocarbons  w e r e  not found in the residual '  gas  in the investigation.  
It is difficult to accura te ly 'desc r ibe  the polymer  obtained, except to s a y  that i t . i s  a  
yellow, o r  s o m e t i m e s  r e d ,  colored solid which is in evidence only n e a r  the bottom 
portion of the r e a c t o r  a t  the end of a run .  

The following tentat ive conclusions have been fo rmula ted :  

1 .  The over -a l l  r a t e  of react ion apparent ly  d e c r e a s e s  a s  the su r face -vo lume r a t i o  i s  
inc reased .  

2. The amounts  of hydrogen and sa tu ra ted  hydrocarbons.  fo rmed ,  though s m a l l ,  a p p e a r  
to i n c r e a s e  with the total radia t ion dosage.  

3 .  The po lymer  apparen t ly  undergoes changes a f t e r  i t  is deposited,  presumably a s  a 
r e s u l t  of f u r t h e r  absorpt ion of gamma radiat ion.  

4. . T r a c e s  of a i r ,  if p r e s e n t  with the ethylene,  do not affect  the r a t e  of ethylene r e -  
ac t ion.  . 

5 .  The ion-pai r  yield is apparent ly  of the o r d e r  of magnitude of 30, which indidAtes 
that the react ion p roceeds  by a chain-type mechan i sm.  

- - - -  
E F F E C T  O F  GAMMA RADIATION ON HYDROCARBON GASES, 
P r o g r e s s  Repor t  No; 5, Yale Universi ty,  New Haven, Conn . ,  Con t rac t  No. AT-(30-1)-1173, 
' June 30, 1953, 12 pp. (4 r e f s ) .  

The effect of t e m p e r a t u r e  on the radia t ion initiated polymerizat ion of pure  acetylene 
0 0 

in  the range of 80 F and 450 F w a s  investigated in a pyrex  g l a s s  r eac t ion  vesse l ,  having 
a s u r f a c e  volume r a t i o  of about 1.80 cm-l. The ra te .da ta  obtained w e r e  der ived f rom 
total  p r e s s u r e  m e a s u r e m e n t s  made on a batch s y s t e m  of acetylene The 01 mer iza t ion  

0 B Y  
r a t e  w a s  found to be independent of t empera tu re  in the range of 80 - 250 F. Above 

0 
250 F the re  was  a n  i n c r e a s e  in the polymerization r a t e  accompanying a n  i n c r e a s e  in 
t empera tu re .  Assuming  that the polymerization r a t e  i s  the-addit ive r e s u l t  of two 



0 
mechanisms, one of which is predominant below 250 F, the temperature dependent 

0 
mechanism, that, i s  observable only a t  temperatures  above 250 F,  is found to correspond 

. to an  activation energy of 11.3 k-callgm mole. 

The effect of thermal polymerization of acetylene in the absence of a radiation field was 
0 0 

investigated in the range of 440 and 650 F .  An activation energy of 50 k-cal/gm mole 
0 

was obtained. Pu re  thermal  polymerization i s  insignificant below 450 F. 

Pre l iminary  investigation of the effect of pressure  and iner t  gases,  and the repro-  
diicibility of resu l t s  of the radiation initiated polymerization of acetylene has been 
ca r r i ed  out. The following tentative conclusions can be made: 

1.  R.eproducibility of resu l t s  of runs conducted in a single reac tor  has been established. 
When different reac tors  were used Ilaviilg the samc ourface-vr;rlllrr-IP t-atio, resul ts  
were not reproduced. 

3 ,  Acetone a r t s  a.s a sensi t izer  in the radiation initiated polymerizatior~ of acetylene, 
to give a f i r s t  o rde r  ra te  constant greater  then that obtained by pure acelylelle. 

3 .  At pressures  hetween 650 and 1400 mm Hg, the polymerization ra te  of acetylene 
i~ independent of pressure .  Below 650 mm Hg, the ra te  decreases  with a decrease 
in presslire 

4. At approximately the same  total pressure,  the polymerization ra te  decreases  a s  the 
percentage of air. o r  nitrogen i s  increased. 

E F F E C T  O F  GAMMA RADIATION ON HYDROCARBON GASES, 
P r o g r e s s  Report No. 4 (3rd Quarter ,  1952), Yale University, New Haven, Conn.,  
Contract No. AT-(30-1)- 1173, October 30 ,  1952, 14 pp. ( 3  re fs ) .  

The nature of the effect of temperature on the garnrna-initiated polymerization of 
ethylene, below temperatures  at  which a significant amount of thermal polymerization 
would occur,  has been investigated. Polymerization ra te  data have been obtained a t  
nearly atmospheric p re s su re  in a-pyrex glass reaction vessel,  having a surface-volume 

0 0 
ra t io  of about 1.8 ern-', a t  six temperaturmeb: Lelween 000 F and 373 F. T h p  ra te  data 
were  derived from total p re s su re  measurements  made on a batch system of ethylene. 
It was assumed, on the basis  of the resul ts  of cer tain preliminary runs,  that the extent 
of formation of gaseous products was negligible. 

The polymerization ra te  was faun$ to be essentially independent of temperature in the 
0 

range of 80' to 175 F. Above 175 F ,  the increase in polymerization ra te  accompanying 
a n  increase in temperature corresponded to an  apparent activation energy of the order  
of magnitude of 7' k-call  g-mol. 

Prel iminary investigation of the effect of pressure ,  nature and extent uf surface, source 
of acetylene on the gamma-initiated polymerization of acetylene has been car r ied  out. . 

The following tentative conclusions can be made: 

1. The order  of magnilude of the ion pair yield (M/N = 20 )  indicates a chain-lype 
mechanism. 

2. The ra te  of reaction decreases  a s  the surface volume rat io  i s  increased. 



3 .  .The nature  of the s u r f a c e  plays a ve ry  important  ro le  in the apparent  r a t e  of r e -  
action. 

4. The react ion probably proceeds  by two mechan isms ,  one of which is negligible a t  the 
higher p r e s s u r e s .  

5 .  Acetone, when presen t  in s m a l l ~ a m o u n t s ,  m a y  a c t  a s  a sens i t i ze r  in the format ion of . 

the a r o m a t i c  product by terminat ing the chain.  

- - - -  
FOOD IRRADIATION AND ,ASSOCIATED STUDIES, 
Terminat ion Repor t  - P a r t  I, Columbia Universi ty,  New York, N . Y . ,  Contract  No. 
AT-(30-1)-1186, September  15, 1954; 47 pp. (41 r e f s ) .  

This r e p o r t  covers  a n  an imal  feeding exper iment  in which r a t s  were  fed gamma-  
i r rad ia ted  butterfat .  Other  subjects  covered includes effect  of i r rad ia ted  diet  on r a t s ,  
oxidative deter iora t ion in i r rad ia ted  milk, effect of gamma radia t ion on fa t s  and the 
gamma-ray induced oxidation of a s c o r b i c  acid  and f e r r o u s  ion. 

Dennis Richard,  e t  a l .  
AIR CLEANING STUDIES, 
P r o g r e s s  Report  fo r  July 1,1954 to June 30, 1955, Harvard  Universi ty,  Boston,  M a s s . ,  
Contract  Np. AT-(30-1)-841, October 15, 1956, 50 pp. (14 r e f s ) .  

. This r e p o r t  c o v e r s  p r o g r e s s  on the a i r  and gas cleaning project  conducted by Harvard  
Universi ty f o r  the Engineer ing Division of the Atomic Energy  Commission during the 
period July 1, 1954 to June 30, 1955. P r i m a r y  objectives of. this  project  include: (a)  
. r e s e a r c h  and development on a i r  and gas  cleaning devices  and methods f o r  thei r  test ing 
and evaluation, (b) training and education of commission and con t rac to r  personnel,  
( c )  collection and cor re la t ion  of information on a i r  and gas  cleaning techniques, and 
(d) consultation s e r v i c e s .  Investigations on the ro le  of e lec t ros ta t i c  f o r c e s  in gas 
cleaning, s tudies  on res i s t ance  and fi l trat ion c h a r a c t e r i s t i c s  of f ibe r  media ,  a study 
of dust r e -en t ra inment  f rom f i l t e r s  exposed to shock waves,  and ra t ing  of high ef-  
f iciency roughing f i l t e r s  w e r e  continued dur ing this per iod.  New pro jec t s  included 
determinat ion of gas  cleaning requ i rements  fo r  a pilot model  institLtiona1 inc inera to r ,  
a theoret ica l  study of the behavior of null-type sampling probes ,  evaluation of minia ture  
cyclones fo r  gas s a m p l i n g a n d  laboratory  tes t ing of a new type wet s c r u b b e r  a n d  two 
c o m m e r c i a l  col lectors  employing e lect r i f ied  f iber  m a t s .  

Friedrnan Helen C 
DEVELOPMENT O F  CERMETS, 

A Bibliography; Penn-Texas  Corporation,  New York 19, N. Y . ,  Contract  No. AT-(30-1)-1991, 
June 7,1957, 31 pp. (384 papers ) .  



This bibliography surveys recent  developments of metal-nonmetal combinations including 
mixtures  of metallic and nonmetallic powder particles which a r e  especially suitable for  
the s l ip  casting process .  . The p re s su re l e s s  forming, which is the aim of s l ip  casting, 
w i l l  avoid s t r e s s e s  in the compact which usually resul t  with the conventional compacting 
under p re s su re .  

This bibliography should be valuable to any research  worker  involved in cermet  develop- 
ment, nst only for nuclear reac tor  applications, but a lso for high temperature purposes.  

Bl izard E P (Director) 
APPLIED NUCLEAR PHYSICS DIVISION ANNUAL PROGRESS REPORT FOR PERIOD 
ENDING SEPTEMBER 1,1957, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.,  Contract No. W-7405-Eng-26, 
luovernber 26,1957. 

l7;l.r.h paper listed in  this document i s  abstracted and referenced independently. 

Fox J K and Gilley L W 
CRITICAL PARAMETERS O F  AQUEOUS SOLUTIONS O F  u2 35, 
Applied Nuclear Physics P r o g r e s s  Report for Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , Noverr~ber 26,1957, 13 pp. (4 re fs ) .  

The s e r i e s  of experiments to determine the cr i t ical  parameters  of aqueous solutions of 
235 . U02F2  highly enriched in U is continuing. Additional experiments have been perform- 

ed to determine the cr i t ical  parameters  of unreflected and water-reflected solutions in 
single vesse ls  of varying s i ze .  The effect of special ref lectors  on single vessels  a lso 
has been determined. In addition, a r r a y s  of interacting vessels  have been studied. 
The u~~~ enrichment of the solution used in  these experiments was 93.27'0.- 

I 

ORNL - 23 89 - 24 

Lave rne  M E 
PROGRAM COMPILER FOR THE ORACLE, 
A.pplied Nuclear Physics  P rog res s  Report for Period Ending September 1, 1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , November. 26, 19.57, 1 p. (3 refs) .  . 

The compiler,  which was previously reported, has been revised for use with the Oracle 's  
new input-output equipment. A compilable version of the compiler i s  being prepared. 

Sullivan J G, e t  a l .  
ORACLE SUBROUTINES, 
Applied Nuclear Physics P rog res s  Report for Period Ending September 1,1957, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. , November 26,1957, 2 pp. 

Sentence descriptions a r e  given of thirty-one subroutirles which have been prepared for  
specific problems to'be computed on the Oracle but a r e  of general use to Oracle pro- 
g rammers .  I 



Schultz H W, Dr .  
FLAVOR O F  FOODS STERILIZED BY COMBINING CONVENTIONAL PROCESSING WITH 
IONIZING ,RADIATION, 
US Depar tment  of C o m m e r c e ,  Office of Technical  Se rv ices ,  P r e p a r e d  by Food Technology 
Depar tment ,  Oregon State College,  Corva l l i s ,  Oregon, Contract  No. DA44-109-qm -1782, 
October  (1955), 51 pp.  

This  r e p o r t  c o v e r s  a s e r i e s  of t e s t s  on the f lavors  of m e a t s  that w e r e  i r r a d i a t e d  f o r  
p rese rva t ion .  Main considera t ions  w e r e  given to t a s t e  ana lys i s  by a panel  of t a s t e r s  
us ing a ballot  f o r  the t a s t e s  to show dif ferences  in t'aste f rom a r e f e r e n c e  s a m p l e .  

- - - -  
TEMPERATURE ANALYZER FOR TURBOJET AND TURBOPROP ENGINES, 
Avien, I n c . ,  Woodside, N . Y . ,  March 25, 1958, 22 pp. 

( P r o p r i e t a r y  information) 

Ba tes  J C 
A NOTE ON THE COLLECTION AND ANALYSIS O F  THE GAS CONTAINED IN 
IRRADIATED CARTRIDGES, 
1Jnit.ed Kingrlnm Atomic Energy Authority, Sellaficld, C a m b . ,  England, A p ~ . i l  18, 1958, 7 pp 

Gas  re leased  dur ing the decanning of c a r t r i d g e s  in analys is  of the s a m p l e s  collected a r e  ; 
given. The l a rge  volume's of hydrogen found led to the development of a method of 
sampl ing  the gas  d i rec t ly  f rom the c a r t r i d g e  cans ,  which h a s  shown that the hydrogen 
w a s  not p r e s e n t  a s  gas  in the c a r t r i d g e  a f t e r  i r radia t ion but r e su l t ed  f r o m  the decanning. 

' 

Analyses  of the l a t t e r  s a m p l e s  a r e  a l s o  given.  

Dahlberg 0 K 
RADIATION E F F E C T S  MANUAL - TEXTILES, 
Convair ,  A Di,vision of Genera l  Dynamics C o r p . ,  F o r t  Worth,  Texas ,  October  (1958), 
65 pp. (5 r e f s ) .  

Radiation damage analys is  has  shown that dacron i s  s u p e r i o r  to a l l  the o the r  f a b r i c s  
used in  a i r c r a f t  production. F igure  16 c o m p a r e s  the m a j o r  f a b r i c s  a t  a  25% damage 
dose .  Also indicated a r e  c e r t a i n  improvements  that can be obtained in b reak ing  s t r eng th  
through coatings,  dyes ,  e t c .  This  is genera l ly  t rue  f o r  a l l  text i les  but in s o m e  c a s e s  
the improvement  i s  marg ina l  o r  r e n d e r s  the m a t e r i a l  unsuitable fo r  a speci f ic  appli-  
ca t ion.  This  l i m i t s  the usefulness of the var ious  conditioning p r o c e s s e s  that give i m -  
proved radia t ion r e s i s t a n c e .  It has  a l s o  been noted that wa te r  proofing cel lu lose  and 
prote in  f i b e r s  wil l  give improved radia t ion r e s i s t a n c e .  

Ai rc ra f t  f a b r i c s  d i scussed  a r e  dacron,  or lon,  wool, dynel, rayon,  cotton, and nylon. 



Mil le r  NI .M and Liebshultz A. M . 
THE RADlATION E F F E C T S  TESTING O F  AIRCRAFT SYSTEMS, 
Lockheed A i r c r a f t  Corp.  , Marie t t a ,  G a . ,  October  (1958), 6 pp.  (4 r e f s )  

The evaluation of a i r c r a f t  s y s t e m s  pe r fo rmance  c h a r a c t e r i s t i c s  in a radia t ion environ-  
m e n t  a r e  d i scussed .  &nvlroilmental  fac1ur.s a d  ctquil-cmcnto f o r  conducting irrarl ia, t inns 
on dynamic  s y s t e m s  a r e  emphas ized .  Some m a j o r  r equ i rements  f o r  t e s t  facil i ty capa-  
b i l i t i e s  a r e  p resen ted  and a facil i ty mee t ing  these  requ i rements  is desc r ibed .  The 
fac i l i ty  functions a r e  detai led by following a t e s t  item' through the sequence of opera t ions  
f o r  a typical  tes t  p r o g r a m .  

- -- - 
PHOTOGRAPHIC INSTRUMENTATION HANDBOOK, 
Sandia Corpora t ion ,  Albuquerque,  New Mexicu,  (1957), 40 pp. 

T h i s  edit ion of the Photographic  Ins t rumenta t ion Handbook has  been compiled to explain 
s o m e  of the important  photog'r.aphic -optical  s y s  t c m s  used a t  Sandia 's  bal.1ist.i~ t e s t  ranges.  

U s e s  of the following bas ic  ins t rumenta t ion s y s t e m s  available a t  two of o u r  t e s t  r anges  
a r e  d i scussed :  Cinetheodoli tes,  Track ing  Telescopes ,  Night C a m e r a s ,  a.nd Bal l i s t ic  
C a m e r a s .  

P i c t u r e s ,  data, and m a p s  a r e  a r r a n g e d  to give the engineer  a convenient  r e f e r e n c e .  

SCS-7 (July  1956) 

ENVIRONMENTAL REQUIREMENTS AND TESTS FOR UNIVERSAL COMPONENTS, 
Sandia Corporat ion,  Albuquerque,  New Mexico, July  (1 956), 15 pp.  

Th i s  document p r e s e n t s  the environmental  requ.iraenlenls and t e s t s  f o r  univergal  corn- 
ponents.  This s t andard  defines environmental .  conditions and t e s t s  f o r  those components 
which have a wide lat i tude of applications.  

B u s s e y  G R 
SYMBOL AND ENTITY ASSOCLATION LOCATOR AND CORRELATOR, 
Sandia Corporat ion,  Albuquerque,  New Mexico, Con t rac l  No. AT-(29-1)-789,  Apr i l  24, 1957, 
9 PP. 

Two methods  a r e  desc r ibed  f o r  rapid  location and cor re la t ion  of information f rom such 
' s o u r c e s  a s  l i b r a r y  col lec t ions ,  personnel  r e c o r d s ,  and e lec t r i ca l  equipment h i s to r i e s .  



SCTM-94-57(14) . ,  . 
I 

Bussey  G R , . 

A CONSTRUCTIVE PLAN FOR LIBRARY AUTOMATION, 
Sandia Corporat ion,  Albuquerque, New Mexico, Contract  No. AT-(29 -1)-789, May ,15, 1957, 
9 PP. 

A plan is' proposed f o r  automation'of l i b r a r y  cataloging and l i ter 'ature s e a r c h i n g  by 
m e a n s  of word  symbolization and s t a t i s t i ca l  p r inc ip les .  

. 
Bussey  G R 
A MULTIDIMENSIONAL ASSOCIATOR, 
Sandia Corporat ion,  Albuquerque, New Mexico, Contract  No. AT-  (29 - 1.)-789, May 17, 195 7, 
16 pp. 

The Multidimensional  Assoc ia to r  is a logical  machine which o p e r a t e s  l a rge ly  by d i r e c t  
a s soc ia t ion  and min imizes  use  of t h e  sequential  opera t ions  which a r e  c h a r a c t e r i s t i c  of 
m o s t  compute r s .  Th i s  memorandum d e s c r i b e s  the b a s i c  des ign of the machine and 
d i s c u s s e s  potential  applications in information r e t r i e v a l  and logic .  Analogies a r e  
pointed out between opera t ion of the machine and functioning of the human brain: 
( P r e s e n t e d  a t  Albuquerque Mee.ting of the IRE Profess iona l  Group on Informat ion.Theory,  
December  1956. ) . .  . 

Milton Osborne , ,. . , 

RADIATION INDUCED DEGRADATION, 
Sandia Corporat ion,  Albuquerque, New Mexico, August 26, 1955, 9 pp. (22 r e f s ) .  

The l i t e r a t u r e  h a s  been pursued and t e s t s  on m a t e r i a l s  a r e  i n  p r o c e s s  a t  a r e a c t o r .  In 
the meant ime,  a n ' i n t e r i m  r e p o r t  concerning the p r e s e n t  s t a t u s  of the investigation of 
the behavior of m a t e r i a l s  i'n the p r e s e n c e  of radiat ion h a s  been cons ide red  advisable .  
Th i s  memorandum,  then, reviews the si tuation to date and r e c o m m e n d s  inc reased  
act iv i ty  in the f ield of radia t ion induced degradation with spec ia l  e m p h a s i s  on m a t e r i a l s  
evaluation.  

, . 
Paulus  W K 
TECHNICAL INDEXING EXPERIMENTS WITH A CATALOG FILE,  
~ a n d i a . c o r ~ o r a t i o n ,  Albuquerque, New, Mexico, June 9, 1959,' 26 pp. (7 r e f s ) .  

In anticipation of the completion of "peek-a-boo" punched c a r d  information r e t r i e v a l  
device,  the "MDA-2 Punch,  " s tud ies  w e r e  undertaken to d iscover  how i t  might be e f -  
f iciently applied to a co l l ec t io r~  uf informat ion.  F o r  a f i le  of product ca ta logs ,  the 
n e c e s s a r y  c l e r i c a l  p rocess ing  is outlined. The his  to ry  of the application is presented 
together  with p rob lems  encountered and the i r  solution.  A br ief  theore t i ca l  d iscuss ion 
of the re la t ions  involved in  information r e t r i e v a l  is p resen ted .  The r e t r i e v a l  com - 
ponents: punch, subject  author i ty  (SCTM- 103 -59(15)), and re t r i ev ing  p rocedure  a r e  \ 

presen ted  a s  a n  in tegra ted s y s t e m .  



Longhurs t  J U and  Hudson C C 
RADIATION RESISTANCE IN NEUROTIC ANIMALS, 
Sandia Corporat ion,  Albuquerque, New Mexico, Contract  No. AT-(29 - 1 )-789, October (1958), 
27 PP. 

Tt h a s  been demonstra ted that a n  individual's radiosensit ivity is not a m a t t e r  of chance,  
but of the physicochemical  111ake-up of thc organlsni .  W e  a.rwe c u l l ~ e i n c d  with. finding a 
disc r iminan t  response  that would c lass i fy  an imals  a s  s u r v i v o r s  and nonsurvivors  before  
i r rad ia t ion .  Such a response  should vary  with and depend on the physiological condition 
of the animal ,  s i n c e  th is  condition is re la ted to radiosensitivi.ty. Because  i t  is readi ly  
' nhservable and is a l s o  a delicate indicator of physiological condition, emotional r e -  

spons iveness  to stress was se lected fo r  invcctigatron, T h i s  s l . ~ i l l y  is s t i l l  ill progrooe, 
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Hogan A J 
nECOMPOSITION O F  CARBON DIOXIDE BY IONIZING RADU'l'IOI\J, 
n ~ p a r t m e n t  of Chemis t ry ,  R e n s s e l a e r  Polytechnic lnseirute, TI-uy, ?Jew Yorlr, 
Cont rac t  No. AT-(30-3)-52, Apri l  1, 1954, 27  pp. ( ' f  refs). 

The decomposit ion of ca rbon  dioxlde and a mixture  of car.bon dioxide and nitrogen 
dioxide by i r rad ia t ion  with the beta pa r t i c les  f rom S ~ " - Y ~ O  a t  room tempera tu re  has  
been  studied. The  fact  that i r radia t ion of pure  CO, produces  only a v e r y  s m a l l  amount 
of CO and 0, due to the rapid  reoxidation of CO to CO,  i s  conf i rmed.  When about 0.2% 
ni t rogen dioxide is introduced, however., lhe r a t e  of for3mation of CO a n d  0, is about 
five t imes  f a s t e r  init ial ly and is constant with t ime a s  long a s  the nitrogen dioxide 
concentration r e m a i n s  the s a m e .  About th ree  molecules  of CO p e r  ion pa i r  a r e  fo rmed .  
A s  the nitrogen dioxide is decvrrlposed by the beta pa r t i c les  upon long i r radia t ion,  the 
yield of CO d e c r e a s e s .  

Beta  source and the appara tus 'used  fo r  the i r rad ia t ion  of the gases ,  m e a s u r e m e n t  of the 
ion cur ren t ,  and ana lys i s  of the g a s e s  a r e  a l s o  descr ibed.  

\ .  

- - - -  
VOLUME 1 - T H E  INTERNATIONAL CONFERENCE ON THE PEACEFUL USES O F  ATOMIC 
ENERGY, 
Geneva,  Switzerland,  August 8-20, 1955, 3 12 pp. 

Report  of the United Sta tes  Delegation to the International Conference on the Peaceful  
Uses  of Atomic Energy  held by the United Nations; with apperldices and s e l e c t e d ,  
doc unlents . 

- - - -  
VOLUME 2 - THE INTERNATIONAL CONFERENCE ON THE PEACEFUL USES OF ATOMlC 
ENERGY, 
Geneva, Switzerland, August 8-20, 1955, 555 pp. 



Report  of the United Sta tes  Delegation to the International Conference on the Peaceful  
Uses  of Atomic Energy  held by the United Nations; with appendices and se lected 
documents.  

MacMillan D C 
THE NUCLEAR POWERED PASSENGER-CARGO SHIP, 
P a p e r  presented a t  a Symposium - -Nuclear Powered Ships f o r  Amer ican  Ship 
Opera to rs - - Ju ly  30, 1957. Sponsored by Mar i t ime  Reac to rs  Branch, Division of Reac to r  
Development, AEC, Washington, D. C . ,  September  (19571, 18 pp. 

It is the intent of this paper  to discuss  br ief ly  the c h a r a c t e r i s t i c s  and significant naval 
a rch i t ec tu ra l  f ea tu res  of the nuclear  powered passenger -ca rgo  ship .  It should be under-  
stood that the c h a r a c t e r i s t i c s  and design data p resen ted  a r e  based on the p re l iminary  
dcoign and a r c  subject  to furthel* J e v e l u p l l ~ e i ~ l  dur ing the contract  design phase  now 
underway . 

(Nuclear Safety including containment,  shielding, health physics,  was te  disposal ,  and 
refueling a r e  covered .  ) 

G r i m e s  R P 
DESIGN O F  FIRST MERCHANT SHIP NUCLEAR PROPULSION PLANT, 
P a p e r  presented a t  a Symposium - -Nuclear Powered Ships f o r  Amer ican  Ship 
Opera to rs - - Ju ly  30, 1957. Sponsored by Mar i t ime  Reac to rs  Branch, Division of Reac to r  
Development, AEC, Washington, D . C . ,  September  (1957), 15 pp. 

Atomic energy is a new s o u r c e  of heat  which r e q u i r e s  r e a c t o r s ,  heat exchangers  and  
o ther  heavy p r i m a r y  loop equipment together with turbines  and all ied equipment f o r  
convcrs ion of this energy  to useful  .work. 

The r e a c t o r ,  the cooling sys tem,  the core ,  the power generation equipment, and the 
propulsion sys tem a r e  d i scussed .  

Gatewood Ar thur  R 
ACTIVITY OF THE AMERICAN RT-RFAU OF SHIPPING RELATIVE TO NUCLEAR 
PROPULSION FOR MERCHANT SHIPS, 
P a p e r  presented a t  a Symposium--Nuclear Powered Ships f o r  Amer ican  Ship 
Opera to rs - - Ju ly  30, 1957. Sponsored by Mar i t ime  R e a c t o r s  Branch,  Division of Reac to r  
Development, AEC, Washington, D. C .  , September  (1957), 5 pp. 

This is a n  explanation of the place held by the Amer ican  Bureau  of Shipping in the 
field of nuclear  powered merchant  v e s s e l s ,  insofar  as class i f ica t ion of sh ips  is con- 
cerned .  



Murphy C P ,  Capt.  
COAST GUARD ACTWITY RELATIVE TO NUCLEAR POWERED MERCHANT SHIPS, 

. P a p e r  p resen ted  a t  a Symposium--Nuclear  Powered Ships f o r  Amer ican  Ship 
O p e r a t o r s  - -July  3 0, 195 7. Sponsored by Mari t ime Reac to rs  Branch, Division of Reac to r  
Development, AEC, Washington, D. C. , September  (1957), 2 pp. 

The  Coas t  Guard ' s ,  ac t iv i t ies  w i l h  r espec t  to;.the nuclear  powered merchan t  v e s s e l  s t e m  
f r o m  F e d e r a l  s t a tu tes  which r e q u i r e  that  merchan t  vesse l s  comply with c e r t a i n  minimum 
sa fe ty  s t andards .  Such v e s s e l s  m u s t  be  inspected by the Coast  Guard to e n s u r e  that they 
a r e  seaworthy and can  be navigated with sa fe ty  to l ife.  Based upon the s ta tutes ,  a s e t  
of regula t ions  has  been developed o v e r  the .years  which s e t  for th  the s t andards  f o r c o n -  

. . s t ruc t ion ,  machinery,  equipment,  and manning which will be accepted a s  coinp1.ying with 
the requ i rements  of the law. 

TID-7539-7 

Hope Malcolm C 
PUBLIC HEALTH SERVICE INTERESTS IN THE PROBLEMS O F  NUCLEAR PROPULSION 
O F  MERCHANT VESSELS, 
P a p e r  p resen ted  a t  a Symposium--Nuclear Powered Ships fo r  A m e r i c a n  Ship 
O p e r a t o r s  - -  July 30, 1957. Sponsored by Mar i t ime  Reac to rs  Branch,  Division of Reac to r  
Development,  AEC,  Washington, D .C. ,  September  (1957), 2 pp. 

Th is  paper  d i scusses  the p r e s e n t  duties of the Public Health Serv ice  in the merchan t  
shipping field and possible extensions of dut ies  when nuclear  merchan t  sh ips  become 
operab le .  

Cornwel l  Clifford G 
MARINE INSURANCF: FOR NUCLEAR POWERED COMMERCIAL VESSELS, 
P a p e r  p resen ted  a t  a Symposium - -Nuclear Powered Ships f o r  Amer ican  Ship 
O p e r a t o r s  - -July  30, 1957. Sponsored by Mari t ime Reac to rs  Branch,  Division of Reac to r  
Development, A EL:, W'ashirigton, D. C.  , Seple~iiber (1957), 6 pp. 

Th is  paper  c o v e r s  the p rob lems  of the insurance indust ry  in indemnifying nuclear  
powered me'rchant shipping. 

Stout E r n e s t  G 
OPERATION AND SUPPORT FOR NUCLEAR SHIPS, 
P a p e r  p resen ted  a t  a Symposium- -Nuclear Powered Ships f o r  Amer ican  Ship 
O p e r a t o r s  - -July  30, 1957. Sponsored by Mar i t ime  Reac to rs  Branch,  Division of Reac to r  
Development, AEC, Washington, D. C .  , September  (1957), 13 pp. 

The purpose  of th is  paper  i s  to acquaint  the var ious  organizations actively in te res ted  in 
nuc lea r  powered ship  operat ions  with the faci l i t ies  and equipment requ i red  fo r  operation.  
It m u s t  be conceded that data generated a t  th is  e a r l y  s t age  m u s t  be genera l  and p re l imi -  
n a r y  in nature .  It is rea l i zed  that c e r t a i n  portions of the information a r e  subject  to 
rev i s ion  and continued improvements  a s  our  technical knowledge and capabi l i t ies  
improve with p r o g r a m  p r o g r e s s .  
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P a r k e r  F A, e t  a l .  
PROSPECTS FOR MARITIME NUCLEAR PROPULSION, 
P a p e r  presented a t  a  Symposium - -Nuclear  Powered Ships f o r  A m e r i c a n  Ship 
Opera to r s - - Ju ly  30, 1957. Sponsored by Mar i t ime  Reac to r s  Branch,  Division of Reac to r  
Development, AEC, Washington, D. C .  , September  (19571,. 21 pp. 

Th i s  paper  is concerned with the competi t ive economics of the nuc lea r  powered m e r -  
chant f lee t  v e r s u s  conventional shipping.  . 

General .  Motors  Corpora t ion-Research  Staff 
20,000-SIIP NUCLEAR PROPULSION SYSTEM FOR TANKER; GENERAL SUILZhIARY AND 
CONCLUSIONS. 
P a p e r  p resen ted  a t  a  Symposium- -Nuclear Powered Ships 'for Amer ican  Ship 
O p e r a t o r s  - -  July 30, 1957. Sponsored .by LIari t ime Reac to r s  Branch,  Division of Reac to r  
Development, AEC, Washington, D. C .  , September  (1957), 11 pp.  

This  paper  is a s u m m a r y  of the c h a r a c t e r i s t i c s  of a 20,000 SHP Nuc lea r  Propuls ion 
Sys tern using a graphite moderated,  enr iched fueled, helium-cooled r e a c t o r .  

Tesxler Otto, CVichart IIans atld Rutherford  Henry A 
THE E F F E C T  O F  NUCLEAR RADIATION ON FIBROUS MATERIALS - PART 11. DYEING 
CH-ARACTERISTICS O F  IRRADIATED COTTON AND RAYON, 
Texti le R e s e a r c h  Journal ,  Vo1.28, No. 2, pp. 131-135, F e b r u a r y  (1958), (7 r e f s ) .  

The dye adsorpt ion c h a r a c t e r i s t i c s  of a s e r i e s  of cotton and rayon s a m p l e s  exposed f o r  
different  pe r iods  of t ime  to g a m m a  r a y s  and to t h e r m a l  neutrons  have been de te rmined .  
F o r  th is  w o r k  substantive dyes  of known behavior toward degraded ce l lu loses  w e r e  used 
The effect produced in the c a s e  of neutrons  was  twofold. At the e a r l y  s t a g e s  and again  
dur ing the l a t e r  s t a g e s  of i r r ad ia t ion ,  the dye adsorpt ion of the s a m p l e s  w a s  inc reased ;  
a t  in termedia te  exposures  the adsorpt ion w a s  d e c r e a s e d .  Because  hydrolyzed cel lu lose  
behaves  in the f o r m e r  m a n n e r  and the ac idic  type of oxidized cel lu lose  in the l a t t e r ,  the 

I data  suggest  that neutrons  have a n  effect  s i m i l a r  to both hydrolys is  and oxidation.  
Gamma r a y s  (co6" ) ,  however,  gave only the ef fect  of oxidation. 

Blouin F A and Ar thur  J C, J r .  
THE E F F E C T S  O F  GANIRIA RADIATION ON COTTON - PART I.  SOME O F  THE 
PROPERTIES O F  PURIFIED COTTON IRRADIATED IN OXYGEN AND NITROGEN 
XT~IIOSPHERES,  
Texti le R e s e a r c h  Journa l ,  Vo1.28, No. 3 ,  pp. 198-204, March  (1958), (5 r e f s ) .  

ll 

B Two s e r i e s  of s a m p l e s  of purif ied cotton w e r e  i r r ad ia ted  in oxygen and ni t rogen 
a t m o s p h e r e s  with gamma r a y s  a t  s i x  dosage levels  ranging f rom 100,000 to 100,000~000 
roentgens .  Some of the chemical  and physical  p roper t i e s  of the i r r ad ia ted  cel lu lose  w e r e  
determined by means  of var ious  widely used techniques o f  ce l lu lose  c h e m i s t r y .  It was  



found that  high energy  g a m m a  i r rad ia t ion  of cotton resu l t ed  in  carbonyl  group format ion,  
ca rboxy l  group formation,  and chain  c leavage in  the approximate  r a t i o  of 2 0 : l : l ;  in-  
c r e a s e d  solubil i ty in  w a t e r  and in dilute alkali ;  d e c r e a s e  in tens i le  s t r e n g t h  of the fibe.rs; 
s m a l l  but unusual changes  in  m o i s t u r e  i-ggain; i-elatively unchanged in f ra red  absorpt ion 
spect ra , ;  and the s a m e  type of degradation in  a nitrogen a t m o s p h e r e  a s  in . an  oxygen.  
a t m o s p h e r e ,  with oxygen producing only' s l ight  enhancement of the reac t ion .  

TRJ-0658-  1 

'l 'eszler Otto, e t  a l .  ' 
THE E F F E C T  O F  NUCLEAR RADIATION ON FIBROUS MATERIALS - P A R T  111. RELATIVE 
QRDRR. O F  STABILITY U F  CELLULOSIC FIDEIRE, 
Text i le  R e s e a r c h  Journal ,  Vu1.20, 110. 6, pp,  456-4R2, .Tu~ic (1068) ,  (12 refs). 

Cotton, rayon,  and ace ta te  y a r n s  were  exposed f o r  d i f feranteper iods  of tirr-~e to t h e r m a l  
neu t rons  and to g a m m a  r a y s .  The r e s u l t s  have shown that  total  dose  is the deciding ' 

. 

fac to r  in the e x t e ~ f :  nf change in  physical  p r o p e r t i e s  of the 'ma te r i a l s  and that  g a m m a  
r a y s  (co6')  a l nne  have essen t i a l ly  the s a m e  e f f e c t  a s  t h e r m a l  neutrur~s: when thc cnerg ies  
f r o m  the two a r e  equated.  The dec reas ing  o r d e r  of s tabi l i ty  of tile  l late rials W ~ E  

a c e t a t e ,  rayon,  and cotton.  The data suggest  that  the re  a r e  lirlkages in the native ce l lu-  
l o s e  molecule  suscep t ib le  to radiati'on that a r e  not p r e s e n t  in the regenera ted  m a t e r i a l s .  

T e s z l e r  Otto and Rutherford  1-1 A 
THE E F F E C T  O F  NUCLEAR RADLATION ON FIBROUS MATERTALS - PART I. DACRON 
POLYESTER FIBER, 
Text i le  R e s e a r c h  Journal ,  Vol. 26, No. 10, pp. 796-801, October  (1956), (12 r e f s ) .  

Dacron po lyes te r  f i l aments  of different  draw r a t i o s  w c r e  p repared  and w e r e  exposed to 
h igh-energy radia t ion f r o m  two s o u r c e s .  .Rxposure.both i n  a r e a c t o r  and to a cobalt-60 
s o u r c e  resu l t ed  in  a n  i n c r e a s e  in the r~iudul i  of e las t ic i ty  of'thr? f i l aments .  Th i s  indi-  
ca ted  that  c ross l ink ing  reac t ions  took place  and predominated o v e r  chain sc i s s ion ,  
part icul .arly dur ing the e a r l y  s t a g e s  of i r r ad ia t ion .  Draw ra t io ,  i ,  e .  ,' the degree  of 
or ienta t ion of the f i lament ,  had a n  'influence on the behavior .  The m a t e r i a l s  of lower  
draw r a t i o  tended to show m o r e  c ross l ink ing  than Lhose of high draw r a t i n ,  the optimum 
be ingbe tween  2.5:l  and 3 . 0 : l .  The degree  of c ross l ink ing  i n d a c r o n  under  the con-  
d i t ions  of these exper iments  was ,  however,' of a low o r d e r  of magnitude.  The so lu -  
bil i ty of the f i laments  w a s  d e c r e a s e d  only sl ightly,  and the mel t ing point r emained  un- 
changed.  The d e g r e e  of crys ta l l in i ty  of the f i lament  did not influence the behavior of 
the f i l aments .  

Although the work h a s  not yet  been extended to many o t h e r  polymer's, i t  is believed that  
m a t e r i a l s  which show a m a r k e d  tendency to c r o s s  link dur ing exposure  to high-energy 
rad ia t ion  would sh'ow a n  effect s i m i l a r  to dacron.  F o r  example ,  polyethylenes of 
d i f ferent  d e g r e e s  of or ienta t ion o r  of different  p re tkea tments  might  wel l  behave quite 
d i f ferent ly  with r e s p e c t  to changes in p r o p e r t i e s  brought about by a given l eve l  of 
radia t ion.  T h i s  h a s  been par t ia l ly  substant ia ted  by s o m e  pre l iminary  r e s u l t s  obtained 
with polyethylenes of unknown his tory ,  but a t  the s a m e  t ime  known to be different  in 
c h a r a c t e r  p r i o r  to i r radia t ion.  



Taul is  W J 
THE DECOMPOSITION O F  WATER, 
Universi ty of California Radiation Laboratory ,  Berkeley,  California,  
Contract  No. W-7405-Eng-48, F e b r u a r y  10, 1950, 44 pp. (28 r e f s ) .  

This  r e p o r t  s tudies  the mechan isms  of decomposition of wa te r  by radiation.  The decom- 
position of w a t e r  by radiation fa l ls ,  es'sentially, 'into 'two groups charac te r ized  by type 
and energy of radiation.  The influence'of O,, H,, and H,O, on. the  decomposit ion of . 
w a t e r  a r e  s tudied.  The mos td i s t inc t ive . fea tu re  .for any of the f r e e  rad ica l  r eac t ions ,  
however, was  the' probabil i ty of capture  while in the solvent cage .  Once this factor  is 
determined, the range and l ifet ime of the rad ica l s  can  be calculated f o r  any given s e t  
of conditions. Among the f r e e  radicals;  the H--atom is predominantly active;  mainly,  
because  of i t s  re la t ively  s imple  s t r u c t u r e  and i t s  abil i ty to diffuse rapidly .  The OH is 
next with the HO, being the l eas t  ac t ive  of the three.  

. . : . .  , .  . 
UR-418 . . 
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.Davis T P ,  '- insh haw J R and P e a r s e  H E , 

A COMPARISON O F  THE E F F E C T S  ON BARE PORCINE SKIN O F  RADIANT ENERGY' 
DELIVERED IN THE FORMS O F  SQUARE AND SIMULATED FIELD PULSES, 
University of Rochester ,  Rochester ,  N. Y ;  , .Cont rac t  No. W-7401 -Eng-49, December  21, 1955, 

. . 14 pp. (1 1 r e f s ) .  
. . 

The c r i t i ca l  energy requ i red  to produce a 2+ burn in ' the  C h e s t e r  White pig has .been  used 
a s  a method of comparing the effectiveness of radiant  energy  del ivered in  the f o r m s  of 

, ' I f ,  square' pulses" and "simulated field pulses .  " .With both types .of pulse,  inc reas ing  the 
t ime of exposure  necess i t a tes ' an  i n c r e a s e  in the total energy  del ivered in o r d e r  to 
produce a 2+ burn.  There  is no significant difference between the sca l ing  fac to rs  f o r  
the two types of pulse .  . . 

WADC-TN-55-118 AD-92498 

Riley C F ,  Jr. and Walker  P F 
ATMOSPHERIC CONTAMINANT, RADIATION, AND ELECTRICITY CRITERIA FOR 
AIRCRAFT AND AIRBORNE EQUIPMENT, 
Booz, Allen and Hamilton, Contract  No. AF33(616)-2689, June (1955), 122 pp. ( r e f e r e n c e s ) .  

  he charac te r i s t i c s ,  distr ibution of occur re&e,  effects on a i r c r a f t  and equipm'ent and 
preventive m e a s u r e s  for  various, l e s s  troublesome environmental  f ac to rs  a r e , p r e s e n t e d  
in this r e p o r t .  The f a c t o r s  covered a r e  s t a t i c  e lect r ic i ty ,  lightning; sand and 'dust, 
s o l a r  radiation,  ozone, cosmic  radiation,  noise, inse'cts, '  explosive a t m o s p h e r e s  and 

. .  .ni tr ic ac id  fumes.  
. . 

. . .. . ' Static e lect r ic i ty  and sand and dust a r e  found to be the m o s t  damaging of those environ-  
ments  d iscussed.  The importance ,of s t a t i c  e lect r ic i ty  i s  due p r i m a r i l y  t o , i t s  i n t e r -  

' 

fe rence  with e lect ronic .  communication,  ri3vigation and control  equipment," while sand 
and dust, par t icular ly  in the d r y  a r e a s  of, the world,  i s  capable  of e n t e r i n g  and damaging 
a wide var ie ty  of a i r c r a f t  and equipment mechan isms .  Solar  radiation,  ozone and cosmic  
radiation have definite de te r io ra t ing  effects on m a t e r i a l s ,  but, in general ,  thei r  con- 
centra t ions  a r e  not sufficiently s t r o n g  to cause  appreciable  damage.  The o ther  



environments discussed require  special consideration under certain conditions o r  in 
specific locations, but a r e  generally considered to be of only minor importance a s  to 
their  potential degradation of a i rc raf t  and airborne equipment. 

Hollaway Elizabeth 
BIBLIOGR.APHY ON THE EFFECTS O F  RADIATION, 
Aerial  Reconnaissance Laboratory, Wright Air Development Center,  Wright-Patterson 
Air Force  Base, Dayton, Ohio, November 1956, 8 pp. (60 re fs ) .  

The purpose of this technical note i s  to provide a bibliographical reference on the 
effects of .radiation on mater ia l s  used in electronic components. 

McGrath Joyce and Johnson R H, 1 /L t .  (USAF) 
THE EFFECTS O F  GAMMA RADIATION ON TEXTILE MATERIALS, 
Mater ials  Laboratory, Wright. Air Development Center,  Wright-Patterson Air .Force Base, 
Ohio, FeLl.uaiy (1066), 27 pp. 

The pr imary  purpose of this investigation was to obtain data on the effect that exposure 
to high energy gamma radiation, for  specific periods of time, would have on various 
parachute textile mater ials ,  a lso to determine i f  the use of parachute marking ink 
would increase o r  speed up the degradation of the mater ials .  

The mater ia l s  were  i r radiated both in the cobaltG0 source located in Malcrials Labora- 
tory, Wright Air  Development Center,  WPAFB, Ohio, and the Materials Tes t  Reactor,  
National Reactor Testing Station, Idaho Fal ls ,  Idaho. All mater ials  were evaluated 
both before and af ter  exposure. 

Thc white nylon fabrics  showed the greatest  loss  in strength af tcr  exposure fo r  sixteen. 
hours a t . a  tulal Jossgc of 7 , 4  x lo6 r (nver 25% loss),  while the dacron (E. I. du Pont 
de Nemours ls  f iber)  fabrics  retained a high percentage of strength for  the same  ex- 
posure ( less  than 7% loss) .  The loss  in strength of both nylon and dacron fabrics  
marked with parachute marking ink, was no g~.eiil.er than for  the same fa.hrics that were 
not marked with the ink. 

All webbings and cords had a high percentage of loss  a f te r  exposure for  18.3 hours with 
a total dosage of 1.7 x 10' I.. In this group the nylon webbing, Spec. Mil-W-4088, 
Type XIII, res in  treated gave the best resul ts ,  with a loss  of 26-2870. All types of cord 
showed a loss in  strength of 45 to 53%. 

Nylon fabric from parachutes which were exposed to varying degrees of thermal  arld 
nuclear radiation i n  tes ts  a t  the Nevada Proving Grounds showed very slight degradation, 
except in a r eas  where identification nomenclature had been stamped (Spec. Mil-1-6903 
Ink, Marking, Blue). In severa l  instances the identification a r e a  was burned o r  melted 
out in the outline of the identifying cipher o r  le t ter .  In others the a r e a  was s o  complete- 
ly damaged that identification was impossible. 



Krasnow M E ,  e t  a l .  
DETERMINATION O F  TESTING SCHEMES FOR ANP WEAPON SYSTEM MATERIALS, 
Inland Test ing Labora to r ies ,  Division Cook E l e c t r i c  Co. , Chicago, Ill.  , Contract  No. 
AF33(616)-3912, May (1957), 109 pp. (100 r e f s ) .  

I n . o r d e r  to build a nuclear  powered vehicle, i t  is n e c e s s a r y  to build s y s t e m s  that will  
opera te  sa t i s fac to r i ly  in conjbnction with a nuclear  environment.  Before  design and 
development tes t ing can begin, i t  is n e c e s s a r y  to determine which environments  a r e  
in teract ive  with radiation,  and therefore ,  which environments need be combined f o r  
i r radia t ion test ing.  It i s  the purpose of this r epor t  to define those environments  which 
a r e  additive and those which a r e  in teract ive  with a radiation environment .  

Van A r r d e l l  P M 
BIBLIOGRAPHY - FORMULATION O F  AN ENVIRONMENTAL TESTING PHILOSOPHY FOR 
ANP WEAPON SYSTEMS, 
Inland Test ing Labora to r ies ,  Morton Grove, Ill.  , Contract  No. AF33 (616)-39 12, June (1957), 
209 pp. (5 r e f s ) .  

This  r e p o r t  is the r e s u l t  of a systemati 'c  review of over  10,000 documents and presents ' , , .  .,:.. 

a comprehensive  cataloged' and c r o s s  -indexed bibliography of p resen t ly  available infor - ,  ,.,: 
mation of Radiation Damage.  Over  2000 r e f e r e n c e s  a r e  compiled on a l l  facets  .of 
Radiation Effects  and Radiation Sources .  It is believed that  this information w i l l  p r o -  
vide a n  invaluable s o u r c e  f o r  any future  work  contemplated in  the field of Radiation 

I 4. Effects  nn Mate r ia l s .  . !.:. 

Kelleher F A 
A TEST REPORT ON. THE FISCHER AND PORTER SPRING BALANCED FLOAT-TYPE 
FLOWMETER, 
Bet t is  Technical  Review, Reac to r  and Plant Engineering,  Westinghouse E l e c t r i c  Corp . ,  
Pi t t sburgh,  Pa., Cont rac t  No. AT-(11-1)-Gen-14, December  (1957), 14 pp. 

The s p r i n g  balanced, float-type f lowmeter  h a s  shown promise  as a s imple ,  r e l i ab le  
m e a n s  of m e a s u r i n g  flow in p r i m a r y  s y s t e m  piping. The  F i s c h e r  a n d  P o r t e r  Company 
developed such  an  ins t rument  under subcontract  to Bett is ,  and the r e s u l t s  of Bet t is  
hydraulic tes t ing a r e  presented.  While no re l iable 'ca l ibra t ion checks  . a r e  available 

0 
a t  500 F and 2000 psi ,  those, conclusive r e s u l t s  obtained appear  favorable ,  and i t  is 
expected that f u r t h e r  t e s t s  wiil prove the ins t rument  des i rab le  f o r  the designed purpose.  

Pickwick F r e d ,  Jr. 
ION EXCHANGE RESIN TESTING - P A R T  11. PERMUTIT RESINS TESTED DURING THE 
PERIOD FEBRUARY 1952 THRU NOVEMBER 1954, 
National Lead C o . ,  Inc . ,  Contract  No. AT-(49-6)-924, November 15, 1952, 30 pp. 



This  repor t  p resen ts  the resu l t s  of tes t  work performed on samples  of ion exchange . 

r e s i n s  submitted by the Permut i t  Company in the period February  1952 thru Novem- . 

b e r  1954. . . 
. . . 4 . 

During this ,per iod,  the uranium adsorption and elution proper t ies  of. the Permut i t  r e s in s  
have been observed to improve considerably. . . . . 

By using ea r ly  tes t  data, the Permut i t  Company was able to adjust the manuf.acture of 
, the i r  rpsins sn that l a t e r  r e s in  lots showed improved uranium.adsorption and elution 

properties.. 
. .  . 

. . . . . . .  
. . 
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RADIATION 
No. o f .  
copies  Dis t r ibu t ion  

3 Aberdeen Proving Ground 
1 Aerojet-General Corporation 
1 Aero j et-General, San Ramon (100-880) 
1 AFPR, Boeing, S e a t t l e  
3 AFPR, Lockheed, Marietta 
2 A i r  Force Specia l  Weapons Center 
2 ANP Project  Off ice ,  Convair, 

I For t  Worth 
1 Alco Products, Inc.  
1 Allis-Chalmers Manufacturing Company 

10 Argonne National Laboratory 
1 , Army B a l l i s t i c  Missile Agency 
3 Army Chemical Center 
1 Army Chemical Center (Taras) 
1 Army Chemical Corps 
1 Army Medical Research Laboratory 
1 . A r m y  Signal Research and Development 

. . Laboratory 
1 AEC S c i e n t i f i c  Representative,  Japan 
3 Atomio Energy Commi,ssion, Washington . 

' - . 3 Atomics In te rna t iona l  
4 Babcoclc and Wilcox Company (NY00-1940) 
2 Saecel le  l ~ e ~ n u r l a l  111s t i t u t c  

- -.& 4 B e t t i s  Plant  

. . 4 . Brookhaven National Laboratory .. . 
- . k c  . 1 Brush Deryllium Company 

- - 1 . BAR, ~ o o d i e a r  Af rc ra f t ,  ~ i c r o n  
1 Bureau o fS .Me@rrine_- and,  urger y 
1 Bureau of Ships (Code 1.500)=3.. - 
1 Bureau of Yards and Docks 
1 Carnegie I n s t i t u t e  of Technology 
1 Chicago Operations Office 
1 Chicago Patent  Group 
2 Cornbus t ion Engineering , Inc  . 
1 Convair-General 1)ynamics Corporation, 

San Diego 
3 Defence Research Member 
1 Uenver Xesearch I r?s&itute  
2 Department of the Army, G-2 
3 dul?oae Compar~y, Aiker.1 
1 duPont Company, Wilmingto~~ 
1 Edgerton, Germeshausen and Grier ,  

Inc . ,  Las Vegas 
1 Frankford Arsenal 
1 General Atomic Division 

, 2 General E lec t r i c  Company (ANPD) 
6 General E lec t r i c  Company, Richland 
.1 General E lec t r i c  Company, 

S t .  Petersburg 
1 General Nuclear Engineering 

Corporation 
1 Gibbs and Cox, Inc.  
1 Coodyear Atomic. Corporation 
1 Iowa S ta te  College 
1 J e t  Propulsion 'Laboratory 
4 Knolls Atomic Power Laboratory 
2 Los Alamos S c i e n t i f i c  Laboratory 
1 Mallinckrodt Chemical Works 
1 Maritime Administration 
1 Martin Company 
1 Monsanto Chemical Company 
1 Mound Laboratory 
1 National Aeronautics and Space 

Administration, Cleveland 

EFFECTS 
No. o f  
copies 

2 
1 
1 

Dis t r ibut ion - 

National Bureau of Standards 
National Bureau of Standards (Library) 
National Lead Company, Inc . ,  

Winchester 
Naval Medical Research I n s t i t u t e  
Naval Research Laboratory 
New York Operations Office 
Nuclear Development Corporation of 

America 
Nuclear ' ~ e t a l s  , Inc . 
Oak Ridge I n s t i t u t e  of Nucl.ear Studies 
Off ice  of Naval Research 
Office, of  Naval Research (Code 422) 
Office of 0rdnanc.e. Research 
Off ice  of Quarteimaster General 
Off ice  of the  Chief of Naval. 

Operations 
Ordnance Materials Research Office 
Ordnance Tank-Automotive Command 
Patent  Branch, Washington 
Pennsylvania S t a t e  University 

(Blanchard) 
Ph<.l.l,i 1's Petsnl..eum Company (WTS) 
Picatinny Arsenal 
Power Reactor Development Company 
P r a t t  and Whitney Ai rc ra f t  Division 
Princeton University (White) 
Public Health Service 
Public Health Service,  Savannah 
Rensselaer Polytechnic I n s t i t u t e  
Sandia Corporation, Albuquerque 
Sylvania E l e c t r i c  Products, Inc.  
Te.chnica1 Research Group 
Tennessee Valley Authority 
Union Carbide Nuclear Company (ORGDP) 
Union Carbide Nuclear Company (OKNL) 
USAF Project  RAND 
U.  S,  Geol.ogica1 Survey, Denver 
IS. S. Geological Survey, Naval Gun 

Factory 
U .  S. Geological SI-irvey, Washington 
U.  S. Naval Ordnance Laboratory 
U .  S. Naval Postgraduate School 
U. S. Naval Radiological Defense 

Laboratory 
U .  S. Patent Office 
University of Cal i fornia ,  Berkeley 
University of Cal i fornia ,  Livermore 
University of Puerto Rico 
University of Rochester 
University of Rochester (Marshak) . 
Watertown Arsenal 
Westinghouse E lec t r i c  Corporation 

(Schafer ) . . 
Wright A i r  ~ e v e l o p ~ ~ l e n t  Center 
Yankee Atomic E lec t r i c  Company 
Technical Information Service Extension 
Office o-f Technical Services,  

Washington 




