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RADIATION EFFECTS

INTRODUCTION

Sandia Corporation's Radiation Effects organization has just
completed a search of the literature on radiation effects, dosimetry,
nuclear test facilities, and other related areas. This search was
made as part of the preparation for an expanded radiation effects
program Sandia will conduct next year upon completion of its engineer-
ing test reactor and pulse reactor. It was thought that the results
of this search would be of general value to other organizations and,
therefore, the attached unclassified bibliography was prepared. Since
Sandia's main concern was background knowledge prior to going into ’
an expanded program, it is not intended that any future editions or
revisions of this bibliography will be made.

In the attached bibliography, abstracts are presented in nine
categories. These are: dosimetry, health physics, and associated
topics; electronic materials, components and systems; metals, alloys
and ceramics; nuclear facilities and associated topics; organic chemi-
cals, including fuels, lubricants, and other petroleum products;
polymeric materials, including elastomers, plastics, and adhesives;
propellants, explosives, and associated topics; shielding; and a
miscellaneous section. This document supersedes Sandia Corporation
documents SC-4046A(M) and SC-4046B(M).
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DOSIMETRY, HEALTH PHYSICS, AND ASSOCIATED TOPICS

A/Conf. 15/P/761

Schuler R H

ABSOLUTE DOSIMETRY OF IRRADIATIONS WITH CHARGED PARTICLES,

Paper presented at the 2nd United Nations International Conference on the Peaceful Uses of
Atomic Energy, June (1958), 9 pp. (27 refs).

Much of the thinking of radiation chemists today is based on the interpretation of rela-
tively small effects which accompany changes in controllable variables, a very high
degree of accuracy is required for many of the experimental measurements. Methods
are available for making these measurements under certain idealized counditions. It is
the purpose of this presentation to summarize some of the work which has been done to
make thls posslble.

A/Conf. 15/P/1859

Schulman JH :

SOLID STATE DOSIMETERS FOR RADIATION MEASUREMENTS

Paper presented at the 2nd United Nations International Conference on the Peaceful Uses of
Atomic Energy, US Naval Research Laboratory, June (1958), 16 pp. (26 refs).

The past decade has seen a revival of interest in the application of radiation-induced
changes of optical properties of solids to the problems of dosimetry. A number of
practical dosimetric systems have already evolved from these studies, and still others
show a high degree of promise. There is little question that extension of these re-
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 drug sterilization, and radiation effecls sludiesg. )

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

AE-0057-2

Ardashnihov S W and Chetverikov W S

ON THE PROBLEM OF THE DEFINITION OF ROENTGEN IN THE RECOMMENDA TION
OF 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 at Stockholm in 1928 and at
Chicago in 1937, was examined again in 1953, and a new definition was decided upon.
This new definition still has the disadvantage that one roentgen is measured by the
"amount of x or gamma radiation.' This "amount' is open to various interpretations.
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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 is being meas-
ured by a roentgen: the ionizing effect of radiation the ionizing amount, or the amount
of energy? (2) If the amount of energy is to be measured, then what energy is meant;
incident energy, or the energy that must be used for corpuscular emission, or the
energy that is absorbed in the course of ionization and excitation? (3) Is the absolute
amount measured or is it referred to the mass, the volume, or the surface? and

(4) If reference is made to mass of a volume in which the corpuscular emission is
caused, or the ionized volume in which ionization or excitation took place?

AECD-3169

Campbell EC, Wyly LD and Howell EI

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-FEng-268, October 30, 1950, 28 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.

AECD-3716 CF-53-5-139

Trice J B, et al.

TWO NEUTRON ENERGY MEASUREMENTS IN THE BULK SHIELDING FACILITY USING
RADIOACTIVANTS,

Oak Ridge National Laboratory, Oak Ridge, Tennessee, Contract No. W-7405-Fng-26,
October 29,1953, 28 pp.

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

First Test: Experimental Measurements in the Bulk Shielding Facility
with General Species of Radioactivants,

A series of measurements were made in the Bulk Shielding Facility in order to com-
pare results from nuclear threshold measurements. At present it 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: Traverse Measurement of High Energy Neutrons Through a
Bulk Shielding Facility Lattice Element.

A project to measure the 0'® (N, P)N*® and 07 (N, P)N17 cross 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 or steam reactor sysf:em,

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 result
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.

W
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AECD-3720 CF-53-5-105

Cochran Robert G and Henry Keith M

FAST NEUTRON SPECTRA OF 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 at
the north face of the Bulk Shielding Facility Reactor and at several positions in the
water nearby. In reporting the data, each spectrum is identified by the distance be-
tween thé end of the collimator and the nearest fuel (i.e., measurements were made
against the fuel and at varying distances from the fuel). In all measurements, the -
collimator was pointed directly toward the center of the reactor.

It has been assumed for this experiment that a collimator wilh a large ratio of length
to diameter does not distort the neutron spectrum.

AECD-3721 CF-53-12-51

Cochran R G and Ilenry KM .

FAST NEUTRON SPECTRUM OF 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 Reactor (LITR).

The HB-2 hold, which penetrates the reactor shield to the uclive core, was chosen for
the measurement. Since a high flux of neutrons and gamma rays would stream out of
the collimator hole during reactor operation, an external shield as shown in Figure 2
was needed for personnel protection, The shield surrounded the spectrometer, inter-
cepting both direct and scattered 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 is plotted in Figure 3. This data shows the outward-directed
fast-neutron current at the face of the reactor since corrections have been made for
the 12 ft collimator,

AECD-3986

Uecker D F

TRAVELING PROBE FOR ZPR-II,

Remote Control Engineering Division, Argonne National Laboratory, Lemont, Ill1n01s
Contract No. W-31-109-Eng-38, August (1953), 21 pp.

The ZPR-II facility made provisions for probing along both horizontal and vertical
axes, Separate but functionally similar probes were used for each axis: an ion
chamber at one end of a length of rigid aluminum tubing was connected to its galvanom-
eter tube and amplifier at the other end by a coaxial cable passing through the bore.
This entire assembly was inserted to the desired depth in air-filled sleeves passing
through the fuel lattice. Six fixed sleeves were provided in the horizontal direction,
while two vertical sleeves were capable of installation in any of a multiplicity of
locations,
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For the Savannah River facility, it was requested that the probe not be limited to dis-
crete axes but be capable of travel 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, or vertically, as the entire track is raised or lowered. A
third power unit keeps a proper length of electrical cable paid out, the entire process
being controlled and recorded at a remote location.

- This report consists of a detailed description of the traveling probe and assoc1ated
electrical and mechanical mechanisms.

An appendix is included which discusses neutron probe construction.

AECU-1020 KAPL-P-484

Whittlesay Eunice and Civcns Eloise

RADIATION PROTECTION OF PERSONNEL AND RADIOCHEMICAL LABORATORIES,
THEIR DESIGN AND OPERATION, '

A Bibliography, General Electric Company, Knolls Atomic Power Laboratory, Schenectady,
New York, Contract No. W-31-109-Eng-52, July (1950), 23 pp. (188 refs).

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 material is arranged by
general background, radiation protection of personnel, and radiochemical laboratories,.
their design and operation, '

AECU-1321

Hamill William H, et al.

HOT RADICAL REACTIONS,

A Review of Principles and a Critical Discussion of Experiments, University of Notre Dame,
Notre Dame, Indiana, Contract No. AT(11-1)-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.

AECU-1269 AT1-117-032

THE INDUSTRIAL UTILIZATION OF 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, advanc¢e information to
industry concerning the possible availability of large quantities of fission products.
The study is being sponsored as a service to industry by the USAEC, under contract
to the Division of Reactor Development

The uses described are intended only as a guide to show how the properties of these

materials might be used to advantage in industry. Little actual expérience has been
gained using fission products in industry and, therefore, suggested potential uses must
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be speculative in nature, based on experience gained from the use of pure isotopes and
on technical calculations using available data.

In general this report covers description of fission products, possible industrial uses
for fission products, availability and cost of fission products, general considerations
in the use of fission products, and a glossary of terms.

AECU-1344

Burton Milton

AN INTRODUCTION TO RADIATION CHEMISTRY,

Work done at University of Notre Dame, Notre Dame, Indiana, Contract No. AT(11-1)-38,
Journal of Chemical Education, August (1951), 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 reactors.

The early days of radiation chemistry are 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 primary effects,
a section of theory and illustrations, and a section on research possibilities.

AECU-1619

BASIC RADIATION DAMAGE STUDIES WITH CHARGED PARTICLES,
Final Technical Report, July 1,1950 - June 30,1951, Purdue Research Foundation,
Lafayette, Indiana, Contract No. AT(11-1)-117, 22 pp. :

The work under this contract was concerned with effects of irradiation with natural
radioactive material (polonium) on thin films, with the investigation of structure changes
due to irradiation both with natural alpha particles of polonium as well as deuterons
from the cyclotron and neutrons froum the Oak Ridge reactor, the investigation of the
thermal properties of irradiated materials, and .finally the development of pulse heating
equipment to study the healing process in irradiated specimens.

Preirradiation work has been performed on the specific heat of silicon and germanium.

The thin film experiments were undertaken primarily to be able to use alpha particles
of polonium and to observe the Hall-effect as a function of irradiation. - A .method was
developed to determine the structure of material before and after irradiation with
nuclear particles.in the cyclotron or with neutrons Radiation damage to high polymers
is also discussed. - ’

As part of the program on the bombardment of germanium single crystals, various
crystals were tested before irradiation by taking back reflection Laue patterns. The
electron diffraction studies were accomplished using a single crystal of N-type
germanium. Etched and reflection electron diffraction pictures were taken.
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AECU-3144

Clark Herbert M and Neil Donald E
A TABLE OF RADIONUCLIDES ARRANGED ACCORDING TO HALF-LIFE,
Rennselaer Polytechnic Institute, Troy, New York, December (1955), 223 pp. (5 refs).

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 as an aid in radioactivation analysis and in the identification of radionuclides
produced in activated materials 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, Perlman, and Seaborg, and in Nuclear
Science Abstracts through the 1954 Annual Cumulated List of "New Nuclear Data."

Alpha emitters, excluded as a class from MonC-400, are included in the new table.
In addition, there are several minor changes in format and in the type of information
given. As for the first edition, the arrangement of data makes the table useful also
in connection with the selection of nuclides according to type and energy of radiation.
By scanning the appropriate radiation column, one can find rather rapidly those
nuclides having approximately the desired energy. ' ‘

AECU-3446

Zimmer Lawrence T

DOSIMETRY OF KILOCURIE CO®° SOURCES,

Argonne Cancer Research Hospital, University of Chicago, Chicago, Illinois, October (1956),
20 pp. (16 refs).

In an effort to determine the ¥Y-ray intensity from several Co®° sources, some pri-
mary and secondary dosimeters were constructed. Methods of calorimetry, ferrous
sulphate oxidation, ionization chambers, and photographic film were studied and
radiation intensity evaluated. Results from the absolute determinations were com-
pared with those from a Victoreen condenser-type r-meter calibrated by the National
Bureau of Standards for Co®®, and the ionic yield of ferrous sulphate measured.

The sources used were hollow cylinders of Cc®® supplied by Brookhaven National
Laboratory in an apparatus described by Baarli and Shaggs and small solid rods of
Co®° from Argonne National Laboratory in a medical teletherapy unit described by
Lanzel, et al. All results are given for a standard position in the BNL sources and
for a standard distance from the ANL sources.

AECU-3565

Carroll J G..

MONITORING THE MTR CANAL GAMMA SOURCE - A TREATMENT OF RELIABILITY,
California Research Corporation, Richmond, California, Contract No. AT(11-1)-174,

August 31, 1957, 15 pp. (6 refs).

Spent fuel elements from nuclear reactors are used extensively as gamma radiation

sources. Such a source has been in operation since 1952 at the National Reactor Test-
ing Station in Idaho. Fuel from the Materials Testing Reactor is utilized. These MTR
fuel elements are arranged in an angle-iron grid work which is placed under 18 feet of
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water in the MTR canal. California Research has been exposing samples in this
source since 1953. This discussion pertains to exposures made between October 1955
and April 1956.

Radiation flux gradients exist in 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-WASH-1

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, 1957, establishing standards for lhe pru=
tection of atomic energy workers and the public against radiation hazards arising from
activities licensed by the Commission. Principal changes since the regulatlon was
first published (July 1955) as a proposed rule are listed. .

The following are discussed: permissible doses, levels, and concentrations; precau-

tionary procedures; waste disposal; records, reports, and notification; exceptions and
additional requirements; enforcement; and general provisions.

AERE-C/R-1575 (Suppl 1)

Clarke R W

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF 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/R-1575, Farts I
to 6. For convenience, separate supplements are not being published to each of the
6 parts of the AERE-C/R-1575; one supplement per year will be issued to cover all
these parts. These supplements will, however, be sectionalized to correspond with
the separate parts 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)

Section 6. Miscellaneous (including colloids, corrosion, industrial
applications of radiation, irradiation equipment, general
reviews, etc.).

In the individual sections, report abstracts are given first, followed by annotated '"open
literature' references. The report references are arranged alphabetically and serial-
ly by report reference number, and the "open literature'" references by "first named
author." Author and subject indexes are provided. The opportunity is being taken to
include recently declassified American reports and a few older literature references
not included in the earlier parent review.
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AERE-C/R-1575(2)

Clarke R W

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF
THE PUBLISHED LITERATURE (ORGANIC COMPOUNDS), '

Atomic Energy Research Establishment, Harwell, Berkshire, England, March (1956), 225 pp.

Section 1 consists of a coliection of abstracts relating to American, Canadian and
British unclassified and declassified Atomic Energy Project reports, noted up to
March 1956. The abstracts are arranged alphabetically and serially by report refer-

ence number,

Section 2 consists of published literature references (1900-March 1956) arranged'alpha-
betically by ''first named author."

Author and subject indexes are provided.

AERE-C/R-1575 (Suppl 2)

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

This bibliography is the 1958 Supplement to the documents AERE-C/R-1575, Parts 1
to 6. The supplement is sectionalized to correspond with the separate parts 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 are given first, followed by anno-
tated ''open literature' references. The report references are arranged alphabetically
and serially by report reference number, and the '"open literature'' references by
"first named author.' Author and subject indexes are provided. The opportunity is
being taken to include recently declassified American and British reports, and a few
older literature references not included in earlier issues.

The scope of Section 5 has been enlarged by inclusion of references to the irradiation
of foodstuffs, bacteria, insects, etc., and Section 6 has been enlarged by inclusion of
fuller references on the industrial utilization of radiation--a separate document on the
latter subject will not be issued, although such was mentioned in earlier issues.
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Use has been made of the USAEC Abstract Card service and Nuclear Science Abstracts
in compiling this survey, and very grateful thanks are expressed to the USAEC for
permission given. Grateful thanks are also due to Chemical Abstracts. Abstracts
Journal references are given where available (CA = Chemical Abstracts,

NSA = Nuclear Science Abstracts) S

AERE-C/R-1575 (3)

Clarke RW

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF
THE PUBLISHED LITERATURE (GASEOUS SYSTEMS),

Atomic Energy Research Establishment, Harwell, Berkshire, England, March (1956), 59 pp.

Section 1 consists of a collection of abstracts relating to American, Canadian and
Rritish unclassified and declassified Atomic Energy Project reports, noted up to
March 1956. The abstracts are arranged alphabetically and serially by repurl refer-

ence number,

Section 2 consists of published litcrature references (1900-March 1956) arranged
alphabetically by 'first named author."

Author and subject indexes are provided.

AERE-C/R-1575 (4)

Clarke RW )

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF
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
British unclassified and declassified Atomic Energy Project reports, noted up to May,
1956. The abstracts are arranged alphabetically and serially by report reference

number.

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

Author and subject indexes are provided.

AERE-C/R-1575.-(5)

Clarke R W

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF
THE PUBLISHED LITERATURE (BIOCHEMISTRY AND RADIOBIOLOGY),

Atomic Energy Establishment, Harwell, Berkshire, England, May (1956), 91 pp.

Section 1 consists of a collection of abstracts relating At'o American, Canadian and
British unclassified and declassified Atomic Energy Project reports, noted up to May
1956. The abstracts are arranged alphabetically and serially by report reference
number.
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Section 2 consists of published literature references (1900-May 1956) arranged alpha-
betically by "first named author."

Author and subject indexes are provided.

AERE-C/R-1575 (6)

Clarke RW

SELECTED ABSTRACTS OF ATOMIC ENERGY PROJECT UNCLASSIFIED REPORT
LITERATURE IN THE FIELD OF RADIATION CHEMISTRY AND BIBLIOGRAPHY OF
THE PUBLISHED LITERATURE,

Atomic Energy Research Establishment, Harwell, Berkshire, England May (1956) 54 PP.

This part of AERE-C/R-1575 is divided into sections as follows:

Section 1. Industrial Applications of Radiation
Section 2. Colloidal Systems

Section 3. Corrosion Effects

Section 4. Irradiation Equipment

Section 5. Miscellaneous Systems

Section 6. Miscellaneous Review Papers

It contains material for which no '"home' was found in Parts 1 to 5. In each section,
abstracts relating to American, Canadian and British unclassified and declassified
Atomic Energy Project reports noted up to May 1956 are given first, and arranged
alphabetically and serially by report reference number; these are followed by published
literature references arranged alphabetically by ''first named author."

Author and subject indexes are provided.

AERE-C/R-1759

White A G

A RAPID DIFFERENTIAL THERMOMETRIC METHOD FOR DETERMINING THE ENERGY
OUTPUT OF RADIOACTIVE MATERIALS,

Atomic Energy Research Estabhshment Harwell Berkshlre England, October 5, 1955,

12 pp. (2 refs)

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 calorimeters
embodying this principle, with which the energy outputs of radioactive samples may be
determined, is given. The theoretical basis of the method is exammed and means of
est1mat1ng correction terms are suggested :

AERE-EL/L-7

Barnes R K

LECTURE ON ERROR AND CORRECTION IN COUNTER WORK COUNTER- EFFICIENCY
AND SOURCE GEOMETRY,

Atomic Energy Research Establishment, Harwell, Berkshire, England, 10 pp.

This paper discusses statistical distribution losses and other topics relative to error
and correction in counter work, counter efficiency, and source geometry.
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AERE-E1/L-10

Owen R B

SOME NOTES ON SCINTILLATION COUNTING, .

Atomic Energy Research Establishment, Harwell, Berkshire, England, March 16, 1954,
10 pp. (9 refs).

These notes discuss the essentials of a scintillation counting system, multiplier photo-
cells, phosphor materials, and scintillation assay and spectrometer equipment,

AERE-EL/R-2326

Iredale P and Humphreys DL O

THE ANALYSIS OF LOW LEVEL GAMMA-RAY ACTIVITY BY SCINTILLATION SPEC -
TROMETRY, 4

Atomic Energy Research Establishment, Harwell, Berkshire, England, August (1951),

6 pp. (6 refs).

A 3 x 3 in. sodium 1odide crystal and multichanncl pulse amplitude analyser have been
used to measure the activilies uf the gammao ray emitters present in sources of low
activity. The samples used to illustrate the application of the method were filter
papers containing small amounts of nuclear explosion debris collected at high altitude
for radiological investigations. It is .shown that it is possible to measure the gamma-
ray activity of several isotopes present in one sample when'the activity of each is 107*
curies or less. o

AERE-HP/R-1905

Cocking S J, Delafield HJ and Smith J W

A LOW BACKGROUND COUNTING EQUIPMENT WITH ANTICOINCIDENCE ARRAY,
Atomic Energy Research Establishment, Harwell, Berkshire, England, January (1955),
12 pp. (12 refs).

A complete equipment has been designed for accurate assay of 2-active gas of up to

350 cc volume and disintegration rates of 10 to 500 per minute. Large Geiger-Muller
counters (volume 730 cc) are described and also the arrangement of an anticoincidence
array for reduction of backgzround. The residual background rate obtained (5 counts per
minute) is discussed.

AERE-M/M-101

LeClair A D )
THE AUTORADIOGRAPHIS DETERMINATION OF SELTF-DIFFUSION COEFFICIENTS,

Atomic Energy Research Establishment, Harwell, Berkshire, England, August 29, 1953,
4 pp. (4 refs).

A simple mathematical expression is derived for the calculation of Diffusion Coefficients
from data obtained by the autoradiographic method.
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AERE-M/M-202

Thompson MW

THE INFLUENCE OF NEUTRON ENERGY SPECTRUM ON THE PRODUCTION OF IRRA-
DIATION DAMAGE, S : :

Atomic Energy Research Establishment, Harwell, Berkshire, England, August.(1958), 4 pp.

A comparison of the damage produced by epithermal and fission neutrons démonstrates
the influence of neutron energy spectrum on the rate of production of irradiation:
damage. Heavy elements are shown to be more sensitive to a change in spectrum than
light elements

- AERE-MT/N-37

Thewlis J and Derbyshire R TP
NEUTRON RADIOGRAFHY, . . .
Atomic Energy Research Establishment, Harwell, Berkshire, England, .July (1956), 18 pp.

The absorption of neutrons by matter is considered and the raison d'étre of neutron
radiography explained. The production and detection of neutrons are described and
details are given of the techniques used for neutron radiography at Harwell. Some
examples of neutron radiographs are reproduced and discussed.

AERE-NP/R-2096

Allen WD and Ferguson A TG

THE MEASUREMENT OF FAST NEUTRON FLUX OVER THE NEUTRON ENERGY RANGE
0.030 MEV TO 3.0 MEV,

Atomic Energy Research Establishment, Harwell, Berkshire, England, October 3, 1956,

21 pp. (19 refs). '

Measurements of neutron flux in the neutron energy region 0.030 Mev to 3.0 Mev have
been made using a proton recoil counter and a Hanson-McKibben-type long counter.
Several proton recoil counters filled with different gases at different pressures have
given flux measurements self-consistent to 2 per cent. The long counter has been
calibrated against photoneutron sources at a number . of energies and also against the
recoil counter. The variation of its efficiency as determined by the two methods is in
satisfactory agreement. The absolute calibration of the long counter with respect to a
RdTh, D,0 source whose strength was known to +2-1/2% agreed with the calibration
with respect to the recoil counter of 1%. A similar cross check with an Ra-Be source
gave an initial discrepancy of 15%, but this was traced to an error in the source
strength and variation with.energy in the response of the long counter. These cross
checks are satisfactory, and over the major portion of the energy range the standard
error is not more than +3%.

AERE-TM-108

Lomer W

THE DIRECT CONVERSION OF BETA-IRRADIATION ENERGY INTO LOW - VOLTAGE
ELECTRICAL ENERGY,

Atomic Energy Research Establishment, Harwell, Berkshire, England, April (1954).'
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A theory is presented that accounts for observations on the emf produced by a semi-
conductor junction under irradiation. It is shown that, for high efficiency, a semi-
conductor with a large energy gap, and with both p and n material as heavily doped
as is practicable, should be placed in a very high irradiation density. The most
effective conditions under which to use a semiconductor under irradiation as a battery
are presented.

AERE-T/R-1008

Mandl M E (Mrs.)

A METHOD OF MEASURING THE AVERAGE ENERGY OF A NEUTRON SPECTRUM IN
THE RANGE 0.3 TO 3.0 MEV, _

Atomic Energy Research Establishment, Harwell, Berkshire, England, August (1952),

12 pp. (1 ref).

For biological irradiation experiments, it is ustially necessary to know the average
energy of the neutron flux to calculate the relative biological effictency faclur. This
average energy can, of course, be measured very accurately by a photographic plate
technique, but this is a very laborious mcthod and this degree of accuracy is not
usually neceéssary.

In this report is described a simple method of estimating the average energy of a
spectrum of Mev neutrons with an accuracy of about 20%.

The average energy is deduced from the shape of the induced thermal neutrons spatial
distribution in a sphere of paraffin,

Where time and space allow, and where very great accuracy is not necessary, e.g.,

in animal irradiation experiments with Mev neutrons, this method has considerable
advantages with it simplicity. The method has been checked experimentally at energies
of 0.6 Mev and 2.9 Mev where it is in good agreement.

AF-SAM-56-15

Sigoloff Sanford C, 1/Lt. (USAF)

A HALOGENATED HYDROCARBON-DYE WATER EQUIVALENT METHOD FOR MEASUR-
ING - AND GAMMA RADIATION,

Department of Radiobiology, School of Aviation Medicine, USAF, Randolph AFB, Texas,
March (1956), 4 pp. (8 refs).

Chem ical dosimetry of ionizing radiation has been an important phase of recent radi-
ation research., Free radicals and molecular products formed by the action of radi-
ation on water enter readily into many chemical reactions. Ferrous ions are oxidized
to ferric iors, ceric ions are reduced to cerous ions, proteins are denatured, and
enzymes are inactivated when they are irradiated in aqueous solutions.

Water is used as the basic medium for this chemical dosimeter because of the possible
correlation between chemical effects and biologic effects.

This paper deals with the prepafation and uses of a water equivalent method of
dosimetry. .
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AF-SAM-57-86

Sigoloff Sanford C, 1/Lt. (USAF(MSC))

CHEMICAL SYSTEMS FOR THE MEASUREMENT OF 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
systems that have application in the Aircraft Nuclear Propulsion Program. Some of
the systems discussed are the tetrachloroethylene two-phase dosimeter and the single-
phase water dosimeter. Included are instructions for evaluatlon as well as a discussion
of the ranges and properties of each system,

AF-SAM-57-90

Cassein, Beuedict, Ph.D, etal. '
DEVELOPMENT OF A GERMANIUM CRYSTAL DOSIMETER,
School of Aviation Medicine, USAF, Randolph AFB, Texas, May (1957), 8 pp. (2 refs).

The most satisfactory material found for use as a fast neutron dosimeter has been .
made by purifying and crystallizing 30 ohm-cm germanium three times with three

zones of a zone-melt furnace and adding 0.026 mg of indium per kilogram of germanium.
Good crystal structure is important and requires a good seed crystal and zone widths
between 1 and 1-1/2 inches. Close temperature control appears to be required to

make reliable cold-bath resistance measurements with the consequent accuracy of 4 C
calculations,

AFSWC TN-56-2

Dick James L, Major (USAF), Hurdlow William R, 1/Lt. (USAF) and

Hippeli Ellen M, 1/Lt. (USAF)

SAFE LEVELS OF 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 aircraft, aircraft
parts, and air base facilities can be classified as 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 terms of the age of the mixed fission
products to establish the true magnitude of the hazard. As a result of this approach,
higher contamination levels than those given in present USAF publications are proposed
within the limits of current adopted national standards of radiation tolerance., Air
sampling is the recommended method for determining the existence of an internal
hazard.

Limits of external and internal radiation levels are recommended for those items of
materiel which may be released for general usage. Also recommended are limits for
items kept in a controlled area, dosage limits for personnel working in such an area,
and limits applicable to emergency situations.

23



AIF-57-32

Stevens A J, Dr.

RADIOISOTOPE USE EXPERIENCE WITH COMMERCIALLY AVAILABLE INSTRUMENTS,
Budd Company, Philadelphia 32, Pennsylvania. Published by Atomic Industrial Forum, Inc.,
'3 East 54th St., New York 22, New York, October (1957), 9 pp.

The author gives a brief description of Budd Company's facility for handling radioactive
materials. He discusses monitoring equipmeént, customers' insiruwnenlation problems,
types of instrumentation needed, geiger counter limitations, calibration problems,
dosimeters and film badges, and current survey instrumentation,

AIF=57-33

Morgan Karl Z

MEASUREMENT PROBLEMS OF RADIOISOTOPE USERS,

Oak Ridge National Laboratory, Oak Ridge, Tennessee, Published by Atomic Industrial
Forum, Inc., 3 East 54th St., New York 22, New York, October (1957), 10 pp.

This paper is of a general nature and discusses the problews of the radicisotopc ucers
in the measurement of ionizing radiation and points out thal present problems arc much
simpler than those which faced the directors of the Manhattan Project, the Metallurgical
Laboratory, the Clinton Laboratory, and the other early contractors in the field of
atomic energy.

Specific topics discussed are general improvement in standards and equipment; pocket
meters; film badges; neutron monitoring and survey instruments; X-ray survey meters;
value of health physics; and radiation instrument requirements.

AIF-57-105

Morgan B W .

INSTRUMENTATION REQUIREMENTS OF RADIOISOTOPE USERS,

Division of Civilian Application, US Atomic Energy Commission, Published by Atomic
Industrial Forum, Inc., 3 East 54th St., New York 22, New York, October (1957), 12 pp.

This paper is directed primarily toward industrial management and does not deal with
the technical aspects of radiation detection and measurement. Specific topics dis-
cussed are licensing, radiation standards, evaluation of radioisotope program safety,
and types of radiation instruments.

AIF-57-106

Aebersold Paul C

REWARDS AND REQUISITES OF ACCELERATING RADIOISOTOPE UTILIZATION, )
Assistant Director, Division of Civilian Application, USAEC, Published by Atomic Industrial
Forum, Inc., 3 East 54th St., New York 22, New York, October (1957), 7 pp.

This paper discusses the extensive beneflits to our national welfare and economy which

have resulted due to an accelerated radioisotope program. Specific topics discussed
are isotope training, isotope demonstrations, and isotope production.
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AIF-57-109

Lowenstein Robert

DOMESTIC LICENSING AND REGULATIONS,

Office of General Counsel, USAEC. Published by Atomic Industrial Forum, Inc., 3 East
54th St., New York 22, New York, October (1957) 11 pp.

This paper discusses the changes in AEC's licensing procedures under amendment to

the Atomic Energy Act enacted at the last session of Congress, a few problems related
to the licensing program, and a number of amendments to AEC regulations issued during
the past year.

ANL-5206

McDonell William R

RADIA TION CHEMISTRY OF NORMAL AND HEAVY WATER SOLUTIONS - I. RADIATION-
INDUCED OXIDATION OF FERROUS SULFATE,

Chemistry Division, Argonne National Laboratory, P.O. Box 299, Lemont, Illinois, Contract
No. W-31-109-Eng-38, January 12,1954, 6 pp. (6 refs).

The Co®° gamma-ray-induced oxidation of ferrous sulfate in 0.8 N sulfuric acid-heavy
water solutions proceeds with a specific yield, GFe+++’ of 17.5, compared to 15.6 for
normal water solutions, Pile irradiation yields show a similar but smaller enhancement
of ferric ion yields in heavy water solutions, the difference probably due to greater flux
of capture gamma radiation in the normal water than in heavy water solutions.

ANL-5743

Aver JE, Davis DA and Mayfield R M

GLOVES FOR PROTECTIVE ENCLOSURES, ' 4 .

Argonne National Laboratory, P. O. Box 299, Lemont, Illinois, Contract No, W-31-109-Eng-38,
May (1957), 22 pp. (4 refs). : : '

A study of the glove problem has been made by the ANL Glove Committee as a necessary
prerequisite to any attempt at coordination or standardization. This report consists of
a compilation of the findings of the Committee and the resulting compromises Wthh are
felt necessary to the resolution of the problems.

Materials, methods of manufacturing and general propefties of gloves are described.
Glove design has been analyzed and suggestions are madé in regard to an acceptable
standard. Permeability characteristics of various glove compounds are’ rev1ewed ‘and
the effect of moisture contamination upon hypothetical systems is tabulated. _An elec-
trical test is proposed for the determination of.glove! soundness.

ANL-5819

Swope Gladys H : ;
DOSIMETRY IN THE ARGONNE HIGH-LEVEL GAMMA IRRADIATION FACILITY
Chemical Engineering Division, Argonne National Laboratory, P.O. Box 299, Lemont,
I1linois, Contract No. W-31-109-Eng-38, January (1958), 12 pp.
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This report discusses chemical dosimetry, utilizing the oxidation of ferrous sulfate,
as used to measure radiation intensity of the Argonne National Laboratory's High-Level
Gamma Irradiation Facility.

The preparation of ferrous sulfate solution is described. Ferrous 'dosimetry calcula-
tions are presented. Photographs are included showing a polystyrene dosimeter cell
holder, an irradiation urn, and irradiation rack.

"APEX-134

Moteff John
FISSION PRODUCT DECAY GAMMA ENERGY SPECTRUM,

Aircraft Nuclear Propulsion Project, General Electric Company, Cincinnati, Ohio,
June (1953), 78 pp. (15 refs).

A study has been made to determine the gamma energy spectrum of the thermal-figsion
products of U*®® at various times after shutdown of a reactor. The results yield the
energy spectrum for 1000 hours of reactor operation and 1, 5, 10, 60, 120, and 240
days after shutdown. The spectrum was divided iutu seven convenicnt energy groups
and each gamma was assigned the mean energy ufl the group in which it occurs.

The energy group distributions of the gamma decay rates also are included for various
times of operation and shutdown.  The operating times considered were 10 minutes,

1, 10, 100, 1000 hours, and infinite operation. The after-shutdown times were from

4 hours to 10 days except for the 8 months after-shutdown time for 1000-hour operation,

The total decay rates check very well with the W .-W.gner expression:

I'(Mev sec™ /fission) = 1.26¢ 22 10 < v < 107

1

where T is the time after fission in seconds

All the results of this study were made applicable to any the.'mal reactor using’ U=
" by expressing the activities as percentages of saturation activity and by normalizing
the results to 1 watt of reactor power.

APEX-218

RADIOLOGICAL EDUCATION AND TRAINING PROGRAM,

Industrial Hygiene, Aircraft Nuclear Propulsion Department, General Electric Company,
(1955), 28 pp.

This publication explains the methods and materials employed by the Industrial Hygiene
unit in the education and training of ANP department employees. This rcport outlines
the seven general phases of this training program. These phases are orientation,
P-approved contact, Q-cleared contact, periodic follow-up discussions, visual educa-
tion, distribution of printed material, and special education and training. ’
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ASAE-5

Nowak M J

EFFECTIVENESS OF REACTOR CONTROL ABSORBERS SENSITIVE TO NEUTRONS OF
ALL ENERGIES,

American Radiation and Standard Sanitary Corporation, Redwood City, California,
February 1, 1957, 31 pp. '

A criterion is established for the effectiveness of a reactor control absorber sensitive
to neutrons of all energies from fission to thermal. This criterion can be used to
determine an optimum alloy of absorber material, dependent on the absorption param -
eters of the elements and the slowing-down properties of the medium in which the
absorber is used. ‘

The analysis is based on multigroup diffusion theory. The effectiveness of an absorber
is defined as the change in power output (as measured by thermal neutron content)
produced by insertion of the absorber into an infinite uniform source medium having
the same flux spectrum as the reactor in which the absorber is used. The same
criterion can also be derived from perturbation theory.

This effectiveness criterion describes the intermediate case between the limiting con-
ditions of weak absorbers and black absorbers, which are known from simpler theory.

BMI-174-QPR-1

Diethorn W S, et al.

NEUTRON DOSIMETRY RESEARCH, o

Firsl Quarterly (March 15 to June 14, 1957) Progress Report to US Army Signal Engineering
Laboratories, Belmar, New Jersey, Battelle M emorial Institute, 505 King Ave., Columbus 1,
Ohio, June 30,1957, 16 pp. (15 refs). ‘

This report presents a survey of neutron dosimeter systems (semiconductor, tissue-
equivalent ionization chambers, and chemical recoil-proton systems), discusses future
plans for work on ionization chamber and chemical systems, and outlines a research
program on semiconductors.

BMI-174-QPR -2

Diethorn W S, et al. ‘
SECOND QUARTERLY PROGRESS REPORT ON NEUTRON DOSIMETRY RESEARCH,
US Army Signal Engineering Laboratories, Belmar, New Jersey, Battelle Memorial
Institute, 505 King Ave., Columbus 1, Ohio, Contract No. DA-36-039-SC-73174,
October 2, 1957, 16 pp. (14 refs), . .

During this quarter, the examination of important semiconductor literature was con-
tinued and the theoretical analysis of lifetime phenomena in silicon and germanium
extended. Experimental work was initiated to determine the relationship between
neutron dose and lifetime changes in these materials. Preliminary experiments were
completed on single crystals of A1Sb, CdTe, and InP, as part of the study to determine
the application of these high-energy-gap compound semiconductors to neutron dosimetry

- based on conductivity changes. Although the specimens used in these latter experi-
ments were not optimum, the experimental results indicate that these materials have
promise for the Signal Corps dosimeter application, :
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The paper study of ionization-chamber theory and performance is under way. Second-
quarter activities in this area were concentrated on the literature aspects of this sub-
ject. The major effort in the initial stage of this study will be an analysis of ion re-
combination and the effect of this phenomenon on ionization-chamber performance.

Some effort during this quarter was devoted to a search for new approaches to neutron
dosimetry.

BMI-1083

Smith Charles K, et al.

THE DEVELOPMENT OF A THERMAL-NEUTRON-FLUX MEASURING INSTRUMENT,
Battelle Memorial Institute, 505 King Ave., Columbus 1, Ohio, Contract No, W-7405-Eng-92,
April 12,1956, 15 pp. ‘

An instrument was developed to measure thermal neutron flux directly and automatically
in the range from 10%® to 10* neutrons/(cm?)(sec) at ambient temperatures up to 600 F.
Two prototype tests were conducted. Measurements made with this instrument are in-
dependent of gamma flux and, within a small error, independent of ambicnt temperature,
The method depends on balancing the temperutures ol an electrically heated bhalancing
element and a fission-heated uranium -fueled seusiug element, Thuo; the instrnment
gives a direct measurement of fission-product power, produced by a known amount of
uranium.

The flux-detector assembly measures 3/16-in. in OD by about 4 in. in length and is
fitted with an extension so that it is movable over a 20-ft length inside a 0.210-in. ID
tubular well in the reactor.

Two tests of the prototype instrument were conducted by making vertical traverses of -
the flux field in the beryllium reflector of the MTR. Measurements were made in 1-in.
increments from 16 in. above to 5 in. below the center line of the core. Instrument
response time was about 1 minute for each measurement. The maximum deviation of
a single instrument reading from the average recadings at a given point was about 2.5%
at a flux of 10** neutrons/{(cm*)(sec).

An appendix is included which outlines the method used to fabricate the balancing and
sensing elements in this instrument.

BMI-1086

Klickman Alton E, et al.

A WIRE-ACTIVATED TECHNIQUE FOR REACTOR -FLUX-PROFILE MEASUREMENTS,
Battelle Memorial Institute, 505 King Ave., Columbus 1, Ohio, Contract No.W-7405-Eng-92,
April 25,1956, 14 pp. (8 rcfs). :

The application of the wire-activation technique was extended so that flux profiles could
be obtained in a reactor core where the flux is of the order of 10** neutrons/(cm?®)(sec)
and the ambient temperature is about 600 F,

A magnesium-0.0]1 a/o indium wire 0.010 in. in diameter was investigated. The wire
is irradiated first 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 same size. Thus, it is possible to obtain both
the thermal and slowing-down flux profiles quite rapidly.
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To prove the feasibility of the method, in-pile tests were conducted at CP-5. Ten
10-in. wires were irradiated in magnesium tubes and ten 10-in. wires in magnesium-33
a/o cadmium tubes. The irradiation time was 30 minutes. After a 1-hour period to
allow the decay of extraneous activities, the wire was run past a collimated scintillation
counter. The counter sees 1-in. sections of the wire which it counts for 15 seconds
each. A mechanism records the counts and then moves the wire 1-in. for the next
counting period.

Tests with the magnesium-0.01 a/o indium wire showed that the method was feasible
and the countmg rates were high enough to give reliable results. Some specimens of
"cobalt and magnesium-0.1 a/o manganese were also exposed in the CP-5. It was hoped
that materials with different resonance absorption peaks could be used to give an energy
spectrum. However, the cobalt wire proved unsatisfactory because of impurities and
the magnesium-0.1 a/o manganese gave counting rates which were too low.

'

BNL-171 ATI-156008

CONFERENCE ON FISSION PRODUCT UTILIZATION,
February 18-19, 1952, Brookhaven National Laboratory, Assoc1ated Universities, Inc.,
Upton, New York, 45 pp.

This document contains papers covering two topics: (1) Dosimetry in Intense Radiation
Fields, and (2) Progress in Fission Product Application.

Under topic (1) the following papers were given:

Some Problems in Chemical Dosimetry

A Calorimetric Calibration of Gamma-Ray Actinometers
A Methylene Blue Dosimeter

Development of a Polyvinyl Film Dosimeter

Radiation Dosimetry with Crystal Conduction Dosimeters

HoQwpx

Under topic (2) the following papers were given:

>

Irradiation of Bacteria, Yeasts, and Molds

Food Preservation by Irradiation and Associated Studies

Initiation of Chemical Reactions

The Effects of Gamma Radiation on Bacteria, Molds, Yeasts, Vitamins and
Enzymes

Irradiation of Food and Initiation of Chemical Reactions

Initiation of Chemical Reactions

Progress at BNL on Industrial Applications of Intense Gamma Radiation
Progress at Stanford Research Institute

Progress at GE Engineering Laboratory

vaw

FEQn

BNL-344
Weiss Max M

AREA SURVEY MANUAL,
Brookhaven Nat10na1 Laboratory, Upton, New York June 15, 1955, 148 pp. .
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This report was prepared to describe the instrumentation for the area radiation
monitoring stations established by Brookhaven National Laboratory. It also serves as
an instruction book for the operation and maintenance of these stations. These stations
provide the legal protection necessary to an operation of this nature.

The equipment contained in each station includes: a photographic assembly for perma-
nent records, several Geiger-Mueller counter assemblies, a battery operated rate-
meter assembly, a dynamic condensor electrometer-ionization chamber, an air sam-
pler, several integrating ionization chambers, natural radlatlon backgrvund measure
ments, and effects upon background of pile operations. A

BNL-358 (T-66)

Bloom S D, Reilly E and Toppel B J
A HIGH PRESSURE PROPORTIONAL COUNTER FOR FAST NEUTRON SPECTROSCOPY,
Brookhaven National Laboratory, Upton, New York, June (1955), 11 pp.

A high pressure proportional counter has been built for use as a fast neutron spec -
trometer. The sensitive cylindrical volume defined by field tubes is 10 c¢m in diameter
by 14 cm long. The counter is normally operated at voltages of 6000-~8000 volts with
pressures of from 6 to 10 atmospheres. Fillings of argon, helium, and krypton have
been successfully used. The use of a graphite liner on the cathode improves the reso-
lutlon by a factor of three and eliminates the need for counter degassing. The

He>(n, p)T reaction using thermal neutrons yields a.resolution of 4 5%. The counter
has been used to study the A>%(n, a)$®® reaction and to detect He® in normal tank
helium,

BNL-386 (T-72)

Handloser J S and Delihas N

GAMMA-RAY NEUTRON DOSIMETRY OF THE BIOLOGY NEUTRON IRRADIATION
FACILITY,

Brookhaven National Laboratory, Upton, New York, November (1955), 10 pp. (13 refs).

Measurements of neutron flux and energy distribution and gamma-ray intensities were
made in the thermal column of the Brookhaven reactor. The thermal neutron [lux was
measured with gold foils; resonance neutrons with copper wire; fast neutrons with Pu,
U, and S threshold detectors; and gamma intensity with a carbon ionization chamber.
Measurements were made for the empty thermal column, the thermal column with a
U235 converter plate, and the instrument tunnel. Results of all measurements and
experimental details are presented. ‘

BNL.-433 (C-24)-1

Sher R and Kouts HJ

THE EFFECT OF EPITHERMAL FISSIONS ON THE NEUTRON CYCLE,

Paper given at Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear
Reactors, Brookhaven National Laboratory, Upton, New York, September 24-25, 19586,
4 pp. (6 refs).

The usual formulations of the neutron cycle and the critical equation in a thermal

reactor neglect the contribution to the neutron economy of epithermal fissions in U239,
although several methods of accounting for these exist in the literature. The
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group -diffusion equations are examined from the point of view of absorptibn proba-
bilities, rather than escape probabilities, and a critical equation is derived in terms
of f, n, and several experimentally measurable quantities. Then € and p can be

somewhat arbitrarily defined so as to make our critical équation have the form of
four-factor formula.

BNL-433 (C-24)-2

Niemuth W E
MEASUREMENTS OF RESONANCE ESCAPE PROBABILITY IN HANFORD LATTICES
Hanford Atomic Products Operation, Richland, Washington. Paper given at Brookhaven

Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25,

9 pp. (11 refs).

the

1956,

Techniques of gamma-ray scintillation spectroscopy have been used to determine radial

digtributions of "thermal' ncutrons and plulunium build-up in natural uranium fue
elements in Hanford lattices. Pin detectors of U?3® and U*3° of approximately

1

0.060-in. diameter and 0.250-in. length were fitted into a section of fuel element and

into the graphite and irradiated in the Hanford piles. Cadmium ratios served to

separate the distributions into thermal and epicadmium components. Interpretation

of these distributions in light of the formula

z
1 az8
=~ =.1 + Rf <———————->
p + 2

azs azs

which may be derived from a basic definition of resonance escape probability yields the

desired results. Here R is the measured ratio of resonance to thermal captures
U238

in

, [ is the measured lattice thermal utilization, 2;,, and Z;,, are macroscopic

absorption cross sections for U®2® and U?3° respectively, and p is the resonance
escape probability. Comparisons of experimental results with calculations based on

handbook formulas indicate that measured values of p are approximately 3% small

er

than calculated values. The techniques employed to obtain and analyze the data are

discussed.

BNIL.-433 (C-24)-3

Hansen GE and Roach W H

INTERPRETATION OF NEUTRON RESONANCE DETECTOR ACTIVATIONS IN CRITICAL

URANYL FLUORIDE - HEAVY WATER SOLUTIONS,

Los'Alambs Scientific Laboratory, Los Alamos, New Mexico. Paper given at Brookhaven

Conference on Resonance Absorptlon of Neutrons in Nuclear Reactors, September 24-25,

13 pp. (5 refs).

Activation measurements with In, Au, Co, and Mn in a series of critical U23502

heavy water solutions indicate flux spectra markedly influenced by the resonance

character of the U?3°® absorption cross section in the 2 to 200-ev energy range.

spectra appear to be consistent with the U%2° resonance parameter data given in
BNL-325.

1956,

F

These
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BNL-433 (C-24)-5

Hellstrand E

MEASUREMENTS OF NEPTUNIUM ACTIVITY IN IRRADIATED URANIUM RODS,
" Aktiebolaget Atomenergi, Stockholm, Sweden. Paper given at Brookhaven Conference on
Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956, 1 p.

The spatial distribution of the resonance absorption of neutrons in uranium rods has
been determined by peeling off successive layers of irradiated rods and measuring
the neptunium activity. The rods ranged from 8 to 50 mm in diameter. (J.C.)

BNL-433 (C-24)-6

M¢Millan D E, et al.

MEASUREMENTS OF ALPHA OF URANIUM-233,

Knolls Atomic Power Laboratory, Schenectady, New York. Paper given at Brookhaven
Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956,
5 pp. (3 refs).

Alpha of U?*® has been measured by Hanford pile expoéures of samples surrounded by
various shields to cut out the low energy neutrons at various energies., The [lissivns
induced in the samples were determined from measurement of the activities produced
by fission products Cs*®” and Ce'**. The radiative captures were determined from
mass spectrometer measurements of the U*** to UZ?*® ratio. The following results
were obtained:’ -

Cutoff Energy of Shield Alpha of U?®33
No Shield 0.10
0.2 ev 0.15
0.5 ev 0.18

30.0 ev 0.14

BNL-433 (C-24)-7

Spinrad B I

INTERPRETATION OF EXPERIMENTS ON RESONANCE INTEGRALS,

Argonne National Laboratory, Lemont, Illinois. Paper given at Brookhaven Confereuce on
Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956, 3 pp. (9 refs).

" The theory and analysis of integral experimental methods for evaluating resonance
integrals are presented. The relative precisions of lattice fitting activation and direct
measurement of resonance escape are compared and the corrections which must be
made to data derived from the various methods are illustrated. Several self-consistent
models of the neutron conservation processes are compared with regard to the appli-
cability of resonance data obtained by the various methods.

BNL-433 (C-24)-8

Kiein D, et al.

MEASUREMENTS OF RESONANCE ESCAPE PROBABILITY IN 1.3 PERCENT ENRICHED
URANIUM AND URANIUM OXIDE FUELED LATTICES,

Westinghouse Electric Corporation, Bettis Plant, Pittsburgh, Pennsylvania. Paper given at
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear Reactors,
September 24-25,1956, 5 pp.
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Resonance escape probability measurements have been made in slightly enriched urani-
um and uranium .oxide, light water moderated lattices. These measurements have been
made at several water-to-metal ratios and two.rod sizes. Experimental results will be
presented and compared with theoretical calculations.

" BNL-433 (C-24)-10

Mummery P W

CORRELATION OF INTEGRAL EXPERIMENTS WITH LATTICE CALCULATIONS,
Atomic Energy Research Establishment, Harwell, Berkshire, England. Paper given at
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear Reactors,
September 24-25,1956, 3 pp. (3 refs).

Systematic integral experiments can be correlated with a method of lattice calculations
in order to deduce slowing-down area, fast fission factors, effective resonance integral,
and neufron yield from figgile matcrial. RNesulls are reported for experiments in
graphite, natural water, and heavy water moderators. Satisfactory agreement can be
obtained between the graphite and natural water results, and the U23° neutron yield
deduced is in satisfactory agreement with the accepted value. :

BNL-433 (C-24)-11

Corngold N

THE EFFECT OF FINITE FUEL MASS ON RESONANCE ABSORPTION IN SLAB LATTICES,
Brookhaven National Laboratory, Upton, New York. Paper given at Brookhaven Conference
on Resonance Absorption of Neutrons in Nuclear Reactors ‘September 24-25, 1956,

5pp. (2 refs).

A comparison of the absorption-at various resonances in a typical uranium-water lattice
has been made for the cases My = 238 and M+ «. The slowing-down equations used
are those previously given by Chermck and by Corngold Analysis yields a simple
_criterion for the determination of the accuracy of the infinite-mass formula for any
particular resonance. '

BNL-433 (C-24)-12

Oleksa S

THE EFFECTS OF THE FLUCTUATIONS, OF NUCLEAR REACTION WIDTHS ON

o(n, Y), o(n, f) and a, .
Brookhaven National Laboratory, Upton, New York. Paper given at Brookhaven Conference
on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 19586, o

9 pp. (13 refs).

. It has been shown by Wigner that it is possible to calculate the variation of oln,y),

‘An(n f), and ¢ as a function of energy in the range 100 ev to 10,000 ev hy considering
the fluctuations of the neutron scattering widths and fission widths of the resonance
levels below 100 ev. This has been done for U®3°  The effects of fitting the experi-
mental data with several different distributions will be shown.
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BNL-433 (C-24)-13

Wigner E P ‘ '

REVIEW OF RESONANCE CAPTURE BY LUMPS,

Princeton University, Princeton, New Jersey. Paper given at Brookhaven Conference on
Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25,1956, 6 pp. (13 refs).

In this address, given at the invitation of the conference, Wigner reviews the United
States and Russian work on resonance absorption of uranium in bulk. The close agree-
ment between the US and USSR formulas for the effective resonance integral of metallic
uranium over the range of practical interest is demonstrated. The differences in the
theoretical formulations are discussed as well as their effect on calculations of reso-
nance ‘capture in uranium oxide lattices. The importance of reassessing the effect of
the latest resonance constants on the various energy regions of the resonance absorption
is pointed out.. (J.C.) ' ’

BNL-433 (C-24)-14

Triplett J I

THE EFFECT OF EPITHERMAL AND RESONANCE CAPTURE IN HETEROGENEOUS
3YSTIME,

Hanford Atomic Products Operation, Richland, Washington. Paper given at Brookhaven
Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956,
2 pp. (2 refs).

Calculation results are presented which illustrate the effects of extended irradiation
upon epithermal absorption and fission in a heterogeneous lattice, as well as upon the
thermal parameters. The Goertzel-Greuling slowing-down kernel is employed. Ab-
sorption in the fuel is treated by the blackness theory which neglects slowing down in
uranium, Nine heavy isotopes and one fission product group are represented in the
calculation, although cross sections are not adequately known for most of these. Chief
emphasis has been placed on development of a flexible IBM program, which can be used
to compare cross-section information directly with the results of high-exposure integral
experiments.

BNL.-433 (C-24)-15

Safonov G .

RESONANCE ESCAPE PROBABILITY IN NATURAL URANIUM AND LIGHT AND HEAVY
WATER MIXTURES, ' .

Rand Corporation, Santa Monica, California, Paper given at Brookhaven Conference on
Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956, 3 pp.

The resonance escape probability for natural uranium in aqueous mixturcs has been
obtained as part of a broad theoretical survey of homogeneous water-uranium reactors,
Results of multigroup calculations are presented for various mixtures of H,0 and

D,0 and for water-to-uranium molar ratios ranging from 100%to 10*. (J.C.)

BNL-433 (C-24)-19

Dresner Lawrence
THE EFFECT OF GEOMETRY ON RESONANCE NEUTRON ABSORPTION IN URANIUM,
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Oak Ridge National ‘Laboratory, Oak Ridge, Tennessee. Paper given at Brookhaven Con-
ference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956
6 pp. (11 refs).

A simple theoretical expression has been derived for the geometric dependence of the
effective resonance integral of uranium which is independent of the details of resonance
structure. Comparison with experiment yields good agreement when the surface ab-
sorption is reduced arbitrarily to 60% of its theoretical value.

BNL-433 (C-24)-20

Spinney K T

RESONANCE ABSORPTION IN HOMOGENEOUS MIXTURES,

Atomic Energy Research Establishment, Harwell, Berkshire, England. Paper given at
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear Reactors, ’
September 24-25, 1956, 7 pp. (1 ref). ' .

The problem of calculating resonance absorption probabilities in homogeneous mixtures
of U and H is discussed. Quantitative results are presented of the absorption in indi-
vidual U resonances made with two approximate methods (the narrow resonance and
the narrow resonance with infinitely heavy absorber), and these are compared with
numerical solutions of the exact expression. The calculations, which are for a 1:1
atomic ratio, make use of experimental data now available for the first 18 resonances
in U and include the effect of Doppler-broadened cross sections. Other tables are
shown for a 10:1 H to U ratio and also the results of a new ''modified" narrow reso-
nance approximation which is found to give considerably greater accuracy over most of
the energy range. 4 s

BNL-433 (C-24)-21

Neumann H

RESONANCE ESCAPE PROBABILITY IN REACTOR LATTICES,

Hanford Atomic Products Operation, Richland, Washington. Paper given at Brookhaven
Conference on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956,

6 23 (17 refs),

For a lumped-fuel lattice reactor, the probability that a neutron escape capture during
the slowing-down process by an isotope with isolated resonances may be shown to be
approximately ‘

P(u) = exp|:-(S/4eZst) J’:ﬁ(u')du':l

where S = lump surface area, & = mean logarithmic energy decrement for moderator
collisions, Z_ = moderator macroscopic scattering cross section, V = moderator
volume per fuel lump, u = neutron lethargy, and B(u) = lump blacknéss (capture
probability for neutrons entering the lump). The blackness is a function only of lump
materials, temperature, and geometry.

Temperature-broadened absorption and scattering cross sections, mcludmg scattermg
interference asymmetry terms, have been generated for 18 known resonances of U?
Assuming that uranium does not moderate, p has been calculated for 14 ‘
graphite-natural uranium rod lattices for which exponential pile experimental data exist.
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It is concluded that, for fuel rods 1.36 inches in diameter, these 18 resonances account
for at least 60% of the total resonance capture, over a factor of four ranges in Vrn

The results further suggest that the spatial distribution of the collision density in the -
moderator is fairly flat at resonance energies.

BNL-433 (C-24)-22

Stelu 3

RESONANCE ABSORPTION BY URANIUM-238 IN SLIGHTLY ENRICHED URANIUM-WATER
SYSTEMS - THEORETICAL METHODS IN USE AT BETTIS, .
Westinghouse Electric Corporation, Bettis Plant, Pittsburgh, Pennsylvania. Paper given at
Brookhaven Conference on Resonance Absorption of Neutrons in Nuclear Reactors,

September 24-25, 1956, 3 pp.

A model is described for calculation of resonance escape probability in a variety of
light water moderated metal fuel reactor lattices. The results are correct to first
order in the resonance width. By means of additional approximations, a simple
analytic scheme is obtained exhibiting the main features of the problem, and in good
agreement with the results ot Monte Carlo calculations.

BNL-433 (C-24)-23

Chernick J

STUDIES OF NEUTRON CAPTURE IN URANIUM-238 RESONANCES,

Brookhaven National Laboratory, Upton, New York. Paper given at Brookhaven Conference
on Resonance Absorption of Neutrons in Nuclear Reactors, September 24-25, 1956,

6 pp. (8 refs).

General formulas are obtained for resonance absorption in a lattice cell in terms of
escape probabilities. The formulas are discussed for widely spaced resonances in
the limit where the 'practical width of the resonance is either much smaller or much
larger than the maximum energy loss in uranium collisions. The importance of inter-
action effects in tight lattices is shown by Monte Carlo calculations, Other Monte
Carlo results yield the differential effects of uranium and oxygen moderation in water
moderated uranium and uranium oxide rod lattices, The results are compared with
those obtained for slabs and homogeneous mixtures.

BNL-433 (C-24)-24

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 at Brookhaven Conference on Resonance Absorption of Neutrons
in Nuclear Reactors, September 24-25, 1956, 2 pp. (1 ref).

The slowing-down equation for the neutron flux in a homogeneous, absorbihg moderator
is transformed into an integral equation involving the so-called Placzek function.” To a
first order, the solution is given by the usual approximation. By iteration, a second-
order correction to the resonance escape formula is obtained,
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BNL-487

Daniels Elaine

TABLE OF RADIOISOTOPES ARRANGED ACCORDING TO HALF-LIFE,
Brookhaven National Laboratory, Associated Universities, Inc., Upton, New York,
December (1957), 55 pp. 4

The data (on half-life of radioisotopes) in this table were taken directly from the Gen-
eral Electric Chart of the Nuclides, Fifth Edition. Great care was taken in copying
the table data and in proof-reading the copy to eliminate errors in transcription.

CC-648

Compton A H (Project Director)

CHEMICAL RESEARCH - RADIATION CHEMISTRY - REPORT FOR MONTH ENDING
MAY 15,1943,

Metallurgical Laboratory, May 15, 1943, 21 pp.

Information has been obtained on the effect of B and y radiation on the electrical re-
sistance of insulating materials. The results are summarized. The recovery to
original resistance values has been measured. In general, the initial rate is rapid

for the first few hours; the rate then decreases sharply. . Certain samples show evidence
of complete recovery. Effects on mechanical properties of several plastics have also
been studied.-

Data on gas evolution from several organic materials including those suggested by the
phys1olog1ca1 shield have been extended to include both § and deuteron bombardments.
Samples of '""Press-woud' are being evaluated.

The effect of current on the H, O,. production in water containing I- has been studied at
several I- concentrations. Water contain-dissolved CO, shows the presence of oxidant
(presumably H,O0, ). ‘

H,O, has been produced by recoil protons from the scattering of fast neutrons in de-
oxygenated water.

Radioactive solutions do not greatly affect the applicability of the glass electrode pro-
viding the electrode is thoroughly washed with distilled water before immersion in the
standard buffer solution.

CEP-0658-1

Henley E J, et al.
SCALE...OF RADIATION EFFECTS,
Chemical Engineering Progress, Vol. 54, No. 6, pp. 69-72, June (1958), (12 refs).

The effects of atomic radiation on chemical systems are a function of the rate and mode
of energy transfer. Some important investigations have been made to determine the
relationship between radiation effects and rate of energy transfer. Some of these are
discussed in this paper.
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CF-51-5-61

Cochran 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 refs).

This document discusses fast neutron dosage measurements taken in water to nearly
170 ¢cm with the Bulk Shielding Facility dosimeter. Also discussed are several ex-
perimental difficulties encountered during the experiment. A curve is included showing
fast neutron dosimeter centerline measurements for the Bulk Shielding Facility.

CF-51-5-164

Hill John W, Jr.

NEUTRON FLUX MEASUREMENTS IN THE BULK SHIELDING FACILITY REACTOR,
Oak Ridge National Laboratory, P.O. Box P, Oak Ridge, Tennessee, Contract No.
W-7405-Eng-26, May 15, 1951, 33 pp. '

Neutron flux distributions have been measured in the BSF Reactor with gold foils to
provide data for a calculation of the reactor power level. Only the location of fuel
and reflector pieces are shown., Three different lattice arrangements were investi-
gated and are shown in three figures. Horizontal and vertical traverses were made
through the lattice in representative positions. All the data taken are shown in tables,
while representative traverses are plotted as saturated activity versus distance.

CF-51-7-75 SERM-94

Muckenthaler F J and Henry Keith M, Jr.
NEUTRON ENERGY SPECTROMETER, A
Oak Ridge National Laboratory, Oak Ridge, Tennessee, July 16, 1951, 3 pp.

This is a brief document which presents data taken with the coincidence counter for the
proton recoil-type neutron spectrometer in the thermal column of the X-10 ORNL pile,
without a lead shield surrounding the counter.

CF-51-8-215

Eister W K

THE TREATMENT OF RADIOACTIVE WASTES,

Chemical Technology Division, Oak Ridge National Laboratory, P.O. Box P, Oak Ridge,
Tennessee, August (1951), 9 pp.

The proper treatment and disposal of radioactive wastes represents a problem of major
concern to the AEC program. These radioactive wastes result from raw materials
processing, isotopic separations, nuclear reactor operations, reactor product pro-
cessing, and development objectives of the AEC for the proper treatment and disposal
of radioactive waste is personnel safety.

This 'paper discusses control of radioactive waste disposal and general waste disposal
procedures for liquid waste, gaseous wastes, and solid wastes.

38



CF-51-11-96

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

This report presents and discusses data obtained as a result of two independent sets of
measurements of fast neutrons; the first by means of a radioactive threshold detector
and the second by means of a U®>® fast fission chamber. The data were obtained along
the centerline in water at various distances from the BSF.

CF-52-3-219

4 Bllzard EP
TRANSFORMATION FROM DISC TO POINT SOURCE GEOMETRY,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, March 27, 1952, 2 pp.

It is often useful to transform from data taken along the axis of a uniform circular
source to what would be expected from a point source. The usual method has been to
apply a Hurwitz transformation followed by differentiation. An analogous method is
here presented in which the convergence should be somewhat better. Further the
differentiation is applied directly to the data, rather than to the transformed data,
affording somewhat better accuracy to the use of the method.

CF-53-6-1 (Rev)

Blosser T V and Hullings M K
DECAY GAMMA-RAY DOSE RATE MEASUREMENTS AT THE BSF,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, April 12,1955, 6 pp. (3 refs).

Measurements of decay gammas from the Bulk Shielding Reactor have been made to
determine the exposure to which the operating personnel will be subjected with several
depths of water over the reactor. Experimental procedure and results are discussed.
The conclusions reached are that an analysis of the data will enable a determination of
the necessary water shield for this reactor for a given radiation level at various times
after shutdown. ‘

 CF-55-10-140

Trice J B

" A SERIES OF THERMAL, EPITHERMAL AND FAST NEUTRON MEASUREMENTS IN THE

MTR,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, Contract No. W-7405-Eng-26,
October 28, 1955, 88 pp.

A series of neutron [lux measurements using resonance reactions, np and no re-
actions, and threshold energy fission reactions, were performed in one of the horizontal
beam holes (HB-3) in the MTR. It was shown that the maximum flux above thermal
energy is (3.1 £ 0.6) x 10*3 neutrons - cm™® . sec~?, and that the thermal flux maxi-

mum is (2.3 + 0.4) x 10** neutrons - em™% + sec™.
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Two separate instrument development programs are described. One is the design con-
struction and operation of a pneumatic facility for very rapid and safe transfer of ma-
terials into and out of the high level neutron field, and the other is the development of a
series of very small fission chamber probes using threshold fission reactions in very
intense radiation fields. Attempts to express results as crude neutron spectra are
described. '

The threshold reaction Ni®®(np)Co®® was investigated for use as a radiation damage
monitor for metals. - It was concluded that more information is needed in regard to the
reaction cross section before it can be approved for such service.

CF-56-3-72

Binford ¥ T, Bettis ES and Howe J T
GAMMA HEATING MEASUREMENTS IN THE BULK SHIELDING REACTOR,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, March 7, 1956, 20 pp. (6 refs).

A series of experiments to determine the rate of gamma heating in construction ma-
terials in the vicinity of a reactor core of the MTR type were carried out in the Bulk -
Shielding Reactor at the Oak Ridge National Laboratory. The method used employed
measurement of the transient temperature of the samples during heating in the gamma
field and cooling after removal from the gamma field. Results suitable for use in
connection with the engineering design of reactor structures were obtained using
aluminum, lead, iron, and copper samples.

CF-56-5-76

Murray R B and Schenck J

SCINTILLATION RESPONSE OF LiI(Eu) CRYSTALS TO MONOENERGETIC FAST
NEUTRONS,

Oak Ridge National Laboratory, P.O. Box P, Oak Ridge, Tennessee, May 11, 1956, 12 pp.

The scintillation response of Lil(Eu) crystals to monoenergetic fast neutrons has been
investigated in the course of a $tudy directed toward the developmenl ol & wure versa-
tile and efficient fast-neutron spectrometer. The scintillation response has been
determined as a function of neutron energy (in the range 0.63 to 14.9 Mev); Eu con-
centration, Li isotope concentration, and crystal lemperature. 'I'he pulse height
spectra of those crystals containing Li® demonstrate a peak from the fast neutron
induced Li®%(n, a)t reaction. At room temperature the peak from fast neutrons of
energies less than 6 Mev is broad and roughly rectangular in shape. A substantial
improvement in the shape and resglution of the fast-neutron peak is found, however, on
cooling the crystals to about -140 C,.

CF-863

Ashkin J and Feld B

ACTIVATION OF FAST NEUTRON DETECTORS BY CYCLOTRON AND BY FISSION
NEUTRONS,

Metallurgical Laboratory, Oak Ridge National Laboratory, Oak Ridge, Tennessee
April 1, 1943, 8 pp.
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The (n,a), (n, p) and (n, ¥) reactions in Al, P and I have been studied as fast
neutron detectors, by investigating their activation in a pile of U metal. The cyclo-
tron was used as a source of fast neutrons. Two categories of neutrons were con-
sidered: ''fast,' or those capable of exciting (n,a) and (n, p) reactions, and 'slow,"
or those exciting (n,y) activities.

(a) The relative activations of these reactions were studied in different parts of the
pile. For "fission' neutrons, the ratio of activities was found to be:

Al(n, a) ~
Al(n, p)

. Al(n, p) ~ . In,y) ~
4 o EL T g A

B(n. p) 7.

These results suggest a method of comparing the fission spectrum with the energy
spectrum of other sources by comparing activations of fast neutron detectors.

(b) Information, on the way in which cyclotron neutrons come into equilibrium in the
metal, is gained hy rcongidering the variation in relalive activation for different
positions in the pile.

(c) The experimental "slow' to ''fast' ratios are directly compared with the capture
to fission ratios observed by Snell and reported in CF-589. It is shown that the
(P(n,y)/P(n, p)) ratio behaves in somewhat the same fashion as uranium
capture/fission.

CO0O-104

RADIATION DAMAGE RESEARCH _
Second Quarterly Report - Octobér 1 to December 31, 1952, Purdue University, Lafayette,
Indiana, Contract No. AT-(11-1)-125, March 31, 1953.

This document contains four reports. These are:
1. Goff, James, ''The Thermal Conductivity of Germanium Semiconductors

at Low Temperatures'

2. Klontz, E E, ''Resistance Changes in Germanium Single Crystals During
Electron Bombardment"

3. Harman, T C, etal., "Hardness of Deutron Irradiated Molybdenum"

4, Binnie, W P and Liebschutz, A M, "An X-Ray Study of Radiation Damage
in Single Crystals"

CP-2245

Sturm W J and Dabbs J

A SENSITIVE PARTICLE IONIZATION CHAMBER FOR NEUTRON DETECTION,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, Contract No. W-7401-Eng-37,
November 21, 1944, 19 pp.

A particle ionization chamber of sensitivity sufficient to detect a source of one neutron

per second has been used to measure the neutron yield from a thick target of sulfur
upon bombardment with polonium alpha particles. The high-geometry boron trifluoride
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chamber used had an efficiency of 1.9% for fission neutrons. The neutron yield from a
thick target of sulfur was measured by this instrument and found to be 0.0035 + 0013
neutrons per million incident polonium alpha particles.

CP-2261

Nedzel V Alexander .
A METHOD FOR NEUTRON ENERGY MEASUREMENT,
Metallurgical Laboratory, Clinton Laboratories, October 18,1944, 10 pp.

This report discusses a method proposed to measure neutron energies by accurately
determining the momenta of recoil protons in a magnetic spectrometer specially de-
signed for this purpose. The main consideration in the design of the spectrometer is
the shielding of the detector from the high radiation background associated with intense
neutron beams,

CVAC-238T FZK-9-080

Hessee E V
GTR DOSE RATE DISTRIBUTION MEASUREMENTS IN WATER,
Convair, Division of General Dynamics Corporation, Fort Worth, Texas, April 20, 1955,

42

101 pp. (9 refs).

Radial fast neutron and gamma dose rate mapping of a single octant of the Convair
Ground Test Reactor in water has been performed with constant detector orientation.
Data were taken at 50, 70, 90, and 110 centimeters from the center of fuel along 18
radial lines and from these plots isodose curves have been constructed. These plots
indicate that the isodose surfaces are not spherical for the region investigated, but
have more of an ellipsoidal appearance. In the horizontal plane, at a radial distance
of 50 centimeters the gamma dose rates vary by a factor of 1.5 and the fast neutron
dose rates by a factor of 3. A comparison of the radials corresponding to the north
and west centerlines with respect to distance from the reactor face shows that the
difference in fuel distribution makes little difference in the dose rate values. For
other radials not normal to a reactor face the differenceo are appreciahle. The effect
of the fuel element grid plate displacing water below the core is evident from a com-
parison of fast neutron and gamma isodose plots.

Symmetry checks show that the GTR is approximately symmetrical about the eastwest,
and north-south planes and slightly asymmetrical about the horizontal midplane.

Comparison of BSR-GTR centerline fast neutron dose rate data shows the latter to be
higher by approximately 15%; agreement between the two curves on the basis of re-
laxation lengths is good.

Comparison of centerline gamma dose rates for the two reactors is not as favorable.
GTR gamma data is approximately 20% lower close to the reactor north face and
crosses over at about 80 centimeters becoming slightly higher further out. GTR
gamma data were taken with three different gamma instruments with consistently good
agreement in regions of overlapping sensitivity.

GTR and BSR centerline thermal neutron flux values agree within approximately 5%
from 15 to 150 centimeters separation distance from the reactor face. The thermal
flux at the center of the GTR north face from gold foil data agrees within 4% with



BSR indium foil data at that point. The GTR curve from 1 to 15 centimeters is weak
because of insufficient foil exposures in that region.

DP-234

Weisner L E, Jr.

TRANSISTOR NEUTRON COUNT RATE METER,

“Engineering Assistance Section, Works Technical Department, Savannah River Plant,

E. I. duPont de Nemours and Company, Contract No. AT-(07-2)-1, August (1957), 11 pp.

An all-transistor neu'tfon count rate instrument has been developed for use with a boron
trifluoride counter. This instrument is inexpensive, highly reliable, and requires less
maintenance than its vacuum-tube counterpart. This report discusses the instrument
in détail.

DPI-CML-3617-FR/53 AD-7152

'EVALUATION STUDIES OF COLORIMETRIC AND CONDUCTIMETRIC DOSIMETERS,
Final Report to Chemical Procurement Agency, Distillation Products Industries, Rochester,
New York, Contract No, DA18-108-CML-3617, April 15, 1953, 6 pp.

The contract objectives are reviewed and compared with the accomplishments. The
conductimetric and the colorimetric dosimeters have been studied for sensitivity,
stability, dose rate dependence, and after radiation. It was found that both dosimeters
possess practically the same sensitivity and are usable in the range 50 to 600 r. The
cost of manufacturc of each lype dosimeter is approximately the same. A section is
devoted to remarks on the radiation reaction in chloroform. The significance of the
experimental results to the theory of the reaction mechanism is discussed.

Faraday-5

Seitz, Frederick
ON THE DISORDERING OF SOLIDS BY ACTION OF FAST MASSIVE PARTICLES,
Reprint from discussions of The Faraday Society, No.5 (1949), 20 pp.

Many solid materials undergo extensive changes when exposed to radiations of the
various types that are available at the present time. Undoubtedly the most striking and
useful effect of this kirid that has been studied to date is that observed in the silver
halides when they are exposed either to electromagnetic radiations or to the various
_charged radiations that may be produced. The widespread availability of high-intensity
sources of radiations of massive particles as a result of the development of electro-
nuclear machines and neutron reactors now makes it possible to extend the field of
study to regions that were hitherto closed. This report deals briefly with this subject.

Specific topics discussed are influence of charged particles passing through matter,
elastic collisions, and excitation and ionization of electrons.’
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GE-AP-0974

Ruehle William G, Jr. )

THE DETERMINATION OF FISSION PRODUCT GAMMA DOSES,

Atomic Power Equipment Department, General Electric Company, San Jose, California,
February 25, 1957, (8 refs).

In this paper arbitrary limits of the general fission source gamma problem are set.
Then, by assuming cooling of at least oné day, It is shown that only 12 different fission
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 any specific problem. A formula is given, detailing the pro-
cedure for calculating the total dose. Graphic and tabular data are presented for all
the pertinent fission products, and for their ylelds for the thrce more commanly used
fission sources, uranium-235, plutonium-239, and americium-241. By the use of thoee
data, the gamma dose is determined by considering less than 10% of the total of fission
products. Assuming the flux and timé s¢hedule are accurately known, the shielded
fission product gamma dose can be easily prediced by this method with 90% or better
accuracy. In addition, thc anewers will show which nuclides should be removed early
in chemical processing to substantially reduce the amount of shielding required.

GEC-AER-0957

Mills J B B, Bryden R D and Hartshorn PF
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-product detection system. Also

discussed is the mechanical design, sensitivity, and electrical design of the detection
system.

HW-27774 (Del)

Raile Milton N
FINAL RFPORT - DECONTAMINATION OF 221-224 B PROCESS EQUIPMENT,
Separations Section, Hanford Works, Richland, Washington, April 20, 1953, 11 PP

This report discusses the need for a decontamination program for recovery of product
remaining in the 200 East Area Process vessels. Decontamination procedures are
discussed.

. The conclusions of this study are that both citrate-caustic and peroxide-caustic solu-
tions are excellent agents for the removal of fission product absorbed on stainless-steel
surfaces, but it was not ascertained which is the most effective since the degree of con-
tamnination varied at the time the individual flushes were cmployed. Both solutions are
highly recommended for decontamination work, provided weak nitric acid is used to
repassivate the stainless steel surfaces after use of the caustic decontamination
solutions. '

HW-28431
Unruh C M

DECONTAMINATION OF PORTABLE INSTRUMENTS,
Radiological Sciences Department, Hanford Works, Richland, Washington, May 22, 1953, 4pp.
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This report discusses decontamination of portable instruments. Some of the reagents
tested for decontamination use are listed. Procedures and results are discussed.

HW-29135

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

The problem of measuring the neutron spectrum inside a reactive lattice in the epi-
thermal resonance and fast regions is discussed in the light of experiments reported

in the literature up to the present time. It appears that foil activation techniques,
relying upon sharp changes in isotopic cross sections with energy, are the only reliable
methods available. These techniques give data which, in general, are neither very
accurate nor sensitive. In the resonance region the lack of isotopes having isolated,
high cross-section resonances with favorable half-lives leads to a deficiency of ex-
perimental data. In the high energy threshold detector region the cross sections of the
threshold reactions are not well enough known to give high accuracy. Future work with
fission threshold detectors might improve the spectrum in the latter region.

HW -30606

Reddie J S

DETERMINATION OF FILM EXPOSURE BY NEUTRON ACTIVATION OF THE REDUCED
SILVER, :

Radiological Science Department, Hanford Works, Richland, Washington, January 14, 1954,

5 pp. (4 refs).

The determination of personnel meter badge film exposure by densitometer methods is
difficult or impossible when the film density is 3.0 or greater. For Dupont Type 510
film (insensitive), this corresponds to dose values greater than about 50 r and, although
this is well above the maximum permissible dose for humans and is far greater than

has been recorded for any Hanford employee, it is desirable to have means of measuring
such exposures if they should ever be encountered. If the fact of overexposure is known
before development, special development methods can be used which result in lower
densities; however, the results obtained by this technique are not reproducible. This
report is concerned with a method of measuring these grossly-exposed films that have
been developed and processed in the normal manner.

HW-31200

Russell J T
AN IDEA FOR A WIDE RANGE NEUTRON FLUX MONITOR FOR HIGH FLUX REACTORS,

Technical Section, Engineering Department, Hanford Works, Richland, Washington,
March 22, 1954, 9 pp.

This report is intended to indicate the technical possibility of a neutron flux meter
suitable for accurate and continuous indication of power level during all phases of pile
operation. Application to automatic operation are discussed. The material presented
represents about all that can be said concerning such a neutron flux meter on the basis
of present knowledge. Experimental work is required to determine the true attenuation
curve which would be obtained in an actual installation.
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HW-38198

Parker HM

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

This twenty-third quarterly report of the research and development activities of the
Radiological Sciences Department, Hanford Atomic Products Operation, includes de-
scriptions of laboratory facilities, research and development progress, biology,
tritium absorption and metabolism of reactor effluent radioactive elements, gamma ray
dosimetry, beta ray dosimetry, and neutron dosimetry. '

IBM-1

Shapiro C S

- GODIVA TEST SERIES DOSIMETRY TECHNIQUES,

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

A summary of the dosimetry techniques utilized in the IBM GODIVA test series are
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 and gamma dose rates as a function of time
during a GODIVA burst are 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 is applicable for GODIVA type fluxes
is presented.

This work is part of a over-all radiation effects program underway at 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 OF MTR NEUTRON SOURCES,

Technical Branch, Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho,
January 15, 1953, 16 pp.

Two 1/2-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
Ra-Be source No. 44 was used as the standard and all @ values are based on the
absolute calibration of this source. The MTR sources were calibrated by means of
both a BF3 counter method and an indium foil method. The rcsults of the two methods
agree well within the experimental error of 1% and yield source strengths of 5.96 x 10°
and 5.70 x 10° neutrons per second for MTR Nos. 1 and 2 respectively. A description
of the methods used and the experimental data obtained are given.
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IDO-16080

Hogg CH and Lewis R H

MTR FLUX CALIBRATION UNIT, .
Atomic Energy Division, Phillips Petroleum Co Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, May 22,1953, 18 pp. (8 refs).

A cadmium-covered AGOT graphite pile was built at the MTR site in the Fall 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 describes the standardization of the pile, i.e., determining the neutron flux
-along the vertical axis as 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 are often needed for the purpose of calculating the effect on re-
activity of nonuniform changes in the composition of the core or reflector of the MTR,
In this report the flux distributions, adjoint flux distributions, and the weighting func-
tions are computed and graphed for the MTR with 3 x 9 array of 140-gram fuel elements
and 110-gram shim fuel sections. The calculations are made in the N-S, E-W, and
vertical directions using the slab-type geometry, and then the approximation is made
that

$(x, v, 2)ad(xk (y)(z).

The weighting function for pure absorber and the thermal fluxes are compared with
experimental results, and the agreement is found to be reasonably good.

The calculated weighting function for pure absorber is compared with that for fuel and
they are found to be somewhat different. The absorber statistical weight falls off more
shérply for the outer fuel elements compared to the center than does the statistical
weight for. fuel,

IDO-16102

Hogg CH
. GAMMA INTENSITY MEASUREMENT,

Atomic Energy Division, Phillips Petroleum 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 at the MTR site with a gamma heat measuring device and a ceric sulfate dosim-
eter to make independent measurements and to search for evidence of saturation at
higher intensities in the ceric sulfate dosimeter measurements. .The results of the two
methods agree within 20% with no apparent saturation.
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IDO-16128

Hogg CH

AVERAGE THERMAL NEUTRON FLUX FROM BISMUTH MONITOR,

Atomic Energy Division, Phillips Petroleum Company, Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, October 21,1953, 12 pp. (7 refs).

As a part of the neutron flux measurement program of the Reactor Physics 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 Po®° in {rradluled Liswuth. The
heat generation in the irradiated sample is measured with a rod-type thermistor calo-
rimeter.

An equation for calculating the flux is derived. The average flux in an experimental
facility found to be 2.3 x 10* % 20% with the bismuth compares favorably with the value
2.2 x 10** measured with an indium foil technique.

IDO-16129

Hogg Calvin H

ROUTINE MEASUREMENT OF GAMMA INTENSITY,

Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idahv, 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 calorimeter is described. The instrument utilizes
the temperature difference, produced by gamma heating, between the ends of a solid
cylinder insulated so that most of the heat escapes through one end. A calibration curve
is included. '

IDO-16173

Webster J W

AN ANALYSIS OF THE ACCURACY OF PERTURBATION THEORY,

Atomic Energy Division, Phillips Petroleum Company, Idaho Falls, Idaho, Contract No.
AT-(10~1)-205, June 17, 1954, 24 pp. (4 refs).

This report discusses the accuracy of two-group perturbation theory as a method of
calculating the effect on reactivity of small changes to the composition of a reactor.

The evaluation is based on a comparison of reactivity changes calculated by group
theory and perturbation theory for cases involving uniform changes in the core-or
reflector. The group theory has fewer approximations to apply than perturbation theory.
It can only be used for uniform changes whereas the latter 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 is accurate within one part in ten for a uniform change in any
one constant of 15% or less. Graphs are given of reactivity effect versus arbitrary
percentage change in the various constants as calculated by the two methods. The
generalized formula of perturbation theory is discussed term by term, and a physical
interpretation is shown to exist for each term.
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IDO-16213

Heath 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 reactors the detection of fission product
activity in coolant streams is an important consideration. MTR experience has indi-
cated the limitations of systems normally employed for this purpose. This has led to
the development of a new type fission product monitor exhibiting nearly ideal character-
istics. 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 sec 1138 54 min 1134, and 6.7 hr 1135, utilizing energy discrimi-
nation below 800 kev with a simple level discriminator and a Nal detector viewing either
the effluent from a cation resin column or the integrated aclivity oh an anion resin. This
offers the advantage of unique response to short-lived fission products, thus measuring
the instantaneous production rate. The use of iodine activity integrated upon an anion
resin column achieves sensitivity orders of magnitude above direct siream 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 merits
in comparison with the new iodine system. This includes both gamma detection directly
in the water stream using energy discrimination (differential gamma monitor) and the
detection of delayed neutron activity. The theory of operation of all these devices will
be developed in some detail including a general discussion of the background activity
prohlem in aluminum and stainless reactor cores as 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 as 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 Falls, 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 inserts a wire, actuates the drive-start switch, selects his -
carriage speed, and may then proceed with other work., The wire scanner automatically
handles the complete cycle. In brief, the wire is carried to the proper position for scan
commencement, wire direction reversed, recorder turned on, wire scanned automatical-
ly according to length, carriage 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 1/4 inch per minute to 5 inches per minute, and panel lamps indicate con-
trol configurations at all 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, For this reason and because of
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the health physics problems of handling very hot wires, irradiation times are used which
result in activities of the order of 50,000 counts per second per inch of wire., It also
happens that these times are sufficiently long that good timing accuracy may be easily
achieved, '

IDO-16247

Francis WC and Marsden L L _

EXPERIMENTAL AND THEORETICAL VALUES OF THE GAMMA DECAY DOSE RATE
AND HEATING FROM SPENT MTR FUEL ELEMENTS,

Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, January 13, 1956, 58 pp.

With the use of spent MTR fuel assembliés as sources ul high intenaity gamma radiation,
not only at the National Reactor Testing Station, but also at various other installations

in the USA, a comprehensive study of the decay of these elements was essential. This
report contains the results of a joint project at the Materials Testing Reactor to meas-
ure and calculate gamma decay dose rate and heating from the spent fuel elements as a
function of fission time, cooling time, and distance from source. A comparison of
these data is presented. Fiuel elements with cooling times from 3-3/4 hours to 218 days
after reactor shutdown and burn-ups from 3-1/2 to 36% have been studied, FExperi-
mental and theoretical data are generally in good agreement for dose rate measurements,
but are not as 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 Falls, Idaho, Contract No.
AT-(10-1)-205, June 25, 1954, 13 pp.

This report summarizes some preliminary thoughts and calculations on the theoretical
aspects of making measurements in the proposed RMF. Attention is given to ways of -
separating 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 Falls, Idaho, Contract No.
AT-(10-1)-205, January 11, 1958, 22 pp. (6 refs).

The bases for the two-group perturbation theory for reflected reactors are presented.
Working equations for calculating the effects of arbitrary perturbations are derived.

IDO-16408
Heath R L

SCINTILLATION SPECTROMETRY. GAMMA-RAY SPECTRUM CATALOGUE,
Phillips Petroleum Co., Idaho Falls, Idaho, Contract No. AT-(10-1)-205, July 1, 1957, 99 pp.
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Gamma scintillation spectrometry as a method of radioactivity measurement has gained
wide acceptance in the past few years. It would seem, however, that its general use
has been limited severely both in scope and precision by the lack of adequate published
information on the characteristics of the detectors. The techniques have been in gener-
al use in the research laboratories for several years now, but the information needed
to promote their general use has remained largely in unpublished form. In view of
possibilities which this method offers in applied radiation measurement studies, for
both qualitative and quantitative application, it-was felt that an effort should be made to
make available the necessary information in a form which can be readily applied in the
routine laboratory.

IDO-16440

Metcalf DR " and Cazier G A

SPHERICAL HARMONIC METHODS IN SLAB GEOMETRY ‘
Atomic Energy Division, Ihillips Pelroleum Co., Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, March 21, 1858, 38 pp. (3 refs). :

The P-1 and P-3 spherical harmonic approximations to the Boltzmann transport equation
in slab geometry and an IBM-650 machine program are developed to obtain flux plots
from cross-section and dimension input data. An application was made to a S(I;ERT III
fuel assembly with stainless steel clad plates. In the P-3 approximation at 68 F, the
ratio of the average flux in the moderator to the average flux in the.fuel plate is 1.05.
The conclusion is that for SPERT III fuel assemblies with the spacing that is at present
contemplated, it is a fairly good approximation to consider all materials homogeneously -
distributed in the fuel regions. :

IL-0359-1

TINY DETECTOR MAPS NEUTRON FLUX,
Industrial Laboratories, March (1959), 3 pp.

This article discusses a new neutron detector as described in a paper presented before
a meeting of the American Nuclear Society by Dr. K. H. Sun. This device is almost
completely insensitive to gamma rays. In its simplest form, the miniature detector
consists of a tiny slice of silicon or germanium having a sensitive junction or layer
near the top surface of the slab. This detector can function as either a fast or slow
neutron detector depending on the type surface used.

IU-001-FR/53 AD-17929

Clark G L., Bierstedt PE and Gardner JO
STUDIES OF EFFECTS OF HIGH ENERGY RADIATION, .
University of Illinois, Contract No, DA 18-108-CML-2446, 16 pp.

This report constitutes the final summary of investigations under Contract No.

DA 18-108-CML-2446. The purpose was to investigate a wide range of possible chemi-
cal systems sensitive to high energy radiation from a fundamental and quantitative point
of view. Only a few of the numerous systems investigated demonstrated the quahtles
necessary for a pract1ca1 f1e1d or tactical dosimeter.
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JENER-39

Skarsvag K

A FAST NEUTRON DETECTOR,

Joint Establishment for Nuclear Energy Research, KJeffer Norway, December (1955),
8 pp. (7 refs).

A fast neutron detector of the Hornyak type with and without light guides is described
and the efficiency of the detector discussed,

JENER-Pub-8

Ehrenberg L and Saeland E

CHEMICAL DOSIMETRY OF RADIATIONS GIVING DIFFERENT ION DENSITIES, AN
EXPERIMENTAL DETERMINATION OF G VALUES FOR FE?' OXIDATIONS,

Joint Establishment for Nuclear Energy Research, Kjeller per Lillestrom, Norway (1954),
25 pp. (41 refs).

The oxidation of air equilibrated Fe30, in dilutc H,SO, by X-rays and by particle
radiations resulting from the interaction of pile neutrons with different elements added
to the solution has been examined. The following G values (Fe2'/100 ev) were
obtained: 23%( fission fragments 3.0 = 0.9; °B(na)’Li 4.0 + 0.4; *N(np)**C 7'+ 1;

®Li(na)T 5.4 + 0. 3, from which 6.5 £ 0.7 is calculated for the triton; 175 kv X-rays
17.4 £ 0.8. Since for 160 mev protons G is found equal to (16.5 = 1) Fe3 /100 ev, it is
concluded that G is a function only of the ion density (linear energy transfer), not of
other properties of the ionizing particle, and that once this function is known the re-
action can be used for the dosimetry of all radiations including fast neutrons, An ion
chamber determination of the latter agrees well with the actinometric dose, Since
GFe /GCe is found to vary within a wide range of ion densities, a simultaneous appli-
cation of ferrous and ceric sulphate dose meters can be used for an estimation of the
average ion density of a poly-energetic radiation.

The G values of the particles emanating from boron and lithium are found independent
of the pile position and ol the background intensily, 3Since, further, dG/dT of densely
ionizing radiations (represented by fast neutrons) is found to be zero, it is proved that
under the actual conditions the effects due to densely and sparsely ionizing radiations
applied simultaneously are additive,

Fe®' was determined photometrically at 465 mu as thiocyanate complex. When 0.7 mi
3N KSCN is added to 3 ml Fe solution, optimum conditions of sensitivity (molar ex-
tinction 8500), stability, and temperature dependence are obtained.

JSI-0256

Anderson A R and Waite R J
A CALORIMETER FOR MEASURING ENERGY ABSORPTION FROM PILE RADIATION,
Journal of Scientific Instruments, Vol, 33, No. 2, pp. 46-51, February (1956), (7 refs).

An adiabatic calorimeter has been designed for the measurement of energy absorption
from pile radiation, Some of the unusual problems encountered in this type of calo-
rimetry are discussed. The preliminary work leading to a suitable design of calorime-
ter is summarized and full descriptions of the instrument and measurement techniques
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are given. Electrical calibrations of three samples with widely different thermal con-
ductivities have demonstrated the satisfactory behaviour of the calorimeter over a wide
range of power inputs. The results of some measurements in the Harwell pile BEPO
are briefly discussed.

K-497

Rohr R C, Rohrer ER 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 are 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 HB and Gasein G B

ACTIVATION EXPERIMENTS IN THE KAPL PRELIMINARY PILE ASSEMBLIES,

Part 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 characteristics of reactors having a
neutron spectrum predominantly in the intermediate energy range, a number of ex-
periments have been conducted on several critical assemblies which were designed to
have the same general features as the contemplated KAPL reactor. The results of
some of the activation experiments which have been conducted on these preliminary
pile assemblies will be summarized in three reports as follows:

Part I -~ Experimental Procedures

Part II - Results of Power Distribution and Neutron Flux Experiments for
PPA-2, -3, -4, and -5

Part III ~ Alpha Experiments in PPA-5

This report, Part 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 RADIATION HAZARDS FROM A NUCLEAR INCIDENT,
Knolls Atomic Power Laboratory, Schenectady, New York, Contract No. W-31-109-Eng-52,
March 26, 1954, 52 pp. (2 refs).

A method to evaluate the radiation hazards from a nuclear incident is 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 are
developed in the appendices.
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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
at the Knolls Atomic Power Laboratory is lessened considerably if the problems of
radioactive contamination are 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 reducing the costs of high-level radio-
active clean-up and waste disposal.

KAPL - 1469

Zweifel P F and Petrie CD
AVERAGES OF THERMAL CROSS SECTIONS FOR HYDROGEN MODERATED ASSEMBLIES,

General Electric Company, Knolls Atomic Power Laboratory, Schenectady, New York,
Contract No. W-31-109-Eng-52, January 1, 1956, 34 pp.

Average thermal cross sections are found using the Wigner-Wilkins thermal neutron

spectrum assuming moderation by a perfect gas of hydrogen molecules in the presence
of a 1/v absorber. Results are given for oaU 235 Xe , a 1/v cross section,
oiH and X\ .H. The diffusion length is calculated for pure water, and methods of
calculating diffusion lengths for combinations of other materials with water are indi-
cated. The results of the diffusion length calculations appear to be in reasonable agree-
ment with experiment,

KAPL-1916

Stone RS and Slovacek R E
NEUTRON SPECTRO MEASUREMENTS, :
Knolls Atomic Power Laboratory, Schenectady, New York, Contract No. W-31-109-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 subcritical assembly where
the ratio of thermal absorption to high energy scattering cross section was 0.3. For
each medium, spectra were measured at 298" and 586 K.

. The experimental results are presented and compared with calculated theoretical
spectra. The agreement between theory and experiment is 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. ' A
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KAPL-2007

Johnson D W and Romesberg E J

CALCULATION OF FLUX TO DOSE RATE CONVERSION FAC’I‘ORS FOR FAST AND
INTERMEDIATE ENERGY NEUTRONS,

Knolls Atomic Power Laboratory, Schenectady, New York, Contract No, W-31-109-Eng-52,
March 20, 1959, 10 pp. (10 refs).

The ideal neutron dosimeter would have a response to neutrons of different energies
proportional to the variation of damage to tissue. For such an instrument, the neutron
source used for calibration need not have the same spectrum as the flux being measured
for dose rate. The conversion factor to be used for a polonium -beryllium source for
calibrating such an ideal detector is 0.13 mrem/hr per Po-Be neutron/cm? -sec.

An instrument which approaches this ideal is the Hurst detector. However, since this
detector does not detect neutrons of energy < 0.2 Mev, the "long counter'' (paraffin-
wrapped BF, detector) is often used for detecting in the intermediate energy range
(thermal energy < E X< 0.2 Mev). The problems of reading dose rates with these
types of instruments are discussed,

KAPL-M-EBF-1

Fehr E B

PREPARATION OF BORON TRIFLUORIDE AND FILLING OF NEUTRON COUNTERS,
Knolls Atomic Power Laboratory, Schenectady, New York, Contract No. W-31-109-Eng-52,
February 18, 1955, 20 pp. (9 refs).

The technique used at KAPL for preparation of pure boron trifluoride from the calcium
fluoborate is described. This method is used for filling special pulse counting ionization
chambers (IC5) which are used for control and exper1menta1 measurements in low power
nuclear reactors.

KAPL-M-ELW-4

Wachspress E L

NOTES ON A STREAMING PROBLEM,

Knolls Atomic Power Laboratory, Schenectady, New York, Contract No, W-31-109-Eng- 52
April-8, 1954, 14 pp.

A method is presented for the calculation of the leakage of neutrons out of the ends of a
cylindrical hole of radius "a'" and height "H" where the neutron flux along the surface
of the hole is a known function of 2 only. For the cases which are of interest the flux
is symmetric about the plane, Z = 0. Hence, the flux may be expanded in a Fourier
cosine series where each term is of the form Q. = cos 7z/H,.

KAPL-M-SP-4

Pearlstein E and Abrams M J

THE CONVERSION OF FAST NEUTRON FLUX TO DOSE,

Knolls Atomic Power Laboratory, Schenectady, New York, Contract No. W-31-109-Eng-52,
June 10, 1954, 10 pp. (4 refs).
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The single collision and multicollision dose conversion curves have been applied to the
Po-Be and fission neutron spectrums within the limits of 0.1 Mev and infinity to deter-
mine an average flux to dose conversion factor. The results are:

Single Collision Dose . Multicollision Dose
neuts mrep neuts mrep
cm? sec hr ’ cm? sec *  hr
Po-Be Source 74.0 ' 42.1
Fission Source 97.6 60.6

LA-753

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

An instrument that will detect fast neutrons by means of the fission of U?3® is de-
scribed., To attenuate the slow-neutron effect, the uranium is depleted of the 235
isotope to the ratio 5000/1. Battery-operated feedback amplifiers are used to obtain
a pulse height sufficient to operate a discriminator aud headpliones. Circuit diagrams
are given. '

LA-1284

Storm Ellery

THE RESPONSE OF SENSITIVE 552 DUPONT FILM TO BETA RADIATION,

" Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-386,
August 31, 1951, 28 pp. (3 refs).

The response to beta radiation of sensitive 552 Dupont film, enclosed in the usual
manufacturer's packet, was measured in terms 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 air ionization extrapolation chamber. The film
response was found to diminish sharply below 0.8 Mev, and hecame nearly energy
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 is also described.

LA-1391

Carlson Bengt

MULTI-VELOCITY SERBER-WILSON NEUTRON DIFFUSION CALCULATIONS,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No, W-7405-Eng-36,
March 24, 1952, 34 pp. (5 refs).

The calculations of certain types of neutron diffusion are much simplified by the use of
the Serber-Wilson method. A derivation is given along with sample calculations incor-
porating comparisons with the integro- d1fferent1a1 method, and with the spherical
harmonic method.
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LA-1670 X-9613

Frye Glenn M, Jr., Gammel Juanita H and Rosen ILouis

ENERGY SPECTRUM OF NEUTRONS FROM THERMAL NEUTRON FISSION OF U235 AND
FROM AN UNTAMPED MULTIPLYING ASSEMBLY OF U?*3®,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, May (1954), 18 pp.

The neutron fission spectrum of U?** has been measured from 0.3 to 12.0 Mev using
the method of proton recoils in nuclear emulsions. The resulting neutron spectrum
may be represented by the formula N(E) = 1.058 10 e'E/o'965 sinh /2.29E. The
Godiva leakage spectrum was also measured and shows a higher proportion of low
energy neutrons.,

LA-1721 (Rev)

Kleinberg J, et al,

COLLECTED RADIOCHEMICAL PROCEDURES,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-36
December 4, 1954, 287 pp.

This report is a compilation of radiochem ical procedures as developed and used in the
Los Alamos Scientific Laboratory. Many of these techniques are adaptations of pro-
cedures previo.u'sly reported in the literature and supersedes LA-1566, LA-1721,
LA-1722, AECD-3674, and LLA-1567. The elements are grouped into three classes:
(1) the regular elements, (2) the elements of the short transition series, and

(3) the elements of the long transition series.

LA-1835

Barker Robert F

GENERAL HANDBOOK FOR RADIATION MONITORING,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405- -Eng-36,
September (1954), 91 pp.

This handbook was prepared specifically for use at the Los Alamos Scientific Labora-
tory. The philosophy and procedures set forth apply to the situations and needs found
there, Definitions included in the glossary are specific applications of the terms in the
realm of radiation monitoring and do not necessarily include the complete definitions
as applied to general nuclear energy fields. '

LA-1916

Cranberg Lawrence and Nereson Norris G

FISSION NEUTRON SPECTRUM OF U®?° FROM 0.2 TO 3 MEV,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No, W-7405- En;:,r -386,
May (1955), 42 pp. (19 refs).

The neutron spectrum associated with the fission of U233 induced by slow neutrons has
been measured from 0.175 to 3.0 Mev. The experiment was carried out by measuring
the flight time of the fission neutrons from their U?2® source to the detector. Empha-
sis was placed on setting up a clean experimental arrangement and on obtaining a
reliable background measurement. Background percentages ranged from 18% at the
lowest energy to 2% at the highest energy.
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The energy resolution of the measurements varied from about 13% at 0.2 Mev to 40% at
2 Mev; the corresponding statistical errors at these energies were 9 and 3%. Other
errors combined with the above values to give an over-all accuracy of approximately
+10% over the low energy region. Within the above érror limits, the experimental
points confirm the relation, N(E) = kKEES775 E, which is in current use for expressing
the fission spectrum.’ ’

LA-1938

Young DS

PARAFFIN CYLINDERS TO MEASURE NEUTRON ENERGIES,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, November 28,1955, 25 pp.
(13 refs).

A method is presented of measuring average neutron energies in the range from 19 kev
to 4.5 Mev. When the thickness of paraffin around a boron-lined chamber is increased,
the counting rate at first increases and then decreases. The thickness at which the
highest counting rate occurs is sensitive to the energy of the source neutrons. The
optimum thickness of paraffin for an antimony-beryllium photoneutron source whose
neutrons have been degradéd to a probable average energy of 19 kev is 1,5 inches. The
optimum thickness for a polonium-lithium source whose neutrons have a probable
average energy of 250 kev is 2.0 inches, and the optimum thickness for a plutonium-
beryllium source whose neutrons have a probable average energy of 4.5 Mev is 3.0
inches. From the shape of response as a function of paraffin thickness, it is possible
to get an idea of the spread of neutron energies.

LA-1964

Graves Glen A
SOME FOIL ABSORPTION CALCULATIONS,
L.os Alamos Scientific Laboratory, Los Alamos, New Mexico, February 7,1956, 38 pp.

Equations for the calculation of transmission and absorption of neutron fluxes in single
thin foils and in individual members of a foil sandwich consisting of three foils of the
same material placed in intimate contact. The following cases are considered:

1. Foil absorption in a collimated flux of monoergic neutrons.

2. Foil absorption in an isotropic flux of monoergic neutrons,

3. Foil absorption in an isotropic flux of neutrons distributed in energy,
including resonance cases.

4, Sandwich absorptions in an isotropic flux of neutrons distributed in
‘energy, including resonarice cases.

LA-2152

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, New Mexico, Contract No. W-7405-Eng-36,
September (1957), 31 pp. (3 refs). .
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The electronic circuits described were built for conducting experiments with radio-.
activities having half-lives of 10 microsec to 1 sec range.” The Model 10 Beam Shim
Pulser was designed for pulsing the beam of an electrostatic generator. It produces
+550 volt pulses with rise and fall times 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 this time 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
circuits which control the operation of the analyzer.

LA-2174

Sayeg J A and Harris 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 (1958), 65 pp.

Beryllium-shelled tissue-equivalent and beryllium-shelled graphite ionization chambers
which permit the measurement of fast- and thermal-neutron tissue dose are 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 at Los Alamos Water Boiler with 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** reaction m hqsue, and (2) the ganuua portion of the total
thermal-neutron dose due to the H(n, v JH? reaction in tissue. Also, the inherent
gamma contamination as measured with the graphite chamber was in close agreement
with the lithium extrapolation measurements of Brennan, et al. The results and errors
are discussed in the calculation of neutron tissue dose. ‘

LAC-NR-51 (Vol., 1)-7

Fainman M Z, et al.

A DESCRIPTION OF A MULTI KILOCURIE IRRADIATION FACILITY AND THE ASSOCI-
ATED RADIATION DOSIMETRY,

Inland Testing Laboratories, Morton Grove, Illinois. Paper presented at the 3rd Semi-
Annual Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia,
October 28-30,1958, 7 pp. (7 refs).

Inland Testing Laboratories has designed, constructed, and is operating a large multi-
kilocurie cobalt 60 irradiation facility. The cobalt 60 source at this facility is approx1-
mately 50,000 curies and produces a dose rate of 10° roentgens per hour.

The 'des1gn of the source configuration and the large cave facility makes possible the
testing, both static and dynamic, of a large variety of materials within a high radiation
flux environment, This facility also provides sufficient space to perform many tests
simultaneously at relatively uniform high dose rates.

Specifically, this paper is concerned with the developmental research regarding the
design of the source configuration, the albedo characteristics of the cave, the assay
and total activity of the source as measured by graphite ionization chamber, and the
assembly and\\isodose plot of the completed source.
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LAC-NR-51 (Vol. 1)-9

Lide E N

REMOTE AREA MONITORING SYSTEM AT AIR FORCE PLANT NO. 67,

Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Radiation Effects
Symposium, Lockheed Aircraft Corporation,- Marietta, Georgia, October 28-30, 1958, 3 pp.

To conform to Air Force Plant No. 67 facility requirements for the capability of rapidly
irradiating large numbers of test articles, including aircraft 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 at selected
stations of the site and at the perimeter during reactor operation. A remotely operated
radiological monitor system has been developed for this purpose.

The functions of this system are as follows:

1. Supply primary 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 currents back to the
central station for recording and for identifying the radiation type and
originating station,

To accomplish these functions some special concepts for power transmission and for
signal selection and transmission have been developed. Individual detectors and
special circuitry for the system are described in companion papers following:

1. LAC-NR-51 (Vol. 1)-10 -- R. L. Shipp, Area Monitoring for Radioactivity
2. LAC-NR-51 (Vol. 1)-11 -- L. A, Turner, Logarithmic Circuits for Radiation
Dosimetry

LAC-NR-51 (Vol. 1)-10

Shipp Roy L

AREA MONITORING FOR RADIOACTIVITY,

Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Radiation Effects
Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958, 3 pp.
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The radiation effects reactor is designed to provide sufficient gamma and neutron leak-
age flux to irradiate large aircraft subsystems and components. This design require-
ment necessitates, operation of the reactor above ground with a minimum amount of
shielding, with the result that above-tolerance fluxes extend beyond the bounds of the
reactor building. The predicted gamma flux, for instance, is one roentgen per hour at
the 3600-foot radius exclusion fence. v

To ensure the safety of people in the general vicinity of the site, monitor stations are
situated around the exclusion fence to provide readings for use in controlling radio-
logical hazards. Figure 1 is an area map showing the layout of the area monitoring
system. Also, additional stations are located at the peripheral fence to measure
radiological hazards at the site boundary. The radiological factors monitored at the
station include concentration of argon-41, as well as intensities of fast neutron and
gamma radiation, Data from the remote monitor stations are transmitted to central
recording and alarm stations. Data primarily concerned with hazards associated with
the operation of the Radiation Effects Laboratory and the Critical Experiment Reactor
are transmitted to the Nuclear Support Laboratory.



The development of the area monitoring system was a result of the coordinated effort
of three groups. Coverage in this paper, however, is restricted to the development of
detectors and certain agpects of the argon-41 problem peculiar to this facility.

Design considerations for the entire system were remote operation, reliability, no
protection from weather, and minimum power utilization,

LAC-NR-51 (Vol, 1)-11 .

Turner L A .

LOGARITHMIC CIRCUITS FOR RADIATION DOSIMETRY,

Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Radiation Effects
Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958, 3 pp.

At Air Force Plant No. 67, simple circuits are available for the.logarithmic measure-
ment of a-c and d-c voltages and frequencies or pulse repetition rates. Ranges of over
100 db are easily obtained. ' ‘

\

LAC-NR-51 (Vol. 2)-12

Maienschein F C

INFLUENCE OF ENERGY SPECTRA ON RADIATION EFFECTS,

Oak Ridge National Laboratory, Oak Ridge, Tennessee. Paper presented at the 3rd Semi-
Annual Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia,
October 28-30, 1958, 31 pp. (62 refs).

The energy spectra of neutrons and gamma rays influence in an important way the
production of displacements in crystal lattices. ‘A lack of knowledge of the energy
distributions in many past and current reactor irradiations for radiation "effect"
studies has led to the accumulation of relatively meaningless data. Special problems
arise in attempting to compare data taken at different types of reactors with unknown
energy spectra. The available data for reactor spectra are listed and examples given,
Methods of spectroscopy are considered briefly which may be useful for developing
further spectral data. Finally, the merits are examined of several possible character-
izations of a radiation field which are sim pler to obtain than the energy spectrum. Com-
parison of these parameters with those commonly used now shows that the new parame-
ters will constitute a marked improvement in understanding and correlating radi-
ation effects.

LAC-NR-51 (Vol, 2)-13

Burrus Walter R and Sullivan Russell P

AVERAGE NEUTRON CROSS SECTIONS FOR TYPICAL REACTOR SPECTRA,

Ohio State University, Columbus, Ohio. Paper presented at the 3rd Semi-Annual Radiation
Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958,
16 pp. (8 refs). '

Average neutron cross sections are calculated for 15 common elements., Elastic
scattering, inelastic scattering, and charged particle reactions are considered. From
these average cross sections, one may calculate a dose in one material from a meas-
ured dose in another or one may calculate a dose from an activation, an activation from
a dose, or an activation from an activation. The spectra used for calculating the
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averages are for fission neutrons which have penetrated various thickness of water and
graphite (calculated by NDA by use of the ''moments method'). The relationship of the
calculated averages to other types of averages is discussed and conversion factors are
given. Cross-section averages are also given for several fission foils. Finally, the
fraction of the absorbed dose which is transferred to recoil nuclei which does not result

" in ionization is calculated for five elements. This fraction is useful in comparing radi-

ation effects which are caused by atomic displacements.

LAC-NR-51 (Vol. 2)-14

Caswell RS and Smith S W L,

NUCLEAR RADIATION UNITS AND MEASUREMENTS, :

National Bureau of Standards, Washington, D. C. Paper presented at the 3rd Semi-Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia,

October 28-30, 1958, 17 pp. (24 refs).

The basic principles underlying the establishmeént and use of units, standuards and syslems
of measurement for nuclear radiation are given, with specific reference to gamma rays,
neutrons and mixed fields of gamma rays and neutrons, the latter being more commonly
encountered in radiation effects problems. The measurement of the energy deposited by
a radiation field in a sample of material may be approached through measurement of
some characteristic of the field, i.e., exposure dose, flux, spectra, or through meas-
urement of energy absorption directly , i.e., absorbed dose. The discussion includes
the conditions for measurement of exposure dose and of absorbed dose, and current
methods of dosimetry, instruments and techniques. Also included is a brief discussion
of the measurement of neutron flux and neutron spectra.

LAC-NR-51 (Vol. 2)-15

Burrus W R and Harper W T

COMPARISON OF RADIATION EFFECTS IN DIFFERENT FACILITIES,

Ohio State University, Columbus, Ohio, and Lockheed Aircraft Corporation. Paper presented
at the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta,
Georgia, October 28-30, 1958, 22 pp. (6 refs).
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Regardless of any agreement reached on units and methods of measurement within the
Nuclear Propelled Manned Aircraft Program, there still exists the problem of correlating
the radiation-effects data reported by investigators in agencies that are not participating
in the Program. To cope with this problem, a simplified method for consistent com-
parison of the data obtained in different facilities is presented. This is accomplished by
expressing radiation environments in terms of ''carbon-absorbed gamma dose' and
"'water-absorbed neutron dose.' Although the rmethod involves some simplifying as-
sumptions and approximations, it is shown to be generally applicable to organic ma-
terials, which cause some of the most critical problems for the designer of
nuclear-propelled aircraft. The sample calculations, tables, and curves presented may
be used as a handbook for conversion of radiation dose data to common denominators.
Such conversions permit comparison of data even when information on the spectral
distribution of the radiation environment is lacking. -



LAC-NR-51 (Vol. 2)-16 FZM-1154

Wheeler G A

THE DETERMINATION OF NUCLEAR PARAMETERS FOR EXPERIMENTAL RADIATION

EFFECTS,

Convair, Division of General Dynamics Corporation, Fort Worth, Texas. Paper presented at
the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta,
Georgia, October 28-30, 1958, 8 pp. (4 refs).

Necessity for knowledge of radiation field is discussed. Current dosimetry techniques
in use at Convair are 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 are detailed.

LAC-NR-51 (Vol. 2)-17

Gamble Roger L

CALORIMETRIC DOSIMETRY PROGRAM AT LOCKHEED,

Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Radiation Effects
Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958, 6 pp.

To measure energy deposition in organic materials, low cost calorimetric radmeters

of both the adiabatic and steady-state types have been designed. The ranges of these
instruments are from 5 x 10* rads per hour to 107 rads per hour. :

LAC-NR-51 (Vol. 2)-18

Schupp F D and Ruby S L

DOSIMETRY AND ENERGY DISTRIBUTION OF FAST NEUTRON USING Li® 1
Westinghouse Electric Corporation, East Pittsburgh, Pa. Paper presented at the 3rd Semi-
Annual Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia,
October 28-30, 1958, 1 p.

The use of Li®l1(Eu activated) scientillation crystals for neutron spectroscopy in the
energy range above 1 Mev has been investigated. The scintillation spectrometer has
moderate resolution, high efficiency, and is usable in an isotropic flux; it presents the
absolute number of neutrons as well as spectral distribution. A technique of subtracting
gamma-ray background by use of a matched Li’1(Eu) crystal is given. Pulse height
spectra with monoenergetic neutrons from 1.6 to 18 Mev are reported. A preliminary
study of the energy spectrum of the fast neutron distribution obtained from a partially
unshielded pressurized water-type reactor core will be presented.

LAC-NR-51 (Vol. 2)-19

Weiss M M and Donnelly M M
NEUTRON FLUX ENERGY DISTRIBUTION OF THE BNL REACTOR SHIELDING FACILITY,

Bell Telephone Laboratories, Inc., Whippany, N. J. Paper presented at the 3rd Semi-Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia,
October 28-30, 1958, 14 pp. (6 refs).

A study has been made to determine the neutron flux energy distribution of the BNL
reactor shielding facility employed in the semiconductor radiation damage studies by

Bell Telephone Laboratories. This facility offers an opportunity for a critical
!
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comparison between the mathematical methods available to compute the fast flux and the
experimental methods using foil activation techniques. The methods and equipment used
and the results obtained are described. The major effort of flux distribution measure-
ment was in the energy range from 0.1 to 10 Mev,

LAC-NR-51 (Vol. 3)-32

Schmitt R A and Sharp R A’

MEASUREMENT OF THE RANGE OF RECOIL ATOMS,

General Atomic, Division of General Dynamics Corporation, San Diego, California. Paper
presented at the 3rd Semi-Annual Effects Symposium, Lockheed Aircraft Corporation,
Marietta, Georgia, October 28-30, 1958, 9 pp. (18 refs).

This paper discusses the measurement of the range of recoil atoms. An important
problem in the interpretation of radiation-damage and sputtering phenomena is the
evaluation of the range of an atom which moves through a lattice after having received
an initial energy of 10 to 100 kev. It is also pointed out that a theoretical evaluation of
the collision cross section is difficult.

LAMS-2100

Cowan Clyde L, Jr. and Reines Frederick

THE LARGE LIQUID SCINTILLATION DETECTOR AS A NEUTRON SPECTROMETER,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-386,
April 2, 1957, 5 pp.

This report discusses the use of large liquid scintillation detectors which in many ge-
ometries allows nearly 100% efficiencies for neutron detection. The high sensitivity of
these detectors to gamma rays is discussed.

The procedure uses cadmium (as cadmium octoate) for which the capture-time curves
are characteristic and well known. A burst of monochromatic neutrons is allowed to
fall on a large liquid scintillator. Measurement of the amplitude of the first pulse
would yield NE , and a simple count of ensuing neutron capture pulses, properly
corrected for efficiencies, would determine  N. If scope presentation and Land camera
are used, this analysis should require a few minutes.

In measurements of continuous neutron spectra for neutrons below a few Mev energy,
the effect of nonlinearity is small and the sum-pulse amplitudes for single neutrons
would yield uncertainties of only about 10%. This uncertainty increases with neutron
energy and would rise to perhaps as much as 30% at 14 Mev.

LAMS-2154

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 (1957), 11 pp.

This report is a study of the comparati\}e responses of some scintillators in tanks of

various reflective coatings to gamma rays from Cs?®7 and Co®° sources. In order of
decreasing quality, the scintillators tested, all of which contained p-terphenyl, were
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toluene-POPOP, xylene-a-NPO, polystyrene-a -NPO, and triethylbenzene-POPQOP. The
reflective coatings tested were: Plasite, a ~alumina in sodium silicate, and titanium
dioxide in Zapon Aquinate Lacquer.

LA-2174

Sayeg J A and Harris P S
EXPERIMENTAL DETERMINATION OF FAST- AND THERMAL-NEUTRON TISSUE DOSE,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-386,

.January (1958), 65 pp.

Beryllium-shelled tissue-equivalent and beryllium-shelled graphite ionization chambers
which permit the measurement of fast- and thermal-neutron tissue dose are 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 at Los Alamos Water Boiler with tissue-
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** reaction in tissue, and (2) the gamma
portion of the total thermal-neutron dose due to the H*(n,y)H? reaction in tissue. Also,
the inherent gamma contamination as measured with the graphite chamber was in close
agreement with the lithium extrapolation measurements of Brennan, et al, The results
and errors are discussed in the calculation of neutron tissue dose.

LAMS-2215

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 reactor research
and development.

Using pulsed-neutron techniques one can measure neutron spectra, flux densities, the
basic diffusion constants, capture and scattering cross 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 reactor development
program is outlined. The various types of measurements are 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 are: (1) electron linear 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 versatility in a remote-control critical assemblies laboratory. A brief
evaluation of each type of source is given, including pertinent performance specifi-
cations and representative cost figures.
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M-1772

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 report describes the design and construction of a radiation dose integrator.to
serve as a radiation monitoring unit of high sensitivity and wide application. It is self-
resetting and more sensitive than previous models. The unit can be calibrated to meas-
ure neutron and gamma radiation in the range from tolerance dose (at tolerance rate)

to large doses (fluxes of hundreds of r units per hour). The integrator is a-c operated
and self-recording.

M-3685

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 refs).

This report discusses the use of fine grain alpha emulsion film to monitor personnel for
neutron exposure. Calibrations were made to determine the sensitivity of the emulsion
for both thermal and fast neutrons in terms of proton tracks observable under a micro-
scope of 970x magnification,

Alpha particle sensitive film has been used at Clinton Laboratories since October 1944,
to monitor personnel for neutron exposure, This film is now in the regular film badge
in addition to the beta- and gamma-ray sensitive film.

MDDC-360 LADC-135

Taschek RF

RADIOACTIVE THRESHOLD DETECTORS FOR NEUTRONS,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, 15 pp. (9 refs).
Of mne (n, p) and (n, a) reactions studied, only Be’ (n, a)He®, p°(n, p)Si3 , and

*(n, p)p ‘ gave measurable activities of the residual nucleus aftex bombardmenl by

neutrons below 2 Mev, and of these three only p31 had the combination of cross section
and half-life to make a very practical threshold detector for neutrons. The 4.1 hour
noncapture excitation of In was investigated as a function of neutron energy The
threshold and variation of cross section with energy of the p l(n p)Si 31 reactions were
measured in detail.

‘MDDC -1025

Wilson HA
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 neutrons. Most
of the ionization is due to the gamma rays emitted when the neutrons are captured. The
assumption that all the neutrons falling on the tissue enter the tissue is, of course, not
correct. The fraction entering is probably about 0.3 for thermal neutrons and larger
for fast neutrons.,
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MDDC-1180

Bell PR
POCKET RADIATION ALARM
Clinton National Laboratory (1947), 9 pp.

This report describes a pocket radiation alarm. The weight of the completed instru-
ment is 386 grams and measures 1-3/8 x 2-1/4 x 5-3/4 inches. The sensitivity is ad-
justed by varying the thickness of a graphite - -coated lucite block, in the counter wall,
until the capacity of the chamber has the desired value. " ’ :

‘Mon P-219. .
Dismuke Nancy M and Arnette Ruth M

AGE TO THERMAL ENERGY (0.025 EV) OF FISSION NEUTRONS IN H,O-Al MIXTURES,
USAEC Technical Information Service Extension, Oak Ridge, Tenn., December 5, 1946, 6 pp.

This report discusses the calculation of neutron age in a H,O-Al mixture as a function
of energy. The formula used is presented, Two curves and one table of data are
included. - :

N-0358-1

. Kaufmann Stefan G and Pahis Leroy E
NEUTRON DETECTORS FOR OPERATION AT 400C,
Nucleonics, Vol. 16, No. 3, pp. 90, 92, 93, March (1958).

This paper describes a neutron detector designed for operation at 400°C. This device
was developed to satisfy the contemplated instrumentation needs for the second Ex-
perimental Breeder Reactor (EBR-II).

N-0753-1

Rosen Louis

NUCLEAR EMULSION TECHNIQUES FOR THE MEASUREMENT OF NEUTRON ENERGY
SPECTRA - PART I,

Nucleoniecs, Vol. 11, No. 7, pp. 32- 38 July (1953), (80 refs).

In a detailed review, measurement procedures for extended neutron sources are
presented, together with an introduction to the discussion of point sources. A pre-
liminary discussion gives specific emulsion processing techniques and evaluates avail-
able optical equipment.

N-0853-1

Rosen Louis,
NUCLEAR EMULSION TECHNIQUES FOR THE MEASUREMENT OF NEUTRON ENERGY

SPECTRA - PART 11,
Nucleonics, Vol. 11, No. 8, pp. 38-43, August (1953), (5 refs).
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A nuclear plate used as 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 are described in detail.

N-1058-1

Jensen Gert, et al.
SLOW, SIMPLE 99 - CHANNEL PULSE - HEIGHT ANALYZER,
Nucleonics, Vol., 16, No. 10, pp. 101-103, October (1958).

The paper describes 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 rather than speed.

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

Both photoconductive and photovoltaic devices are now being used to detect and measure
light intensities or to convert solar energy into electrical energy. Such devices depend
upon the excitation of electric charge carriers by radiant energy and, within certain
limits, their response is proportional to the intensity of incident energy. The energizing
radiation need not be visible; photosensitive .semiconductors are 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 sili-
con solar cell,

N-1158-1

Downs John W and Smith Forrest L
ORGANTC-GLASS SCINTILLATORS,
Nucleonics, Vol. 16, No. 3, pp. 94-96, November (1958).

As a contribution to the development of new scintillators, a study has been made of two
organic silane compounds: triphenyl-p-biphenylylsilane and phenyltri-p-biphenylylsilane.
These compounds are of interest because‘they are natural glass formers as well as good
scintillators.

(
This report discusses physical properties, preparation of specimens, method of evalu-
ation, relative efficiency, method of evaluation, and spectral characteristics.

NAA-SR-38

Mills MM - . : !
THEORY OF ATOMIC DISPLACEMENTS PRODUCED ‘BY FAS1T ELECTRONS,

North American Aviation, Inc., Los Angeles, California, ‘Contract No. AT'H11-1)-Gen=8,
January 20, 1950, 46 pp. (21 refs).
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Theoretical computations are given describing the production fo atomic displacements in
graphite by fast electrons. The underlying mechanism is assumed to be the elastic
transfer of energy from the electron to a struck carbon atom as a whole when the elec-
tron encounters the coulomb field of the carbon nucleus. The agreement between recent
experimental electron bombardment data and the theory proposed here is good enough to
indicate that the proposed mechanism is probably correct, and that intense ionization
does not lead to atomic displacement effects in graphite. The low mass of the electron
makes electron bombardment a sensitive technique to supplement irradiation studies of
materials carried out by other methods; for example, electron bombardment offers a
suitable method to determine the energy necessary to displace an atom from its normal
lattice site. Radiation damage in reactors, produced by electrons, is negligible in com-
parison to damage produced by fast neutrons; however, it is possible for fast electrons
to produce radiation damage.

NAA-SR-1076

Martin David H

CORRECTION FACTORS FOR MEASUREMENTS WITH CADMIUM COVERED FOILS,
Nuclear Engineering and Manufacturing, Division of North American Aviation, Inc.,
Downey, Calif., Contract No. AT-(11-1)-Gen-8, October 15, 1954, 13 pp. (5 refs).

Cadmium-covered foils are frequently used to measure the neutron flux with energy
above that represented by the cadmium cutoff point. Correction factors to account for
the attenuation of the epicadmium neutrons by the cadmium are given and compared with
results by earlier experimenters. In the present work, foil area, foil thickness, and
cadmium ratio were varied with no detectible effect on the correction factor. Values
are given for both indium and gold, and a further small correction to account for the
leak-lhrough of subcadmium or thermal neutrons is discussed.

NAA-SR-1459

Brinkman J A

THE PRODUCTION OF ATOMIC DISPLACEMENTS BY HIGH ENERGY PARTICLES,
Nuclear Engineering and Manufacturing, Division of North American Aviation, Inc.,
Downey, California, Contract No, AT-(11-1)-Gen-8, October 5, 1955, 52 pp. (39 refs).

The processes by which atoms in solids are displaced from their normal positions by
high energy neutrons, cyclotron particles and electrons are discussed, A radiation
damage model is presented which involves two basic features: (1) the production of
interstitial atoms and vacant lattice sites, and (2) the production of displacement spikes.
These two concepts are sufficient to account for most of the observed property changes
resulting from atomic displacement by high energy particles. Some of the experimental
results which.provide the most direct support for these concepts are presented.

NAA-=SR-1536

Hart RS and Hale J P, Jr.

FAST NEUTRON MONITORING WITH NTA FILM PACKETS,

Atomics International, Division of North American Aviation, Inc., Canoga Park, California,
Contract No. AT-(11-1)-Gen-8, July 15,1956, 22 pp. (6 refs).
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An investigation into the value of dental size NTA film packets for fast-neutron moni-
toring largely substantiated the results of previous work. Its accuracy, especially at
or below tolerance levels, is poor. Nevertheless, in lieu of better techniques, it offers
a modeérately 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 by ~3.7 + 1.0 x 10® proton
recoil tracks per cm®. At 970x magnification, this results in ~0.66 tracks per field.
Cadmium shields were used to restrict the film response to proton recoils. Latent
image fading was found to be relatively unimportant, and-the proton tracks could be

- evaluated without serious interference with a superimposed gamma exposure up to ~ 5 r,

The film was calibrated using a 10 curie Po-Be neutron source in several film orienta-

tion patterns. Development processes were standardized with Kodak Liquid X-ray
Developer and Fix.

NARF-55-12T

Secrest kL

SOLID ANGLE CALCULATIONS,

Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(038)-21117, April 28, 1955, .32 pp. (5 refs). ’ '

This report treats in a systematic fashion sphere and disc geometry solid angle calcula-
tions. Rigorous expressions are developed for the solid angle subtended by a sphere at
a point and by a disc at a point. Approximate expressions are also developed in such a
way as to demonstrate the range of their applicability.

NARF-55-19T MR-N-80

Woodruff L V and Hessee EW

AIR AND GROUND SCATTERING OF GAMMA RAYS AND NEUTRONS FROM THE GTR,
Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(038)-21117, April 28,1955, 60 pp. (4 refs).

The purpose of this experimenl wus {u obtain measuremento of fast neutron and gamma
dose rates due to air and ground-scattered reactor radiations. For this test, the
Ground Test Reactor was centered in a small water-filled aluminum cylinder of
elliptical cross section to provide a nearly isotropic radiation source.

Both total and scattered (air -and ground) dose rate measurements weré made for reactor-
detector separation distances from 30 to 100 feet for elevations ranging from 12.5 to

71.3 feet. The scattered measurements were made by shielding dosimeters from the
reactor direct beam; a variation of scattered dose-rate with direct beam shield angle

was determined.

Results of the total dose rate measurements verify previous preliminary studies; the
dose rates for both neutrons and gammas vary roughly as the inverse square of the
distance. :

The functional dependence of the scattered dose rate on separation distance a clﬁnges

with height above the ground. At the larger separation distances, for scattered gamma
radiation, the dose rate is proportional to 1/a** and 1/a®® at 12.5 and 71.3 feet above
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the ground; the scattered fast neutron dose rate varies as approximately 1/a*® and
1/a at the 12.5 and 71.3 foot heights.

NARF-55-55T (Part 1) FZK-9-089

Craver K B, et al.

ACTIVATION HANDBOOK FOR AIRCRAFT DESIGNERS-VOL. 1, PART 1,

Nuclear Physics Group, Convair, Division of General Dynamics Corporation, Fort Worth,
Texas, July 1, 1955, 377 pp. (9 refs).

The preser'lt interest within the Aircraft Nuclear Propulsion Program in the activation
of materials by nuclear radiation has provided an impetus for the preparation of tables
which will allow aircraft design engineers to perform activation computations readily.
This Activation Handbook is designed to provide the total activation per unit flux per
unit weight of various aircraft materials as a function of two parameters: time of
irradiation and decay time. -
This edition of the handbook contains the thermal neutron gamma activation tables for
89 aircraft alloys. Future volumes of this handbook-are contemplated containing ad-
ditional alloy-activation calculations for nuclear reactions other than the (n, y) type.
Revision pages will be supplied as new experimental cross-section data become avail-
able. ’ ’

NARF-55-55T (Part 2) FZK-9-089

Craver K B, et al.

ACTIVATION HANDBOOEK FOR AIRCRAFT DESIGNERS--VQI.. 1, PART 2,

Nuclear Physics Group, Convair, Division of General Dynamics Corporation, Fort Worth,
Texas, July 1,1955, 329 pp. (9 refs).

The present interest within the Aircraft Nuclear Propulsion Program in the activation
of materials by nuclear radiation has provided an impetus for the preparation of tables
which will allow aircraft design engineers to perform activation computations readily.
This Activation Handbook is designed to provide the total activation per unit flux per
unit weight of various aircraft materials as a function of two parameters: time of
irradiation and decay time. '

This edition of the handbook contains the thermal neutron gamma activation tables for
80 aircraft alloys. Future volumes of this handbook are contemplated containing ad-
ditional alloy-activation calculations for nuclear reactions other than the (n, y) type.
Revision pages will be supplied as new experimental cross-section data become avail-
able.

NARF-55-68T MR-N-101

Cook CF, Lang TP and Wheeler DM

DEGRADED RADIATION FROM A LARGE CO°®° SOURCE,

Nuclear Test Laboratory, Convair, Division of General Dynamics Corporation, Fort Worth,
Texas, Contract No. AF33(038)-21117 October 28, 1955, 20 pp. (5 refs).

A two-crystal Compton spectrometer has been used to measure the degraded gamma
radiation from the large Co®® source. The degraded radiation is attributed to internal
source scattering and scattering due to the air column between source and detector.
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The total intensity of the degraded radiation in the range from 0.3 to 1 Mev is no more
than 22% of the combined intensity of 1.17- and 1.33-Mev gamma rays. The source
intensity was measured August 18, 1955, and found to be 19.9 curies.

NARF-56-17T MR-N-126

Lewis JH and King A D

MEASUREMENTS OF DOSE RATES FROM ACTIVATED AIRCRAFT MATERIALS - PART 111,
Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(600)-32054, July 6, 1956, 67 pp. (3 refs).

Thirty-four alloys of steel, nickel, and other metals were activated by neutrons from
the Ground Test Reactor during October 1955, This report presents the gamma dose
rate data obtained from this experiment.

Measurements were made on material specimens of a standard size. The specimens
were transported to and from the reactor by a pneumatic system. Two samples of each
material were irradiated, one unshielded and one shielded by 3/16-inch of boron carbide.
Measurements were taken with anthracene crystal scintillation dosimeters calibrated
against a Co°®° standard. Data arc precscnted in terms of the dose rate in mr/hr-gm-kw
at one foot from a sample of material irradiated for 30 minutes.

Numerous curves are included.

NARF-56-36T MR-N-131

King A D, Lewis JH and Miles TK

MEASUREMENT OF DOSE RATES FROM ACTIVATED AIRCRAFT MATERIAL - PART 1V,
Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(600)-32054, October 31,1956, 107 pp. (4 refs).

Thirty-seven alloys of steel, nickel, magnesium, aluminum, titanium, cobalt, tungsten
carbide, and other metals were activated by neutrons from the Ground Test Reactor
during April 1956. This report presents the gamma dose rate data obtained from this
experiment.

The specimens were of a standard size, with the exception of the few noted in the data.
Some of the samples were irradiated in powdered form and counted in the standard
geometry. The specimens were transported to and from the reactor by a pneumatic
system. Two samples of each material were irradiated, one unshielded and one shield-
ed by 3/16-inch of boron carbide. Ten of the alloys were irradiated also in a boral
carrier, shielded by 1/4-inch of boral. Measurements were taken with anthracene
crystal scintillation dosimeters calibrated against a cobalt-60 standard. Data are
presented in terms of the dose rate in mr/hr-gm-kw at one foot from a sample of
material irradiated for 30 minutes.

Also included is a brief analysis of the alloy data showing, in some cases, a correlation

between level of activity and alloy composition. The boron carbide packed carrier is
shown to be equivalent to boral as shielding material within a factor of two.
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NARF-57-19T (Vol. 4)-10 X-21783

Rogosa G L

. THE FUNCTION OF THE NUCLEAR CROSS-SECTION ADVISORY GROUP AND THE
REACTOR PHYSICS PLANNING GROUP,

Division of Reactor Development, USAEC, Washington, D.C. Paper presented at the First
Semi-Annual 125A Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23,
1957, 4.pp.

The functions and method of operation of the Nuclear Cross-Section Advisory Group and

the Reactor Physics Planning Group are discussed. Procedures whereby necessary
nuclear data may be obtained are given.

NARF-57-19T (Vol. 4)-11 X-21783

Beever E R

GROUND HANDLING STUDY ON GE-ANP GEAR BOX IRRADIATED BY SPT NO. 2,
General Electric Co., ANPD, Cincinnati, Ohio. Paper presented at the First Semi-Annual
125A Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957,

19 pp. (2 refs). ‘ '

This report describes the body radiation dose and its distribution received while working
in a multiple source radiation field. '

The radiation field in and around a radioactive jet engine systems panel was thoroughly
investigated. Doses received at various parts of the body were measured for two men
working in the radiation field. ' :

It was found that the dose received was not uniformly distributed over the body. In fact,
the least dose could be accumulated in the most unlikely location; for example, the hands,
which are in closest contact with the radioactive system, may actually not accumulate as
large a dose as a shoulder or forearm because of the shielding effects of various lesser
radioactive components worked upon.

It was concluded that dose could be predicted to some extent when the radiation field is
well known, and the total dose could be materially reduced by the use of simple selec-
tive shielding of particularly active sources. An ordered work procedure could take
maximum advantage of the shielding effects of the equipment worked upon.

In addition, the value of careful selection of material to be incorporated in systems

susceptible to irradiation was sharply emphasized when the most active'source in the
radiation field was identified.

NARF-57-28T MR-N-169

Fink WL
METHODS AND PROCEDURES FOR RADIATION DAMAGE ANALYSIS,
Convair, Fort Worth, Texas, Contract No. AF33(600)-32054, June 27,1957, 103 pp. (13 refs).

The advent of nuclear power has introduced a new requirement for materials in a radi-
ation field. Methods are presented in this report for normalizing the flux measurements
from different reactor facilities to a common unit. The unit selected is energy absorp-
tion in the test specimen. This.requires a microscopic determination of energy loss by
gamma rays and neutrons.
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The determination of functional damage thresholds for material application is dlscussed
These thresholds are based on the energy absorbed by the material. Experimental data
are used to relate the change of physical properties under an irradiation environment.
A statistical method is presented to aid in the analysis of experimental data.

The "weakest link'" concept (i.e., failure occurs when the weakest component fails) is
introduced to aid in defining problem areas, and to serve as a fairly good "f1rst approx-

imation' to the lifetimes for operating systems.

A critical review of the methods is presented to review the assumption employed.

NARF-57-57T MR-N-177

Dungan W E 4

NEUTRON SPECTRUM MEASUREMENTS WITH RADIOACTIVANTS

Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(600)-32054, December 30, 1957, 83 pp. (16 refs).

This report describes the experimental methods and results of neutron spectrum meas-
urements with radioactivants in the pueuinatic tube of NARF - Ground Test Reactor for
.a wet-pool configuration. Measurewmeuls were mado with fails and solution detectors.
The results indicate that a three-group (Maxwellian, 1/E, and fast) 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 material is used.

-t

NARF-58-53T MR-N-220

Summers T W

TWO-REGION NEUTRON TRANSPORT EQUATION,

Convair, Fort Worth, Texas, Contract No. AF33(600)-32054, December 29, 1958,
24 pp. (4 refs). /

The two-region neutron transport equation with plane symmetry has been solved by the
Wiener-Hopf method for the case in which one.region contains a plane, isotropic source
parallel to the interface. The results are subject to the restrictions of isotropic scat-
tering without loss of energy and a constant total mean'free path. Analytical results
are presented for the total flux and the angular flux at the interface. Numerical results
for the total flux at the interface are presented in the form of a parameter study.

NAVDOCKS-TP-PL-13 *

Jelley J F (Chief, Bureau of Yards and Docks)
RADIOLOGICAL RECOVERY OF FIXED MILITARY INSTALLATIONS,
US Naval Radiological Defense Laboratory, San Francisco 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 at the earliest possible
time after attack.
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It is the purpose of this publication to delineate the problems that engineers must face
when fixed installations become contaminated by atomic or radiological warfare; to
provide a planning technique that forms an adequate basis for decisions regarding pre-
attack preparation or postattack recovery; and to present a summary of the methods
and operating procedures to.be followed in accomplishing both protection and recovery.

The report includes decontamination procedures, waste disposal, and radiological
: safety information. : .

NAVORD-2666 AD-19207

Hirschfield JJ, O'Conner D T and Polansky "D
GAMMA RAY SOURCES AND TECHNIQUES FOR GAMMA RAY RADIOGRAPHY,
US Naval Ordnance Laboratory, White Oak, Maryland, February 26, 1953, 87 pp.

A general review of radioisotopes used as radiation sources for industrial radiography
is given along with production methods, measurement units, standards and nomen-
clature commonly associated with their use. The specific characteristics of com-
mercially available radiation sources are discussed as well as elements expected to be
available in the near future. Particular attention has been paid to the characteristics
of various isotopes which determine their suitability for specific types of radiographic
inspection. Complete information for the purpose of obtaining optimum radiographs
for various object thicknesses and materials is provided. Information is likewise
provided for the safe handling, storage and shipping of radioisotopes of various
energies, : ‘

NAVORD-3803

Modine Norman
A WIDE BAND FILM DOSIMETER, _
US Naval Ordnance Laboratory, White Oak, Maryland, September 20, 1954, 15 pp.

NAVORD Report 3803 summarizes the development and engineering tests of a wide
band film dosimeter for X- and gamma-rays. This development was based on a study
of photoelectric interactions reported in NAVORD Report 2990.

NBS-1003 .

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 refs).

This report constitutes the first item of a contemplated series of surveys and tabu-
lations of information on various problems of radiation physics. ’

The work pertaining to this report was initiated as a part of a project on.the penetra-
tion and diffusion of X-rays supported by the Office of Naval Research. The broader
program outlined above was established on October 1, 1950, with the support of the
Biophysics Branch, Division of Biology and Medicine of the Atomic Energy Commission.
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NBS-2091

Brown Giles E
COBALT 60 RANGE FOR THE CALIBRATION OF DOSE AND DOSE RATE METERS,
National Bureau of Standards, Washington, D.C., December 2, 1952, 45 pp.

The description and evaluation study of a prototype model of a Cobalt-60 Calibrating
Range given represents a portion of the joint Army-Navy-Air Force program carried
out in the Radiation Physics Laboratory ot the Natlonal Buieau of Standarde under
Contract Numbers AFPO-(38-038)51-4263E; APO-41-PHIBP-56-6; and NPO-298-1/18/51.
The Cobalt-60 Calibrating Range was developed by NBS at the request of Bureau of
Ships, to provide a means of calibrating dose rate meters with ranges varying from

0.5 milliroentgen per hour to 500 roentgens per hour using a single radioactive cobalt
source. The preseut report is concerned with a description of this prototype model

of the Calibrating Range and its characteristics.

NBS-4091

Caswell RS and Day FH

CALIBRATION OF FAST NEUTRON SUKVEY METER3 MODEL FN-1 MANUFACTIIRED
BY NUCLEONIC COMPANY OF AMERICA,

National Bureau of Standards, Washington, D.C., May 5, 1955, 9 pp.

The Nucleonic Company of America FN-1 fast neutron survey meter consists of a
"Hornyak button' (ZnS dispersed in lucite) scintillator with associated photomultiplier
tube and counting rate meter. Five instruments were submitted for test by the Radi-
ation Instruments Branch, US Atumic Energy Commission.

'In principle, this instrument possesses the advantages of high neutron sensitivity and
gamma discrimination, coupled with the disadvantage of having a response which is not
simply related to neutron dose.

This article covers the fast neutron and gamma calibration of this instrument.

NBS-4728

‘Ehrlich Margaref
PHOTOGRAPHIC DOSIMETRY FINAL REPORT NOVEMBER 1,1954 TO JUNE 30, 1954,
National Bureau of Standards, Washington, D.C., July 31, 1956, 10 pp.

The work done during the past contract period comprised research and development as
well as calibrations in connection with Signal Corps atomic test procedures. This
report summarized the results of the following studies:

1. Research and Development

a. The photographic reciprocity law for X-rays in the ascending and’
reversal branches of characteristic curves.

b. Extension of the usefulness of the NBS dosimeter to X-ray energies
below 80 kev.

c. Application of stabilization processing to photographic dosimetry
between 200 r and 10,000 r.
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2. Calibration - Film dosimeter calibration for the 1955 and 1956 atomic test series.

3. Publications, Lectures, Reports, and Conferences.

NBS-5150 .

Brueckmann R E and Barrans PV ‘ )
TEST OF THREE ATOMIC INSTRUMENT COMPANY MODEL-414 SURVEY METERS,
National Bureau of Standards, Washington, D.C., February 11, 1957, 21 pp.

The studies covered by this report represent a portion of the program being carried
out in the Radiation Physics Laboratory of the National Bureau of Standards for the
Radiation Instruments Branch of the Atomic Energy Commission. The general purpose
of the program is to evaluate new radiac instruments and other radiation-detecting and
measuring elements with particular regard to their response over a wide range of dose
rates and spectral energies of the incident radiation. The tests may also include other
factors of specific interest pertinent to the general suitability of radiation-detecting
instruments. The present report covers a study of three Atomic Instrument Company
Model-414 survey meters to X-rays and gamma rays under a variety of conditions.

NBS Circular-499

NUCLEAR DATA,
National Bure€au of Standards, Washington, D.C., September 1, 1950, 309 pp.

A collection of experimental values of half-lives, radiation energles relative isotopic
abundances, nuclear moments, and cross sections.

NBS Circular-499 (Suppl 1) .

NUCLEAR DATA,
National Bureau of Standards, Washmgton D.C., April 25,1951, 56 pp.

A collection of experimental values of half-lives, radiation energies, relative isotopic
abundances, nuclear moments, and cross sections.

NBS Circular-499 (Suppl 3)

NUCLEAR DATA,
National Bureau of Standards, Washmgton D.C., June 9, 1952, 66 pp. (6 refs).

A collection of experimental values of half-lives, radiation energies, relative isotopic
abundances, nuclear moments, and cross sections.

NCE-0858

Houston R Wayne

FAST NEUTRON DOSIMETRY IN PILE IRRADIATIONS,

University of Pennsylvania, Philadelphia, Pa. Paper published in Nuclear Science and
Engineering, Vol. 4, pp. 227-238, August (1958).
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For samples exposed in high neutron flux regions of reactors, the contribution to the
total dosage due to the recoils from elastically scattered fast neutrons may be signifi-
cant. The calculation of this contributionis considered. Three methods are presented,
each differing in the manner in which the details of the energy distribution of fast neu-
trons are treated. In the first, the neutron flux per unit energy interval is assumed to
be of the asymptotic or I/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-sgcattered neutrons is treated as in the first method,
but alternate forms for the source spectrum of once-scatteréd neutrons are considered.
Use of the eguations requires only a knowledge of the thermal neutron flux in the vicin-
ity of the sample. Assumptions and limitations are discussed.

NCSC-109

Waltner Arthir

SCINTILLATION COUNTER GAMMA RAY MEASUREMENTS

North Carolina State College, Contract No DA-36-034-ORD-1656, September (1955)
11 pp. (3 refs). .

Two general types of measurements were made at the Raleigh Research Reactor in-
volving the use of thallium activated Nal in conjunction with a RCA-5819 photomultiplier
as the radiation detector. In the first measurement, time exposures were made of an
oscilloscope screen and gamma-ray energies deduced from the photoelectric lines
observed in the photograph. Densitometer measurements were made of some of the
negatives in order to make more accurate measurements of the position and relative
intensity of the lines.

In the second set of measurements no photographs were taken. The discriminator out-
put of a linear amplifier was fed to a scaler, and counting rates were observed at
different discriminator settings. In this way it was possible to count only those events
which dissipate an amount of energy in the crystal equal to or greater than the set
values,

NDA-12:18

Certaine J, et al. ‘

PENETRATION OF NEUTRONS FROM A POINT FISSION SOURCE THROUGH CARBON
AND HYDROCARBONS,

Nuclear Development Corporation of America, White Plains, New York, June 30, 1956,

12 pp. (6 refs).

Moment calculations have been performed to study the penetration of fission spectrum
neutrons through carbon and hydrocarbons. For pure carbon, the neutron spectrum

as a function of penetration depth and the ''age' to 1.44 ev have been determined. For
hydrocarbons having. the formulae CH, CH, ., CH,,, and CH, ,,the fast neutron dose
has been determined as a function of penetratlon depth and an effectwe removal cross

section of carbon has been evaluated.
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NESC-57-35

Gray Truman S, et al. :

SOLID-STATE NEUTRON-FLUX MEASURING SYSTEM,

Published by The American Society of Mechanical Engineers, for the 2nd Nuclear Engmeermg
and Science Conference, Philadelphia, Pa., March 11-14, 1957, 8 pp. (6 refs)

A neutron-flux measuring system for nuclear-reactor control that comprises only
solid-state devices i$ described. It consists of a fast-responding boron-impregnated
thermopile driving a magnetic modulator which feeds a transistor.amplifier. The
modulator is excited by a low-distortion transistor 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,
a.,” March 11-14, 1957, 6 pp. (3 refs).

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” neutrons/cm?/sec and proves -to be rugged and fast.

NESC-57-39

Weaver CV, 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,
Pa., 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 10*> to 10**
neutrons/cm?/sec, with a detector life of 100 hours at an average flux of five 103
neutrons/cm?/sec at an ambient temperature of GOOOF, with self-compensation for
temperature changes and gamma flux.

A comparison of results with foil detectors showed a maximum instrument error of
about 6%. Design considerations and circuitry are included.

NESC-57-40 .

Klickman Alton E and DeFalco Francis R

A WIRE-ACTIVATION TECHNIQUE FOR REACTOR-FLUX- PROFILE MEASUREMENTS,
Battelle Memorial Institute, Columbus, Ohio and Westinghouse Electric Corporation,

Bettis Site, Pittsburg, Pa. Published by The American Society of Mechanical Engineers for
the 2nd Nuclear Engineering and Science Conference, Philadelphia, Pa., March 11-14, 1957, 4 pp.
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The application of the wire-activation technique was extended so that flux profiles could
be obtained in the cores of reactors of the pressurized water type. Tests with
magnesium-0.01 a/o indium 0.010 inch in diameter showed that the method is feasible
and the counting rates are high enough to give reliable results.

NESC-57-61

Johnson L E

EVOLUTION OF NEUTRON SENSING ELEMENTS - SCIENTIFIC LABORATORY TO
INDUSTRIAL APPLICATION,

Neutronics Laboratory, Tinley Park, Illinois. Published by the American Society of Me-
chanical Engineers for the 2nd Nuclear Engineering and Science Conference, Philadelphia,
Pa., March 11-14, 1957, 8 pp. {1 ret).

General types of neutron-sensiiig élements ure prupusliviial countero, ocintillation
counters, corona counters, pul§é ¢chambers and ivnization chambers, (Scintillation and
corona counters are not discussed.) The use of B*® and U23° is discussed. Diagrams
and description of the ranges of usefulness are included.

NESC-57-70

Stone Richard S; Dr.

RECENT DEVELOPMENTS IN NUCLEAR INSTRUMENTATION AT THE KNOLLS ATOMIC
POWER LABORATORY,

General Electric Company. Pubhshed by the American Society of Mechanical Engineers for"
the 2nd Nuclear Engineering and Science Conference, Philadelphia, Pa., March 11-14, 1957,
5 pp. (6 refs).

This report is a review of recent developments in the field of nucleonic instrumentation
as concerns neutron and reactor physics. Systems are described, as in use at the Knolls
Atomic Power Laboratory. The critical assembly and test reactor system utilizes ion-
chambers for monitoring. Two instrumentation systems that have recently been devel-
oped for reactor and neutron physics experiments are degeribed. The [irst is an auto
matic neutron flux scanner, and the second, a neutron time of flight spectrometer. Both
of these systems utilize IBM programming and unique circuitry.

NP-3237 (No. 4)

Magee John L

THEORY OF RADIATION CHEMISTRY - I. SOME EFFECTS OF VARIATION IN IONI-
ZATION DENSITY, o

Department of Chemistry, Umver51ty of Notre Dame South Bend, Indiana, 16 pp. (14 refs).

The ionization density in a homogeneous medium exposed to stcady irradiation is a func-
tion of space and time. The space-time ionization density pattern depends on both the
ionization density of the particles used in the irradiation and also the number of particles
incident per unit time and area (i.e., the rate of irradiation). In this paper, a simple
model is presented which describes the life of a particle track in the steady-state con-
dition and thus also gives a description of the variations in ionization density. The
model has a satisfactory physical basis and has the particular advantage that mathe-
matical treatment can be carried out rigorously. In our model, account is taken of the
background ionization density which is present when a track is formed; this background
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ionization density can be higher or lower than that of the track itself, depending upon the
diffusion rate of the ions and radicals formed, their recombination rate constants, and
the rate of irradiation. Yields in radiation chemistry depend upon whether the back-
ground is high or low; this situation is discussed in terms of the model with apphcatlon
to some problems of radiation chemistry.

NP-3238

REPORT OF SYMPOSIUM IV CHEMISTRY AND PHYSICS OF RADIATION DOSIMETRY -
PART 1],

Conducted by Technical Command, Army Chemical Center, Maryland, September 18- 20 1950,
101 pp.

This report covers services needed for a field-type dosimeter. The papers presented
cover such topics as chain reactions for dosimeters, crystal dosimeters, and the con-
duction crystal dosimeter.

NP-3824

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

Radioactive materials present a wide variety of problems in packaging, handling, storage,
and transportation. The potential hazards in handling these materials were recognized
long 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 materials emitting penetrating gamma rays or
neutrons present the unique storage and transportation problem of a parcel which exerts
action at a distance. Parcels which meet all 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 properties of radioactive substances
and on the interaction of various types of radiation with shielding materials, with
photographic materidls, with navigation instruments, and with living organisms. The
material which follows is believed to contain all the currently available pertinent inform -
ation in these several fields. Many of the quantitative data are new, and come from
measurements or calculations by members of the National Research Council's Sub-
committee on the Shipment of Radioactive Substances.

This subcommittee acted as advisor to the Bureau of Explosives in formulating the
present Interstate Commerce Commission's regulations governing the packaging, stow-
age, and transportation of radioactive materials. These regulations are discussed in
Section IX together with the technical reasons for each item in the regulations. As the
ICC regulations are subject to amendment, the material presented here should form a
guide to the wisdom of various proposed amendmerits. :

s
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Especially in the last year, the international shipment of radioactive materials has in-
creased greatly., To provide smooth and uninterrupted international transportation by
air, water, and ground, the regulations need to be similar in all countries involved.
The ICC regulations have already been adopted verbatim by Canada. British regulations
are now being formulated. The data presented here will permit the responsible boards
overseas to make their own appraisal of the validity of the decisions underlying the ICC

. regulations. Similarly, those who must formulate, enact, and administer regulations
governing shipment by mail, water or air transport should find their task shortened.

The niuclear data and methods of calculating shielding requirements which are presented
in Section VIII should be a useful guide to those who are responsible for the packaging
and shipment of radioactive materials.

The biological data of Section VI are compiled as a convenience especially to commer-
cial producers and shippers of radioactive materials, whose legal departments requested
proof of the adv1sab1hty of imposing upper limits on .the surface radlatlon from finished
parcels.

The quantitative data of Section V on photographic materials also include some data not
previously available in the literature, and may be a useful guide to the manufacturers,
shippers, and users of photographic materials.

NP-4002

INTERIM DEVELOPMENT REPORT FOR PHOSPHATE GLASS GAMMA-RADIATION
DOSIMETER,

Polaroid Corporatlon Research Department 730 Main Street, Cambridge 39, Mass.,
Contract No. NObsr-49257, July 15, 1952, 18 pp.

Silver phosphate glass has the peculiar property of emitting orange fluorescent light
when irradiated with near-UV radiation, provided the glass has first been exposed to
gamma radiation, Since the intensity of the fluorescence is more or lesg proportional
to the gamma radiation dose, the glass may be used as the gamma radiation-sensitive
unit of a gamma radiation dosimeter.

As of June 1, 1952, the properties of the 8% silver phosphate glass itself had been ex-
plored fairly extensively and found to be satisfactory in all principal respects. A
thousand complete dosimeters (DT-60(XN-3)/PD) had been made and approxirnately 700
had been delivered to BuShips. Also, an acceptable design of ''laboratory-type"
reader (CP-95(XN-3)/PD) had been completed .and five units had been constructed and
delivered to BuShips.

The principal remaining task is to increase the accuracy of the laboratory-type readers,
improve the uniformity of performance from one reader to another, improve the
standards, and generally assist in matters basic to various production programs getting
underway.

NP-4400
Berry Myron G and Linschitz Henry

NON-ELECTRONIC DOSE RATE INDICATING SYSTEMS - SECOND QUARTERLY PROGRESS
REPORT, SEPTEMBER-DECEMBER, 1952,
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Institute of Industrial Research, Syracuse University, Syracuse 10, New York,
Contract No. DA-36-039 SC-15533, (1952), 90 pp.

This project is concerned with a fundamental study of radiation-sensitive systems, with
the ultimate goal of developing a suitable nonelectronic doseé rate indicating device.. The
first phase of the work is a systematic and complete survey of the literature with partic-
ular emphasis on the search for systems showing promise for use in the above appli-
cation, and the preparation of a suitable bibliography. Later phases will involve re-
search on and evaluation of suitable radiation-sensitive systems or devices.

References are listed concerning the.following topics:

Color changes - 8 pages ) . Electrical effects - 3 pages

Luminescence - 12 pages ‘ Radiation effects on catalysis

Theory of luminescence and colormg and absorption - 1 page
of alkali halides - 2 pages Effects on colloids - 2 pages

Calorimeteric effects - 3 pages Chemical effects - 7 pages

NP-4703

Burgwald G M and Reiffel L

FUNDAMENTAL STUDIES ON SCINTILLATION PHOSPHORS, )
Armour Research Foundation, 35 West 33rd St., Chicago 16, Illinois, Contract No.
AF18(600)-352, July 9, 1953, 56 pp. .

This report describes a study of the nature of afterflow in inorganic scintillation
phosphors when bombarded by high-energy gamma radiation. The afterflow character-
istics of several of the more important scintillation phosphors were studied, both under
standard conditions and under variable temperature and pressure. All of the important
inorganic phosphors studied exhibit varying degrees of afterglow, and in cases where
the level of activity being measured varies by order of magnitude, the effect of residual
light from the crystal becomes important. ’

NP-5574

Whitehouse David R

A-C IONICATION DETECTOR,

Servomechanisms Laboratory, Department of Electrical Engineering, Massachusetts
Institute of Technology, Cambridge 39, Mass., Contract No. N5ori-07876 NR-025-164,
January 31,1955, 69 pp. (10 refs).

This report describes a rugged and fast ionization chamber for the detection of neutron
flux in a nuclear reactor. The theory is developed for. a rather unique type of a-c
chamber utilizing the acoustic pressure generated within the ionized gas by an applied
a-c field. On the basis of this theory and prehmmary experiments, a neutron-sensitive
chamber was designed and constructed, then tested in neutron flux. The instrument
proves to be rugged and fast, but its reliability is undetermined at th1s time. The ex-
perimental chamber has a minimum detectable flux level of 1.5 x 107 n/crn /sec, a
dynamic range of 20 to 1 (2000 to 1 estimated as attainable), and a time response of 2
milliseconds. )
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NP-5625

Replogle Frank S, Jr. and Harbourt C O

A STACKED-DISK NEUTRON THERMOPILE, ‘

Servomechanisms Laboratory, Department of Electrical Engineering, Massachusetts
Institute of Technology, Cambrldge 39, Mass., Contract No. N50ri-07877, March 15, 1955,
127 pp. (10 refs).

This report describes the theory, design, construction, and testing ot a thérmopile
sensitive to slow neutrons. Design techniques are presented for a new, mechanically
rugged configuration, which enables a fast or slow time response to be achieved with
optimum electrical power output. Construction and testing details are given for a
thermopile having a response time of 37 milliseconds and an internal resistance of
0.7 milliohm. The power output in a flux (unperturbed) of 3.8 x 1U% nfcm®/sec was
21 microwatts, ' :

A treatment of the spurious responses of this type thermopile is presented in an Appendix
by Cyrus O. Harbourt.

’

NP-56176

Seed R G and Withey E L, Jr.

BATTERYLESS DOSE RATE INDICATOR,

Scientific Specialties Corporation, Snow and Union Streets, Boston 35, Mass.,
Contract No. DA-36-039 SC-52581, (1955), 29 pp.

This seventh quarterly report, covering work for the.months of December 1954,
January 1855, and February 1955 on a batteryless dose rate indicator, contains a brief
description of: (1) self-generating theory and cells, (2) large area germanium self-
generating cells, (3) Model VI hand generator, and (4) circuitry for possible use with
hand-powered generators.

An analysis of self-generating theory and experience indicates, as previously estimated,
that the most promising material is a germanium n-p junction. Further experiments
with large ared alloyed junctions yield outputs of substantial proportions, but not suf-
ficient in view of price and difficulty of fabrication to fabricate a completed field-type,
self-generating instrument.

NP-5750

Gray T S and Van Rennes A B

ANNUAL PROGRESS REPORT,

Servomechanisms Laboratory, Department of Electrical Engineering, Massachusetts
Institute of Technology, Cambridge 39, Mass., Contract No. N5ori-07876, March 1, 1955,

54 pp.

Efforts of the Electronic Nuclear Instrumentation Group have been directed chiefly to-
ward completing the development of a rugged, wide range, fast responding, neutron-
flux measuring system that is free of fragile, short-life vacuum tubes. The first
experimental model of the neutron-sensitive thermopile was completed and tested in
the Brookhaven reactor. Likewise the components for amplifying the output of the
thermopile, including the magnetic modulator and the tuned transistor amplifier, have
been developed into a working system and tested. A new transistorized oscillator of
extremely low second-harmonic output for use as a power supply for the modulator has
been evolved.
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Meanwhile, a preliminary model-of the acoustic ionization chamber was completed and
tested in the Brookhaven reactor. The study of pulse height analysis systems was com- -
pleted and the advantageous features of a system employing photographic film for data
storage demonstrated. Statistical study of the fluctuations in period-meter indications
viewed as a stochastic process has been continued, and an analysis of multielement
logarithmic devices for use in period-indicating systems has been started.

NP-6039

Hollander Lewis E, Jr.

RESEARCH AND DEVELOPMENT OF 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 is to develop a portable gamma detecting radiactmeter em-
ploying a photoconductive crystal as 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 II of this contract. A
procedure for applying ultrasonic soldered indium electrodes to CdS crystals was devel-

oped.

NRL-MEMO-266 -

Schulman James J

MEASUREMENT OF HIGH DOSES OF CO®° GAMMA-RAYS BY ABSORPTION CHANGES
IN PHOSPHATE GLASS,

Solid State Division, Naval Research Laboratory, Washington, D, C February (1954),

22 pp. (4 refs). \
It is concluded that the phosphate glasses, particularly the silver-activated glass, are
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 sterili-
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,

NRL-MEMO-309

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 refls).

A series of experiments were performed to determine the effectiveness of using the
optical density changes of silver activated phosphate glass in monitoring the time de-
pendent, high rate gamma fields of spent uranium fuel elements. These experiments
were performed at the Materials Testing Reactor in Idaho. The results indicate -that
the response of the glass to fuel element irradiation is independent of both fuel element
age and irradiation rate 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-
tageously used in fuel element dosimetry.
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While this work is incomplete, this paper glives some information on changes of sensi-
tivity of glasses in Co®° radiations vs fuel element radiations, and on fading after ex-
posure.

NRL-Q-1(2)

Schulman James H, et al, .
DOSIMETRY OF X-RAYS AND GAMMA-RAYS BY RADIOPHOTOLUMINESCENCE,
Journal of Applied Physics, Vol. 22, No. 12, pp. 1479-1487, December (1851).

The effects of high encrgy radiation on the luminescence properties of solids are sur-
veyed. Of the four effects considered--radiophotoluminescence, radiophotostimulation,
radiothermoluminescence, and the "'killing" of luminescence by X-rays or
gamma-rays--the first effect is shown.to have advantages in principle over the others
as a basis for dosimetry.

The absorption, excitation, emission, sensitivity, energy dependence, and stability
characteristics of a radiophotoluminescent Ag-activated phosphate glass are described.
It is shown that dosage measirements can be made with this malerial, ewployiong a
simple fluorophotometer, from 10 roenigens o a few thuusand roentgens of gamma-rays. .
By proper shielding, such a dosimeter element can be made reasonably independent of
energy. The dosage indication obtained is quite stable with time and is not seriously
affected by exposure of the glass to.visible or ultraviolet light or to temperatures in the
range of -70 to +100 C. Because of its sensitivity range and its stability over a wide
range of ambient conditions, the dosimeter appears to be particularly suited for moni-
toring personnel that may be exposed to rather high doses of gamma-rays, such as
may be encountered in A-bomb explosions.

NRL-Q-1(4)

Schulman James H, et al.
RADIOPHOTOLUMINESCENCE DOSIMETRY SYSTEM OF THE U.S. NAVY,
- Nucleonics, Vol, 11, No. 10, pp. 52-56, October (1953), (9 refs).

This dosimecter, utilizing Ag-activated phosphate glass, has a range of from 10 r to at
least 600 r. Response is linear and independent of dose rate up to at least 170 r/min.
Energy dependence is diminished by lead filters.

NRL-Q-1(6)

Schulman James H, et al. _
MEASURING HIGH DOSES BY ABSORPTION CHANGES IN GLASS,
Nucleonics, Vol. 13, No. 2, pp. 30-33, February (1955), (7 refs).

Changes in optical density of glass measure doses up to 2 x 10° rep with 5% accuracy
g

independent of dose rate. Dosimeter is convenient (1 x 1 x 0.3-cm plate) and rugged.’
Standardizing measurement time or heat treatment solves problem of fading.

NRL-Q-1(8)
Schulman James H, ect al.

APPLICATION OF LUMINESCENCE CHANGES IN ORGANIC SOLIDS TO DOSIMETRY,
Journal of Applied Physics, Vol. 28, No. 7, pp. 792-795, July (1957), (10 refs).
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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 10P rep. For
both materials the variation of brightness with Co® gamma- ray dose D, in rep, may
be represented by (I/1)) = (1 + AD)™?, where A = 8.5 x 107 for anthracence and

A = 14x 107 for naphthalene with emission in the visible spectral region. -Both the
degradation and radiophotoluminescence are stable with time at room temperature

The employrnent of these effects for dosimetry is discussed.

NRL-Q-1(10)

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 properi
tico of insulating solids. Changes in optical properties--specitically in absorption and
luminescence--are especially striking with some materials, and these effects have been
. extensively investigated for application to dosimetry. The dose range that is accessible
to the various solid-state devices depends upon the phenomenon employed. Some solid-
state systems are capable of detecting the order of milliroentgens, while others can
indicate in the range of 10° R or higher. This brief survey concerns itself primarily’
with systems capable of measuring high doses, say of the order of 10% roentgens to 10”7
roentgens, since only these are of concern in the radiation treatment of food. However,
in order‘to illustrate the enormous range of applicability of solid-state systems, brief
mention will be made of effects used for the measurement of lower dosages as well.

NRL, Report 4062

Schulman James H, Ginther RobertJ and Kirk Russell D

DOSIMETRY OF IONIZING RADIATIONS BY MEANS OF COLOR CENTERS IN SENSITIZED
ALKALINE-EARTH SALTS,

Naval Research Laboratory, Washington, D.C., October 13, 1952, 17 pp. (6 refs).

The relationship of lattice defects--particularly vacancies and impurity ions--to the
X-ray-induced discoloration of alkali-halide crystals is briefly reviewed., These con-
cepts are then extended to alkaline-earth salts, leading to the prediction that such salts
should be more easily discolored by ionizing radiations if they are 'sensitized' by the
incorporation of monovalent positive-ion impurities. This prediction is confirmed
experimentally by addition of various alkali-ion impurities to a number of alkaline-earth
compounds. The ''sensitization' is particularly effective with strontium sulfate.

Crude dosimeters made from sensitized strontium sulfate are 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.

NSE-0558

Titus Frank
MEASUREMENT OF THE GAMMA-RAY DOSE NEAR THE INTERFACE BETWEEN TWO

MEDIA,
Nuclear Smence and Engineering, Vol. 3, No. 5, pp. 609-619, May (1958), (9 refs).
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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 steel.
A point-isotropic Co®® 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
result was a progressive decrease of exposure dose near the density-interface compared
with the homogeneous medium situation, as the source-detector distance was increased.
There is good agreement between the experimental results and corresponding Monte
Cario ¢alculations,

NSE-0858-1

Houstaon R Wayne
FAST NEUTRON DOSIMETRY IN PILE IRRADIATIONS, v
Nuclear Science and Engineering, Vol. 4, No. 2, pp. 227-238, August (1958), (14 refs).

For samples exposed in high neutron-flux regions of reactors, the contribution t6 the
total dosage due to the recoils from elastically scattered fast neutrons may be signifi-
cant. The calculation of this contribution is considered here.. Three methods are
presented, each differing in the manner in which the details of the energy distribution
of fast neutrons are treated. In the first, the neutron flux per unit energy interval is
assumed to be of the asymptotic or 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 is treated as in the first
method, but alternate forms for the source spectrum of once-scattered neutrons are
considered. Use of the equations requires only a knowledge of the thermal-neutron
flux in the vicinity of the sample. Assumptions and limitations are discussed. Numeri-
cal results are presented for comparison of the effects in light water, heavy water, and
graphite moderated reactors in the irradiation of a hydrocarbon (cyclohexane) sample.

NYO-3345 ,

Proctor Rernard E, Goldblith Samuel A and Davison Sol

'STUDIES ON GLASS DOSIMETERS,

Final report for the period July 1, 1954 through June 30, 1955, Massachusetts Institute of
Technology, Cambridge, Mass., Coulract No., AT-(30-1)-1164, (1055), 69 pp. (11 refs).

This report covers the theoretical aspects of glass dosimeters with limited experimental
results covering stability of glass after irradiation, effect of heat treatment, and details
of fading.

NYO-3782

Kreidl N J and Blair GE

IRRADIATION DAMAGE TO GLASS, :

Bausch & Lomb Optical Co., 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 10> to 4.1 x 10° rep.
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NYO-7298

Chang Roger

FUNDAMENTAL STUDIES OF THE MECHANISM OF RADIATION DAMAGE

Technical Report No. 1, Rutgers University, New Brunswick, New Jersey,} Contract No.
AT-(30-1)-1730, December 31, 1955, 16 pp. (5 refs).

The operational characteristics of the Hilger micro-focus X-ray diffraction unit is
described. Application of micro-focus X-ray diffraction analysis to the studies of
polycrystalline copper, nickel, and diamond with and without neutron irradiation is re-
ported. Significant differences are found between irradiated and unirradiated Cu, Ni
specimens by means of the micro-focus X-ray diffraction technique. The report in-
cludes X-ray rocking curve studies of diamond and germanium single crystals and grain
size measurements of polycrystalline Cu and Ni specimens w1th and without neutron
irradiation. :

NYO-8531

Bray P J and Williams A O, Jr. A

RADIATION DAMAGE STUDIES USING THE TECHNIQUES OF ELECTRON-SPIN
PARAMAGNETIC RESONANCE,

Department of Physics, Brown University, Providence, R.I., Contract No. AT-(30-1)-2024,
March 10,1958, 6 pp. (10 refs). :

A Varian V-4500 electron-spin paramagnetic resonance spectrometer and associated
6-inch electromagnet have been placed in operation. Measurements of the magnetic
field are made with a Pound-Watkins spectrometer constructed in the laboratory.

Studies have been made of single crystals of LiF which have received thermal-neutron
irradiation dosages up to 72 hours in a flux of 2. 3 x 1012/cm -sec. The observed
resonance envelope and hyperfine splittings are not in agreement with F-center theory.
A dependence of the hyperfine splitting on crystal orientation in the magnetic field has
been noted. Crystals of KC1, KBr, KI, NaF, NaCl, Rbl, CsBr, and Csl wh1ch
have received reactor or gamma irradiation are under investigation.

Samples of alkali silicate and borate glasses have been prepared and are currently -
receiving neutron and gamma irradiation. - : -

Crystals of KN, and NaN, are being grown and will be studied after irradiation. Pre-
liminary investigations are in progress on powders of these azides.

Studies of synthetic corundum (ALO, ) spinel '(Mg03.3 A1203),, and rutile (TiQ,) are
- being started. ’ . . : s

A copy is appended on an abstract entitled "Paramagnetic Resonance in Neutron-

Irradiated LiF'" submitted for presentation at the 1958 Washington meeting of the
American Physical Society.

ONRL-48-52
+ Mooney RW and Szasy GJ

DISCUSSION ON RADIATION CHEMISTRY,
Office of Naval Research London, London, England May 26, 1952 13 pp.
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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 critical state in which this subject
finds itself at the present time. Most of the basic techniques and fundamental standards
still need final definition and standardization.

The advantages of chemical dosimetry have led to a revival of the interest in these pro-
cedures. In aqueous systems the sulfuric acid solution of ferrous sulfate is generally
accepted as most suitable, at least for relatively low dose rates.

Professor Bacq has discovered that a number of amines can protect mice from the
lethal effect of X-rays when milligram quantities are injected prior to irradiation. In-
jection after exposure was found to be useless.

ORNL-711

Gossick B R and Henry Kk

NEUTRON ENERGY SPECTROMETER,

Shielding Section, Reactor Technology Division, Oak Ridge National Laboratory, P.O. Box P,
Oak Ridge, Tenn., Contract No. W-7405-Eng-26, June 12,1950, 13 pp.

This report 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-
trometer with which the energy distribution can be obtained without taking derivatives
of the counting rate. To avoid differentiating the counting rate, it is necessary to know
both the range and angle of the recoil within acceptable errors. By virtue of biasing a
linear pulse amplifier to take advantage of the peak in the Bragg specific ionization
curve, only those recoils are counted which traverse a given thickness of stopping ma-
terial through a collimator and then end their path near a short anode. Thus the range
is associated directly with the number of counts. It is, of course, necessary to know
the direction of the incident neutrons, so that the limits of the recoil angle are defined
by the collimator.

ORNL.-865

Snell A II and Wollan E O .
QUARTERLY PROGRESS REPORT FOR PERIOD ENDING SEPTEMBER 20, 1950,
Physics Division, Oak Ridge National Laboratory, P.O. Box P, Oak Ridge, Tenn.,
Contract No. W-7504-Eng-26, January 8, 1957, 107 pp. : .

This is a progress report. The topics presented are listed and summarized below:
Short-Lived Isomers, Short-Period Activities, Scintillation Spectrometry, Nuclear
Alignment, Neutron Diffraction, High-Voltage Accelerator Program, Search for a
Permanent Electric Dipole Moment of the Neutron, Neutron Diffusion in Water, 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 arisen in connection with the work of the Particle Ac-
celeration program, one of which is concerncd with the angular dependence of y
. emission from protons on B B
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ORNL.-1002 .

Darden Edgar B and Sheppard CW

A THIMBLE TYPE GAMMA-RAY DOSIMETER AND THE MEASUREMENT OF THE
RADIATION FROM LUMPED AND DISTRIBUTED TYPE SOURCES,

Oak Ridge National Laboratory, P.O. Box P, Oak Ridge, Tenn., Contract No. W- 7405—Eng-26
July 9, 1951, 57 pp. (21 refs)

Accurate physical measurements in radiation dosimetry are becoming increasingly
important with the growing quantitative accuracy of techniques for studying radiation
effects on living organisms. For B-ray work a precise method for the determination

of surface ionization intensities of sources has been developed. In X-ray work up to
250 kvp, dosimetry studies have been carried out in this laboratory including calibra-
tions of Victoreen condenser-type r meters against a standard free-air chamber.
Based on these calibrations, a standard position was established inside a-lead enclosure
around a medium intensity Co®° source for periodically checking the various laboratory
Victoreen chambers, : !

ORNL-1283

Gossick B R

GENERAL PRINCIPLES OF A PROTON RECOIL FAST-NEUTRON SPECTROMETER
Physics Division, Oak Ridge National Laboratory, P. O. Box P, Oak Ridge, Tenn.,
Contract No. W-7405-Eng-26, August 28,1952, 61 pp. (10 refs). '

A general equation for calculating the neutron energy spectrum from proton recoil
counting data is derived. This equation is optimized subject to a constant total error
to determine the most favorable experimental conditions. Feasible accuracy is illus-
trated by presenting a family of curves of the counting time (required for one point on
a spectrum) plotted against total error with source intensity as a parameter. The
calculations apply only to a ""good geometry' experiment with a point source. The
subject is treated for the most part in terms of a thin radiator, but the calculations
apply equally well for the case of a thick radiator by a simple extension which is
outlined,

ORNL-1479

Cochran R G and Henry KM

A PROTON RECOIL TYPE FAST-NEUTRON SPECTROMETER

Physics Division, Oak Ridge National Laboratory, P.O. Box P, Oak Ridge, Tenn.,
Contract No. W-7405-Eng-26, April 20, 1953, 36 pp. (14 refs).

A triple coincidence-type proton recoil spectrometer has been developed for measuring
‘neutron spectra of interest in shielding design. The instrument is composed of a
triple-section proportional counter with suitable radiator-absorber wheels, amplifiers,
electronic pulse height selectors, and a triple-coincidence circuit. The energy reso-
lution is comparable to photographic plates which are at present the best method for

" neutron spectra measurements. Considerable effort has been made to obtain maxi-
mum sensitivity by optimizing the -available parameters. The spectrometer calibration
was checked by measuring monoenergetic neutrons from the ORNL Van de Graaff
generator. Excellent agreement with calculations was obtained for both ener’gy and
intensity.
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Several spectral measurements of polonium-beryllium and polonium-boron sources
have been included in this report as examples of the type of measurements that can be
obtained with this instrument..

ORNL-1763

Morgan K Z (Director)

HEALTH PHYSICS DIVISION SEMIANNUAL PROGRESS REPORT,

Oak Ridge National Laboratory, P. O. Box P, Oak Ridge, Tenn., Contract No. W-7405-Eng-286,
September 27, 1954, 19 pp. (References).

This report describes work performed at ORNL in the Health Physics Division. The
subjects investigated include the following: (l) passage of charged particles through
plasma, (2) fast-neutron tissue dosimeters, (3) aireéraft selnlillulion equipment, (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.

ORNL-=1783

Blomeke JO

NUCLEAR PROPERTIES OF U2°® FISSION PRODUCTS,

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,
November 2, 1955, 58 pp.

Tables are presented that list the U?2° fission-product decay chains and the current
best single values of their fission yields and cross section. The fission products are
also tabulated according to decreasing order of half-life, thermal-neutron capture
cross section, gamma energy, and beta energy.

ORNL-1879

Fowler JL and Wollan E O (Editors)

SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING MARCH 20 1955,
Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,
October 3, 1955, 71 pp. (References)

This report describes work performed at ORNL by the Physics Division. The subjects
investigated include the following: (1) cross-section studies, (2) neutron diffraction
studies, (3) heavy-ion physics, (4) low-temperature physics, (5) studies of the attenu-
ation of reactor 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. O. Box P, Oak Ridge, Tenn,, Contract No.
W-7405-Eng-26, February 1, 1956, 17 pp. (10 refs).
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This report from the Instrumentation and Controls Division covers the following ‘
subjects:,

1. Investigation of the response of scintillation and Cerenkov counters
to the gamma radiations from a swimming-pool-type reactor,

2.. Differential and integrél pulse-height selector for the DD2 linear
amplifier,

An A-C bridge for measuring low resistances,

An improved serial memory pulse-height analyzer,
High-voltage research,

Modifications and improvements to the Oracle,
Instrumentation for rocking-bomb experiments.

1O O W

ORNL-2049

Morgan K Z (Director)

HEALTH PHYSICS DIVISION SEMIANNUAL PROGRESS REPORT FOR PERIOD ENDING
JANUARY 31, 1956, . A

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,

May 3, 1956, 63 pp. ' '

This report discusses work performed at ORNL by the Health Physics Division. Topics
discussed in the fields of Applied Radiobiology, Sanitary Engineering Research, and
Radiation Dosimetry, include: (1) Distribution and Excretion of Uranium in Man, (2)
Ecology, (3) Urinalysis Research, (4) Distribution of Radioisotopes in Animal Tissue, ' .
(5) Isotopic Distribution in Man, (6) Chem istry and Soils Engineering, (7) Airborne-
Radioactivity Studies, (8) Experimental Physics of Dosimetry, (9) Theoretical Physics

of Dosimetry, and (10) Dosimetry Applications.

ORNL-2081-7

Silver E G

MEASUREMENTS OF THE THERMAL-NEUTRON FLUX FROM THE BSF THERMAL
COLUMN,

Applied Nuclear Physics Division Annual Report for period ending September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., November 20, 1856, 4 pp.

A thermal column with a geometrically uniform neutron beam is needed for numerous
experiments. A thermal column which consists of a stack of graphite against which
the reactor can be positioned has been built at the BSF. A 10-in. thick lead shield
between the graphite and the reactor serves to attentuate the gamma-ray flux from the
reactor. Foil measurements of the flux at the radiation port mdlcated that a uniform
flux is available in an area of 47 in.?

ORNL-2081-16

-Peelle " R W, " et al.

MEASUREMENT OF THE SPECTRUM OF SHORT-LIVED FISSION-PRODUCT DECAY
GAMMA RAYS EMITTED FROM A ROTATING FUEL BELT, \

Applied Nuclear Physics Division Annual Report for period ending September 10, 1956, Oak
Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., Novefnber 20, 1956, 4 pp.
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By means of a rotating belt containing U*3°, the short-lived fission-product gamma

rays have been measured with a three-crystal spectrometer. Rotation times as short
as 1 sec have been used. A value for the total gamma-ray energy of 4.8 Mev for the
0.36- to 5.8-Mev photon energy interval was observed.

ORNL-2081-17

Zobel W and Love T A :

TIME AND ENERGY SPECTRA OF FISSION-PRODUCT GAMMA RAYS MLASURED AT
SHORT TIMES AFTER URANIUM SAMPLE IRRADIATIONS,

Applied Nuclear Physics Division Annual Report for period ending September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn:, November 20, 1956, 7 pp.

The fast pneumatic tube at the ORNL Graphite Reactor has been used in conjunction
with the three-crystal spectrometer to measure short-lived fission-product gamma
rays for times after fission from 1.25 to 1600 sec. The total energy of photons in the
interval 0.28 to 5.0 Mev was found to be 3.23 Mev +25%. Spectra for various times
‘after fission are given, from which it is anticipated that 1nd1v1dua1 emitters can be
identified.

ORNL-2081-20

Henry KM and Haydon M P

FISSION NEUTRON SPECTRUM OF U?33,

Applied Nuclear Physics Division Annual Report for period ending September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., November 20, 1956, 3 pp.
The fission neutron spectrum of U232 was measured at the BSF with nuclear photo-
graphic plates under the same experimental conditions as those of earlier measure-
ments with a proton-recoil neutron spectrometer. The shapes of the resulting spectra
agreed within the combined limits of error.

ORNL-2081-21

Henry KM

FAST-NEUTRON SPECTRUM OF A 117-CURIE PO-BE SOURCE,

Applied Nuclear Physics Division Annual Report for period ending September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., November 20, 1956, 2%pp.

Since Po-Be sources are used to calibrate fast-neutron dosimeters, the fast-neutron
spectrum of such sources should be known. Recently, the availability of a source of
larger physical size and intensity prompted a further measurement with the BSF
proton-recoil spectrometer. The resulting spectrum agrees within statistical error
with the spectra previously determined.

ORNL-2081-23

Dresner L

ESTIMATION OF RESONANCE INTEGRALS,

Applied Nuclear Physics Division Annual Report for perlod endmg September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., November 20, 1956, 5 pp.
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Resonance parameters are 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
are compared with experimentally determined values.

ORNL-2081-24

Dresner L

HOMOGENEOUS EFFECTIVE RESONANCE INTEGRALS OF U%® AND TH?3?,

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, 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 2?3 and Th?3?
have been calculated as functions of the scattering cross section per absorbing nucleus

- for Q and 300 K, using the theory of Wigner, et al. Agreement of the calculated
(300 'K) and experimental resonance integrals is excellent for U?%® and good for Th?32
except for pure ThO where a discrepancy is noted. The temperature coefficients for
the metals have also been calculated, and a comparison with experiment is given.
Finally, the effect of multiple scatterings in the lowest resonances has been investigated
for pure U228 metal and found to be important.

ORNL.-2081-25

Dresner L

EFFECT OF beUMETRY ON RESONANCE NEUTRON ABSORPTION,

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, 2 pp.

By use of the theory of Wigner, et al,, an expression has been derived, for the geo-
metric dependence of the effective resonance integral of lumps, which is independent of
the details of resonance structure (widths, resonance energies). This expression has
been compared with experimentally determined geometric variations for U2°® and
Th?32 and is found to overestimate the ratio of surface-to-volume absorption by about
40%. The cause of this overestimate is obscure, but its amount should be the same in
all materials.

ORNL-2081-42

Guth E and deSaussure G

THEORY OF THE C'°(r, n)C** REACTION,

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, 2 pp.

A theoretical investigation of the C*?(y, n)C!? reaction has led to the conclusion that,
in contrast with the Be®(y, n)Be® reaction, there is no evidence of resonance right
above the threshold. This causes the Cla(Y, n)C*2 cross section to become much
smaller (by about a factor of 10) than the corresponding Be ®(y, n)Be® cross section.
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ORNL-2081-43

Trubey DK

ESTIMATION OF PHOTONEUTRONS FROM ct3,

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, 3 pp.

LTSF measurements of thermal-neutron flux in the presence of high-energy gamma
rays in liquid media containing hydrogen, or carbon and hydrogen, indicate that photo-
neutrons comprise a large fraction of the total thermal-neutron flux at large distances
_from the neutron source. This is attributed chiefly to the (v, n) reaction in C*3. 'Meas-
urements in an oil medium with and without a bismuth slab to reduce the gamma rays,
and consequently the photoneutrons which they produced, agreed with calculated fluxes.

ORNL -2081-48

Murray R B

FAST-NEUTRON SPECTROMETER DEVELOPMENT,

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, 1856, 6 pp.

A program is in progress that is aimed toward developing a fast-neutron spectrometer
with a greater sensitivity than has been available heretofore. The types of spectrom-
eters being considered are: (1) proton-recoil spectrometers, and (2) those in which
the total energy released in a neutron-induced nuclear reaction is measured. For the
latter the Li®(n,a)H> reaction (Q = 4.78 Mev) is being utilized,

ORNL-2081-49

Muckenthaler F J ‘
INVESTIGATION OF THE HORNYAK BUTTON AS A FAST- NEUTRON DOSIMETER,
Applied Nuclear Physxcs Division Annual Report for period endmg September 10, 19586,
Oak Ridge National Laboratory, P.O. Box X, Uak itidge, Tenn., Nuve€wber 20, 1056, 0 pp.

In the interest of developing an improved fast-neutron dosimeter, an investigation of
the Hornyak button as a dosimeter has been initiated. The bulluu cunsists of a homo-
geneous mixture of fine Lucite and ZnS powder mounted on a phototube. The neutrons
impinging upon the crystal collide with the protons present, and the recoiling protons
excite the ZnS centers. These, in turn, emit photons that are detected by the photo-
multiplier tube. The response of the button to neutrons from Po-Be sources (the BSR,
the TSR, -and the Van de Graaff) is presented.

ORNL-2081-50

Love T A, et al. '

INSTRUMENTATION FOR A GAMMA-RAY SPECTROMETER,

Applied Nuclear Physics Division Annual Report for period ending September 10, 19586,

Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn., November 20, 1956, 6 pp.

In order to measure the time and energy spectra of short-lived fission-product gamma
rays, it was necessary to modify the instrumentation for the BSF multicrystal gamma-
ray scintillation spectrometer. The modifications in the existing equipment and the
new equipment added to the system are described. |
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ORNL-2081-51

Zerby CD '

PULSE-HEIGHT DISTRIBUTION FROM AN NAI(tl) CRYSTAL,

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, 1 p.

A calculation of the relation between incident gamma-ray energy spectra and the pulse-

height distribution from an Nal(tl) crystal used as a gamma-ray spectrometer has been
started.

ORNL-2127, (Pt. II, Vol. 1) (TID-4500)

Blomeke JO and Todd Mary F ;
URANIUM-235 FISSION-PRODUCT PRODUCTION AS A FUNCTION OF THERMAL
NEUTRON FLUX, IRRADIATION TIME, AND DECAY TIME,

Oak Ridge National Laboratory, Oak Ridge, Tenn., December 23, 1957.

This is a summation of individual chains, elements, and the rare-gas and rare-earth
groups. Uranium-235 fission-product productions are arranged according to chain or
mass number as a function of thermal flux, irradiation time, and decay time. 354 pages
of tables are presented.

ORNL-2385-2 -

Reynolds A B and Johnson E B

COMI'ARISON OF THE DISTRIBUTED-POISON AND INHOUR METHODS FOR MEASURING
REACTIVITY,

Applied Nuclear Phys1cs Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 7 pp. (8 refs).

The reactivity effect of a uniform distribution of boron carbide (B4C) in the core of the
BSR was determined experimentally by means of the inhour equation. A thin strip of

B C -impregnated Plexiglas was inserted into each fuel element. As each strip was re-
moved the reactor period caused by its removal was measured and the reactivity worth
of each B4C strip was then obtained from the inhour equation. Since the ratio of the
nonleakage probability of prompt neutrons to that of delayed neutrons appears in the
inhour equation, the experimental results depended on the value chosen for this ratio.
Two values for this ratio were calculated. The total reactivity effect of the distributed
B4C was calculated from the change in thermal utilization. The calculated value agrees.
with the experimental value within 10%, which was within the experimental.error.

ORNL-2389-4

deSaussure G

CALCULATION OF THE PHOTONEUTRON FLUX IN THE WATER NEAR THE BULK
SHIELDING REACTOR,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 3 pp. (5 refs).
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The neutron flux observed in water at distances greater than about 200 ¢m from the
BSR is essentially entirely attributable to photoneutron production in the naturally oc-
curring deuterium of the water. By using measured gamma-ray spectra at 267 ¢cm, the
expected photoneutron flux is calculated and found to agree with observed values within

4%.

ORNL-2389-6

deSaussure G

CALCULATION OF THE GAMMA-RAY SPECTRUM OF THE BULK SHIELDING REACTOR,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (6 refs).

A hand calculation has been performed of the leakape -guinna=1 ay spectrum above

3 Mev for the BSR. Simplifying assumptions were straight-ahead Compton scattering,
neglect of more than single scatterings, and uniformity of flux in the core. The calcu-
lated spectrum is significantly higher than the measured value in spite of the fact that
the assumptions should lead to an overestimate. Further experiments and calculations
are planned.

ORNL-2389-11

Fox J K, Gilley LW and Marable JH

CRITICAL PARAMETERS OF A PROTON-MODERATED AND PROTON REFLECTED SLAB
OF Uu?®®

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 4 pp. (2 refs).

An attempt has been made to measure directly the minimum critical thickness of an
infinitely high and infinitely wide hydrogen-reflected slab of agueous solution of UO F,
enriched to 93.2% in U=23s, Extrapolation of the experimental results to infinite di- 2
mensions and correction for the container material yielded a value of 1.76 in. at a
H:U?3® atomic ratio of 44. Oracle calculations for slabs which were critical in the

experiment gave a value for k of 1.125. The calculated thickness of a'slab for k = 1
was 1.38 in.

ORNL-2389-14

Maienschein F C, Peelle RW and Love T A

ENERGY SPECTRUM OF PROMPT GAMMA RAYS ACCOMPANYING THE FISSION OF UZ23%S
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 12 pp. (14 refs).

Experlments are currently in progress at the BSF (o measure the energy spectrum of
prompt gamma rays accompanying U?3® fission, by using the multiple-crystal scintil-
lation spectrometer and a small spiral fission chamber. Coincidence circuits have been
used to establish, by time-of-flight, that some of the observed pulses are neutron-
induced. New shield configurations to protect the detectors from unwanted gamma rays
or neutrons have been investigated, but not much improvement was found over the
standard design. On completion of the quantitative determination of the neutron-induced
background, the basic measurements will ensue.

.
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ORNL.-2389-15

Henry KM

U?*3 PROMPT-NEUTRON FISSION SPECTRUM,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 2 pp. (2 refs).

The large statistical errors of the previously reported U232 fission neutron spectrum
were reduced by the use of a larger sample of rnater1al The spectrum of a comparable
mass of U?*3%is also reported These ''gray' samples produced a y?s3 /U235 yield
ratio of 1.30 and a nearly identical spectrum.

ORNL-2389-16

deSaussure G and Silver E G
COMPARISON OF THE AVERAGE NUMBER OF PROMPT NEUTRONS EMITTED IN
FISSION OF UZ?33, U233 pu®?*, AND PU?4I,
Applied Nuclear Physics Progress Report for period.ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 6pp. (8 refs).
The fast coincidence technique was employed to measure the relative prompt-neutgn
yields per fission of U233, U?3% Pu®*3° and Pu®*! induced by thermal neutrons. The
“values obtained were vZ3/v*% = 1,02 £0.01, v*/v?® = 1.23 +0.01, and
41/V2° = 1.295 % 0.02, where vza, v2® R v'*g , and v*? designate the prompt neutron
yvields of U233, u*3s, Puza“, and Pu®*!, respectively.

ORNL-2389-17

deSaussure G and. Silver E G

TIME-DEPENDENT NEUTRON DIFFUSION MEASUREMENTS,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn,, November 26, 1957, 12 pp. (23 refs).

An experiment is being designed to measure the diffusion properties of crystalline
moderators at various temperatures by the, pulsed—neutron-source'methoci. The tem -
perature effects will be most important in the regions in which crystalline effects
cause sharp increases in the mean free paths (e.g., in Be, .the increase from room
temperature to -100 K is calculated to be about a factor of 10). The equipment for
the experiment is being assembled. The pulsed-neutron source is being constructed
at the BSF. The detector will be a very small Li®1(Eu) scintillator similar to others
in use at the Laboratory. Time analysis will be obtained by an 18-channel system.
The moderating assemblies of materials to be studied will be cubes of pure material,
initially graphite or beryllium, which can be heated or cooled uniformly. The pre-
liminary results which have been obtained, by means of another source,‘ on beryllium -
and graphite agree satisfactorily with published results.

ORNL-2389-20

Dresner L ’ :

ANALYSIS OF LOW-ENERGY NEUTRON REACTIONS IN UZ?3®,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 5 pp. (25 refs).
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An analysis of experimental radiative capture and inelastic-scattering cross sections
has been carried out with the statistical theory of reactions, appropriately modified

to include fluctuations in the neutron widths. The analysis indicates that the p-wave
strength function is slightly larger than the s-wave function,

ORNL-2389-21

Kuhn E and Dresner L

EFFECT OF FLUCTUATIONS IN THE REACTION WIDTHS ON RESONANCE INTEGRALS,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 2 pp. (3 refs).

An estimate of the resonance capture integral of nonfissile nuclei, previously given,
has been corrected to include the effect of fluctuation in the neutron width,

ORNL.-2389-29

Goldstein H and Certaine J
SOME RECENT CALCULATIONS OF THE AGE OF FISSION NEUTRONS IN WATER,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 2 pp. (9 refs).

The dlscrepancy between the theoretical value of 26.0 £ 0.5 cm? and the experimental
value of 30.0 £ 1.0 cm® for the age of fission neutrons in water is investigated. New
data on the angular distribution (4) of neutrons scattered by oxygen for the energy region
below 2.7 Mev are used in a revised calculation. The new value was higher by only about
0.5 cm?®, . Overestimates of corrections to this quantity above 2.7 Mev raise the calcu-
lated age to 28.0 cm®, The effect on the age of several variations in the fission spec-
trum was also investigated, but no likely poss1b111ty is found to explam the basic dis-
crepancy.

ORNL -2389-30

Marable J H

AGE OF FISSION NEUTRONS IN DIPHENYL AND IN OIL,

Applied Nuclear Physics Progress Report for period ending September 1, 1957 Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 3 pp. (1 ref).

The Oracle Monte Carlo neutron age code has been used to calculate the slowing down of
fission neutrons past 1.45 ev in two organic compounds. The results were 47.51 £.5 cm?
for diphenyl (C_ H, ) and 22.75 + 0.2 cm? for oil (essentially CH,).

ORNL-2389-32

Cady DW and Warman E A

RADIATION ATTENUATION MEASUREMENTS IN PLAIN WATER, BORATED WATER,
AND OIL MEDIA IN THE LTSF,

Applied Nuclear Physics Progress Report for perlod ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 4 pp. (12 refs).
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The latest and best data are presented for attenuation from a fission source of fast-
neutron dose, thermal-neutron flux, and gamma rays in water, borated water, and a
saturated oil. The present thermal-neutron data are corrected for flux depression by
the foil detectors, as well as for self-absorption and self-shielding of the detectors.

ORNL-2389-34

Miller J M

EFFECTIVE REMOVAL CROSS SECTION OF TUNGSTEN,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 1 p. (2 refs).

The effective removal cross section of tungsten has been determined as 3.13 + 0.25 barns
on the basis of thermal-neutron flux measurements made at the LTSF beyond a 4-in.
thick sample of Hevimet (90 wt % tungsten, 6 wt % nickel, and 4 wt % copper). An
earlier value of 2.51 £ 0.55 barns was determined from measurements beyond tungsten
chips.

ORNL-2389-35

Watson F N, Davis RM and Champion W R

GAMMA-RAY AND THERMAL-NEUTRON MEASUREMENTS IN AIR AT VARIOUS
DISTANCES FROM .THE TOWER SHIELDING REACTOR,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 6 pp. (3 refs).

As a part of thie coulinuing sludy of the air capture, scattering, and attenuation of
reactor radiations, measurements have been made .of the gamma-ray dose rate and
thermal-neutron flux in air at various distances from the reactor at the TSF. Through-
out these measurements, the reactor-detector height above the ground, their separation
distance, the thickness of the reactor water shield, and the angle between the emitted
reactor beam and the detector-reactor tank axis were varied. The results of the meas-
urements are reported.

ORNL-2389-37

Muckenthaler F J, et al.

DETERMINATION OF GAMMA-RAY DOSE RATES AND SPECTRA FROM SOIL AND
CONCRETE SAMPLES AFTER IRRADIATION AT THE TOWER SHIELDING FACILITY,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 6 pp.

One soil sample and concrete samples consisting of plain concrete, barytes concrete,
and one sample of each containing an admixture of 1% boron were exposed for 20 hr to
the TSR operating at 400 kev in order to determine how much they had been activated
and which components were responsible. The dose rate at the positions of the concrete
samples was 0.725 erg/g-hr:-w, while that at the position of the soil sample was

- 0.896 erg/g-hr-w. Subsequent to irradiation, the intensity of the gamma-ray dose rate
from the samples was determined as a function of time after irradiation. In addition,
pulse-height spectra of gamma rays from the samples were determined. For the
barytes and soil samples, a large part of the dose rate 4 hr after irradiation was due
to a thermal (n,y) reaction in Mn°%; between- 24 and 100 hr after irradiation the main
contribution was from the same reactlon in Na®3, For the plain concrete samples,
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the gamma-ray dose rate throughout the flI‘St 100 hr after irradiation was essentially
due to the thermal (n, y) reaction in Na®?

ORNL-2389-45

Chapman G T and Love TA
TOTAL-ABSORPTION GAMMA-RAY SPECTROSCOPY,

' Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 7 pp. (5 refs).

A very large, cylindrical Nal(T1) crystal, 9-3/8 in, high, 9-3/8 in. in diameter, and
truncated at one end, is being tried in a gamma-ray spectrometer. A large low-pulse-
height tail in the response was attributed partly to a crystal defect and partly to dif-
ficulties of containing a gamma ray wlithin the cryslal alter the first one vre lwu seallers-
ings. Drilling a hole 2 in. deep in one end and collimating the incoming radiation into .
the hole reduced the tail but worsened the resolution (width at half maximum) somewhat.
The three photomultiplier tubes which were used had to be carefully matched in response
to obtain best resolution. Work is continuing on improving the resolution, with an ar-
rangement of seven small matched phototubes to be tried next.

ORNL-2389-46

Murray R B and Manning JJ
FAST-NEUTRON SPECTROMETER DEVELOPMENT,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 9 pp. (5 refs).

Further '_investigation of Li®1(Eu) crystals indicate that they will be suitable for meas-
-uring fission-like neutron spectra above an energy of ~1.5 Mev.

ORNL-2389-47

Peelle RW and Love TA

PULSE-AMPLITUDE-INDEPENDENT TIMING CIRCUITS FOR DRIVING AN
INTERMEDIATE-SPEED COINCIDENCE UNIT FROM THE OUTPUT OF A DOUBLE-
LINE PULSE AMPLIFIER, )

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 11 pp. (5 refs).

Common types of coincidence circuitry for nuclear spectroscopy are reviewed briefly,
and the properties of standard two-speed coincidence circuits are discussed. With the
use of standard double-line-clipped linear pulse amplifiers, a property of the pulse
shape permits the resolving time of the usual intermediate-speed coincidence system
to be materially improved. .Two novel circuits are described for taking advantage of
this circumstance, and performance characteristics for one circuit are given in detail.

ORNL-2389-48 -

Kington J D and Abele R K ‘

NEW ION CHAMBERS FOR GAMMA-RAY DOSE MEASUREMENTS

" Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 3 pp. (1 ref).
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A new, 50-cm” standard ion chamber has been built, in which the collection volume was
made more nearly a spherical annulus than the previous standard composed of contiguous
hemispherical and cylindrical annular reglons No improvement in uniformity of re-
sponse with direction was observed. A 4- -cm® ion chamber was also constructed for
high-level measurements. Difficulties are being encountered in defining the collection
volume. The leads may be responding also to the radiation field.

ORNL-2389-49

Peelle R W, Maienschein FC and Love T A

A SIMPLE TIME-TO-PULSE-HEIGHT CONVERTER FOR THE ANALYSIS OF TIME
DIFFERENCES IN THE MILLIMICROSECOND RANGE,

Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 7 pp. (7 refs).

A method s described for modifying the sweep circuit of a standard laboratory oscil-
loscope to form the basic unit of a time-to-pulse-height converter. Combined with a
standard multichannel pulse-height analyzer and standard timing circuitry, the unit is
capable of performing with time resolution as fine as 2 to 3 musec/channel. Measure-
ments on drift rate indicate that it is sufficiently small for such resolution to be feasible.

ORNL-2389-50

Muckenthaler F J

DEVELOPMENT OF THE HORNYAK BUTTON AS A FAST-NEUTRON DOSIMETER,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26, 1957, 9 pp. (3 refs).

Additional work has been done on the Hornyak button to find the crystal and particle size
and composition that would most nearly duplicate the response of a Hurst-type fast-
neutron dosimeter at various neutron energies. -Previous data showed responses that
were similar for neutron energies above 1 Mev but unsatisfactory for lower energies.
New crystals were tested in an attempt to make the low-energy response as good as the
high-energy response. The majority of the data was obtained with a monoenergetic
neutron flux generated by the Van de Graaff generator. A limited number of crvstals
were also tested in the spectrum of neutrons from the TSF reactor.

ORNL-2389-51

Love T A, Maienschein F C and Peelle RW

AUTOMATIC COUNT-TIME CLOCK FOR USE WITH SLOW PULSE ANALYZERS,
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Rldge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 1 p. (2 refs).

The variable, and relatively large, dead time per pulse of the 256-channel pulse-height
analyzer designed at the Argonne National Laboratory leads to counting losses which are
a function of the shape of the measured pulse-height spectrum as well as its magnitude.
Hence, a device was built to meet the desired requirement of measuring the total time
during which the analyzer will accept pulses rather than the elapsed time.
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ORNL-2389-52

Goldman D T and Simon A

SPUTTERING PRODUCED BY IONS WITH ENERGIES ABOVE 50 KEV, ‘
Applied Nuclear Physics Progress Report for period ending September 1, 1957, Oak Ridge
National Laboratory, Oak Ridge, Tenn., November 26,1957, 3 pp. (3 refs). . '

Since the range of an incident particle having an energy in the region of 50 kev or higher
is much greater than the mean free path of the knock-on particles produced through
Rutherford collisions, it is justifiable to treat the primary particles as if they were
produced by a uniform source in depth. Subsequent displacement of additional particles
is accounted for and the problem is reduced to an equivalent one-velocity diffusion
problem. Anisotropy of the primary source is also considered. The sputtering ratio is
found to vary approximately inversely a§ In E/E, where E is lhe incident cnergy,

as u/(1 +u)®, where p is the ratio of the incident particle mass to the targct particle
mass, and as the secant of the incident angle.

ORNL-=2480

Rorkowski C J, (Director) )

INSTRUMENTATION AND CONTROLS DIVISION ANNUAL PROGRESS REPORT
FOR PERIOD ENDING JULY 1, 1957, 4

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,
July 29,1958, 123 pp. :

This report is a review of progress made by the Instrumentation and Controls Division
at ORNL. The subject matter deals with specific instrumentation and conirols for the
various ORNL reactors along with such things as: (1) pickoff gates, (2) rate-meters,
(3) spectrometers, (4) counters, and (5) instrumentation for the various specific
divisions. ’

ORNL-CWS-2

Sheppard C W, et al.

X-RAY CALIBRATION IN THE BIOLOGY DIVISION OF OAK RIDGE NATIONAL
LABORATORY,

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Engl-26,
28 pp. (7 refs).

This report covers the experience of the Biology Division in the use of their Victoreen
ionization chambers and their efforts to standardize upon a method of calibration using
a GE Maximar X-ray unit operating at 250 kvp. These chambers are used for X-ray
dosimetry at Oak Ridge.

PD-121690 NP-5056(Del)(Vol. I)

Beaufait L J, Jr. and Lukens HR, Jr.

.HANDBOOK OF RADIOCHEMICAL TECHNIQUES,

1US Department of Commerce. Prepared by Western Division, Tracerlab, Inc., Berkeley,
Calif., May 15, 1953, 141 pp.
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This handbook has been prepared to systematize and correlate the information con-
sidered necessary for a precise radiochemical analysis of certain fission product and
nonfission product activities. In making these precise radiochemical analyses, a num-
ber of steps are important; the principal ones are as follows: ’

1.

The addition of accurately known amounts of carriers so that the gravimetric.
recovery of the activities may be obtained,

The ensuring of complete exchange of the carrier elements with their active
isotopes,

The employment of a chemical procedure which gives purified (decontaminated)
activities,

The precipitation of the activities as reproducible, standard compounds,
The mounting of these compounds in a uniform and reproducible manner,

The determination of the effect of precipitate thickness of the standard com-
pounds on the counting efficiency of the radioactive isotopes.

In order to make precise comparative determinations of the resultant activities which
may be related to absolute counting rates or atom ratios, several conditions must be
maintained constant or their variance must be accurately known. . The conditions that
must be held constant are those involving the geometrical relationship between the
sample and the counter tube. Those conditions whose variance must be accurately
known and which are dependent on the detector in use include:

1.

The coincidence correction,
The statistical behavior of the counting sétup,

The intercomparison factor between the several counting setups, which is
determined by the use of a standard source.

This handbook consists of two volumes covering the above points, and includes related
information to aid in the determination of several fission products as well as of uranium,
neptunium, and plutonium activities.

PR-0153-1

Graves Elizabeth R and Rosen Louis

DISTRIBUTION IN ENERGY OF THE NEUTRONS FROM THE INTERACTION OF 14-MEV
NEUTRONS WITH SOME ELEMENTS,

Physical Review, Vol. 89, No. 2, pp. 343-348, January 15,1953, (13 refs),

The neutron spectra from the interaction of 14-Mev neutrons with a number of elements
have been determined by nuclear plate techniques. The plates were exposed to neutrons
from the bombardment of a Zr-T target by 200-kev deuterons when the target was as
nearly as possible isolated from all scattering material and when the target was sur-
rounded by a spherical shell of the element to be investigated. The variation of F(E),
the number of emitted neutrons per unit energy interval with energy (E ), appears to be
Maxwellian in the region 0.5 to 4.0 Mev and may be represented by

F(En)dEn.= CE_ etn/T dE_
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RDB(W)-TN

McLead D D

A FAST NEUTRON MONITOR

Department of Atomic Energy, Industmal Group, Wmdscale England January (1954),
7 pp. (2 refs).

The work described herein was initiated at 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/hr (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 or one with a methane
filling would be advantageous. For reasons of simplicity, experiments were carried
out on the latter.

REIC-6 AD-157172

Oeslinann M J, Kircher J I and Schall P J

A SURVEY OF CURRENT RESEARCH AND DEVELOPMENTS IN THE FIELD OF
DOSIMETIY, ) ,

Battelle Memorial Institute, Columbus, Ohio, Contract No. AF33(616)-5171, May 31, 1958,
38 pp. (132 refs). :

A survey of current practices used in high-level dosimetry of gamma, neutron, and
mixed fields is presented. Chemical and colorimetric systems including ferrous-
ferric, ceric-cerous, gas evolution, nitrous oxide, various dyes, and polymers have
been considered. Silver-activated phosphate and other glasses are discussed. Ion-
ization chambers for either gamma ray or neutron measurements have been commonly
employed at very high dose rates and several designs are discussed.

Luminors, such as anthracene and napthalene, and semiconductors, such as germanium,
have also found application at high radiation doses. Different designs of calorimeters
have been used for measuring energy absorbed, but only to a limited extent.

Neutron spectra ranging from thermal through resonance to fast neutrons can best be
determined by activation of appropriate materials having desirable nuclear properties.
An extensive bibliography is provided for those interested in further details on any
‘particular system.

REIC-6 (Add 1) AD-210766

Oestmann. Mary J 'and Kircher JF

A SURVEY OF CURRENT RESEARCH AND DEVELOPMENTS IN THE FIELD OF
DOSIMETRY,

The Radiation Effects Informatlon Center, Battelle Memorial Institute, Columbus 1, Ohio,
March 31, 1959, 16 pp. (40 refs).

This is the first 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 primarily of
refinements of the previously established dosimeter systems. Investigations have
involved reaction mechanisms and the determination of more accurate G-values. An
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. appropriate choice of materials has helped to extend the -useful range of some dosim-
eters. Standard foils and methods of measurement of these foils are being developed
for neutron dosimeiry. Further details on any one system may be found from the ex-
tensive bibliography provided.

REPF-100

THEORETICAL POSSIBILITIES AND CONSEQUENCES OF MAJOR ACCIDENTS IN LARGE
NUCLEAR POWER PLANTS,
USAEC, Washington, D.C., (1957), 187 pp.

This report is a study of possible consequences ‘if certain assumed accidents, theoreti-

cally possible but highly improbable, were to occur in large nuclear power plants. The

probability of a catastrophic reactor accident is quite low based on a limited history of

reactor operation and certain assumptions based on general knowledge of reactor oper-

ation. Damage studies and consequences of the assumed reactor accidents are based on
. the following listed studies:

1. The nature and extent of a fission product release from a power reactor,
'Description of reactor and site,
Fission product activity in the 500,000-tkw reactor,

2
3
4. Effects of fission products release on humans and land use,
5 Diffusion, déposition, and ra.inout of the radioactive cloud,
6

A method for calculating the number of people that could be atfected by a
fission product release, ’

Bas'ic assumptions in calculating potentiél losses,

3

8. Consequences of gamma radiation from a 100% release of the fission
products into the containment shell,

9. Personal and property damage resulting from release of fission products
from a 500,000 kw (thermal reactor).

REPF-104

Hurst G S, Ritchie R H .and Mills W A
FAST NEUTRON DOSIMETRY, ] .
Paper-65 given at the first Geneva Conference, August (1955), 20 pp. (15 refs).

This paper discusses: three methods of measuring the tissue dose due to fast neutrons.
These methods were developed at the Oak Ridge National Laboratory. All three methods
have yielded practical instruments capable of accurately measuring a fast neutron dose
even if a gamma dose rate much greater than the neutron dose rate is present. These
three methods are: (1) proportional counter , (2) threshold detector, and (3) count
rate dosimeters.

SCEL-TM-M-1917 AD-149957

Murphy H M, Jr. .
NEUTRON DOSIMETRY AT U.S. ARMY SIGNAL ENGINEERING LABORATORIES,
Fort Monmouth, New Jersey, November 1, 1957, 27 pp. (37 refs).
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This report discusses briefly the history, theory, and current state of the neutron
dosimetry work being done in the Evans Signal Laboratory. Specific types of dosimetry
systems are discussed, i.e., hydrocarbon dye, ionization chambers, and tissue-
equivalent plastic. Two USASEL experimental dosimeters of the ionization chamber
type are discussed.

SCTM-93-56-(16)

Milton Osborne

AN AUDIBLE RADIATION DOSIMETER,

Sandia Corporation, Albuquerque, N. M., May 7, 1956, 18 pp. (3 refs).

An instrument is described which integrates gamma radialion flux and soundc an audihle
warning when a preset dose has accumulated.

SCTM-131-58-(16)

Cropper W H

A THEORY OF THE RADIA'TION CHEMISTRY OF SOLUTIONS, ’

Sandia Corporation; Albuquerque, N.M., Contracl Nu. AT-(29- 1) 780, April 22,1958,
52 pp. (21 refs).

A general discussion of the radiation chemistry of solutions is given. A theory is devel-
oped, based on a kinetic analysis of a general radical attack reaction scheme. Funda-
mental equations are obtained and a calculation technique is described. The results are
found to be in agreement with all aspects of solution radiation chemistry. The follow-
ing special applications are discussed: (a) effects at high doses, (b) effccts at low
doses, (c) effects at high solute concentrations, (d) effects at low solute concentra-
tions, and (e) the general effects in nonaqueous solvents.

SCTM-250-59-(51)

Truby F K
A PROGRAM FOR THE STUDY OF FREE RADICAL ACCEPTOR MECHANISMS,
Sandia Corporation, Albuquerque, N.M., July 20, 1959, 9 pp.

A research program is presented covering the study of the mechanisms involved in free
radical acceptor reactions. These reactions tend to minimize damage produced in
pertinent materials while being subjected to ionizing radiation. The study will be con-
fined to those free radical acceptor systems which effect protection through single
electron transfer processes. The program will utilize electron paramagnetic resonance
techniques to study the free reactions involved. Typical of the systems to be studied
will be those containing the disulfide link.

SD-2075
. - .
Bailey L Evan and Kelly RL
RADIATION EFFECTS STUDIES, 4
Stanford Research Institute, Menlo Park, Calif., February 12,1958, 36 pp. (references).
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A program of radiation effects studies was set up for Sandia Corporation for the purpose
of providing some preliminary data on a number of materials of interest, and to give the
Sandia staff experience in techniques for such investigations which they will later be
carrying out at Sandia. ‘ v

This program consisted of work in several categories, which were specified in a series
of task order letters: '

1. Neutron flux and dose measurement techniques,

II. Semiconductor measurement techniques and study of irradiation effects
of neutrons on semiconductors,

III. Effects of neutrons and electrons on alkali-halide crystals,

IV. Study of electron and gamma-ray effects on polymers, and techniques
of measurement, )

V. - Experiment on effect of pulsed ionizing radiation on'spark.gabs.

This report covers the work done under Tasks I and II. The tasks are summarized
below: ’

Task I.-- Methods of neutron flux and dose measurement were comparéd to evalu-
ate their applicability to small sample studies in the inhomogeneous neutron flux close
to a neutron source. Comparisons are made of BF; counters, activated foils, and
photographic emulsions. It is concluded that activated foils are most precise, but that
photographic emulsion measurements can provide rough data at very low cost. Counters
are not very satisfactory for this type of monitoring because of their relatively large
dimensions. Theory and references 'are given for the various neutron counting tech-
niques. :

Task II.-- Methods were developed for preparation of samples of single crystals
of germanium and silicon. Measurements of resistivity, magnetoresistance, Hall
effect, and carrier lifetime were made on various samples before and after 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 carrier lifetime were made. The values obtained were found to
depend on many factors, not all of which were identified. '

SIGFM/EL-SX-1058

Kronenberg Stanley and Murphy Harry M, Jr.

EVALUATION OF SEMIRAD FOR DOSE-RATE-INDEPENDENT MEASUREMENT OF
FAST-NEUTRON AND GAMMA RADIATIONS,

US Army Signal Research and Development Laboratory, Exploratory Research Division S,
Surveillance Department, Evans Area, Belmar, N.J., October 10, 1958, 39 pp. (11 refs).

This report describes the principles of secondary-electron mixed-radiation dosimeter
(SEMIRAD) operation, and discusses results of experiments performed at USASRDL,
the Los Alamos Scientific Laboratory Godiva II facility, and the Naval Research
Laboratory. The purpose of this report is: (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.
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Description of SEMIRAD. -- In general construction, SEMIRAD has the same appearance
as ion chambers. However, instead of being filled with air or other gas, SEMIRAD is
evacuated to a very low pressure. As a consequence, little or no ionization is produced
in SEMIRAD, and the entire response is due to secondary-electron production.

When the wall of a SEMIRAD detecting chamber is irradiated with X-rays, gamma rays,
or neutrons, a number of particles are ejected from the wall. In the case of X- and
gamma rays, these particles are photo-electrons of 50 to 100 kev energy and Compton
electrons of a few hundred to a thousand-kev energy. For very high-energy gammas
these particles include both positrons and electrons from pair production. In the case
of fast neutrons, the ejected particles are mainly protons (hydrogen nuclei) of energy
averaging one-half that of the neutrons. When these ejected particles pass through the
surface of the wall of the SEMIRAD chamber, they cause secondary emission of low-
energy electrons. Secondary electrons are also emitted when the high-energy Compton
and photoelectrons or protons re-enter the opposite wall of the chamber. If a positively
charged electrode is placed within the chamber, the low-energy secondary electrons are
easily swept up, and the total charge collected is proportional to the radiation dose
received.

SIGFM/EL-SXR-1258-1

Murphy Harry M, Jr.

RADIATION MEASUREMENTS AT GODIVA 1],

Army Signal Corps, Exploratory Research Division S, Surveillance Department, Evans Area,
Belmar, N.J., December 17,1958,
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This memo describes a number of radiation measuring techniques and summarizes their
results for Godiva II 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 is only very roughly known, and the gamma dose from the fission product

activity is also only poorly known.

Fast neutron total dose measurements were made using 5 gram, 1-inch diameter com-
pressed sulphur pellets. The sulphur neutron dose (n/cm® over 2.5 Mev) is given as a
function of distance (from 10 to 500 cm from center of the assembly) for a standard
burst of 10*® fissions, and is shown to approximate the inverse square law.

Thermal-neutron total dose measurements were made using gold and gold-cadmium
activation foils. These measurements have shown that the thermal-neutron flux
(n/cm? over 0.5 ev) does not follow the inverse square law, but remains relatively con-
stant at a value of about 4 x 10° n/cm? 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 Co®°. gamma radiation were developed simultaneously with films exposed at
Godiva II. The gamma dose is given as a function of distance (from 60 c¢m from center
of the assembly) for a standard burst of 10*® fissions, and corresponds to about 8% of
the corresponding neutron dose expressed in rads. The gamma dose received from
fission product activity is apparently no more than about 10%.of the total gamma dose.



SEMIRAD (secondary-electron mixed radiation dosimeter) measurements of neutron
dose rate produced a curve probably representing a typical Godiva burst. The width

of the pulse at half-height was about 90 microseconds, and the peak of the delivery rate
occurred at about 180 microseconds after the reactor ""scram' trigger pulse. SEMIRAD
measurements of the gamma dose rate indicated that the prompt gamma pulse from
Godiva II is proportional to the neutron pulse, and that the gamma dose rate during the
burst is roughly 10% of the neutron dose rate (both radiations expressed in rads).
SEMIRAD measurements are considered tentative since the principle involved is still
under study by USASRDL,

SIGFM/EL-SX-1258-2

Kronenberg Stanley and Murphy Harry M

GODIVA 11 IRRADIATION OF 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 refs).

This report describes an experiment in which SEMIRAD (secondary-electron mixed-
radiation dosimeter) was exposed to the Godiva II radiation burst. The purpose of this
experiment was: (1) to test the capabilities of SEMIRAD for measurement of ultrahigh
radiation intensities with short resolving times at the highest possible neutron radiation
dose rates obtainable under laboratory conditions, and (2) to measure the relative
spread in time of the neutron delivery rate due to time-of-flight and scattering effects
at a distance corresponding to approximately one-third mean free path from Godiva II.

The results of this experiment were obtained from photographs of triggered oscilloscope
traces of the SEMIRAD response to each Godiva Il burst. The results so obtained were
transformed to yield dose rate as a function of time by comparing the integral of the
traces with the total fast neutron dose received by the SEMIRAD as measured by
sulphur pellets.

SEMIRAD of the diode-type measured dose rates as high as 1 x 10** rads per hour with-
out any detectable dose-rate dependence, and with completely satisfactory time reso-
lution. Since this SEMIRAD type is, according to the Langmuir formula, of very poor
geometry, it is concluded tentatively that with better geometry SEMIRAD should be
capable of several orders of magnitude improvement in dose-rate measuring ability.

Results from the SEMIRAD positioned approximately 100 meters from the Godiva II
showed that the dose rate a few feet above the earth at that distance is spread in time
over 900 microseconds. It is believed that this time spread is only slightly the result
of time-of -flight effects, and is probably the result of scattering and neutron energy .
degradation. .

TID-375

Shannon Robert L
RADIOACTIVE WASTE DISPOSAL - A BIBLIOGRAPHY OF UNCLASSIFIED LITERATURE,
USAEC Technical Information Division, Oak Ridge, Tenn., August (1950), 8 pp.

This bibliography of unclassified references to radioactive waste disposal was compiled

in response to a specific request. It is a highly selected bibliography and does not at-
tempt to cover all references to the subject.
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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 is to provide a source of information on various proc-
esses and methods of radioactive waste disposal. These methods can be categorized as
follows:

1. Dilution and release into sewage systems and waterways where bacterial
action eliminates radioactivity hazards,

Neutralization before release into sewage systems,

Concentration and storage,

Incineration,

N s W N

Dilution of radioactive gases into the atmosphere.

References to laboratory equipment other than waste disposal systems are incidéental.

TID-5057

Sailor V T,
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 is used to measure flux. The chemi-
cal procedure as well as sample calculations and some estimate of the sources of error
indicate this method to be the equal of the most precise method known., The subcritical
indium foil measurement.

TID-5300

Way K

NUCLEAR LEVEL SCHEMES,

National Academy of Sciences, National Research Council, Washington, D.C., Scptember
(1955), 221 pp. (20 refs).

A collection of diagrams showing positions and properties of ﬂuclear\energy levels,
characteristics of radioactive decay and nuclear reactions, together with a tabuldr
compilation of the experimental data and bibliographic references to the original papers.

TIN-8006

Schulman James H
GLASS DOSIMETERS FOR RADIATION MEASUREMENT, :
US Naval Research Laboratory, Washmgton, D.C., March (1956), 17 pp.

The impact of nuclear energy on technology, both in peace and in war, has broadéned
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 is important not only to the radiologist but to many others as well. The food
technologist, interested in the possible pasteurization or sterilization 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

112




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,
simple devices for measuring dangerous radiations in the range of 10 to 600 roentgens
are of extreme importance to the armed services and even to the private citizen.

The purpose of this article is to describe some new methods of dosimetry applicable to
the above-mentioned problems of radiation measurement and to describe also the
devices embodying the use of these methods. These developments in the practice of
radiation measurement are the by-products of basic research at the US Naval Research
Laboratory on the luminescence and coloration of solids.

TID-8009

Graham Richard H and Boyer D Glenn

AEC EXPERIMENTAL PROGRAM ON REACTOR SAFETY,

Industrial Information Branch, USAEC Technical Information Service, Washington 25, D.C.,
February (1956), 6 pp.

Brief discussions are given concerning the five reactor concepts of a heterogeneous
test facility, SPERT (Special Power Excursion Reactor Test), at the National Reactor
Testing Station in Idaho and the three proposals of a small homogeneous test facility,
KEWB (Kinetic Experiments on Water Boilers), at North American Aviation, Inc.,
Santa Susana, California. Brief summaries are also presented on the research objec -
tives and statuses of fuse development, molten metal-water reactions, container tests,
and fuel ignition studies.

TL-CML-2562 FR/52

Berstein Irving A, et al.

CHEMICAL SYSTEMS SENSITIVE TO RADIATION,

Final Report, July 1,1951 - 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 radi-
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 vari-
ations of temperature conditions in the field and in storage.

During the course of the contract, several different types of chemical systems have
been investigated. The basis of choice of all the systems studied is that in each one
there exists an inherent '"'magnification factor,' either an actual chain reaction leading
to a large number of reacted molecules per radical formed under radiation or an
"apparent' multiplication such as a large color change for a small amount of radiation
product.

Dosimeters prepared from two of the systems investigated--aqueous acrylonitrile dosim-
eter and the bulk acrylonitrile dosimeter--have been tested.in the field. The aqueous
acrylonitrile system was about ten times less sensitive in the field as in the laboratory.
However, a preliminary report on the response of the bulk acrylon1tr1le dosimeters
indicated that these dosimeters were of the same order of sensitivity in the field as in
the laboratory. Readily detectable changes occur after exposure to 35-50R of Co®°
gamma radiation. The heat stability of this system is remarkable for a monomer,
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as "oxygen-free' acrylonitrile has been heated at 55°C for 3-1/2 weeks with no visible
change. A reliable and convenient packaging procedure has been developed for the
preparation of "oxygen-free' dosimeters.

TL-CML-2562-FR/53

Berstein Irving A, et al.

CHEMICAL SYSTEMS SENSITIVE TO RADIATION, N '

Final Report, July 1,1952 - February 28, 1953, Tracerlab, Inc., Boston, Mass.,
Contract No. DA-18-108-CML-2562, (1953), 16 pp. (18 refs). ‘

This report summarizes work performed during the period from July 1, 1852 to
February 28, 1953 on the development of chem1ca1 systems sensitive to radiation for
use as direct-reading dosimeters. \

During this time, three systems have been investigated:
‘1. Several types of halogenated plastics containing pH indicators were prepared
and exposed to gamina radiation.

2. The gamma radiation induced polymerization of acrylonitrile was investigated
and the results indicated the system to be promising as a '"contamination
area' dosimeter.

3. A system of carbon tetrachloride-benzene-indicator-dimethyl aniline has been
investigated for use as a tactical dosimeter.

TL-CML-2562-MR-6 AT1-150-188

Fields Melvin (Director)

CHEMICAL SYSTEMS SENSITIVE 1TO RADIATION,

Monthly Report No. 6, December 1-31, 1852, Tracerlab, Inc., Boston, Mass.,
Contract No. DA-18-108-CML-2562, December (1951), 15 pp.

During the last month, work on the aqueous monomer solutions has been directed loward
increasing the radiation sensitivity, desensitizing the system to respond to doses up to
600 R, and continuing tests of the effects of heat and light on the radiation 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 sensi-
tivity. -

Efforts to desensitize the system by employing more dilute solutions of acrylonitrile
have been unsatisfactory. Experiments are underway to attempt to decrease the radi-
ation sensitivity in clear-cut increments by the addition of potent radical inhibitors to
the system. Tests on the stability to heat and light of the acrylonltrlle -water solution
are encouraging. Samples exposed to light and heat at 80 °C for 20 days having ex-
hibited no apparent change in radiation sensitivity.

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 compound 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 chloride- .
vinylidene chloride resin on exposure to Co®® gamma radiation have evidenced a
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visible change after exposure to several thousand roentgens and a period of standing of
two to three weeks. The spectral characteristics of three irradiated plastics have been
determined spectrophotometrically, and limited data clearly point to significant changes
in the irradiated samples on standing.

TL-CML-2562-MR-20 AD-6512

Berstein Irving A, et al.

CHEMICAL SYSTEMS SENSITIVE TO RADIATION, .
Monthly Report No. 20, February 1953, Tracerlab, Inc., Boston, Mass., Contract No.
DA-18-108-CML-2562, February 28, 1953, 9 pp. : :

Fifty colorimetric tactical dosimeters based on the carbon tetrachloride-benzene-
indicator-sensitizer systems were submitted to the Army Chemical Center for field
tests. A complete description of the composition of the solutions and the assembly
procedure is reported. A sketch of the dosimeter is drawn to scale. Sample color
standards used for reading the dosimeters are included. Studies that should be made to
evaluate and improve this system are listed.

Nine acrylonitrile ''contamination-area" dosimeters were submitted to the Army Chem-
ical Center for field tests. The method of preparation of the dosimeters and instructions

for reading the dosimeters are described. A sketch of the dosimeter is included.

Factors that should be mvest1gated to determine the utility of the acrylonitrile dosim-
eter are listed. :

TM-58-66 X-24535

SIXTH MEETING OF THE ANP ADVISORY COMMITTEE FOR NUCLEAR MEASURE -
MENTS AND STANDARDS,

Materials Laboratory, Wright Air Development Center, Wright-Patterson AFB, Ohio,
April 7,1958, 35 pp. -

The following conclusions were arrived at as a result of this meeting:

1. Two basic problems are still unsolved. These are:
a. Correlation of fast neutron effects on materials in reactor environments;

b. Correlation of gamma-ray effects on materials in mixed neutron-gamma
ray fields.

" Further analysis is needed before the Cornmlttee will be able to reach any definite
conclusions in these areas. . : -
2. The graphite ion chamber looks promising for gamma-ray measurements in
mixed fields; however, more work is needed in defining its capabilities and limitations
and in proving out various designs.

3. Threshold foil measurements should still be used for neutron measurements;
however, standard techniques have not been worked out yet. There is a strong need
for standard foils and well-defined techniques. for utilizing them.



4. More work should be done on correlating radiation damage in neutron
“environments. The conflict between ""Hydrogen Dose' and the information presented by
Dr. Primak should be analyzed and resolved.

5. The Materials Laboratory will work on the above problems and prepare
recommendations for the Com mittee'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 art'' developments in nuclear instru-
mentation and techniques are valuable and should perhaps be sponsored once a year.

7. The frequency of meetings should depend upon Air Force requirements and
the importance of the problem s to be considered. Since considerable analytical and
experimental work must be done on Committee recommendations, a meeting once or
twice a year may now be sufficient.

UCLA-304

Taplin George V

APPLICABILITY OF CHEMICAL DOSIMETRY IN CIVIL DEFENSE,

University of California at Los Angeles, Los Angeles, Calif., Contract No. A'l'-(U4-1)-Gen-12,
September 15, 1954, 26 pp. (6 refs).

The radiation characteristics of two types of chemical systems utilizing chlorinated
hydrocarbons and aqueous pH indicator dyes are described. The report includes both
laboratory and field test data which demonstrate the practical applicability of chemical
systems in measuring prompt and/or residual bomb gamma radiation, as well as fast
neutron radiation in the biologically interesting dosage range (50 to 600 r).

UCLA-309

Warren Stafford L

INITIAL DEVELOPMENT OF A SEMI-CONDUCTOR FAST NEUTRON DOSIMETER,
University of California at Los Angeles, Calif., Contract No. AT-(04-1)-Gen-12, October 15,
1954, 15 pp. (1 ref).

The current methods of construction and measurement of single crystal germanium [last
neutron dosimeters are described. The results of preliminary calibration dattempts
indicate that the conductivity change of these dosimeters responds linearly from 200 rep
to at least 4800 rep of cyclotron-produced neutrons having a spectrum resembling a
fission spectrum. At 100 rep the conductivity decreases very slightly instead of in-
creasing. This effect probably arises from going over the hump from slightly n-type
to slightly p-type germanium. It is being tested as to whether a preirradiation will
enable linearity to be obtained in the 100 rep range or less. In any event, a biologically
interesting range of fast neutron dosages can be studied with these dosimeters, even in
the presence of much larger rep dosages of gamma radiation.

UCRL-4266

Benveniste Jack and Zenger Jerry

INFORMATION ON THE NEUTRONS PRODUCED IN THE H¥(d, n)-He* REACTION,
University of California Radiation Laboratory, Livermore, Calif., Contract No.
W-7405-Eng-48, January (1954), 31 pp. (9 refs).
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This compilation of tables and graphs of the more important kinematical relations
describing the D-T reaction is intended for the reference of experimenters workmg
with the Cockroft-Walton Accelerator.

UCRL-5375

Gunn Stuart R :

HIGH-CAPACITY RADIOMETRIC CALORIMETERS, .
University of California Radiation Laboratory, Livermore, Calif., Contract No.
W-7405-Eng-48, November 13, 1958, 17 pp. :

Calorimeters of the steady-state conduction type and flow type for precise determination
of powers of radioactive samples from about 3 to 20 watts are described. One of the
calorimeters is used under water to provide radiation shielding.

Results of comparative measurements with these and other calorlmeters at this labora-
tory and at the Mound Laboratory are given.

UCRL-5420

Howerton Robert J

THE STATUS OF EXPERIMENTAL NEUTRON CROSS SECTIONS FOR ENERGIES
BETWEEN 0.5 AND 14.5 MEV,

Lawrence Radiation Laboratory,  Livermore, Callf Contract No. W—7405-Eng-48:
December (1958), 26 pp. (references).

'I'ne present state of knowledge of the total, elastic scattering, inelastic scattering and
(n, 2n) cross sections from 0.5 to 14.5 Mev is presented, and it is such that at least

nine years of measurement at the rate of the most productive year to date would be
required to eliminate, by experiment, the ignorance (lack of data) of these values. It

is estimated that, with good fortune in developing systematics and mathematical models,
all the problems of neutrén cross sections in this energy range may be solved in 20 years
if an effort is concentrated equal to that expended in the most productive year to date.

UR-167

Kanwisher John W

A CHEMICAL DOSIMETER FOR IONIZING RADIATIONS,

University of Rochester, Rochester 20, N.Y., Contract No. W-7401-Eng-49,
August 29, 1951, 62 pp. (10 refs).

This paper discusses the development ot a method for measuring dosage of penetrating
ionizing radiation, namely, X- and v-rays. The method is based on measuring the
chemical change produced by the radiation in a two-phase system of chloroform and
water. The end result of the radiation is the production of small amounts of hydro-
chloric acid. This selectively enters the water phase and changes its conductivity. The
conductivity is measured by determining the absorption of energy from a radio-frequency
field by the water phase. The present dosimeter, which is intended for casualty use, has
a full-scale range of 600 roentgens. A full-scale range of 100 roentgens is entirely
possible. In the other direction the dosimeter can be made as insensitive as desired.



UR-381

Baum JW

NEUTRON DOSIMETRY - A REVIEW

University of Rochester, Rochester, N.Y., Contract No. W-7401-Eng-49, March 29, 1955,
116 pp. (189 refs). '

This review summarizes 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 are outlined and discussed.

USNRDL-TR-224

Ross S W and Tochilin E

A SIMPLIFIED FILM DOSIMETER FOR FISSION NEUTRONS, '

US Naval Radiological Defense Laboratory, San Francisco 24, Calif., April 5, 1958,
23 pp. (19 refs).

A film dosimeter technique has been developed for fast neutron monitoring of reactor
personnel. The method takes advantage of the rapid build-up of thermal neutrons when
fast neutrons are allowed to penetrate a hydrogeneous moderator. The badge consists
of a 3/4-inch thick polyethylene frontpiece that is worn on the belt against the body. A
combination of silver and tin filters are matched so as to produce equal film blackening
from either X- or gamma rays. Fast neutron exposure is determined from film
blackening under radioactive silver 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 serves as both a fast neutron and gamma-ray dosimeter.
The nuclear emulsion is read whenever an overexposure is indicated or under any other
condition where a more accurate evaluation of the fast neutron dose is warranted.

‘WADC-TN-56-196 AD-103231

Tillotson JH, Lt. and Srp N'E

GAMMA DOSIMETRY PROPERTIES OF LINEAR POLYETHYLENE BY INFRARED
ANALYSIS. ‘

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, May (1956),
12 pp. (7 refs).

Changes in the molecular structure of long chain polymers by infrared analysis give an
indication of damage to material after its 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 linear polyethylene, are analyzed and presented as a measure
of relative gamma dosimetry. All radiation exposures were conducted at the National
Reactor Test Station, Idaho Falls, Idaho. The infrared absorption spectra were re-
corded at the Wright Air Development Cernter using a Baird double-beam recording
spectrophotometer. The graphs of optical density versus gamma dosage are believed
to represent in a realistic manner the gamma dos1metry propert1es of the polyethylene
used in this investigation.
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WADC-TN-57-298

Brocklehurst Robert E (Secretary)

PROCEEDINGS OF THE ANP SPECTROSCOPY INFORMATION MEETING HELD

AUGUST 6-7, 1957,

Wright Air Development Center Wright-Patterson Air Force Base, Ohio, February (1958)
224 pp. (references)

This report is a compilation of the unclassified papers given at the ANP Spectroscopy
Information Meeting held at Wright-Patterson Air Force Base, August 6 and 7, 1957.
The subjects covered in these proceedings are instrumentation for gamma and neutron
spectral measurements, treatment of experimental data, characteristics 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 OF 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 will be used to develop and standardize a series
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
reactor is discussed. Tentative designs are presented for U?*®, $32, and boron-
covered Pu®?° threshold foils that will be used to measure fast-neutron spectra.”

WADC-TN-57-335 AD-142249

Hickmott Robert L

FEASIBILITY OF A GRAPHITE - CARBON DIOXIDE IONIZATION CHAMBER TO MEASURE
CARBON DOSE AT HIGH DOSE RATES,

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, December (1957).

This - report discusses the feasibility of designing a gréphite—carbon dioxide ion chamber
for the absolute measurement of the carbon dose rate from a pure gamma field up to
10*° erg/g/hr. There are insufficient data on neutron response to judge the feasibility
of using an ion chamber in mixed fields with large neutron components.

WADC-TR-56-548 AD-118062

Burke Edward A, 1/Lt. (USAF)

MEASUREMENT OF RADON GAS IN CYLINDRICAL IONIZATION CHAMBERS,
Materials Laboratory, Wright Air Development Center, Wright-Patterson Air Force Base,
Ohio, May (1957), 6 pp. (4 refs).

Three of the fundamental problems encountered in the measurement of radon gas using

cylindrical ionization chambers are discussed and solutions presented. These are:

variation of ionization current with short half-life radon daughters, effect of dielectric
" absorption, and calibration of the ionization chamber.
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WADC-TR-56-657 :

Hartmann Sven R, 1/Lt. (USAF)

THEORETICAL ANALYSIS OF THE RESPONSE OF A PROTON RECOIL TYPE NEUTRON
DETECTOR,

Materials Laboratory, Wright Air Development Center, Wright-Patterson Air Force Base,
Ohio, May (1957), 48 pp.

A cadlculation is made to determine the number of recoil protons produced per unit area,
by a neutron flux of arbitrary energy, in an infinite hydrogenous slab which reaches but
does not pass through an infinite detector slab located immediately behind a hydrogenous
slab. A general case is considered for an isotropic neutron flux incident upon the above
system in which an arbitrary thickness of some proton absorbing material separates the
hydrogenous and detector slabs. A discussion of the results is given indicating how. one
can control the energy and the energy intérval over which the system is seusilive Lo
neutrons. A final calculation is made to determine the response of the system to.a
collimated neutron flux for an arbitrary orientation of the hydrogenous-detector system.
This is done so that the effect of a nonisotropic flux can be determined.

WADC-TR-57--3

Uthe Paul M Jr. _

ATTAINMENT OF NEUTRON FLUX-SPECTRA FROM FOIL ACTIVATIONS,

Air Force Institute of Technology, Wright-Patterson Air Force Base, Ohio, March (1957),
84 pp.

Several analytical methods are described for obtaining neutron flux-spectra knowledge
from foil data. The response functions used are the nuclear reaction characteristics of
threshold, fast fission, and resonance-type foils.

Two previously used methods and two new methods are discussed. The previously used
methods are the Trice Method and the Cadmium Difference Method. The Trice Method,
applicable in the fast neutron energy region, uses a ''step function' cross-section repre-
sentation. The step function energy threshold is determined by assuming a differential
flux function. The Cadmium Difference Method, applicable in the 1/E energy region,
uses the resonance activation integrals of resonance-type foils as cross-section param-
eters. Although consideration is given to these methods, major interest is [ocused on
two new methods. These methods are called the Polygonal Method and the Polynomial
Method.

The Polygonal Method uses the cross sections in their true form and represents the
flux-energy spectrum by a combination of linear functions of energy. In performing the
necessary calculations, difficulty in selecting certain energy parameters is experienced.

The Polynomial Method uses the cross sections in their true form and represents the
flux-energy spectrum by a weighting function times a polynomial. The degree of the
polynomial is one less than the number of different foils used. A digital computer is
conveniently used for the required numerical calculations.

The result of several test cases using the Polynomial Method indicates that consider-
able improvement over the Trice Method is achieved. :
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WA-OMRO-13A-A5

Wright David U Jr. '
- ANALYSIS OF ACTIVATED SPECTROSCOPIC COPPER,

Aberdeen Proving Ground. Presented at conference on Effects of Nuclear Radiations on
Materials, Watertown Arsenal, Watertown 72, Mass., October 1-2,1957, 3 pp. (2 refs).

Samples of spectroscopic grade copper were irradiated at Brookhaven National Labora-
tory for one week. The results of the extended irradiation were recorded sometime
later, at 12 and 20 months, with a single-channel gamma spectrometer. The recorded
spectra are not that due to irradiated Cu-63 and Cu-64 alone but, for the most part, due
to the impurities in spectroscopic copper.

WA-OMRO-13A-A6

Wright David U Jr. '
ANALYSIS OF ACTIVATED BLAST GAGE COMPONENTS,

Aberdeen Proving Ground. Presented at conference on Effects of Nuclear Radiations on
‘Materials, Watertown Arsenal, Watertown 72, Mass., October 1-2,1957, 2 pp.

Clock motors whose induced radiations were far above health tolerance have been

cannabalized. The spectra of the gammas emitted by the various parts of the move-
ment were recorded with a single-channel gamma spectrometer. In one instance the
half-life helped to further identify the isotope concerned. This has indicated various

elements that should be avoided in reactor construction and control systems wherever
possible (see Section IV for the complete paper).

WAPD-P-657

Sanford ER and Wicoll P A ~
GOLD FOIL NEUTRON FLUX MONITORS,

Atomic Power Division, Westinghouse Electric Corporation, Pittsburgh 30, Pa.,
Contract No. ATH11-1) Gen-14, (1957), 24 pp. (3 refs).

A series of experiments have been conducted with gold-foil neutron-flux' monitors. The
absolute thermal flux in the BNL pneumatic tube facility PN-4 was determined to be
2 x 10*®* /cm®-sec. The BNL and MTR foil-counting methods were compared and
found to give (nvt) , values consistent within 5%. One WAPD counting facility was

- calibrated, relative to BNL and MTR. A second WAPD facility was calibrated
utilizing foils irradiated in the ANL standard pile.

WAPD-TM-91

Harris DR -
NEUTRON FLUX MAPPING BY LARGE DETECTORS,

Bettis Plant, Westinghouse Electric Corporation, Pittsburgh, Pa., Contract No.
AT-(11-1)- Gen-14, October (1957), 9 pp. (2 refs).

Accurate measurement of spatial distribution of neutron flux usually requires the use
of small detectors. Such detectors usually are small foils which are irradiated at
known positions in an assembly. Radioactivity induced by neutrons in each foil is

measured after irradiation by exposing the foil before a counter.. The observed count
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rate, after corrections for decay of the activity and nuclear content of the foil, is as-
sumed to be proportional to the magnitude of irradiation flux density at the geometric
center of the foil. The assumption is usually adequate, considering other experimental
errors, if the relative variation of neutron flux density across the foil is small. Be-
cause the relative variation of neutron flux across a large detector may not be small,
the use of large detectors, such as large foils or gas counters, may introduce an ap-'
preciable error in the measured flux distribution. It is shown that the use of large
detectors introduces no error in measurement of neutron flux distribution if, and only
if, the neutron flux ¢ is dislributed as a single eigen function of the equation V24 = -B%.
In a central region of a large uniform reactor, the neutron flux is so distributed within
a good approximation; hence, large detectors may be employed in accurate measure-
ments of buckling. Perturbations of the neutron flux resulting from the presence of the
large detector are ignored.

WAPD-TM-111

Klein Daniel

THE USE OF ISOMERIC STATES FOR NEUTRON THRESHOLD DETECTION,
Westinghouse Electric Corporation, Pittsburgh, Pa., Contract No. AT-(11-1)-Gen-14,
Februury (1948), 10 pp. (3 refs).

Particle reactions such as (n, p), (n, a), (n, 2n), and fission detectors such as U238
and Np 237 foils are the principal sources of fast-neutron detection by activation tech-
niques. This paper describes a fast-neutron detection method which makes use of the
existence of isomeric states in certain elements.

WAPD-TN-508

Foderaro A and Obenshain F

FLUXES FROM REGULAR GEOMETRIC SOURCES,

Atomic Power Division, Westinghouse Electric Corporation, P.O. Box 1468, Pittsburgh, Pa.,
June (1955), 107 pp. (13 refs). .

This report consists of a corrected set of equaﬁons with the necessary curves for hand
computation of fluxes from regular geometric sources. Included in this set are a
number of cages which have never belore been publishced.

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. Paper presented at Reactor Shielding
Information Meeting, Engineer Research and Development Laboratories, Fort Belvoir, Va.,
May 12-13, 1955, 2 pp.

The Hurst-type dosimeter which is now being used for fast-neutron dose measurements
at the ORNL Shielding Facilities is limited by several features. It cannot be operated
in gamma fields above 1 r/hr. The center of detection is not known adequately, and it
does not possess sufficient sensitivity for some of the measurements required at the
Tower Shielding Facility, Probably the largest problem is keeping the dosimeter in
operation. :
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WASH-292 (Pt. 3)-4

Gamble R L '

PROMPT FISSION GAMMA RAYS FROM URANIUM-235%,

Convair, Fort Worth, Texas. Paper presented at Reactor Shielding Information Meeting,

Engineer Research and Development Laboratories, Fort Belvoir, Va., May 12-13, 1955, 4 pp.
This paper discusses prompt fission gamma rays from 16 The experimental ar-

rangement is described. The fission took place on the plates of the parallel-plate

fission-chamber. ' '

"This work was done at Oak Ridge National Laboratory under an Oak Ridge Institute
of Nuclear Studies Fellowship from the University of Texas. '

WASH-408

Wolman Abel, Gorman A E and Lieberman J A
DISPOSAL OF RADIOCACTIVE WASTES IN THE US ATOMIC ENERGY PROGRAM,
Division of Reactor Development, Washington, D.C., May 17,1956, 14 pp.

. This report deals with the handling and disposal of radioactive waste products, both
high and low level solid, liquid, and gaseous products. The disposal methods discussed-
include fixation in inert media, special separation of specific isotopes, direct‘discharge
to selected surface or underground geologic formations, and disposal at sea.
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ELECTRONIC MATERIALS, COMPONENTS, AND SYSTEMS

AfConf. 135/P/802

Van Lint VA J and Miller P H, Jr.

ELECTRICAL EFFECTS OF HIGH-INTENSITY IONIZING RADIATION ON NONMETALS,
Presented at Second United Nations International Conference on the Peaceful Uses of Atomic
Energy, June (1958), 11 pp.

Experiments have been performed to measure the conductivity induced in nonmetallic
substances by ionizing radiation. The effects which are studied in these measurements
are due to the excitation of electrons from bound states (valence bands in solids) into
conducting states. These phenomena are different from radiation damage as it is usually
observed, because the latter is concerned mostly with the more perrnarieut radiation-
induced changes associated with the displacement of atoms from their normal positions
in crystals or molecules. The effects of electron excitation are expected to manifest
themselves primarily in electrical characteristics of the materials, and they are ex-
pected to disappear after irradiation in the short time characteristic of electronic de-
excitation.

Nonmetallic components discussed are resistors, capacitors, and semiconductors.

AD-143221

Fan HY and Lark-Horovitz K
IRRADIATION EFFECTS IN SEMICONDUCTORS,
Department of Physics, Purdue University, Lafayette, Ind., June (1957), 32 pp. (119 refs).

Basic information on irradiation damage to semiconductor materials; long on theory, and
short on experimental data.

A very complete list of references is included.

AD-150514

Johnson E R

LITERATURE SURVEY ON THE EFFECTS OF RADIATION TO ELECTRON TUBE
MATERIALS, . :

US Army Signal Engineering Labs., Fort Monmouth, N.J. (Stevens Institute of Technology),
November 30,1957, 24 pp. (98 refs).

The effects of nuclear radiation on pure metals used in the manufacture of electron tubes
is negligible up to a dose of 10%° nvt. In those alloys where precipitation hardening can
occur, a possibility of decreased shock resistance exists: No appreciable mechanical
or electrical effects due to radiation should occur in alloys for a total dose of 1018 nvt.
The coefficients of expansion of alloys used in metal-glass seals should change under
radiation, causing some incompatibility of the metal-to-glass seal.
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The effect of nuclear radiation on emission for cathode surfaces should be negligible up
to 10%° nvt. l

Photomultiplier tubes and tv camera tubes can only be used in extremely low radiation
fields. Recommendations for future research are given.

ADC-3091-SR-1

Pfaff E R and Shelton R'D
THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,
Admiral Corporation, Chicago 47, I1l., 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 results 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 is to determine the effects of nuclear radia-

tion on electronic components. The principal effort has been directed toward planning
and exploratory tests which would define the problems of component testing, handling
and storing of radioactive components, facility planning, radiation monitoring, and
data processing.

The components tested included wire, capacitors, resistors, and vacuum tubes.
These exploratory irradiations and in-pile operating and testing served more as a test
of measuring techniques and operating procedures than as a determination of damage
thresholds. '

In general, the operation of a component was influenced by the flux as well as the time
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 arriving at
a convenient and economical arrangement for compensating for the contribution of the
wires to the experimental readings.

The capacitance of twisted wire pairs connecting the components to the test equipment
was of the order of 10°° farads and appeared to .change very little before an integrated
thermal flux of 10*®nvt was reached. A typical leakage resistance between wire pairs
was 3 x 10° ohms, which dropped by a factor of as much as 40 when the reactor was
brought to power. The flux dependent or rate effect varied with the length of irradia-
tion. :

Ceramic, mica, and papef capacitors with a 16° farad capacity showed small rate
effects and more or less permanent damage, the latter tending to diminish somewhat
after irradiation. ’

Carbon and wire-wound resistors of approximately 6000 ohms were affected, respec-
tively, less than 8% and 1% by an irradiation to an integrated thermal flux of 10*® nvt.

Vacuum tube testing was made difficult by the. presence of the radiation field. Large
leakages between plate voltage supply lines and high impedance grid circuits 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 or 10%° nvt, they seem more susceptible to damage by handling. Several
tubes operated to 10% nvt, -but were found to have open filaments when the post-
irradiation tests began.
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ADC-3091-SR-2-AD-82828

Pfaff E R (Program Director)

THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,

Scientific Report No. 2, Phase 1, Electrical Engineering Department, Admiral Corporation,
Chicago 47, Ill., Contract No. AF33(616)-3091, January 1, 1956, 90 pp.

During this period, several 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 tests performed during report period No. 1 was
‘replaced with an improved shielded cable and panel board arrangement.

Integrated thermal fluxes were monitored by inserting small cobalt wircs with the
components being tested. The coball wires were then calibrated by comparisgon with
irradiated gold foils. These foils had been previously compared to similar gold foils
which had been irradiated in a standard pile at the Argonne National Laboratory.
Thermal neutron flux measurements in various reactor facilities were made for the
purpose of scheduling component irradiations at a later date.

During this period, a group of polyethylene-insulated wires was compared to a.similar
group of conductors using polyvinyl-chloride as the insulator. These were compared in
a test designed to maximize any leakage effects present. The result of this test showed
the polyethylene insulation to be superior as an insulator material while undergoing
irradiation in the reactor. :

Tests 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, to operate throughout the
irradiation period of the tests without failure. Prior to insertion these tubes and their
control groups had been aged for stabilization.

Following this aging period and during the time of test, all the tubes were subjected, as
much as possible, to similar handling.

A group of electrolytic capacitors was tested during this period. They were found to
fail after approximately 1.4 x 10'” nvt by becoming virtually short-circuited. A single
Type 5U4G rectifier tube was placed in the reactor and connected to an external power
supply in such a way that it operated in normal rectifier service, under full load condi-
tions. This tube operated throughout the test run without a significant change in its
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 to 0.15 microfarad.
A test is now being conducted on groups of 5R4WGH rectifiers and germanium and
silicon junction diodes. These components are being tested in full-sized lots, under
controlled test conditions, and the results of these analyses will appear in detail in
Report No. 3. . '

ADC-3091-SR-3

Pfaff E R (Program Director)

THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,

Scientific Report No. 3, Phase 1, Electrical Engineering Department, Admiral Corporation,
Chicago 47, Ill., Contract No. AF33(616)-3091, April 1, 1956, 136 pp.
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In the period from January 1 to March 31, 1956, a number of electronic components were
irradiated by Admiral Corporation in the CP-5 reactor of Argonne National Laboratory: ‘
The usual test group of eighteen components was divided into three subgroups; six com-.
ponents constituted a control group, six components were irradiated without operation,
and six were operated and tested during the irradiation. All components were given pre-
irradiation tests, and extensive post-irradiation tests, including environmental testing,
are planned for all components irradiated, ‘

The components were irradiated from 10 to 24 days at a temperature of 50°C., The total
exposure varied with the location of the component in the reactor, but ty%ical integrated
fluxes were 10*® thermal neutrons/cm?, 10*® gammas/cm®, and 2 x 10™° fast

neutrons /cm® , '

The components tested included carbon composition and deposited carbon-film resistors,
germanium and silicon crystal rectifiers, - high vacuum power and high voltage rectifiers,
gaseous-type power rectifiers, miniature and general-purpose triodes, cathode ray
oscilloscope tubes, and mica and ceramic capacitors. For the purpose of planning
future experiments with camera tubes, material tests of various camera tube parts were
performed.

The RC type, carbon composition resistors underwent slight decreases in resistance.
At initial reactor power increase, the resistance readings showed a distinct decrease
and at an integrated thermal flux of 1,01 x 108, there is no evidence of failure in any of
the resistors, At the end of the test, the resistance values varied from a plus 1 to a-
minus 10% change,

RF type, deposited-carbon resistors underwent an early decrease in resistance but re-
covered and stabilized near the inilial value, There were no failures (changes of over
20%) in this group. :

The 1N58 germanium rectifiers suffered drastic changes in backward and forward current
characteristics before reaching an integrated thermal flux of 10*®*n/cm®, The silicon
rectifiers showed similar variations, except for two rectifiers supplied by Microwave

- and one by Bomac. These three units remained operative during the entire test.

All six of the bR4WGB power rectifiers tested showed over a tenfold apparent increase
in emission current before 1,6 x 107 nvt was reached. The tubes burned out when the
normal voltage associated with the standard test circuit was applied.

All the 1Z2 high voltage rectifiers operated throughout the test period without showing
serious deviations, ‘

Of the six 0Z4 power gaseous rectifiers tested in the reactor, one operated for the entire
test and the remaining five either failed or showed erratic operation. ' : -

All six of the 6C4 miniature triodes operated satisfactorily to 7 x 10*” nvt, but three of
the six failed before 10*° nvt by an interelement short circuit.

The six 3-inch cathode ray oscilloscope tubes operated throughout the test with negligibie

change in cathode current. Post-irradiation inspection will permit an evaluation of dam-
age to phosphor and glass face plates,
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Electrical Engineering Department, Admiral Corporation, Chicago 47, Ill., Contract No.
AF33(616)-3091, July 1, 1956, 210 pp.

ADC-

Since July 1955, the Admiral Corporation has been committed under Air Force Contract
AF33(616)-3091 to study the effects of nuclear radiation on electronic components. This
report is concerned with components irradiated in the CP-5 reactor of Argonne National
Laboratory during the period from April 1 to July 1, 1956, A variety of electron tubes,
capacitors, and resistors were tested before, during, and after exposure to irradiation
of the order of 10*® thermal neutrons/cm?, 10% gammas/cm® and 10*° epi-cadmium
neutrons /cm®. The eighteen components comprisiug a test were divided into three
groups of six each; a control group, a passive group whichh was frradialinl Lo 10%® jite -
grated thermal tlux and an actlve group which was operated and teeted during the
irradiation to 10* 1ntegrated thermal flux,

Vidicon and image orthicon camera tubes exhibited severe fractures in the glas‘s envel- ’
opes after irradiation in the reactor.

Voltage regulator tubes 5651, 0A2, and 0B2 suffered increases of firing potential under
continued irradiation, but were not influenced perceptibly by changes in the rate of ir-

radiation,

Two groups of twin diodes, 5896 and 6ALS5, operating as rectifiers in the reactor, under-
went a slight decrease in output of voltages and emission currents.

The glass envelopes of 829-B beam power amplifiers developed multiple fractures during
an irradiation to 1.2 x 107 integrated thermal flux,

All of the six 6080 twin diodes survived an irradiation to 10*® integrated thermal flux.

Six transmitting - type power tetrodes, 4-65A, behaved erratically during irradiation and
failed before 107 integrated thermal flux was attained.

Mica and ceramic capacitors showed little change ol capacitance and no failures,
Paper capacitors showed a decided decrease in capacitance during irradiation.

The RB-type precision wire-wound resistors remained stable during irradiation.
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THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,

Electrical Engineering Department, Admiral Corporation, Chicago 47, Ill., Contract No
AF33(616)-3091, October 15, 1956, 235 pp.
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A variety of éapacitors, resistors, and electron tubes were irradiated in the CP-5

reactor during the period of time from July 1 to September 30, 1956, In general, the
components were irradiated over a period of several days to 1ntegrated fluxes of approx—
imately 10*® thermal neutrons/cm®, 10° fast neutrons/cm®, and 10*® gammas/cm®,



The temperature of the components during irradiation 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 air cooling necessary to keep the temperature within the recommend-
ed range.

Mica capacitors tested during this period appeared to ‘change rapidly during the early
part of the irradiation and to stabilize as the irradiation progressed. The changes
were generally less than 5%. In some instances, the capacitance decreased while in
others it increased. Except for small rate effects, the dissipation factor underwent
only small changes.

Capacitors with paper dielectrics displayed a marked susceptibility to 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 similarly. It appeared that the greater irregularities were
associated with oil-impregnated paper capacilors, :

Plastic capacitors suffered an increase in d1551pat1on tactor and a tinal breakdown of
‘dielectric. '

The resistance 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 reactor was shut down. In addition to these rate effects, there was an over-all,
long-term decrease in resistance.

All of the resistors tested during this period were of the fixed, wire-wound type. The
resistance was measured before, during, and after irradiation.

A comparison of pre- and post-irradiation data for fixed, wire-wound, precision resis-
tors revealed that the average res1stance change resulting from 1rrad1at10n was less
~than 0.3%. :

Wire-wound, power resistors showed 11tt1e or no damage except for temporary fluctua-
tions during the in-pile tests.

Damaged vacuum tubes showed evidence of gaseousness, glass discoloration, and some -
times glass fracture, The 1AD4 subminiature pentode survived the irradiation with
little damage. Five of six 2C40 lighthouse triodes operated throughout the test, but
fractured before a post-irradiation test could be prepared. Cathode ray tubes suffered
from glass discoloration and decreased cathode current, but remained operative.

The trend followed by three 4D21 power tetrodes under irradiation is difficult to de-
scribe simply. All tubes showed decreased emissions, but displayed different varia-

tions in the control grid voltage-required to maintain a constant plate current.

The 583 clipper diodes exhibited a large increase of emission folloWed»by a greatly re-
duced emission. Post-irradiation examination showed a fractured envelope.

The voltage drop across the 5643 thyratrons appeared to increase because of irradiation.

The 5819 photomultiplier survived the 1rrad1at10n, but the dark current appeared to be a
sensitive function of the reactor power. :
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Image orthicon tubes failed rapidly, exhibiting symptoms of gas. All of the envelopes
were found to be fractured severely in the post-irradiation examination.

The 5902 subminiature pentodes withstood the irradiation, showing only a slight de-
crease in transconductance, The plate and screen currents remained essentially con-
stant, but the control grid current increased steadily to a value above that perm11:ted by
MIL-E-1/175B,

ADC-3091-SR-6 AD-121223
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A variety of electronic components has been tested before, during, and after exposure to
nuclear radiation. The irradiation facilities included the CP-5 reactor, where most of
the irradiations were performed, the MTR of the National Reactor Testing Station, and

a Co®® facility., The components, some of which were under normal operating conditions,
were irradiated over a period of several days. The radiation environment varied con-
siderably, but typical values for the CP-5 were 2 x 10° R/hr for gammas, 5 x 10° epi-
cadmium neutrons/cm -sec and 10*® thermal neutrons/cm®-sec.

" The several electron tubes tested included the following types: 2D21, 371B, 3B28, 0Z4,

and 6AG7-Y. Only two of six 2D21 Xenon-gas thyratrons operated satisfactorily to the
end of the standard irradiation. Three of the four 371B high vacuum, half-wave, high
voltage rectifiers failed in less than four hours of irradiation. The fourth 371B operated
throughout the test, but suffered a drastic reduction in plate current.

The 0X4 cold-cathode, full-wave rectifier operated with little change for the entire
irradiation period. The 6AG7-Y pentode amplifier showed no evidence of damage.
Several 1N21B silicon diodes were irradiated both in the CP-5 reactor and in a Co®°
source, The backward resistance deteriorated rapidly in the early part of the irradia-
tion, but three of six diodes completed the test without failure,

Every ceramic capacitor tested during this period remained within tolerance for the en-
tire irradiation. ’

Fixed mica capacitors CM35B622J from Micamold and Cornell Dubilier remained within
tolerance, -whereas those from Aerovox did not, ' Changes in mica button capacitors
averaged less than 1%.

Plastic capacitors varied in their radiation resistance. The OG6-103 failed by shorting
during irradiation, but the L.S4-103 remained within tolerance,

Variable resistance potentiometers of composition type supplied by Allen Bradley
appeared to suffer considerably less damage than those from Chicago Telephone.

Composition-type resistors decreased in re51stance from 3 to 20% during the CP-5 irra-
diations.

Wire-wound resistors were virtually unaffected by irradiation except for a slight general
increase in resistance.



All wire-wound, power rheostats remained within tolerance for the entire irradia;iori
period,

Printed circuits were also tested,
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A variety of electronic components has been tested before, during, and after exposure to
nuclear radiation. The irradiation facilities included the CP-5 reactor, where most of
the 1rrad1at1ons were performed, the MTR of the National Reactor Testing Station, and a

Co® fac111ty° The components, some of which were under normal operating conditions,
were irradiated for several days. The radiation environment varied considerably, but
typical values for the CP-5 were 2 x 10° R/hr for gammas, 5 x 10° eplcadmlum neutrons/
cm®-sec and 10*% thermal neutrons/cm -sec.

Electron tubes tested consisted of the following: 2C40, 2K50, 3JP12, 371-B, 5703, 5719,
and 6198,

The 2C40 UHF triode showed some change in plate current during in-pile. Five of the
six active tubes survived post-irradiation.

;Ihe 2K50 thermally tuned klystrons failed in-pile; post-irradiation tests indicated
glass-to-metal seal fractures.

Both 3JP12 cathode ray tubes survived irradiation; some envelope discoloring occurred.
All of the 371-B high vacuum half-wave rectifiers failed in-pile.

The 5719 and 5703 subminiature triodes increased in plate current and transconductance
and, in some instances, grid current.

Both 6198 vidicon camera tubes failed in-pile, each displaying envelope fractures in
post-testing,

The 1N58 germanium crystal diodes failed during irradiation.

Every fixed mica capacitor, with the exception of the CM35C622J, remained within toler-
ance in-pile; these decreased 12% from their initial value,

- In several instances the RN style, 1 and 2%, deposited film resistors exceeded their
specified resistance tolerance in-pile,

The RW wire-w0uud, power ~-type resist'ors, in general, remained stable during irradia-
tion; the resistance stability appeared largely dependent on manufacturer,

_Potentiorﬁeters - RV4ANATSG501B also varied with manufacturer, showing as much as

30% change in-pile. "Printed circuit boards of five basic materials were tested: glass
epoxy, glass melamine, nylon phenolic, paper phenolic, and teflon. No evidence of
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permanent damage was indicated. In-pile change in leakage resistance of the boards are
believed to be caused by temperature and a radiation-induced current carrier phenome-
non,

ADC-3091-SR-8
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AF33(616)-3091, July 1, 1957, 674 pp.
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A variety of electronic components has been tested before, during, aud after cupoouro to
nuclear radiation. The irradiation facilities included the CP=5 reactor, where most of
the irradiations were performed, the MTR, aud a Cc®® facility. 'I'he components, =g
of which were under normal operating conditions, weie iiradiatcd for sovoral days. The
radiation environment varied considerably, but Lypl(,d.l values for the CP -5 were 2 x 1N°
R/lgr for gammas, 5 x 10° epicadmium neutrons/cm? -sec and 10** thermal neutrons/
em” -sec,

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
similarity between the groups. The CM35B622J capacitor, manufactured by Aerovox,
decreased out of tolerance, ‘

Six air trimmers were tested without apparent damage.

The unfinished capacitors, elements of the CY30 capucilurs, and the unfliniched resistors
essentially all exceeded their MIL tolerances.

The F-6867 traveling wave amplifier tube, the 4C35 hydrogen thyratron, and the 5R4
therminonic rectifier tube failed in-pile because of glass-to-metal seal failure.

The 6L6WGB beam power, the 563Y subminiature videv awmiplifier, the 56840 subminiature
pentode, the 5670 miniature twin triode, and the 5876 subminiature UHF survived the ir-
radiation, but had control grid currents in excess of the maximum specification.

The 5517 cold cathode, half-wave, gas rectifier, the 6112 subminiature twin triode, and
the 5751 miniature hi-mu twin triode all survived the CP-5 experiment.

Though the plate current increased, the 5687 twin triode survived the test.
Grid and plate current of the 5744 subminiature triode exceeded the maximum tolerance.

The 5819 photomultiplier and the 6198 v1d1con camera tubes surv1ved 1rrad1at1on w1th re-
duced output currents. : :

The following components survived the MTR irradiation without exceeding their tolerance:
fixed button micas, CB11PX681G, CB21PX101G; ceramic types, CC25CH430J; and fixed
mica, CM35B622J capacitors; wire-wound RW31G20RO resistors; and voltage regulator
OA2 and OB2 tubes.



The fixed composition resistors, RC20BF101J, RC32GF101J, and RC32GF102J, all de-
creased 50% from their initial values. .

The 6AL5 twin diode and the 5518 subminiature triode tubes failed in the MTR,

One 122 high voltage rectifier failed and two others showed some démage in the MTR.,

ADC-3091-SR-9
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THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,
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Electronic components were tested before, during, and after exposure to nuclear radia-
livn, The irradiation facilities included the C¥-b reactor, the MTR, and a Co®° facility.
The components, some of which were under normal operating conditions, were irridi-
ated for several days. The radiation environment varied considerably, but typical values
for the CP-5 were 2 x 10° R/hr for gammas, 102 thermal neutrons/cmz—sec, and about
10® neutrons/cm?®-sec beyond 2.5 Mev,

Steatite and glass epoxy printed circuit boards underwent apparent in-pile changes due to
ion conduction in the surrounding air; these changes were reduced by acrylic spray.
Boards were warped and blistered in the post-test,

All quartz crystal units decreased in resonant frequency; approximately half ceased to
oscillate.

Paper capacitors failed partially or entirely due to gas evolution.
Plastic dielectric capacitors increased 10% in capacitance,

Damage to fixed (composition film VHF) resistors varied 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 resistors; tube types: CD~-18, 5Y3.
5993, 5899 (Sylvania and General Electric survived, Sonotone failed), 6021 (Sylvania and
General Electric survived, Raytheon became gassy); printed circuit assemblies; and
fixed composition resistors (decreased due to humidity effects). '

Damage to deposited film and fixed-film power resistors may be related to the boron con-
tent. ’

The following tubes suffered from glass failure: 2C39, 4C35, 4J52, 5C22, and 6384,

- The following components drew grid current: 12AT7 (all active tubes failed MIL speci-
. fication, all had excessive grid current); 5636 and 5814 (amount varied with manufactur-
er); 5725/6AS6 (little change); 6189/12AUT; 6111 (plate current decreased); and
6005/6AQ5 (failed MIL specification).

The folldwing components were not affected by the Co® radiation: temperature-

compensated and general-type ceramic capacitors, glass capacitors, fixed and button-
type mica capacitors, 3B28, 271B, 4-65A, and 4D21.
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Co®° irradiation affected: IN58 (semiconductor diode during irradiation) and paper di-
electric capacitors.

In the Materials Testing Reactor (MTR), temperature-compensated ceramic capacitors
went out of tolerance, but returned to normal during the reactor down period; plastic di-
electric capacitors were extremely erratic; and fixed mica capacitors went out of toler-

ance and were erratic,

The following components were not affected by Llhe MTR [ields: wire wound rocictorc,
accurate wire-wound, OZ4, 6AU6 and 6BEG,

Composition resistors in.the MTR exhibited changes which result normally in the pro-
cesses of aging, heating, and dehumiditication,

Most irradiated components were not affected by vibration or humidity.
Numerous tables of dates and test circuits are included.

Ceramic and thyratron tubes were also tested.
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THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS,
Electrical Engineering Department, Admiral Corporation, Chicago 47, Ill., Contract No.
AF33(616)-3091, January (1958),. 256 pp. -
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_ Electronic components were tested before, during, and after exposure to nuclear radia-

tion. The irradiation facilities included the CP-5 reactor and a Co®® facility. The ra-
diation environment varied considerably, but typ1ca1 values for the CP-5 were

2 X 10° R/hr for gammas, 10*2 thermal neutron/cm®-sec, 5 x 10° epicadmium neutrons/
cm® -sec, and about 10° neutrons/cm -sec beyond 2.5 Mev.

The following components were essentially unaffected by nuclear radiation: AFRTI4E,
AFRT14J, AFRT14K, AFRT19E, and AFRT19J; RA15A15D502AJ, RA30A1SD153AJ;
RP101SJ-; RV4LAYSA-; and LC-2 pentode,

The CP04A1EE104M capacitors were damaged due to gas evolution.

The TG75-202 capacitors capacitance increases of 14%.

RD31P- and RD65P-resistors all increased in resistance; the greatest increase occurred
in those components having the largest resistance values,

RN70- and RN75-resistor damage was related to boron content,
AT cut crystals exhibited a decrease in resonance frequencies with the exception of the
CR-24/U type. All other cuts exhibited an increase in resonance frequenmes. One -half

of the samples ceased to oscillate.

The typical rad1at10n environment of the Co®® source is 2 x 10° R/hr in 1, 25 Mev
gammas, .



In the Co®° source, the CP- capacitors were damaged due to gas evolution,

A large number of tubes, resistors, and capacitors were unaffected by Co®° ‘gamma
irradiation.

Additional tests include humidity, vibration, altitude, and heat.
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THE EFFECT OF NUCLEAR RADIATION ON ELECTRONIC COMPONENTS
Phase 2, Electrical Engineering Departments Admiral Corporation, Chicago 47, Ill.,
Contract No, AF33(616)-5464, April (1958) 76 pp.

Electronic components were tested before and during exposure to nuclear radiation. The
irradiation facility was the CP-5 reactor. The radiation environment varied considerably
with the location in the reactor. Typical values for the isotope fac111ty of the CP-5, were

2 x 10° R/hr for’ gammas, 10*2 thermal neutrons/cm -sec, 5 x 10° ep1cadm1urn neutrons/
cm®-sec, "and about 10° neutrons/cm?-sec above 2.5 Mev.

{

The Phase 2 test program for transformers, dynamotors and wires is presented in th1s
report, : :

A variety of insulated wires was irradiated during the first 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 two types of high temperature insulated wires.

AE-0057-1

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 irradiated in the temperature range from liquid nitrogen temperature
to room temperature, The irradiation of n-Ge causes a decrease of the "carrier .
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 are formed in
the n-Ge. The defects appearing under gamma radiation are evenly distributed within
the mass of the sample, which makes it possible to estimate the influence of the defects
on different physical properties. - - : : :

AECD-3810

Faris Frank E

RADIATION EFFECTS QUARTERLY PROGRESS REPORT FOR APRIL-JUNE 1954,
North American Aviation, Inc., Downey, Calif,, Contract No. AT-(11-1)-Gen-38,
November 1, 1954, 59 pp. (7 refs)

~ This report discusses graphite, metals,: insulators,” and irradiations. Cyclotron opera-
tion and development are discussed, and irradiations were made to determine the effect of

137



radiation on the following properties: thermoelectric power of graphite; stored energy
of graphite; thermal conductivity of graphite; and irradiation effects in thorium.

The anomalous low temperature thermal conductivity of graphite samples measured pre-
viously has been explained by two different theories. The theory held by the group at this
laboratory is that a small amount of intergranulor carbon contributes at T3 dependence to
the conductivity, The intrinsic conductivity is held to be T? dependent in the temperature
region where boundary scattering predominates, Klemens holds that the anomalous con-
ductivity is intrinsic to graphite and depends only on the ratio of the crystallite thickness
to the crystallite width, '

The conclusion reached is that the thermal conductivity of graphite at 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 to the thermal
resistivity has been completed, and a report is being issued.

An apparatus for the measurement of the magnetic susceptibility of solids at liquid nitro-
gen temperatures has been constructed,

Mechanism of pore formation associated with the Kirkendall effect in a typical report will
show that two-dimensional tensile stress is established in Kirkendall-type diffusion
specimens on the side of the ifterface suffering a net loss of atoms. In the presence of
this stress, voids larger ’%han a critical size will grow by absorbing vacant lattice sites
when the concentration of such sites is maintained at its equilibrium value. A mechanism
is proposed by which the tensile stress can nucleate voids of this critical size or 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 result of annealing studies of cyclotron-irradiated thorium, it is believed that this
annealing state may be associated with the motion of interstitial atoms in thorium,

Tensile properties of iodide thorium at room temperatures are also discussed along with
displacement energy in metals.

AECD-4218

Sherrard 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 refs).

This document contains tabulated information on insulating materials, plastics, hook-up
wire, ceramic materials, elastometers, and cables,.

AECU-2267
Klontz Everett Earl

PRODUCTION OF LATTICE DEFECTS IN GERMANIUM BY ELECTRON BOMBARDMENT,
Department of Physics, Purdue University, Lafayette, Ind., June (1952),75 pp. (38 refs).
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The degree of damage produced by bombardment is a function of the energy, flux, and
temperature of bombardment. Conductivity-flux curves for several bombardment
energies and temperatures have been obtained.

Heat treating 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 to which the sample is heated. Restoration of the origi-:-
nal resistivity can be attained by heat treatment at 450°C for 24 hours, again in agree-
ment with the results after quenching and nucleon bombardment,

This report also reviews semiconductor theory and equations, and gives a historical
survey of lattice defects in germanium.

AECU-3808

Vook

Frederick L

LENGTH AND RESISTIVITY CHANGES OF GERMANIUM UPON LOW TEMPERATURE
DEUTERON IRRADIATION AND ANNEALING,
Thesis for University of Illinois, Urbana, Ill., May (1958), 59 pp. (32 refs). -

Simultaneous measurements of length and resistivity of high purity germanium single
crystals were made upon irradiation and annealing. The specimens were initially ir-
radiated at 25°K with deuterons of average energy 10.2 Mev to an integrated flux of
6.2 x 101® deuterons/cm and annealed to room temperature. The specimens were then
1rrad1ated at 85°K to an additional flux of 9.2 x 10*° deuterons/cm and annealed to
364°K. The specific length expansion for both bombardments was found to be
AL/L = 1,5+ 0,2 x 107%% deuterons/cm®. The annealing for both runs showed a gradual
recovery of the expansion beginning at approximately 200°K with recoveries of approxi-
mately 50% by 300°K and 85% by 360CK. The resistivity measurements agreed generally
with previous results. - An irreversible resistivity increase occurred on annealmg be -
tween 85° and 140°K. The resistivity decreased irreversibly by a factor of 10° between
150° and 200°K.

The irreversible annealing curves of the resistivity and volume expansion therefore do
not show parallel behaviour. ‘If the damage is interpreted in terms of point defects, and
if the length change recovery is caused by interstitial-vacancy annihilation, then the
resistivity changes on annealing below 200°K are possibly caused by the association of
defects in various cluster models., A possible cluster model that can explain the present
length and resistivity changes on bombardment and annealing, as well as recent small
angle X-ray scattering data, consists of clusters of interstitials and vacancies not
centered'at the same point. It is possible that the vacancy and interstitial clusters may

" be produced directly upon irradiation in a rather coarse distribution suggested by pre-

AERE

vious small angle X-ray scattering data at ~90°K, If so, present displacement theories
are in serious error,.

-M/R—649

Madsen P E .
THE CALIBRATION OF THERMOCOUPLES UNDER- IRRADIATION IN B. E P Oo.,
Atomic Energy Research Establishment, Harwell, Berkshire, England, January (1951),

21 pp. .

The thermoeiectric emf.of a chromel-alumel thermocouple at the‘freezing points of tin
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and lead and of iron-constantan, copper-constantan and platinum-platinum/13% rhodium
thermocouples at the freezing point of lead have been measured in B.E. P. O.

Of the four couples investigated at the freezing point of lead, the platinum-platinum/13%
rhodium couple gave the most reproducible behavior, and no significant change in the
couple reading was introduced by irradiation. The other couples all 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 first, but
on prolonged irradiation gave a statistically significant decrease of 0.47°C. In all the
couples, the mean of the readings when the pile was working was significantly different

- from when it was shut down, but this effect was small except for the chromel-alumel

couple at 327°C when it was about 0.5°C,

AIEE-55-694

Pigg JC, etal. .
THE EFFECT OF REACTOR IRRADIATION ON ELECTRICAL INSULATION,
Presented at the ATEE Fall General Meeting, Chicago, Ill., October 3-7,1955, 14 pp. (9 refs).

Insulation in its broadest sense implies a method of isolating a system. In electrical
systems, insulation may also serve as part of a component as in the case of a dielectric;
however, for the present purpose, insulation will be considered to be a means of iso-
lating an electrical system.

Adequate insulation may be defined as that degree of isolation which holds spurious cir-
cuits below the maximum value permitted by engineering tolerances., The requirements
for adequate insulation vary radically as the nature of the circuit and its environment are
changed. For example, a shorted stub may be an open circuit at one frequency, an in-
ductance or capacitance at another frequency, or a short circuit at some other frequency
and DC. 'Conversely, a polystyrene rod which is an insulator [or DC may be uscd as an
antenna element at microwave frequency. The voltage, frequency, application, and en-
vironment of the circuit determine the nature ot the ihsulation reyuirewents,

The presence of a radiation field produces a new and drastic element in the environmental
factor which alters the performance of insulation both in quality and nature. Of these
two, perhaps change in quality should be considered [irst since it is a natural extrapola-
tion of normal experience with such materials.

This paper includes a brief review of the usual causes of insulation deterioration. The
effect of radiation on these processes is discussed. It is observed that additional factors
are present when an insulation is in a radiation field which change both the quality and
nature of insulation. '

AIJEE-55-741

Klein PH and Mannal Clifford
THE EFFECTS OF HIGH-ENERGY GAMMA RADIATION ON DIELECTRIC SOLIDS,
Presented at the AIEE Fall General Meeting, Chicago, Ill.,, October 3-7, 1955, 15 pp.
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The kinds and magnitudes of radiations present in the various locations near nuclear
reactors are discussed, as well as the mechanisms of interaction of radiation with
matter, namely, group fragmentation, molecular scission and polymerization.



Techniques and locations for obtaining high dose rates are presented. Results of
60-cycle short-time voltage breakdown tests on polyethylene, cellulose acetate, and
polyvinyl chloride films along with Formex-varnished wire are given as a function of
integrated dose up to 10® roentgens. Extensive electrical tests on a mica- glass-silicone -
resin insulation simulating that used in the electromagnetic pump for the Submarine. . -
Intermediate Reactor are described. Measurement of mechanical property changes of
irradiated resins by means of a newly developed penetrometer is presented.

AIEE-CP-55-103

Callinan T D
THE EFFECT OF GAMMA RADIATION ON LIQUID DIELECTRICS, ‘
Presented at the AIEE Winter General Meeting, New York, NY, January 31 to February 4, 1955

11 pp.

The commercial 1iquid dielectrics of today have been developed, over a period of 40
years, to cool windings, store energy, and sustain high voltages at elevated tempera-
tures in the presence of active metals. The efficiency of these liquids depends upon their
inherent stability under operating conditions, Thus, any substance which would increase
"in viscosity with time would endanger the heat-transfer characteristics of the equipment
and lead to excessive temperatures and thermal failure, Again, rearrangement of the
molecular structure would be expected to result in changes in the dielectric constant and
loss factor of the substance and,consequently, of its energy storage characteristics.
Finally, the excessive formation of gases or other regions of nonuniformity in the liquid
would lead presumably to early breakdown and electrical failure of the equ1pment at high
voltages. .

The successful industrial development of nuclear power necessitates using liquid-filled
components in the vicinity of sources of intense gamma radiation.” Due to photoelectric
effects, Compton scattering and ion-pair formation, in substances in such fieldvs,' ionized
and excited molecules, free and atomic radicals are generated in commercial liquid di-
electrics resulting in marked changes in the physical properties of the liquids.

From test results it is apparent that gamma radiation can transform dielectric liquids

appreciably, either by converting them into solids or by decomposing them into acids

and gases. By using the factor G, as a characteristic, it is possible to evaluate various

liquids and to calculate the changes in liquids to be expected in equipment subjected to

irradiation. Finally, it would appear that additives are available which can increase the
- stability of such liquids subjected to gamma fields.

ANL-5667

Turner Louis A (Division Director) '
PHYSICS DIVISION SUMMARY REPORT SEPTEMBER - DECEMBER 1956,
Argonne National Laboratory, Lemont, Ill., Contract No. W-31-109-Eng-38, February (1957)

This report includes a section dealing with radiation damage to dielectrics. Plex1g1as
M2 was given successive doses of 1.32 and 0.55 x 107 r for an accumulated dose of
1.87x 10" r, After standing for 2 days following the second irradiation, the current
through the specimen was observed throughout four successive 1-week intervals.
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ANL-HLH-1

Creagen R J
EXPOSURE OF VACUUM TUBES IN PILE,
Argonne National Laboratory, P.O. 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 characteristics of the tubes involved.
There seemed to be a slight increase in plate current (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.

APEX-3417

Crittenden, J

RADIATION EFFECTS ON THE G-E CERAMIC VACUUM TRIODE,

General Electric Co., Atomic Products Division, Aircraft Nic¢lear Propulsion Department,
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 characteristics of an electronic com-
ponent, the General Electric Aircraft Nuclear Propulsion Department has conducted a
number of experiments to determine the nature and ‘the extent of radiation effects on elec-
tronic equipment. In or near a reactor, three primary radiations--the thermal neutron,
the fast neutron, and the gamma ray--cause the most severe effects.

/
7/

V/Vhen the ceramic vacuum tube was conceived, its high temperature and radiation-

, tolerance potentials were quickly recognized. As a number of these ceramic tubes be-

/ came available, -they were subjected to high~-temperature tests, radiation tests, and
simultaneous high-temperature and radiation tests. The early results showed little
change in the tubes and practically no change that could be attributed to radlatlon Later
tests verified this finding."

This report discusses composition and functional characteristics of the ceramic vacuum
triode.

'

APEX-357 X-21934

Collins C G, et al.

ESTIMATED RADIATION STABILITY OF AIRCRAFT COMPONENTS,

General Electric Co., Atomic Products Division, Aircraft Nuclear Propulsion Department,
Contract Nos. AF33(038)-21102 and AT-(11-1)-171, September (1958), 139 pp.

This report presents extensive data on estimated and observed radiation damage to the
materials and components most likely to 1limit the performance life-time of aircraft

- powered by a nuclear power plant, The general classes listed are hydraulic-pneumatic
components, electrical components, and electronic components,

APEX-365
Lachman JC

CALIBRATION OF RHENIUM - MOLYBDENUM AND RHENIUM-TUNGSTEN THERMOCOUPLES
TO 4000°F,
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General Electric Co., Atomic Products Division, Aircraft Nuclear Propulsion Department,
Cincinnati, Ohio, Contract Nos. AF33(038)-21102 and AT-(11-1)-171, April 30, 1958, 16 pp.

Calibration curves to 4000°F have been established for rhenium-molybdenum and
rhenium-tungsten thermocouples in vacuum, hydrogen, or inert atmospheres. The
practical application to rhenium-molybdenum thermocouples is limited to measurements
up to 3200°F, Rhenium-tungsten thermocouples, however, measure temperatures up to
and apparently higher than 4000°F

APEX-462

Friedman A, et al.

THE EFFECT OF REACTOR RADIATION AND TEMPERATURE ON SILICON JUNCTION
DIODES,

General Electric Co., Atomic Products Division, Aircraft Nuclear Propulsion Department,
Cincinnati 15, Ohio, Contract Nos. AF33(600)-38062 and AT-(11-1)-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 as possible, to make recommendations
which may lead to improved diode function under these experimental conditions.

Of partlcular interest has been the effect of high temperature and reactor radiations on
diode forward and reverse characteristics, switching characteristics (speed of response)
noise, Zener voltage, and Zener slope characteristics.

The experiments rcported herein were performed at the Brookhaven National Laboratory
Reactor. After initial investigation of the various available irradiation facilities in the
reactor, a l-inch facility (hole W-13) and two 4-inch facilities (holes W-12 and W-14)
were chosen, The positions for irradiation were all 10 feet in from the pile face, and
the ambient temperature was about 25°C,

The flux levels and spectra chosen:were such that the rates of ‘radiation-effects were
sufficiently slow for observation and yet fast enough for considerable diode damage to
result within a reasonable irradiation period.

Sample flux values and the cadmium ratio, as measured at the position for irradiation in
W-12, are given below for a reactor power of 15 Mw. .The flux values in the other two
holes were comparable.

Thermal neutron flux: 5.1 x 10** n/cm® -sec

Resonance (epicadmium) neutron flux (0.57 ev < E =<1 Mev): 2.6 x 10*° n/cm®-sec
Fast neutron flux (1 Mev <E < 2 Mev): 2.2x 10° n/cm?-sec

Fast neutron flux (E, > 2 Mev): 3.3 x 10® n/cm® -sec

Gamina-ray intensity: 2.7 x 10°r/hr

Cadmium ratio: 20

In order to determine the radiation environment, a series of neutron flux and gamma-ray

measurements accompanied the study of radiation effects. The values of neutron flux
were obtained by activation of gold, cobalt, and sulfur foils. Gamma-ray intensity was
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. determined by measuring the induced oxidation of ferrous to ferric ions. A detailed dis-

cussion of these measurements and the neutron spectra and gamma-ray values employed
are given under Neutron and Gamma-Ray Flux Measurements.

In the course of this study, 11 types of commercial silicon junction diodes were irradia-

ted. The table on page 6 summarizes the total number of each type irradiated and the
associated experimental conditions. Life tests lasting 1000 hours were performed for
five types of diodes and these are listed on page 7 which also gives the experimental
conditions.

The diodes to be irradiated were mounted on a suitable material and were enclosed in
aluminum containers. For 150° and 300°C experiments, the diode assemblies were
placed in furnaces equipped with temperature controls. The measurement of forward
and reverse characteristics was accomplished by curve-tracing circuits which displayed
the characteristic curves on an oscilloscope. The reverse characteristic curves extend-
ed to the Zener voltage and Zener slope region. The characteristic curves of the diodes
under irradiation were displayed and recorded on film, successively, by an automulic
switching and recording system. This instrument, which can accomodaté up to 100
diodes and which was built by ANSCO personnel for this study, was found to be essential
for in-pile experiments because of the relatively large number of diodes irradiated dur-

" ing each experiment and lhe continuous nature of the radiation effects. A photograph of

the automatic switching device and details of the circuits employed appear in the section
entitled Experimental Procedures.

The response to irradiation was found to vary greatly among diodes even of the same type.
A few general observations, however, can be made. Our results showed that radiation
invariably increased the forward resistance of a diode. This effect was more pronounced
at 25°C than at elevated temperatures. The behavior in the reverse direction did not
follow any regular pattern. In general, however, it can be said that at room temperature
reverse current usually increased as a result of radiation, but the magnitude tended to

" fluctuate somewhat in the course of the experiments. The normally higher reverse

currents at 150°C increased considerably upon exposure in the reactor. If at the end of
irradiation of 150°C, the temperature was lowered to 25°C, it was found that the forward
resistance markedly increased and reverse current decreased considerably. Switching
time of diodes invariably decreased with irradiation, I'ost-irradiation measurement of
diode noise indicated that the noise level varied greatly among diodes, from microvolts
to millivolts, irrespective of type. '

The experimental results of forward and reverse characteristics are presented as a

family of characteristic curves with nvt as a parameter. A typical sample is shown on
page 8. The effect of radiation on switching characteristics is shown on page 9. Pages
10 through 19 summarize, by diode types, the limits of the peak forward voltage drop of
all irradiated diodes as a function of epicadmium nvt at different temperatures. De-
tailed experimental data are to be found under Experimental Results.

At the end of this report there is a discussion which considers the effect of radiation on
diode behavior and which suggests approaches that may lead to improved diode function.
The discussion points out that short initial minority carrier lifetime is desirable. A
comparison is also made of the damage to silicon induced in the radiation environment
utilized and the damage to be expected 10 feet from a ''swimming pool" reactor surround-
ed by a foot of water and an inch of boron carbide. It is estimated that an nvt in the latter
situation would cause about 4.4 times as much bulk.damage in silicon as would an equal

-ep1cadm1um ‘nvt from the spectra employed in this study.




APEX-41717

Mott JE ‘ A
RADIATION AND TEMPERATURE TESTS OF MINIATURE TRANSISTOR AMPLIFIERS,

General Electric Co., Atomic Products Division, Aircraft Nuclear Propulsion Department,
Cincinnati 15, Ohio, Contract Nos. AF33(600)-38062 and AT-(11-1)-171, May (1959), 32 pp.

This report presents the results of radiation and temperature tests run on two different
types of miniature transistor amplifiers, Performance curves are shown, and an analy-
sis of the results leading to a possible method of failure prediction is given.,

One of the amplifier t;)?rpes 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 10*® nvt (epi-
cadmium), These results place the use of such an amplifier within the realm of feasibil-
ity as an airframe-mounted control component.

BOE-D5-1183

Keister G L. and Stewart HV :

PRELIMINARY REPORT OF AN INVESTIGATION OF THE EFFECTS OF NUCLEAR
RADIATION ON SELECTED TRANSISTORS AND DIODES,

Boeing Airplane Company, Seattle 14, Wash,., Contract No. AF33(038)-19589, August 22, 1958,
157 pp.

The effects of nuclear radiation upon selected transistors 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 10% r/hr induced a measurable voltage across a p-n junction.

2. Transient changes were noted in the collector characteristic due to gamma irradiation.
This damage was characterized by a large increase in the leakage current which
healed from seconds to minutes after removal of the flux. Sensitivity of various
transistors to this effect varied by several orders of magnitude. This effect was ob-
served for a gamma flux of 5 x 10* r/hr and of 2 x 10° r/hr.

3. Permanent changes in the current gain of the transistors due to gamma ray and fast
neutrons were observed. In general, this damage accumulated more rapidly in the
thick-base transistor than in the thin-base variety. This damage was accumulated in
a range of 10*° nvt to 10** nvt for neutrons above cadmium cutoff and from 107 r to
10° r for fission product gamma rays.

4. A considerable increase in the noise figure of transistors was observed immediately
upon their exposure to gamma radiation. The increase in noise was observed to be
 proportional to the gamma flux.

BSR -4

Burnett J .

NUCLEAR IRRADIATION OF ELECTRON TUBES - ELECTRON .TUBE TYPES 5903, 5907,
AND 5908,

Bendix Systems Division, Bendix ‘Corp., , Ann Arbor, Mich., Contract No. AF33(600)-35026,
August (1958), 13 pp. '
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The electron tubes were irradiated in a nuclear reactor environment for a period of 19
days. The tubes were exposed passively. Tests before and after exposure showed no
change in the essential characteristics.

D5-2880

Hicks D A, et al.

RADIATION DAMAGE TO TRANSISTORS, : :

Boeing Airplane Co., Seattle 24, Wash., Contract No. AF33(600)-35030, December 1, 1958,
13 pp. (plus many graphs). ' '

Studies of the radiation damage to 23 transistor types have been carried out utilizing the
-Los Alamos critical assembly (Godiva II), the Materials Testing Reactor, and the
University of Washington cyclotron. 'I'hé transistor types iucluded all power and fre-
quency ranges for both silicon and germanium transistors. Neutron dosimetry was per-
formed at each site, and all transistors were pedigreed before and after irradiation by .
the Philco Transistor Laboratory.

Plots are given showing the chunges i the 1/g vs I, curves, and the I.o VS temperature .
curves, as a function of lhe nuiber of neutrong rcceived per square centimeter. In
addition, the collector characteristics are given in the low emitter current region for
several neutron fluxes.

The damage constant (K) for each transistor type was determined. The average values
are (4.2% 0.2) x 10+ nvt--psec for P-base germanium, (3.1 % 0.4) x 102 nvt--usec for
N-base silicon, and (4.6 * 3.3) x 10*? nvt--psec for P-base silicon. Larger K indicates
smaller susceptibility to permanent radiation damage.

This report is concerned with permanent damage effects; the program will continue as
new devices become available. Superimposed upon this problem is that of transient
damage. The entire circuit is concerned in this case--the effect is certainly not limited
to transistors. Because the relative importance of these temporary effccts depends

. critically upon the circuit involved, the testing of prototype circuits is commencing at
Boeing and at other laboratories.

DOFL-TR-452 AD-128157

Behrens W V and Shaull J M

THE EFFECTS OF SHORT DURATION NEUTRON RADIATION ON SEMICONDUCTOR
DEVICES,

Diamond Ordnance Fuze Laboratories, Washington, D. C., April 10, 1957, 20 pp. (refs).

Transistors, semiconductor diodes, and solid-electrolyte batteries were exposed to
" short duration, high intensity neutron radiation from a U*?® critical assembly which was
primarily a neutron source. The effect on these components was ascertained by compar-
ing their principal parameters before and after exposure, and in several cases operating
units of equipment utilizing these components were monitored during irradiation.

The degree of damage to different semiconductor devices from exposure to the same
level of neutron radiation varied considerably.
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ECP-2

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 to promote a guide for environmental design requirements
for use in planning current and future research and development programs involving
electronic component parts,

 EM-0856-1

Robinson Charles C
NUCLEAR EFFECTS ON ELECTRONIC COMPONENTS,
Electrical Manufacturing, Vol. 58, pp. 96-99, 268, 270, 272, August (1956).

What goes on when a wire-wound or deposited-carbon resistor, phototube, transistor or
a diode becomes exposed to gamma rays or other forms of nuclear radiation? It is still
too early to provide much precise tabular or chart data, but the Air Force, for one, is
engaged in an exhaustive program. In this article, this program is discussed; the mean-~
ing and importance of nuclear effects on components are analyzed; and some preliminary
appraisals of the behavior of certain components are given,

FZM-715A

PULSED NUCLEAR RADIATION TESTING OF ELECTRONIC SYSTEMS,
Engineering Department, Convair, Division of General Dynamics Corporation, Fort Worth,
Tex., April (1957), 25 pp. (3 refs).

Studies have indicated that a reactor based upon the BORAX type may be readily adapted
for electronic system pulse-radiation testing requiring fast-neutron fluxes greater than
10*® n/cm?/sec and integrated fluxes per pulse greater than 10*? nvt. Advantages of
utilizing this type of reactor are,-in addition to high fluxes and high dosages per pulse,
that the basic reactor development has already been accomplished, and that the reactor
and facility can be built at a moderate cost in a short period of time. Such a reactor and
associated testing facility are described in'this report. ' '

At a remote location, the reactor and féc111ty 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 at a cost of approx1mately

‘ $l 400, 000, A test laboratory and equipment can be added to either location for about
$600, 000,

FZM-915

Miglicco P S

RADIATION EFFECTS ON ELECTRONIC COMPONENTS, . A

Convair, Division of General Dynamics Corporation, Fort Worth, Tex., May 1, 1957, 41 pp.
A systematic program is being carried out to determine the effects of radiation on the

electrical properties of electronic components. As part of this program, data were
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obtained for a number of crystal diodes, capacitors, resistors, gas-filled tubes, therm-
istors, high voltage batteries, the Ektron cell, and photomultipliers. The electrical
properties of the components were monitored before, during, and after the irradiation.
Two of the crystal diodes, all the capacitors, two types of resistors, the Ektron cell,
and the photomultipliers showed significant changes of property both during and after
irradiation. Results are presented for each type of component irradiated.

GA-273

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 resistors, capacitors, gas-filled ion
chambers, and P-N junction diodes. Future experiments are outlined.

GE-57-GL-205

Langdon W R and. Richardson S C ,
PROBLEMS ASSOCIATED WITH RADIATION TESTING OF TRANSFORMERS IN HIGH
AMRIENT TEMPERATURES,

General Engineering Laboratory, General Electric Co., Schenectady, N.Y., Contract No.
AF33(616)-3623, May (1957), 12 pp.

Some of the problems associated with radiation testing of small transformers in 500°C
ambient temperatures are discussed., These problems include: general requirements
for radiation testing, oven design and construction, space limitations, instrumentation,
and the need for careful preliminary testing.

GE-57-GL-206

Fraser JC

THE EFFECTS OF NUCLEAR RADIATION ON ELECTRONIC TRANSFORMERS AND

TRANSFORMER MATERIALS IN HIGH AMBIENT TEMPERATURES,

General Electric Co., Schenectady, N.Y., May (1957), 12 pp.
The General Engineering Laboratory of the General Electric Company is undertaking the
testing of transformers and transformer materials in the Brookhaven National Labora-
tory's graphite reactor. Three separate tests have been carried on in an ambient tem-
perature of 5000C, The first of these was designed to test the radiation tolerance of
materials; the other two tested actual transformers.

This paper describes the materials and components tested, test procedures, and dis-

cusses the data obtained. Curves are presented showing the radiation-temperature
effects noted, and the test results are summarized,

GE-57-GL-255

Thorson J W

THE EFFECTS OF REACTOR RADIATION ON GERMANIUM AND SILICON DIODES,
General Engineering Laboratory, General Electric Co., Schenectady, N.Y., July (1957), 62 pp.
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The effects of reactor radiation on seven types of crystal diodes have been investigated.
Irradiations for times ranging from 30 seconds to 2 hours have been carried out in a
- fast-neutron flux of 10** nv in the Brookhaven National Laboratory graphite reactor.
Data are presented in the form of oscillograms. :

None of the diodes tested survived an integrated fast neutron dose of 3 x 10** nvt, How-
ever, the effectiveness of small 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 AD-125193

Metscher William, 1/Lt. (USAF)

IRRADIATION OF P-N JUNCTION DIODES,

Thesis, School of Engineering, The Air Force Institute of Technology, Air University,
March (1957), 45 pp. (6 refs).

In an attempt to determine the effects of gamma radiation on germanium p-n junction
diodes, the back characteristics of Type 1784 diodes were measured while they were
exposed to a gamma intensity of 3.5 x 10° roentgens per hour from a cobalt-60 source,
The electrical properties of germanium diodes are known to be structure sensitive,
The relative changes produced in the body and surface as a result of gamma irradiation
are a prime object of this report. Diodes with treated and untreated surfaces are used
to 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 is
a large decrease in the back current 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 critical voltage. This is interpreted as a reversible change in the surface film
and indicates that the bulk properties were only slightly changed by gamma radiation,

HAC-1

Wiser Herbert LL
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 rate 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 10° r/hr at the MTR Gamma Facility the week of November 26, 1956,

The collection on bare diode leads of ions and electrons formed in the ionization of air
molecules by the radiation gave currents one or two orders of magnitude larger than the
currents created inside the diode envelope. Insulation virtually eliminated this current

source,
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The most important result of this experiment, of immediate concern to the electronic
designer designing for radiation environments, is the necessity for complete insulation
of conducting surfaces of terminals, especially where potential differences exist between
such surfaces, The ionized air molecules, ionized by radiation, must not be collected
by conducting elements in low current (microamperes or less) or delicately balanced
circuits.

HAC-2

Wiser Herbert L and Petroff Michael D ‘

SECOND EXPERIMENT ON RADIATION EFFECTS ON SEMICONDUCTOR DIODES,
Research Laboratories, Hughes Aircraft Co., Culver City, Calif., April 2, 1957, 8 pp.
(curves). '

This experiment was a continuation of the study of gamma radiation rate effects on
silicon and germanium diodes. A number of diodes were also exposed to a dose of

4.5 x 107 r as a preliminary investigation of the permanent changes following moderate
total doses.

This éxperiment was performed in a radiation field furnished by four MTR spent fuel
elements at 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 Aircraft Co., Culver City,
Calif., July 16, 1958, 29 pp. :

Electronic components exposed to the Godiva II radiation pulse included resistors,
capacitors, semiconductors, diodes, vacuum and gas tubes. Components were exposed
to a maximum rate of 10*® n/cm?/sec, to a total flux of approximately 10*2 n/cm?, and
a gamma dose of approximately 300 rad. Transients, produced in open cables, the best
capacitors, and in the transistors, all exhibited the same pulse shape and agreed with
Godiva II radiation pulse shapes previously obtained by LASL.,

Test circuitry supplied voltage to a component from equipment near the exposure site.
A signal voltage was produced across a resistor in series with the test component, and
fed to a bank of cathode followers driving long coaxial.cables to the control site. The
output from these cables was displayed and photographed on oscilloscopes. The maxi-
mum signal produced in the telemetry 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 resistance and applied voltage. Carbon resistors, 10-K
ohms and in 1/2-watt and 2-watt sizes, indicated voltage pulses of 0.10 and 0.05 volt,
respectively. Mica, ceramic, paper, electrolytic, and tantalum oxide capacitors from
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 circuits,
showed increased conduction during the Godiva burst. A Type 5643 subminiature thyra-
tron biased at -2 volts and a . Type OB-2 glow discharge tube biased at +110 volts (both
normally nonconducting under these circumstances) conducted during the Godiva burst.

150



A silicon HD-6008, a germanium 1N67A, a silicon 904, and a germanium 2N395 exhibited
transients during the pulse,

HAC'4 . \

Wiser H LL and Petroff M D

THIRD EXPERIMENT ON RADIATION EFFECTS ON SEMICONDUCTOR DIODES,
Research Laboratories, Hughes Aircraft Co., Culver City, Calif., May 29, 1957, 10 pp.
(curves). )

A continuation of the study of the effects of gamma radiation on silicon diodes, this ex-
periment was des1gned to check the large difference between the rate effects on thin
wafer and thick wafer diodes as observed in the first and second experiments. A part

of this experiment was devoted to determining the uniformity and energy spectrum of

the gamma flux in the spent fuel element radiation air column at the MTR Gamma
Facility. Although it was not possible to realize all the modes of investigation suggested
by the analysis of the results of Experiments I and II, the following additional studies
were conducted:

1. Effect of a 1.5 x 10% r dose on the reverse and forward characteristics of silicon
diodes 6001, 6002, 6003, 6005, 6006, 6007, 1N625, 1N629.

2. Dependence of rate effect on dose.
3. Zero-current voltage dependence on the radiation intensity.

4. Radiation rate effect on the reverse current of quick-recovery diodes, 1N625 and
1IN629.

5. Effect of temperature on the radiation rate effects.

'

HAC-5

Perkins C W, et al.

"FIRST EXPERIMENT ON THE EFFECTS OF RADIATION PULSES ON ELECTRONIC
CIRCUITS AND COMPONENTS,

Physics Laboratory, Hughes Aircraft Co s Culver City, Cahf February 3, 1958, 42 pp.

This report describes tests of the transient performance of electronic circuits and
components during exposure to bursts of gamma radiation. The over-all experiment was
designed to show the voltage, current, and change of component value which occur during
radiation and the effects of these upon simple gircuits. Changes of this type have been
given little attention, although they may lead to malfunction of equipment when exposed
to high radiation rates. 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 so designed that component and circuit samples could be exposed to
gamma radiation bursts obtained when high energy electrons produced by a linear accel-
erator strike a heavy metal target. Individual components, selected for frequency of use
. and sensitivity to radiation, were tested by presenting radiation-induced current and
voltage pulses on an oscilloscope where they were recorded photographically. Sample.
circuits, such as single tube amplifiers and multivibrators were tested by presenting
pulses appearing at their output terminals on the oscﬂloscope The radiation bursts
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averaged 2.6 x 10° r/sec for 10 .psec for the component samples, and 2.8 x 10° r/sec for
10 usec for the circuit samples.

Experimental results are presented on resistors, printed circuit boards, condensers,
diodes, amplifiers, and electronic circuits.

HRB-96-R-3

Laughlin Robert D and Riddle Robert L
IRRADIATION OF TRANSISTORS IN A THERMAL FISSION REACTOR SPECTRUM,
Haller, Raymond, and Brown, Inc., State College, Pa., April 19, 1957, 35 pp.

This report discusses three basic topics: dynamic measurementis on transistors in a
radiation field (experiment 1 and 2), and a tape irradiation experiment.

Several conclusions drawn from transistor experiment 1 are 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 after annealing,

The conclusions drawn from experiment 2 are as follows: There is a noise effect which
is present when the devices are in a flux field above that which is produced by integrated
flux. There is an annealing effect present after irradiation which, in general, tends to
improve the operation; however, the short-circuit current gain tends to remain at a
constant level or degrades slightly during the annealing period.

Tentative limits for flux density and total integrated flux may be chosen as follows: For
no appreciable degradation in the operation of a transistorized crystal-video receiver, a
flux density of 10° nv and an integrated flux of 10*> nvt are acceptable. There are
several questions that these experiments have raised, but have not answered. Why does
the noise level of the 2N 112 types in the presence of flux increase more rapidly than that
of surface barrier units? Why does the damage appear to be larger in certain circuits
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?

From the magnetic tape tests, there was no essential change in the signals and noise or
signal-to-noise ratio as measured. At the beginning of the tests, it was suspected that
some erasing of the tapes would take place due to a disordering of the magnetic domains
by nuclear bombardment or perhaps by gamma heating, but this did not prove to be the
case., It was therefore concluded that information, both pulse and sinusoidal, stored on
magnetic tape is insensitive to the effects of combined neutrons and gamma radiation up
to an integrated dose of approximately 10*® nvt for neutrons and 2.83 x 10° R for fission
gamma rays, when measured under the conditions stated in the experiment. A test of
the damage to the base material of the tape has not yet been made and some stretching
may be possible, but several reruns on the playback machine have shown no gross dam-
age to the tape other than the fracture of spools on which the tape was stored.

IBM-1

Bohan W A, et al.

SEMICONDUCTOR DEVICE OPERATION IN A PULSED NUCLEAR ENVIRONMENT,
International .Business Machines Corporation, Oswego, N.Y. Presented at the National
Telemetering Conference, May 25-27, 1959, 7 pp. (17 refs).
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Early work on the effects of nuclear radiation in bulk semiconductor materials indicated
that problems should be expected if semiconductor devices were operated in a nuclear
environment. Recent work in many laboratories has succeeded in quantitatively corre-
lating these effects in manufactured devices. The basis for the majority 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 primarily concerned with the effects of very high dose rate nuclear radiation. The
radiation was delivered in single pulses, about 200 microseconds wide, with accompany-
ing maximum rates of 10*® n/cm?® /sec and 107 roentgen (gamma)/sec. Data were
collected before, during, and after each radiation pulse,

The source of radiation used in these experiments was the Godiva-II assembly of the
Los Alamos Scientific Laboratory (LASL). This device is a fully enriched, bare U2s
assembly, capable of prompt critical operation. When the device is pulsed, the fission
chain reaction builds up very rapidly, until the expansion due to total energy release
makes it subcritical. During a tyE‘_iecal pulse, a sample placed in the maximum dose
region receives of the order of 10 n/cm2 and 10° 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 materials and devices exposed in the Godiva environment, the ion-
ization is predominantly gamma-ray-produced and the lattice defects neutron-produced.

2. The agreement between acb/acbo vs integrated flux curves obtained statically and as
a function of -integrated flux during the burst indicates strongly that there is little or no
rate dependence in permanent bulk damage. :

IBM -2

Bohan W A

EFFECTS OF PULSED X-RAY RADIATION ON SEMICONDUCTOR DEVICES,

International Business Machines Corporation, Federal Systems Division, Oswego,N. Y., 13 pp.
(5 refs). )

-A series of experiments has been performed to determine the effects of high dose rate
X-radiation on transistors. 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 transformer accel-~
erator. '

IBM -3 , \’

Boczar P G, et al. ,

SOME EFFECTS OF PULSED RADIATION ON ELECTRONIC COMPONENTS - III. RESULTS
OF JANUARY 1959 GODIVA TEST SERIES, . ' ‘

International Business Machines Corporation, Federal Systems Division, Oswego, N.Y.,

38 pp. (10 refs).

A series of experiments was performed at the Los Alamos Scientific Laboratory on
January 28-29, 1959, using the Godiva prompt critical assembly. These experiments
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were part of the series being conducted by IBM Oswego to determine the effects of pulsed
radiation on electronic components,

During the 2-day test period, approximately 75 components were exposed during eight
Godiva bursts. Components tested were resistors, vacuum tube diodes, capacitors,
transistors, thyratrons, voltage regulator tubes, and a quartz crystal oscillator. The
results of this test series were most significant in two areas:

1. Transient effects produced by ionization,
2. Confirmation of theories on permanent damage to transistors.

ITR-1193 X-8702

EQUIPMENT - OPERATION TEAPOT - NEVADA TEST SITE, FEBRUARY TO MAY 1955,
Federal Civil Defense Administration, Battle Creek, Mich., 66 pp. (6 refs).

Atomic-blast exposure tests on commercial communications equipment were conducted
during Operation Teapot, Apple II shot. These tests were made to provide Civil
Defense planners with data for qualitative predictions of the probable survival range, the
extent of damage, and nature of repairs required to restore communication gervice afier
a blast. Approximately 150 widely diversified units of communications equipment
(mainly electronic, but including sirens) were exposed, under the sponsorship of the
Radio-Electronics-Television Manufacturers Association (RETMA), two siren manufac-
turers, and the Federal Civil Defense Administration (FCDA). Exposed items were in
or near groups of structures located at approximately 4700 and 10,500 feet from ground
zero. Where possible, identical products were exposed at these two locations, so that
one set of items would be subjected to moderately severe damage and the other set to
light damage. Tests showed that commercial communications equipment was generally
more resistant to nuclear explosion damage than the structures in and near which the
products were exposed, Additions concerning communications equipment were proposed
to supplement FCDA published statements concerning ''Blast Damage from Nuclear
Weapons of Larger Sizes." :

JAP-0158

Loferski JJ ’
ANALYSIS OF 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 transistors in nuclear radiation fields is discussed on the
basis of the existing knowledge of the interaction between semiconductors and such
radiation. This paper is concerned only with permanent changes, i.e., changes which
remain after irradiation has ceased. Therefore, radiation-induced ionization and the
noise which accompanies it are excluded. In Part II, the available information on the
effect of B and ¥ rays and fast and slow neutron irradiation on semiconductors is re-
viewed. In Part III, these results are combined with transistor theory to pfedict the
behavior of these devices in radiation fields. This report concentrates particularly on
the amplification factor of the transistor and emphasize its behavior in the fast
neutron field of a reactor. In Part IV, theory is compared with experimental data. Al-
though the discussion is confined to Ge transistors, much of the analysis is applicable
to transistors made from other materials, )
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JAP-0358

Fonger W H, Loferski JJ 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).

Fast particles passing through a semiconductor commonly generate, either directiy or
through their fast secondaries, many electron-hole pairs. If these pairs are generated
within a diffusion length of a p-n junction, their subsequent dissociations at the junction
produce observable voltages and/or currents. This phenomenon is called the electron-
voltaic effect, photovoltaic effect, etc., according to the nature of the primary fast
particles. The effect has been widely studied in connection with photo-cells, light
batteries, PB-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 pairs generated by a single primary particle, and the
noise is conveniently discussed in terms of this basic event. The theory of the noise is
discussed, diode measurements are discussed and data given, and three applications of
this noise are discussed.

JAP-0459-1

Alley R E, Jr.
IN-PILE MEASUREMENTS OF RADIATION IN MAGNETIC MATERIALS,
Journal of Applied Physics, Vol. 30, No. 4, April (1959), 2 pp. (5 refs).

Experiments have been performed at Brookhaven National Laboratory to determine the
effects of nuclear reactor radiation upon the characteristics of ferrites and metallic
magnetic materials. Photographs of 60-cycle hysteresis loops and bridge measurements
of 1000-cycle inductance were made before irradiation, periodically during irradiation,
and after reactor shutdown. The samples were irradiated for 12 days, resulting in an
integrated fast flux of 1.6 x 10*7 n/cm?. -

No permanent effects were observed in any ferrite. In-pile changes in ferrite properties
are identified with changes due to temperature variations resulting from gamma-ray ab-
sorption.

Permanent damage was observed in all metallic samples tested., Supermendur and Delta-
max were ledst affected, showing increases of the order of 50% in coercive force and
small decreases in initial permeability. Various samples of 4-79 Mo-Permalloy were
affected differently, but all showed change in shape of hysteresis loop, several hundred
percent increase in coercive force, and about 80% decrease in initial permeability.
Supermalloy was most damaged by radiation, showing marked effects after 24 hours,

and progresswely greater effects throughout the exposure period. ‘

JAP-0657-2

W1ttels M C and Sherr111 FA
FAST NEUTRON EFFECTS IN TETRAGONAL BARIUM TITANATE
Journal of Applied Physics, Vol. 28, No. 5, pp. 606-609, May (1957), (10 refs).
" Tetragonal BaTiO, is transformed into cubic BaTiOa as a result of irradiation with fast
neutrons at a temperature of approximately 100°C. Sufficient atomic displacements are
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produced by bombardment with an integrated fast neutron flux of 1.8 x 10°° n/cm® so that

tetragonal single crystals (c, = 4.0349A and a, = 3.9923A) expand anisotropically to form
perovskite-type cubic single crystals with aj = 4.0824A. The irradiated material re-
mains cubic to the lowest temperature of measurement, 78°K, showing none of the low
temperature phase transitions of unirradiated BaTiO,, and after annealing at 1000°C,

the crystal remains cubic but with a reduced lattice parameter. X-ray, thermal, and
optical methods were employed in studying these effects.

JCP-0458-1

Kommandeur J and Schneider W G - :
PHOTOCONDUCTIVITY OF ANTHRACENE - V. EFFECT OF IMPERFECTIONS ON THE
RULK PHOTOCURRENT, '

The Journal of Chemical Physics, Vol, 28, No. 4, pp. 590-5Yb, April (1Y58), (7 refs).

Bulk photocurrents of anthracene have been measured on crystal§ ot high piirity,
scintillation crystals, and crystals irradiated with thermal neutrons. It is found that
the source and treatment of the crystals strongly affects the spectral 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 traps
was furnished by the electrical analog of the thermoluminescent glow curves and by the
increase of the photocurrents with red radiation.

JCP-0458-2

Compton D M J, et al.
PHOTOCONDUCTIVITY OF ANTHRACENE. THE EFFECT OF NEUTRON BOMBARDMENT,

The Journal of Chemical Physics, Vol. 28, No. 4., pp. 741-742, April (1958), (2 refs).

Neutron bombardment is known to modify the properties 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 series of measurements
of photoconductivity and other properties was made on anthracene crystals before and
after bombardment in the neutron flux of the pile at Chalk River. It was found necessary
to carry out the bombardment in an atmosphere of helium to avoid surface oxidation. No
radiocactivity was found after removal from the pile. A summary of the more striking

results is given,

KAPL-1301

Tucker C W, .Jr. and Senio P
SOME FACTORS IN THE RESISTANCE OF 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 crystals
are beginning to reveal some of the factors which appear to be important in determining
the radiation stability of a given material. These factors are homogeneity of damage,
particle size, cleavage or fracture, strength, grain boundaries, temperature, and bond
type, While evidence is not yet complete to prove the importance and to understand all
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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KAPL-1724

Wachspress E L

A GENERALIZED TWO-SPACE-DIMENSION MULTIGROUP CODING FOR THE IBM-704,
General Electric Co., Knolls Atomic Power Laboratory, Schenectady, N. Y. Contract No.
W-31-109-Eng-52, ApI‘ll 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 are included in the discussion.

KAPL-1742

Smith W A, Jr.,, Noonan JE and Minassian K

SUMMARY OF FAST NEUTRON IRRADIATION STUDIES ON GERMANIUM,

Kunolls Atowmic. Power Luboralory, Schenectady, N. Y., Conlract No. W-31-109-Eng-52,
April 26, 1957, 35 pp. (9 refls).

A summary is given of studies made at KAPL to determine the energy dependence of
fast neutron effects on the electrical properties of germanium. Irradiations were made
by using neutrons produced in positive ion reactions. A nonlinear relationship between
neutron energy and the number of interstitial atoms produced per neutron is indicated
for the energy range 0.7 to 4.8 Mev,

Material preparation techniques are discussed and methods of determining neutron
response characteristics of germanium materials for dosimetry applications are pre-.
sented.

LA-2152

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-386,
September (1957), 31 pp. (3 refs).

The electronic circuits described were built for conducting experiments with radio-
activities having half-lives of 10 microsec to 1 sec range. The Model 10 Beam Shim
Pulser was designed for pulsing the beam of an electrostatic generator. It produces
+550 volt pulses with rise and fall times 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 Timeé Delay Analyzer has channel widths of 10 microsec to 1 sec and was
built for determining half-lives of radioactivities in this time 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 001n01dence
circuits which control the operation of the analyzer.

LAC-NR-51 (Vol, 1)-,2

Bridges WL .

RADIATION EFFECTS TESTING OF AIRCRAFT SUBSYSTEMS AND COMPONENTS AT AIR
FORCE PLANT NO. 67 FOR THE ANP PROGRAM,

Lockheed Nuclear Products, Lockheed Aircraft Corporation, Georgia Division, Paper presented
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at the 3rd Sem1—Annual Radiation Effects Symposium, Lockheed Aircraft Corporatlon
Marietta, Georg1a October 28-30, 1958, 5 pp.

A few of the features of Air Force Plant No, 67 are briefly reviewed as they contribute
to a discussion of the philosophy of radiation effects testing of aircraft subsystems and
components, .
The major functions of this facility will be to irradiate, test, and evaluate aircraft com-
ponents and complete subsystems under dynamic environmental conditions. To accom-
plish these functions, some rather specific requirements must be satisfied. The first
is to provide for dynamic testing of aircraft subsystems and components in realistic
radiation fields; that is, in fluxes comparable to, and in some cases in excess of, those
expected to fall on the particular system at its most likely location in ‘a nuclear-powered
aircraft, The second requirement is the ability to handle large test articles rapidly.
The third is for an adequate handling and testing capability.

Large test articles must be moved to and from the reactor safely with means provided

for evaluating them before, .during, and after irradiation without exposing personnel to
excessive radioactivity,

LAC-NR-=51 (Vol. 2)-20

Duncan G I, Fraser JC and Valachovic B

THE EFFECTS OF NUCLEAR RADIATION ON SPARK GAPS,

General Electric Co. Paper presented at the 3rd Semi-Annual Radiation Effects Symposium,
Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958, 18 pp.

The General Electric 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 to investigate the voltage breakdown strength of air at
various pressures in the presence of the following radiation levels:

Fast flux: 1 x 10*! fast neutrons/cm®-gec

Thermal flux: 3 x 10*2 thermal nc-:utrons/cm2 ~3ec

Gamma flux: 1 x 10*® gamma photons/cm?® -sec
This paper describes the components tested, the test equipment and circuitry, the
dynamic pressure system used, and discusses the data obtained. Curves are presented

showing the effects noted, and the results of the tests are summarized. This paper
covers work performed under Contract No, AF33(616)-5579.

LAC-NR-51 (Vol. 2)-21

Van Houten G R, O'Nan T C and Hood J T : ’

RADIATION TESTING AND PROPERTIES OF A BORON NITRIDE DIELECTRIC CAPAC-
ITOR,

P. R. Mallory and Co., Indianapolis, Ind. Paper presented at the 3rd Semi-Annual Radiation
Effects Symposium, Lockheed Aircraft Corporation, Marietta, Ga., October 28-30, 1958,

34 pp. (5 refs). /

Tests to date include: -

1. Study of boron nitride powders and compacts in a réactor environment,
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2,

3.

Fabrication and testing of capacitor bodies from reactor irradiated boron
nitride.

Operational testing of boron nitride capacitors in a high gamma environment.

Results to date include:

1.
2,

Good experimental verification of theoretical calculations.

Boron nitride is definitely a preferred material for high temperature di-
electric applications.

Boron nitride dielectric capacitors which are constructed to be self (neutron)
shielding retain normal physical properties during and after irradiation.

Instantaneously gamma-induced current leakage, as expected, varies as the
square root of the' gamma photon density. Such leakage can be appreciable at
high voltage gradients,

.. Gamma scattering and capture causes local heating in proportion to the gamma

photon density and energy. This gamma heating may increase the dielectric
temperature enough to cause appreciably increased current leakage.

As a result of direct and indirect gamma induced leakage, limited gamma
shielding may be necessary for high voltage units or for very large uncooled
units. Similar problems with other d1e1ectr1cs would generally be of even
greater magnitude.

LAC-NR-51 (Vol, 3)-22 FZM-1159

Brown V C and Teterson N M

PREDICTING THE PERFORMANCE OF IRRADIATED ELECTRONICS SYSTEMS BY SIMU-
LATION ON THE ANALOG COMPUTER,

Convair, Division of General Dynamics Corporation, Fort Worth, Tex. Paper presented at

the 3rd Semi-Annual Effects Symposium, Lockheed Aircraft Corporation, Mar1etta, 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 is made between the
results obtained by the simulation technique and data obtained in an actual irradiation.
The results show that, by combining proper statistical methods with computer simulation,
the performance of electronics systems under radiation may be successfully predicted.

LAC-NR-51 (Vol. 3)-25

Gunson DO

RADIATICN EFFECTS ON FLIGHT CONTROL SUBSYSTEM DESIGN,
Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Effects Symposium,
Loc_:_k_heed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958, 8 pp.

Successful application of nuclear. propulsion to aircraft requires the development of a
high performance flight control subsystem that is not only more reliable, serviceable,
and maintainable than the best flying today, but is at least as efficient while operating

~ ' in a radiation eﬁVironment. The attainment of these aims demands close and continued

K cooperation between the radiation effects specialist and controls designer throughout the
design, development, and testing of this subsystem. The basic problems considered are:
the establishment of the important characteristics of a flight control subsystem, how
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radiation environment affects these characteristics, and the type of radiation effects
data required by the controls designer.

LAC-NR-51 (Vol. 3)-30

Klein C A and Straub WD

ON THE ENERGY LEVELS IN NEUTRON-IRRADIATED P-TYPE SILICON

Raytheon Manufacturing Company, Waltham, Mass. Paper presented at the 3rd Semi-Annual
Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958,
21 pp.

High resistivity p-type silicon samples were irradiated in the Brookhaven pile for
short periods of time resulting in integrated fast neutron fluxes of the order of a few

‘ 014n/cm . Hall coefficient and conductivity measurements were then performed over
extended temperature ranges. A detailed analylical investigation of these data provides
evidence for at least two bombardment-induced hole trap levels in the lower half of the
energy gap. The deep trap, at 0.29 ev from the valence band, is introduced at a rate
which appears to be proportional to the integrated flux. Moreover, it has been estab-
lished that for this level the product of the statistical 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 still in progress, -and only the
established results at the time of this writing (August 1958) are given here. The whole
approach is of a ""phenomenological' nature, in the sense that no attempts were made
to correlate the presently available data with possible types of defects or defect models.

3

LAC-NR-51 (Vol. 3)-33

" Salkovitz E I, Schindler A'I and Ansell GS :
THE EFFECT -OF NUCLEAR IRRADIATION ON METALLIC AND NONMETALLIC MAGNETIC
MATERIALS, '
Naval Research Laboratory, Washington, D. C. Paper presented at the 3rd Semi-Annual
Effects Symposium, Lockheed Alrcratt Corporation, Marietta, Georgia, October 28-30, 1958,
23 pp. (2 refs).

Extensive investigations of the effects of nuclear environments upon magnetic materials
have been undertaken. A major aim of the program is to obtain basic information con-
cerning the mechanisms producing the observed effects. More than 100 samples have

~ been irradiated in the Brookhaven graphite reactor at an integrated flux of 107 nvt.
The materials studied have been in the form of toroids or rods, and have consisted
mainly of various ferrites and square loop and high permeability alloys. In addition,
discs of permanent magnet-type ferrites and portions of magnet‘ic devices have been
irradiated. A’ detailed discussion will be given of the method of canning temperature

control, and the means by which pre- and post-irradiation magne‘uc measurements
were made

LAC-NR-51 (Vol. 4)-37

Pfaff E R and  Shelton R D :

THE EFFECTS. OF 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.
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A study of the effect of nuclear radiation on various types of resistors revealed interest-
ing trends and several possible damage mechanisms, most of which seem to be assoc-
iated with the boron content in the components. Film-type resistors, consisting of a
glass core containing boron and a conducting film with no boron, showed greater damage
when the film was thin (high resistance values). It is probable that in this case the

(n, a) reaction in boron removed some of the atoms from the thin conducting film.

Resistors having a core with no boron but with a boro-carbon conducting film showed
greater damage when the film was thick (low resistance values). It is conjectured that
since, in this case, all of the boron is in the conducting film, there is more recoil
energy deposited in the conducting layer having the thicker film.

Wire-wound resistors having a vitreous enamel coating had resistance changes greater
than could be attributed to temperature coefficient or 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 resistance of the unit. by as much as 6%,

LAC-NR-51(Vol, 4)-38

Aukerman L W and Willardson R K

RADIATION EFFECTS IN COMPOUND SEMICONDUCTORS,

Battelle Memorial Institute, Columbus, Ohio. Paper presented at the 3rd Semi-Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October
28-30, 1958, 14 pp. (12 refs).

The properties of semiconductor devices (such as transistors and rectifiers) depend .
strongly on minority-carrier lifetime, carrier concentration, and mobility. These
parameters are strongly affected by nuclear irradiation. For the design of a device
relatively insensitive to radiation damage, semiconductors composed of heavy atoms

and having a high minority-carrier mobility and a large energy gap are desirable. The
properties of several compound semiconductors, including A1Sb, InP, GaAs, CdTe, and
InSb, are compared with respect to the above criteria. Invéstigations of the effects of
fast-neutron irradiation on these ‘compounds are reported, Annealing and heat-treatment
studies before and after irradiation are discussed.

LAC—NR—51(V01. 4)-39

Happ W W and Hawkins S R

A CRITICAL SURVEY OF RADIATION DAMAGE TO CIRCUITS,

Lockheed Aircraft Corporation, Palo Alto, Calif., Paper presented at the 3rd Seml-Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October _
28-30, 1958, 35 pp. (8 refs).

. A critical survey was undertaken to investigate factors affecting circuit performance in

"the presence of damage-producing radiations. Experimental work in progress consists
of irradiating several types of circuits, such as multivibrators and blocking oscillators,
by gamma radiation with a 100-curie cobalt-60 source. Causes of failure of the circuits
tested thus far were traced primarily to the deterioration of semiconductor devices.
This preliminary work is being used as a basis for planning investigations of other
selected circuits, both under gamma and neutron irradiation.
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LAC-NR-51(Vol. 4)-40

Hawkins S R and Happ WW .

RADIATION STABILIZATION OF TRANSISTOR CIRCUITS BY ACTIVE FEEDBACK,.
Lockheed Aircraft Corporation, Sunnyvale, Calif. Paper presented at the 3rd Semi-Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta Georgia, October
28-30, 1958, 21 pp. (16 refs).

Th,e s;_.multaneous deterioration of similar transistors due to radiation damage is em-

The relative merits of a number of circuit configurations are examined on the basis of
over-all current and voltage amplification, battery requirements, transistor symmetry,
and similar factors. The requirements of both stabilization and amplification are
simultaneously satisfied for the common-emitter configuration using a transistor in the
~common-collector configuration as a feedback element. Desigu curves fur this cou-
figuration are given for typical cases to illustrate the usefulness of this method of

stabilization. Operating point stabilization is briefly discussed.

LAC-NR-51(Vol.4)-41

Easley J W

COMPARISON OF 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 Aircraft Corporation, Marietta, Georgia, October
28-30, 1958, 11 pp. (13 refs).

Quantitative comparison of the neutron bombardment sensitivity of germanium transistors
to that of silicon transistors must include consideration of the mean time for minority
carriers to traverse the base region of the structures being compared. Analysis shows
that for transistors of comparable carrier-transport-factor frequency cutoff, germanium
transistors should be capable of receiving fast-neutron exposures which are one to two
orders of magnitude greater than those permissible for silicon devices before current-
gain degradation becomes critical for typical circuit applications. Experimental data

are presented for both germanium and silicon transistors which are in good agreement
with the analysis.

LAC-NR-51(Vol. 4)-42

Denney J M, et al.

PULSED RADIATION EFFECTS IN SEMICONDUCTORS

Hughes Aircraft Company, Culver City, Calif. Paper presented at the 3rd Semi- Annual
Radiation Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, ,October
28-30, 1958, 1 p.

Tybical semiconductors were exposed to pulsed neutron, electrbn" and gamma fluxes.

" The effects of these exposures on the electrical properties of the semiconductors was
‘observed during the radiation pulse. These radiation effects are described and compared
with analysis. Attention is given to some of the differences between trans1ent and
resuiual radiation effects in semiconductors.
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LAC-NR-51(Vol. 4)-43

Huth Gerald C '

THE EFFECT OF VARIATION OF THE WIDTH OF THE BASE REGION OF THE RADI-
ATION TOLERANCE OF SILICON DIODES, .
General Electric Co., Cincinnati, Ohio. Paper presented at the 3rd Semi-Annual Radiation
Effects Symposium, Lockheed Aircraft Corp., Marietta, Georgia, October 28-30, 1958,

7 pp. (8 refs).

Results are 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 as gauged by increase in voltage drop at forward bias. Reasonable agreement is
shown between experimentally determined change in forward characteristic and behavior
predicted from theoretical considerations--specifically considering the effect of degraded
minority carrier lifetimes. Devices irradiated (40 in number) were of the alloy junction
type based on the configuration of the General Electric IN-538 rectifier. Their over-all
behavior is discussed including the near exponential increase found in forward voltage
drop and the retention of reasonable reverse characteristics of all units during irradi-
ation.

LAC-NR-51(Vol. 4)-44

Crittenden John R

THE EFFECT OF NUCLEAR RADIATION ON COMMERCIAL SILICON DIODES,

General Electric Co., Cincinnati 15, Ohio. Paper presented at the 3rd Semi-Annual Radiation
Effects Symposium, Lockheed Aircraft Corporation, Marietta, Georgia, October 28-30, 1958,

14 pp.

Several types of commercial gilicon digdes were irradiated to 10*® nvt (En > 0.58 ev) in
the Brookhaven Reactor at 25 and 150 C. The forward and reverse characteristics of
each diode were photographed periodically from an oscillographic display during the ir-
radiation period. Noise and switching time measurements were also accomplished. The
results of this work indicate that electrlcally similar diodes vary in their response to
nuclear radiation, and that the response to nuclear radiation is temperature dependent.

LAC-NR-51(Vol. 4)-45

Russell J A

EVALUATION OF SILICON DIODE IRRADIATION RESULTS IN TERMS OF MAGNETIC
AMPLIFIER PERFORMANCE, A
General Electric Co., Cincinnati 15, Ohio. Paper presented at the 3rd Semi-Annual Radiation
Effects Symposmm Lockheed Aircraft Corporation, Marietta, Georg1a October 28 30 1958
52 pp. (7 refs) ‘

Three generic types of silicon diode failure under radiation are simulated. The simu-’
lation is applied to a full-wave, center-tap magnetic amplifier and a half-bridge,
half-wave magnetic amplifier. Conclusions are drawn as to the most suitable basic
diode type under radiation. Also discussed are ' changes to be expected in’ magnetlc
amp11f1er perforrnance as a result of radlatlon mduced dlode effects means of reducmg
some of these effects :
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LAC-NR-51(Vol. 4)-46

Enslow G, et al.

GAMMA RADIATION EFFECTS IN SILICON SOLAR CELLS,

Lockheed Aircraft Corporation. Paper presented at the 3rd Semi-Annual Radiation Effects
Symposium, Lockheed Aircraft Corporation," Marletta Georgia, October 28-30, 1958,

37 pp. (16 refs). .

Ten 5111con solar cells were irradiated by a 100-curie Co®® 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 solar cells under ir-
radiation were made on the basis of known properties of silicon and on the basis of
models of radiation damage in solids. Calculated and experimental results were com-
pared. The electrical characteristics of the solar cells were mcasured as a function

of temperature before and after {rradialivil. ‘I'he performunce of u vilivuin sclar cell
power supply in radiation fields is discussed.

LAC-NR-51(Vol. 4)-47

Gordon Frederick

THE EFFECTS OF NUCLEAR RADIATION ON POWER TRANSISTORS,

US Army Signal Research and Development Laboratory, Fort Monmouth, N.J. Paper pre-
sented at the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraft Corporation,
Marietta, Georgia, October 28-30, 1958, 23 pp.

This paper presents the results of nuclear radiation experiments performed at
Brookhaven National Laboratory to determine the effects of this radiation on power
transistors of various types. A brief analysis of device parameter changes and of the
evaluation of the results is presented. In addition, there is a short discussion of the
interrelation between the minimizing of the effects of nuclear radiation on transistors
and the specific application of the devices.

The device types that were exposed were homogeneous-base germanium power transis-
tors. The device parameters that were monitored were small-signal and large-signal
grounded-emitter current gain, as well as the reverse collector current, The techniques
of measurement included multiple point measurements and curve tracer techniques. The
results show fair agreement between experimental results and calculated values.

LAC-NR-51(Vol. 4)-48 _

Xavier M A

THE PERFORMANCE OF SOME ZENER REFERENCE ELEMENTS DURING EXPOSURE
TO NUCLEAR RADIATION,

Cook Electric Company, Morton Grove, Ill. Paper presented at the 3rd Semi-Annual
Radiation Effects Symposium, Lockheed Aircraft 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 describes the measurement
techniques and the corrections made to ensure accurate results required in dealing with
the voltage reference elements. Irradiations were performed at epicadmium neutron
flux levels of the order of 10! nve until doses of up to 108 nvet were reached. The
corresponding gamma dose rate was 2.1 x 10° roentgens per hour.
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Detailed results are presented, and possible mechanisms of damage are described. The
reference voltages of all the devices tested showed permanent decreases of up to 2.9%,
although the average of the changes was in the order of 1-1/4%. The temporary damage
was generally about 1/3%. The case temperature 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 transistors, 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 as reference voltage sources because of their relative stability
with temperature, smiall physical size, and mechanical ruggedness. At the time of the
experiments, two types (1N429 and 1N430B by Hoffman Semiconductor) were generally
considered as the best commercially available so the irradiations were performed on
these types.

LAC-NR-51(Vol. 5)-55

Hansen J F and Shatzen M L

RADIATION EFFECTS ON ELECTRICAL INSULATION,

Battelle Memorial Institute, Columbus, Ohio, and Lockheed Aircraft Corporation. Paper pre-
sented at the 3rd Semi-Annual Radiation Effects Symposium, Lockheed Aircraft Corporanon,

Marietta, Georg1a, October 28-30, 1958, 11 pp. .

Eight types of insulated, electrical wire were irradiated to a dose of about 1 x 10%° ergs/
g(C) at temperatures of 15°, 55°, and 100°C, and relative humidities of 0 and 65% at
each temperature in a cobalt-60 gamma source. Electrical resistance was measured he-
fore, during, and dfter irradiation; preirradiation and postirradiation breakdown voltage
measurements were made, and the specimens were examined visually for signs of phys-
ical deterioration after irradiation.

_All insulations exhibited a loss in initial resistance of at least 99% at one or more of the
irradiation conditions. Serious deterioration of mechanical properties was observed for
all except two polyethylene insulations. In general, best performance, from the stand-
point of electrical properties, was obtained under cool, dry conditions. On the average,
high temperature had a greater detrimental effect than high humidity. The temperature

o
effect was most pronounced between 15 and 55 C.

For general-purpose use in a radiation field, under a variety of temperature and
humidity conditions, polyethylene appears to be superior to the other materials. studied.
However, under specifically controlled temperatures and humidities, some of the other
materials may be preferred. .

LR-122 SA-402 3-4

Hart EJ
LABORATORY INVESTIGATION OF SIX SA-402 EXPLOSIVE SWITCHES RETURNED

FROM FIZEAU SHOT - OPERATION PLUMBBOB,
Sandia Corporation, Albuquerque, N.M., April 24,1958, 8 PP.

This report discusses tests which were conducted to determine if there was any

radiation or mechanical damage to the SA-402 switches by exposure to Fizeau Shot-
Operation Plumbbob.
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MLM-629

Ohmart P E, et al.
THE RADIOELECTRIC EFFECT, ‘
Mound Laboratory, Contract No. AT-(33-1)-Gen-53, November 1, 1951, 36 pp. (10 refs).

An electrostatic field will exist between two materials having different work functions
when the only connection Between the materials is through a load impedance. If the two
materials are connected externally by a current-measuring device and the separating
medium is ionized by exposure to radiation, a current of electrons will flow in the ex-
ternal circuit from the material of lower work function to the material of higher work
function.  The quantity of this current 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 surfaces, the type and pressure of the separating gas, and the
geometry of the setup.

Radiation measuring devices called "radioelectric cells" have been.constructed on the
basis of this "radioelectric effect.'" Gamma detecting cells have becn developed which
for specific uses offer marked advantages over conventional detectors. It is also
possible to detect alpha, beta, and neutron radiation and to determine the difference be-
tween the work functions of two surfaces.

MM-56-113-21

Brown W L :
NEUTRON RADIATION EFFECTS ON GERMANIUM TRANSISTORS AND SILICON DIODES,

May 11,1956, 11 pp.

The work described in this report was performed in the interests of exploring the
sensitivity of semiconductor devices to a neutron environment. The components tested
were a group of germanium transistors and silicon diodes. The work was performed in |
the Brookhaven National Laboratory nuclear reactor.

N-0758

Frioge R C
RADIATION-RESISTANT MOTORS FOR NUCLEAR AIRCRAI'1' CONTROLS, .
General Electric Co. Published in Nucleonics, Vol. 16, No. 7, pp. 103-104, July (1958).

' Results are given which indicate that electric motors stand up well to reacfor radiation
and h1gh temperatures. Temperature damaged the motors more than limited exposure
to neutrons and gamma rays. Radiation effects on the individual components and mate-
rials of the motors are discussed.

Na-0159-1 ,

Allen KR and Phillips K

EFFECT OF RADIATION ON THE BREAKDOWN OF HOMOGENEOUS FIELD AND SPHERE
GAPS,

Nature, Vol. 182, No. 4656, pp. 233-235, January 24, 1959, (3 refs).

‘This short paper gives a quantitative discussion of an investigation carried out to 'study
the effect of radiation on the breakdown of homogeneous field and sphere gaps. The

-3

" 166



electrodes were mounted in a glass chamber. Several air pressures were used in the
spark gaps.

NAA-AD-148219 AD-148219

Eisen F H, et al.

RADIATION DAMAGE STUDIES IN COMPOUND SEMICONDUCTORS,

Atomics International, Box 309, Canoga Park, Calif., Contract No. AF33(616) 3924 (1957),
5 pp. (2 refs). '

The objective of the work on this contract is to study the effects of electron irradiation
on the III - V semiconductor compounds, utilizing changes in electrical properties, para-
magnetic resonance absorption, and thermal conductivity. During this quarter, data
have been obtained on the resistivity change of InSb after irradiation with 0.35 to 0.60
Mev electrons, and the Varian electron paramagnetic resonance (EPR) equipment has
been received and put into operation.

NARF-56-27T-4 MR-N-122-4 X-21882

PROCEDURES FOR SYSTEM PANELS TEST NO. 2 - ADDENDUM 4,
Convair, Division of General Dynamics Corporation, Fort Worth, Texas, Contract No.
AF33(600)-32054, September 7, 1956, 115 pp.

System Panels Irradiation Test No. 2 was performed at Convair-Fort Worth during late
1956 and early 1957. In this test, existing aircraft systems mounted on test panels were
irradiated, using the Ground Test Reactor as the source. The Ground Test Reactor was
placed in the dry pool, and the panels to be irradiated were-grouped around the reactor
inside the pool. Measurements were made of the physical properties and operéting
characteristics of the panel before, during, and after irradiation.

This report is the fourth addendum to Procedures for Systems Panel Test No. 2
(Convair-Fort Worth Report MR-N-122). It describes the equipment to be furnished for
this test 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-G-~7817.

NARF-57-19T(Vol. 4)-4 X-21783

Easley J W

EFFECTS OF RADIATION ON SEMICONDUCTORS,

Bell Telephone Laboratories, Whippany, N.J. Paper presented at the First Semi- Annual
125A Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, 26 pp.
(19 refs). . /

.-~ A brief survey of the effects of nuclear radiation on sem1conductors of partmular
interest in device technology is presented in this paper. The known effects of nuclear
radiation on the electrical properties of semiconductors are briefly reviewed to include

. the relative magnitude and qualitative differences between photon-, electron-, and
. neutron-induced alteration. Some of the principal aspects of the behavior of irradiated
~semiconductor devices are then qualitatively interpreted through inclusion of these
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material properties in simplified device theory. The transistor current gain « is
treated in some detail, and it is shown that the rate of increase of (1 - @) with bombard-
ment is, for simple structures, inversely proportional to the a-cutoff frequency.
Experimental data illustrating the analysis are presented.

NARF-57-19T(Vol. 4)-5 X-21783

Crittenden T R

THE GENERAL ELECTRIC ELECTRONICS COMPONENY TEST FOR S3Y3TEMS PANELS
TEST NO. 2,

General Electric Co., ANPD, Cincinnati, Ohio. Paper presented at the First Semi-Annual
125A Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, 6 pp.

Three bhasic systems were exposed to medium level nuclear fluxes during Systems Panel
Test No. 2. In each of the three systems tested, the effects of radiation were evident.
The results of SPT No. 2 indicate that electronic amplifiers may experience some diffi-
culty at approximately 10** nvt epicadmium, that silicon dlodes clhange radically for
doses above 10*% nvt epicadmium, and the more sensitive parts of a television camera
are the leng and pickup tube.

NARF-57-19T(Vol. 4)-6 X-21783

Clark J W

DESIGN OF RADIATION SPECIFIED ELECTRONIC SYSTEMS,

Hughes Aircraft Co., Culver City, Calif. Paper presented at the First Semi-Annual 125A
Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, 5 pp.

The design and manufacture of electronic systems for use in System 125A presupposes
the ability to operate with nuclear radiation as an environmental specification. Com-
ponents capable of meeting nuclear radiation specifications must be available to the
system manufacturer. This in turn implies the presence of radiation facilities in which
to carry on development of new radiation-resistant componcnts and in which to carry on
quality contral testing during manufacture. '

Some experimental investigations at Hughes Aircraft Co. will be described which indi-
cate the importance of rale effects in systcm decign and which point the direction toward
component improvement. Present and planned radiation testing facilities at Hughes
Aircraft Co. are specifically directed toward facilitating both development testing and
quality control in connection with components and subsystems for System 125A. These.
facilities will be described. ‘ '

NARF-57-19T(Vol.4)-7  X-21783

Jacobs D L

EFFECT OF NUCLEAR RADIATION FROM THE GTR UPON CLOSED CIRCUIT
TELEVISION EQUIPMENT, v
Convair, ‘Fort Worth, Texas. Paper presented at the First Semi-Annual 125A Radijation Effects
Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, 14 pp. (1 ref).

Closed circuit industrial television has been used tor remote viewing in high radiation

fields during systems tests and shielding studies. Television cameras have been exposed
to integrated fast-neutron doses as high as 4.32 x 10** n/cm? without detrimental effects
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upon electronic components. Coloration of optics due to ionizing radiation (with result-
ing loss of transmission) occurs and is the limiting factor in television usage. Prospects
for development of radiation resistance and wider applications are excellent.

NARF-57-19T(Vol. 4)-8 X-21783

Fries R C

EVALUATION OF RADIATION DAMAGE TO COMMERCIAL ELECTRIC MOTORS
General Electric Co., ANPQO, Cincinnati, Ohio. Paper presented at the First Semi-Annual
125A Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, ‘9 pp.
(2 refs).

This report summarizes the results of the accelerated aging test of 30 identical
commercial electric motors (GE - Model 5KH13DG1A) conducted in the Convair Nuclear
Aircraft Research Facility (NARF), Fort Worth, Texas. Alkanex, a promising
commercially available radiation resistant magnet wire insulation, and MIL-7808B, a
promising sleeve-bearing lubricant, were tested at average temperatures of 3569, 3925,
and 428°F. A description of the experiment, reactor test, and test results versus re-
actor radiation is presented.

A comparison of time-temperature control data with the data from the reactor test indi-
cated that electric motors insulated with Alkanex and MIL-7808B lubricant are adequate
for use to temperatures of 430°F for periods up to 700 hours, and dosages of 7.9 x 104
total neutrons per square centimeters, and 1.5 x 10° R of gammas.

NARF-57-19T(V01.4);9 X-21783

Baxter W G, et al.

HYDRAULIC REGULATOR FUEL CONTROL SYSTEM GEAR BOX AND ACCESSORY
General Electric Co., Cincinnati, Ohio. Paper presented.at the First Semi-Annual 125A
Radiation Effects Symposium, Convair, Fort Worth, Texas, May 22-23, 1957, 37 pp. (1 ref).

This report describes the operation of the J47-25 fuel control system, J47-25 gear case,
and supporting lubrication tested in the Convair GTR Facility as part of the Systems
Panel Test No. 2. Reactor test data and interpretation, post-test operation and exami-
nation, and over-all interpretation of tést results are included with recommendations
for additional engineering-type tests of this general nature.

Systems’of the J47 type have had thousands of flight hours-in B47 and B36 aircraft. The

J79 gear case similar to the one used in this system has passed Official Flight Rating
requirements and is now in production.

NARF-57-52T MR -N- L73

Miglicco P S, Spears A B and Howell D B

EFFECTS OF REACTOR RADIATION ON THE ELECTRICAL PROPERTIES OF
ELECTRONIC COMPONENTS - PART II,

Engineering Department, Convair, Division of General Dynamics Corporation, Fort Worth,
Texas Contract Nd AF33(600)—32054 November 22; 1957, 117 pp.- (5 refs).

Several types of vacuum tubes, transistors, and transformers were irradiated with the
Convair-Fort Worth Ground Test Reactor. The components were subjected to five
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different fluxes ranging from 10° to 10*° nF/cm -sec and 10° to 10% ‘Y/cm -sec, The
total mtegrated flux received was 1014 nF/cm and 10y Jem?®,

An attempt was made to separate radiation damage as a function of dose rate from
radiation damage as a function of dose. The components were irradiated first at several
low dose rates so that dose-rate effects could be studied while the accumulated dose was
small, and then at a high dose rate to obtain the desired dose. However, because of the
long time required to complete a data gathering cycle, the accumulated dose hindered the
separation of dose rate and dose effects. Thus, in the report, the damage to the com-
ponents is reported as a function of integrated flux. For reference, the integrated [lux
accumulated at each power level is given.

The transformers exhibited the greatest resistance to irradiation. KEvery importanl para-
meter of the transistors deteriorated in the radiation field. Postirradiation tests at

room temperature showed no significant récovery in Lhe transistor.characteristies.

The plate current of 65% of the tubes tested increased during irradiation. This effect,
based on postirradiation tests, is considercd permanent.

NARF‘—SB—l’l‘iAL)D 1) FZK-=9-126G-1

RESULTS OF SYSTEM PANELS TEST NUMBER 2 - ADDENDUM 1,
Engineering Department, Convair, Division of General Dynamics Corporation, Fort Worth,
Texas, Contract No. AF33(600)-32054, January 6, 1958, 157 pp. (refs).

In System Panels Test No. 2 (SPT No. 2), performed at Convair-Fort Worth during late
1956 and early 1957, existing aircraft systems and components were mounted on test
panels and irradiated. The Ground Test Reactor (GTR) was used as a radiation source.
During the 531.25 hours of actual irradiation, the reactor attained an integrated power of
135 Mwh. Irradiation took place between November 24 and December 19, 1956,

The reactor was operated in a moderator holding tank located in a dry pool. The test
panels were deployed around the reactor inside the pool. To determine changes in
physical properties and operating characteristica of the test specimens, measurements
were made before, during, and after the irradiation period. Pre- and post-irradiation
.data were accumulated during time intervals of varying length before and after irradia-
tion.

In this addendum, the results of irradiating five test panels supplied by Pratt and
Whitney are presented. The panels contained:

1. A J-57 engine

2. A hydraulic pump loop

3. Various types of transducers and -electronic control components

4. An alkylbenzene pump loop

5. TFuel control units, power supplies, and amplifiers
The results of the tests on test panel No. 3, referred to as the "Instrumentation" test
panel, is reported in two parts. One, covering the transducers, appears in the body
of the report, and the other, covering the electronic control components, appears as an

appendix. The report on the fifth panel, which held the fuel control units, power supplies,
and amplifiers, also appears as an appendix,
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NARF-58-1T(ADD 2) FZK-9-126-2

RESULTS OF SYSTEM PANELS TEST NUMBER 2 - ADDENDUM 2,
Convair, Division of General Dynamics Corporation,. Fort Worth, Texas, Contract No.
AF33(600)-32054, January 6, 1958, 143 pp.

In System Panels Test No.. 2 (SPT No. 2), existing aircraft systems and components were
mounted on test panels and irradiated. The Ground Test Reactor (GTR) was used as a
radiation source. During the 531.25 hours of actual irradiation, the reactor attained an
integrated power of 135 Mwh.

The reactor was operated in a moderator holding tank located in a dry pool. The test
panels were deployed around the reactor inside the pool. To determine changes in
physical properties and operating characteristics.of the test specimens, measurements
were made before, during, and after the irradiation period. Pre- and post-irradiation
data were accumulated during time intervals of varying length before and after irradia-
tion.

NARF-58-6T MR-N-185 : "

McMillan W D and Howell D

THE EFFECTS OF 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 irradiated by the Convair-
Fort Worth Ground Test Reactor for a period of 80 hours. Measurements were made on
the components before, during, and after the irradiation.

" During exposure to fast neutron and gamma fluxes of approximately 2 x 10® n/cm -sec
and 4 x 10*° gammas/cm -sec, respectively, the capacitors displayed diverse changes
in their electrical characteristics. Capacitance changes ranged from a 10% decrease °
for the tantalum electrolytic capacitors to virtually no change for the ceramic disc and
mica capacitors. Insulation resistances of all-except the electrolytic capacitors were
characterized by prompt decreases from preirradiation values by factors of from 10 to
100. Comparatively small increases in resistance were noted for the electrolytic
capacitors.

The magnetic cores were subjected to two separate fluxes. The 1ow level irradiation
was at a level of approximately 2 x 107 fast n/cm®-sec and 2 x 10*° gammas/cm®-sec.
For the high-level irradiation, the cores were subjected to fast neutron and gamma
fluxes of approximately 2 x 108 n/cm?®-sec and 5 x 10'° gammas/cm?® -sec. The cores
appeared to be resistant to radiation at these flux levels.

NARF-58-35T MR-N-216

Spears A B

EFFECT OF RADIATION ON THE ELECTRICAL PROPERTIES CF ELECTRONIC
COMPONENTS V,

Convair, Division of General Dynamics Corp., Fort Worth, Texas, Contract No.
AF33(600)-32054, August 22, 1958, 83 pp.
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Nine types of relays were irradiated in the field of the Ground Test Reactor at a constant
power level for a germd of 92 hours. The integrated fluxes were approx1mately
10* nf/cm2 and 10 ergs/gm carbon of gamma rays

The important operational characteristics of the.'relays were tested before, during, and
after the irradiation.

None of the relays suffered effects which would interfere with the functions for which
they were designed; however, significant changes occurred which could not be attributed
.to any observed nonnuclear influences. It is probable, then; that the components were
affected by the radiation. ‘ -

NAVORD-4621 AD-143467

Wieder HH

PERFORMANCE OF SOLID- STATE MATERIALS AND DEVI(.,}:.S SUBJECT TO A NUCLEAR
RADIATION FLUX,

US Naval Ordnance Laboratory, Corona, Calif., August 6, 1957, 30 pp. (58 refs).

Solid-state materials and components have been evaluated with respect to changes in
their electrical characteristics brought about by a nuclear radiation flux. The effects
of nuclear radiation are strongest when the physical properties of the solid depend upon
large scale order in the crystalline lattice or when the type, quantity, and arrangement
of impurities within the solid are of prime importance.

Calculations indicate that the radiation flux to be expected from a reactor used for ‘
powering a large missile or airplane would be of the order of, and probably less than,
10** n/cmz. Most solid-state devices and materials perform satisfactorily at this
dosage. '

In general, metals, dielectrics, p1ezoe1ectr1cs and ferroelectrics show only small
radiation damage for dosages below 10* n/cm Semiconductors, however, are
affected strongly by neutron- and Y-flux fields. -Silicon withstands radiation up to
10*® n/cm® ; germanium shows no radialion damage to-10** n/cm?®. Ionic-type semi-
conductors have a radiation.sensitivity intermediate between germanium and silicon.
Tests on solid-state components verify the measurements made on constituent
materials. Little effect is noted upon capacitors, resistors, luducturs, and vacuum
tubes for flux values below 10*° n/cm?.. '

In cases of semiconductor divdes and transistors, additional effects such as photo emfs,
photoconductivity, and noise must be considered. Some of these are transient and last
only for the duration of the irradiation. Permanent radiation damage occurs at approx-
imately the same dosage level as that indicated above for semiconductor material.

NAVORD-6127

Sery RA and Gordon DI
NUCLEAR IRRADIATION EFFECTS ON FERROMAGNETIC CORE MATERIALS
Naval Ordnance Laboratory, White Oak Maryland June 3, 1958, 72 pp.

Effects of nuclear 1rrad1at1on on the magnet1c properties of 14 representahve core
materials were investigated. Measurements before, during, and after irradiation were
made8 at a flux level of about 10** n/cm?® sec for a total integrated neutron flux of

10*® nvt.
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NAVR-SYM-ACR-2(1)

Burton Milton o

BASIC CONCEPTS OF RADIATION CHEMISTRY APPLICABLE TO EFFECTS OF
RADIATION ON DIELECTRICS, :

University of Notre Dame, Notre Dame, Ind. Paper given at Conference on Effects of

Radiation on Dielectric Materials held at Naval Research Laboratory, Washington, D.C.,

December 14-15, 1954, 12 pp. (8 refs).

The elementary effects of various radiations are reviewed, and it is shown that they may
be divided roughly into Wigner effects (e. g., discomposition) and chargéd particle effects.
The terms M/N and G are defined and their applicability described. The phenome'na

in an ionization track include ionization and excitation, for the most part localized in
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 latter; i.e., polymecrs. :

Condensed organic systems show only mild indications of nonspecificity under the effects
of radiation. Aromatic groups are far less sensitive to radiation than are aliphatic
groups and can protect the latter by a process of energy transfer either between or with-
in molecules; for the latter even at a considerable distance. A cage effect in condensed
systems tends to reduce the probability of bond rupture as compared with rearrangement
processes. These pherniomena are shown to be consistent with many of the results ob-
tained on exposure of polymers to high energy radlatlon

NAVR-SYM-ACR-2(7)

Levy PW and Dienes G J

RESEARCH ON RADIATION EFFECTS IN INSULATING MATERIALS AT BROOKHAVEN

NATIONAL LABORATORY,

Brookhaven National Laboratory, Upton, N.Y. Paper presented at Conference on Effects of
Radiation on Dielectric Materials held at 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 materials is 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 @ - Al;O3 that the coloration
due to gamma rays is slight and reaches its maximum value at 3 x 10* r. More signifi-
cantly, bands specific to reactor irradiation have been found (at 2040 and 2600A) and
their growth studied. In most of the crystalline and fused quartz samples studied, broad
and complex absorption spectra were found. Corning "purified" fused silica, however,
behaves rather similarly to Al2Os--gamma sensitivity is very low, but reactor irradia-
tion produces a broad absorption band at £ 218 myp with little absorption from 0.3 to

1.0 mp. In Linde synthetic "spinel’ (MgO- 3- 5A1,0,) a rather complex absorption spec-
.trum 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 linear with exposure in the 10* to 10° r region. This crystal may be of use as a
dosimeter for large doses. Sodium azide, an example of a compound containing both co-
valent and ionic bonds, is colored by gamma-ray and reactor radiations. The reflection
spectra are different for gamma and fast neutron irradiations and are quite sensitive to
subsequent heat treatment. . The color centers are probably related to the decomposition
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of this crystal. In particular, a band appears at 3600A, probably due to color centers,
and one at 6000A which might be due to colloidal sodium. Work on high polymers has
been focused on gamma-ray induced polymerization of materials in the solid state.
Kinetic data have been obtained for the polymerization of crystalline acrylamide to a
high molecular weight material. This polymerization can be attributed to a mechanism
involving free radicals.

NAVR-CEYM-ACR-2(9)

Carter R L

'STUDIES OF THE. EFFECTS OF RADIATION ON DIELECTRIC MATERIALS,

North American Aviation, Inc., Downey, Calif. 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. (6 refs).

The high polymer condensed systems on the one hand, and the monatomic crystal dia-
mond on the other hand, tread very closely to the subject of graphite. A major portion
of the work carried on for the past several years in the Downey laboratory has actually
been directed toward the understanding of other classes of materials: in particular,
simple metals and graphite. .
The work reported is that of D. R. Westervelt in the field of radiation-induced optical
and hardness effects éu ionic crystals}! A. W. Smith in measurements of low temperature
thermal conductivity,” and E. L. Colichman and others in the field of radiation stability
.of higher polymerss.

No results of interest have yet been obtained in a study of the possibility of improving
structural and electrical properties of radomes and airplane canopies by irradiation.

1D, R. Westervelt, "Theory of the Reaction 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," Phys. Rev. 94:1438 (1954);
"Mechanical Effects of Ionizing Radiation in the Alkali Halides,' North Am. Avia.
Rept. NAA-SR-888 (May 1, 1951).

2A_ W. Smith, private communciation.

3E. L. Colichman, R. F. Fish, and R. H. Gercke, ' Radiation and Thermai
Stability of Ortho-Meta, and Para-Terphenyls,' North Am. Avia. Rept. NAA-SR-1214;
North Am. Avia. Rept. NAA-SR-1026, Progress Report, Chem. Group, January-
March (1954); North Am. Avia. Rept. NAA-SR-1087, Progress Report, Chem. Group,
April-June 1954. i

NAVR-SYM-ACR-2(11)

Primak W

AN ACCOUNT OF SOME INVESTIGATIONS OF RADIATION DAMAGE PRODUCED BY
ENERGETIC PILE NEUTRONS IN SOME VALENCE AND IONIC CRYSTALS,

Argonne National Laboratory, Lemont, 111. Paper given at Conference on Effects of Radiation
on Dielectric Materials held at Naval Research Laboratory, Washington, D.C., December 14-
15, 1954, 2 pp. (5 refs).

The investigation of phenomena describéd by Burton as '"discomposition" of graphite was
extended to other substances in order to learn how general a phenomenon it was. The
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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 structures 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 examirie 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 structural 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 or data are presented in this paper as it is merely an account of the types
of investigations undertaken by Dr. Primak. :

NAVR-SYM-ACR-2(12)

Billington DS and Crawford JH, 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 at Naval Research Laboratory, Washington, D.C.
December 14-15, 1954, 9 pp. (7 refs).

The effects of irradiation, particularly neutron irradiation, on 'thé_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 are important to the operation of a reactor be considered. These are
electronic components, vacuum. tubes, transistors, capacitors, etc. Moreover, the
effects of irradiation on insulating and mechanical properties of plastics and elastomers
require consideration, as well as those effects which are produced in various liquids
such as 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 solids; 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 as carried on at Oak Ridge by the
Solid State Division. Included is a summary of advantages and disadvantages of reactors
and particle accelerators as research tools.
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NAVR-SYM-ACR-2(18)

Pomeroy GW

DETERMINATION OF THE EFFECTS OF RADIATION FIELDS ON DIELECTRIC
MATERIALS,

General Electric 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 all 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 nuinber of
organic liquids, lubricants, plastics, elastomers, and ceramics.

NAVR-SYM-ACR-2(21)

Mannal 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, nhow under construction 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 is 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, radiocactive 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/hr. 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 tests applied to the materials and subsequent impro{remen’cs.

Further information is contained on the radiation resistance of optical glasses as used in
special periscopes used for viewing areas of intense radiation in the SIR reactor.
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NBS-5335

Van Ness HN and French JC

EXPLORATORY MEASUREMENTS OF THE EFFECTS OF GAMMA RADIATION ON SMALL

SIGNAL PARAMETERS AND Ingg 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 carried out in the Radiation
Physics Laboratory for the Department of Defense. Thé genéral purpose of this progr.ani
is to evaluate radiac instruments with particular regard to their response over a wide
range of dose rates and spectral energies of the incident radiation, and their stability -
when operated for extended periods of time under various environmental conditions.
Many of the instruments are in the developmental stage, and it is expected that design
factors will be evaluated. The present report is concerned with studies of Type 2N43A
transistors to determine their suitability as components of radiac equipment. The
specific tests consisted of measurements of the effect of gamma radiation on small
signal parameters of these transistors. The study was carried out with the assistance
of the Bureau's Electricity and Electronics Division. The samples of the 2N43A tran-
sistors were submitted for this study by the Bureau of Ships Code 854.

NRL-5161

Salkovitz E I, Bailey G C and Schindler Al
EFFECT OF NEUTRON IRRADIATION ON THE CURIE TEMPERATURE OF A VARIETY

OF FERRITES,
Naval Research Laboratory, Washington, D. C., July 1, 1958, 5 pp.

A Vd.l"l.b'l,y of commerc1ally available ferrites were irradiated in the Brookhaven reactor

for a total integrated flux of 1.2 x 10*7 nvt (fast), at a temperature of 50°C. None of the
samples showed a significant change in the Curie temperature.

NRL-MR-146

McClinton A T, et al.

ENGINEERING PHYSICS OF DIELECTRICS--PROGRESS REPORT NO. 1,

Shipboard Systems Branch, Electricity Division, Naval Research Laboratory, Washmgton 25, -
D.C., April 1, 1953, 43 pp. (5 refs).

This progress report covers three areas of activity: radiation effects on dielectrics,
functional evaluation of insulating systems, and nondestructive testing of insulation.

Dielectric tests have been run using a 2.5-curie source of Co®%. Teflon, Formex, and
Fiberglass have been tested with no discernible changes in capacitance and dissipation
(hence, AC resistance) at 1000 cycles. Reductions in DC resistance at 100 volts have
been noted.

Additional studies are plarmed as soon as a 2000-curie source and 2 Mev Van de Graff
accelerator can be procured.
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NRL-MR-218

McClinton A T, et al.

ENGINEERING PHYSICS OF DIELECTRICS--PROGRESS REPORT NO. 2,

Shipboard Systems Branch,Electricity Division, Naval Research Laboratory, Washmgton 25,
D.C., October 1, 1953, 24 pp. (11 refs).

The past six months have brought all phases of this program into the -experimental stage.
Radiation sources have been received and installed for the study of radiation effects on
dielectrics. These sources include 2500 curies of Co®° and a 2-Mev Van de Graaff
electron 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 obtainment of applicable engineering data. With the accumu-

- lation of experimental information, it is intended to develop additional instrumentation
to measure mechanical and chemical changes. Concurtently, a theoretical approach will
be crystallized to determine more accurately the causes of property changes resultmg
from radiation.

Preliminary studies with models of motors (motorettes) have been completed, and the
functional evaluation of insulation systems has been formally started.

NS-0858-1

Davidson R A and Rosen B H .
EFFECTS OF RADIATION ON VIDICON PERFORMANCE,
IRE Transaction on Nuclear Science, Vol. 5, No. 2, pp. 46-49, August (1958).

A commercial 1-inch vidicon was exposed to a total radiation dosage of approximately
10*® nvt in the Brookhaven National Luboratories Nuclear Pile Reactor: Quantitative
tests 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 browuing of vidicon glacc foceplate.

ORNL-57-12-125

Pigg J C

THIRD QUARTERLY LETTER PROGRESS REPORT,

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract-No. AF33(616) 57-11,
December 23, 1957.

This report contains two articles. The first, entitled ""Irradiation Effects in Photo
Cells," directs its attention toward-the effects of neutron and-gamma radiation on chem -
ically deposited, thin films of lead sulfide. The second, entitled "Irradiation Effects in
Semiconductor Barriers," presents a survey of pertinent work in this area at ORNL,
-along with a summary of the basic concepts-upon'which this work is based.” Both semi-
conductor materials and semiconductor devices are discussed.
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ORNL-277

Stilson CE
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 transformer in an operating pile to
detérmine the suitability of the differential transformer as a position-sensory instru-
ment in determining the elongation of a test bar in creep test radiation damage studies.

ORNL-1540

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) are shown. In each case, the measured melting
point was within £3.7°C of the melting point, and the accuracy of the measurement was
well- within potentiometer circuits 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.O. Box P, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,
March 19, 1954, 13 pp. (8 refs). ) L . :

Measurements have been made on radiation-induced changes in the phase constant and
attenuation of two coaxial cables while being irradiated. The measurements were made
in the region of 4 MC. ' At this frequency the change in dielectric constant was -
1.4 * 0.4 % for both dielectrics after roughly 2 x 10*® nvt." The change in attenuation was
+ 2% for polyethylene and within the range of error for téflon. The phase constant and
attenuation were found by measuring the input impedance of an open-ended length of cable
in the neighborhood of its quarter-wave frequency. Assuming a uniform cable dielectric
and-no other variables, the input impedance has a minimum at this frequency From the
minimum the attenuation and phase constant-are found. :

ORNL 1852

Howe JJ. T (Editor). :
SEMIANNUAL PROGRESS- RDPORT FOR PERIOD ENDING FEBRUARY 28, 1955,

Solid State Division, Oak Ridge National Laboratory,’ Oak Ridge, Tenn., - o
Contract No W 7 7405 Eng 26 June 10 1955 161 pp. (101 refs)

This report covers work’ performed at ORNL ‘in the Sohd State Division. ' The subjects
investigated are as- follows: (1) energy levels in fast-neutron irradiatéd p-type -
germanium, (2) effect of bombardment, on-hole: rhobility in p-type germanium, -(3) photo-
conductivity and mmorlty carrier traps in bombarded n-type germanium (4) annealing
of irradiated germanium, and (5) determmatlon of energy levels in germamum by trans -
mutation doping. S - -
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ORNL.-1945

Billington DS (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 refs).
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This report covers the progress of the Solid State Division during the period
February 28 through August 30, 1955. Work in each of four areas is outlined below:

Solid State Reactions

Fast-neutron irradiation was found to produce interstitials and vacancies in the semi-
conducting, intermetallic compound gallium antimonide, and vacuum heat treatments
preferentially anneal the interstitials, leaving an excess acceptor concentration. The
effects of reactor irradiations on the electrical properties of electrical insulation were
found to be accelerated aging plus the generation of semiconductor-like properties in the
insulator. Further 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 results.

Optical spectra properties of irradiated silicone glasses were measured and efforts were
made to determine annealing processes. ‘ , :

Engineering Properties

A study is being made of the physical properties of a variety of ceramic materials which
have been eéxposed to reactor irradiation.

Radiation Metallurgy

Metallurgy during the period was confined to pre- and post- 1rrad1a1:1on tests of steels in
the Homogeneous Reactor Project.

Nuclear Measurements

Flux-depression experiments were conducted at MTR to compare 1/v absorbers to
237 23
resonance -type absorbers, also miniature fission chambers using Np®~°, U ®, and some

other materials.

Flux measurements of the BNL Graphite Reactor were completed. The use of gamma-
ray scintillation spectrometer techniques for analysis of beryllium is discussed.

Special Projeéts

Resistivity changes in alpha brass as a function of neutron irradiation were detected but
not correlated. Agreements in results were obtained in both single crystals of brass and
polycrystal experiments. The neutron radiation effect on pre01p1tat10n hardening in
nickel-beryllium correlated well with theoretlcal analysis.

Electron-Spin resonances in irradiated Corning silica glass were measured and analyzed.
The annealing kinetics of neutron-irradiated lithium fluoride were derived from data on
irradiated crystals. The quenching effects gold-cadmium alloys were investigated.
These included measurements of resistivity and density.

X-ray diffraction measurements of irradiated ceramics and glasses were made and
studied. Results of these studies are included.



ORNL.-2081-52

Simon A

DIFFUSION OF 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.O. Box X, Oak Ridge, Tenn., November 20, 1956, 1 p.

The diffusion rate of ions across a magnetic field has been investigated both experiment-
ally and theoretically. The resultant diffusion coefficient is found to vary inversely as
the square of the magnetic field strength, in accordance with the usual collision-diffusion
theory. The magnitude of the coefficient is much larger (x 700) than the coefficient pre-
dicted by the usual ambipolar diffusion theory. This discrepancy is resolved by showing
that diffusion across a magnetic field is not ambipolar in character in most arc experi-
ments. The final experimental and theoretical values are in good agreement, and it is
unnecessary to postulate any additional diffusion mechanixms, such as plasma oscilla-
tions. '

ORNL-2081-53

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.O. Box X, Oak Ridge, Tenn., November 20, 1956, 2 pp.

The diffusion rate across a magnetic field due to collision of like charged particles is
derivable from the macroscopic equations of the plasma. However, it is necessary to
include the off-diagonal terms in the stress tensor. The resultant diffusion rate does
not obey Fick's law and is proportional to the inverse fourth power of magnetic field
strength.

PB-131423

ENVIRONMENTAL REQUIREMENTS GUIDE FOR ELECTRONIC PARTS, .
Department of Defense, Advisory Group on Electronic Parts, Office of the Assistant
Secretary of Defense, Research and Engineering, October (1957), 7 pp.

Electronic parts must be capable of sustained operations not only under the conditions
required of the prime equipment to which they are applied, but also in their environ-
ments within that equipment. To assist in achieving these objectives, this document
establishes a guide for research and development requirements for environmental °
design, to be used in current and future electronics planning, as wAe'll as appropriate
test procedures.

Environmental requirements are broken down into 10 categories or groups by use to
which the component is to be put. The requirements of each group are outlined in each
of the environments listed below: : '

Temperature h " Explosive Atmospheres
Pressure Nuclear Radiation
Moisture Sand and Dust
Vibration Salt Spray

Shock : Flammability
Air-Induced Vibration . Fungus

Acceleration ’ Life

181



The methods of testing and measurements for each condition are explained.

PDCPC-3742-MM

Arbuthnott J, Jr. and McKean A L

STYROFLEX CABLE CHARACTERISTICS UNDER NUCLEAR RADIATION,
Phelps-Dodge 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
strong nuclear radiation fields such as those where control cables must run to monitor
radiation intensity in nuclear reactors. One of the most critical problems associated
with this application is one of noise. It was considered most essential 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 summarizes the results

of electrical measurements made on 3/8, 50-ohm styroflex cable while exposed to strong
nuclear fields in the research reactor at Brookhaven National Laboratory.

PR-105%7

Bemski G and Augustymak W M
ANNE ALING OF ELECTRON BOMBARDMENT DAMAGE IN SILICONE CRYSTALS
Phys. Rev., pp. 645-648, October-December (1957).

Silicon crystals were bombarded at room temperature with electrons of 700 kev from a
Van de Graaff accelerator. The annealing of the bombardment damage was studied be-
tween 200° and 400°C by observing the recovery of the minority-carrier lifetime. The
annealing was found to proceed with an activation energy of 1.3 ev. This is interpreted
as being the activation energy associated with the lattice jump frequency.

The kinetics of the annealing are identical in most p-type and n-type crystals. A second

order process has been identified toward the end of the annealing. h.v1dence 1s given
that crystalhne defects can influence the anneahng kmetlcs .

PUR-NP-7109

Longo Thornas Anthony
NUCLEAR IRRADIATION OF SILICON SEMICONDUCTORS :
Department of Physics, Purdue Univ.’, Purdue, Ind., August (1957),180 pp (36 refs)

There is a great interest in the effects of high energy' nucleon irradiation on matter. In
particular, the physical properties of semiconductors have been found to be very sensi-
tive to the disorder introduced by energetic nucleon irradiation. However, most of the
previous information had been obtained for germanium. Therefore the object of this
work was to investigate the effects of nucleon 1rrad1at1on on the electr1cal and optlcal
propertles of 5111con

After fast-neutron irradiation, the inverse temperature dependence of the logarithms of
Hall coefficient and resistivity of both n-type and p-type single crystal silicon samples
indicated that intrinsic behavior was approached in each sample. ‘A 1.75u peak in the
optical absorption coefficient was observed. This peak is believed to result from optical
excitation rather than ionization of an introduced defect level, ‘since it is not accompanied
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~ by an increase in photoconductivity. Apprec1ab1e photoconduct1v1ty was observed beyond
the fundamental region to about 1.45 microns.

Annealing experiments were continued on a polycrystalline p-type silicon sample which
had been previously irradiated with fast neutrons. After annealing at temperatures
ranging from 150o to 250°C, the slopes of the logarithms of Hall coefficient and
resistivity vs 10 /T decreased, suggesting the rearrangement of introduced defect levels
accompanying annealing. During annealing, the absorption peak at 1.75u gradually dis-
appeared and an absorption tail extending past 30u 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 silicon were irradiated
with 9.6 Mev deuterons from the Purdue cyclotron. The Hall coefficient and conductivity
of degenerate and nondegenerate samples were measured as a function of irradiation.
The carrier concentrations of all samples were reduced by irradiation.

For n-type degenerate samples, the change in carrier concentration with flux An/f¢ = -67
electrons cm™* per deuteron, and for p-type degenerate samples Ap/$é = -750 holes cm™*
per deuteron. These compare favorably with a calculated rate of defect pair introduction
AN /Ad = 775 defect pairs cm™ per deuteron, with one carrier removed per pair.

This work supports the belief that the introduction of close vacancy 1nterst1t1a1 pairs is
the predommant effect of 1rrad1at10n

The changes of carrier concentration with flux decreased rapidly as the Fermi level-
moved into the forbidden band. The interstitial states appeared to be at 0.025 ev from
conduction band and the vacancy states at 0.055 ev from the valence band.

For heavy irradiations, the removal rates were lower in the degenerate and higher in
the nondegenerate regions than what was observed for smaller irradiations. This sug-
gested clustering of defects and the states associated with these clusters appeared to be
introduced deep in the forbidden gap. :

REIC-1 AD-147399

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 art of radiation effects in semiconduc~
tor materials. This work is primarily of a fundamental natyre. The experiments

- .described were designed to reveal basic types of damage. In some cases, it will be noted
‘that very large fluxes (up to about 10'° nvt in case of neutrons) were used in these ex-
periments to produce significant changes. With proper understanding of the mechanisms
involved.in radiation damage, as obtained from these experiments, useful predlctmns '
concerning the damage of many materials will be possible. g

At present, it appears that germanium is relatively radiation resistant. For germanium
which is presently being used for devices (1 to 30 ohm-cm), the minority-carrier life-.
time and the conductivity begin to be affected around 10! fast neutrons per cm?®. If less
pure germanium is used (<1 ohm-cm), it becomes. more radiation re51stant Since ger-
mamum devices are unable to operate at temperatures much in excess “of 100°C they are
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being replaced by silicon in military applications where high ambient temperatures are
involved. On the other hand, silicon appears to be much less radiation resistant than
germanium, by as much as a factor of 2. There is a significant lack of information about
irradiation damage in silicon.

With the information obtained thus far, it appears that the development of compound semi-
conductor materials suitable for devices is the next logical step. These materials should
have high mobilities and would have to possess a large energy gap (1.1 to 2 ev) to permit
operation at elevated temperatures. They should consist of atoms which are at least as
massive as germanium atoms to be radiation resistant. It would be desirable to develop
a material such that when operated at temperatures between 200° and 500°C, the rate of
annealing is comparable to the rate of radiation damage for practical equ111br1um defect
concentrations and levels of irradiation.

To have a complete picture of the mechanisms involved in annealing, more irradiation
should be performed at very low temperatures (at and below 80°K). Thls Is parlicularly
true in the case of compound semiconductors where annealing studies may help (v differ=
entiate between the various types of defects.

REIC-1(Add 1) AD-210758

Aukerman L W

THE EFFECT OF NUCLEAR RADIATION ON SEMICONDUCTOR MATERIALS,
Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, OChio,
March 31, 1959, 30 pp. (116 refs).

The literature on the effects of high-energy-radiation semiconductor materials received
by the REIC during 1958 and 1959 has been reviewed and compared. The materials
covered are germanium, silicon, and several compound semiconductors including indium
antimonide, gallium antimonide, indium arsenide, aluminum antimonide, and gallium
arsenide. All types of irradiation capable of producing permanent damage are considered.
A rather serious discrepancy between theory and experiment appears to be present in
most cases investigated..

REIC-2 AD-149551

Hansen J ¥, Harrison SE 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.

This report presents the state of the -art of the effect of nuclear radiation on electronic
components and systems 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, resistors, semiconductors, magnetic core material, trans-
formers, batteries, printed-circuit boards, thermocouples, tapes, and strain gages.

REIC-TM-4

Aukerman LW 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 refs).
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The objectives of this report are to review and compare the methods employed by various
investigators for determining bombardment-produced energy levels in semiconductors
and to compare their results. The greater portion of the report is concerned with the
methods for determining the energy levels.

There are four of these methods which are: (1) carrier concentration versus flux; (2)
temperature dependence of carrier concentration; (3) minority carr1er 11fet1me measure-
ments; and (4) photoconduct1v1ty and- optlcal absorption.

REIC-TM-5"

Hassler KE, Hansen JF and Wyler EN

THE EFFECT OF NUCLEAR RADIATION ON TRANSISTORS,

Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio,
Contract No. AF33(616)-5171, November 30, 1958, 13 pp. (14 refs).

The designer, in selecting a transistor type for a specific application, must consider the
radiation-induced transient effects that are manifested as increased leakage currents and
induced voltages, semipermanent effects which disappear after removal of the radiation,
and the permanent effects that increase as a function of continued exposure. Silicon

. transistors are generally more susceptible to radiation damage than are germanium units;
thick-base transistors are 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

Dreuniiain JE and Harrison 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 illustrations show the effect of radiation on the forward and reverse character-
"istics of a number of diodes. ‘Semiconductor diode behavior under nuclear radiation is
summarized. Both silicon and germanium type diodes are 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, Oh1o

Contract No. AF33(616)-5171, November 30, 1958, 4 pp. (5 refs).

" This memorandum presents a summary of the information available in the REIC files 6n
the effects of nuclear radiation on transformers and transformer materials. Recommen-
dations regarding materials for transformer construction are also presented. The ‘
materials discussed are: transformer iron; and transformer insulations, windings, im-
pregnations, structures, termmals and fittings. '
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REIC-TM-12

Reid FJ 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
materials. Information is given showing the change in permeability, coercive force and
remanence as a function of radiation levels. A list is included which gives the organ-
izations presently doing work on radiation effects in magnetic materials.

REIC-TM-14

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 electrical insulation in huclear-radiation environments is primarily due to
the mechanical and phygical deterioration of the materials rather than (o gross changes

in their dielectric properties. The ionizing effects of radiation in organic insulators lead
to a series of complex chemical reactions (predominantly cross-linkage or chain cleavage)
which drastically alter the nature of the material. The integrated fast-neutron break-
down flux for the most radiation stable of the orgamc insulators, polystyrene and poly-
ethylene is estimated to be 10%° and 10*° n/cm , respectively. Elevated temperature,

a common adjunct of a nuclear-radiation environment, tends to advance the deterioration
of organic materials.

Except for glass, the inorganic materials used as insulators are much more radiation
resistant than are the organic polymers. Damage in ceramic substances arises from
atomic displacements and is manifested as changes in the lattice parameters, strength,
electrical properties; and dimensions. Most ceramic materials are able to withstand
integrated fast-neutron fluxes of 10> n/em™ before they become unsatisfactory as 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 certain applications of insulators.

REIC-TM-011558

Lamale GE 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 refs).

This technical memorandum discusses briefly the history of transient behavior of
radiation-induced changes in electrical resistance of insulators. The more recent work

is also discussed.

Two tables are included: resistivity of insulators after reaching equilibrium and resistiv-
ity -as a function of dose for various insulators.
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SCTM 90-59(51)

Mclver FM
INSTRUMENTATION OF EXPERIMENTS ON N-TYPE GERMANIUM AT THE LOS ALAMOS

GODIVA FACILIlY,
Sandia Corporation, Albuquerque N.M., Contract No. AT- (29-1)-789, March 24, 1959 11 pp.

The sample preparation, instrumentation, and control systems for several exper1ments
made on N-type germanium at the Godiva radiation facility are described.

SCTM 181-58(16)

Tschaeche A N
THE PENETRATION OF PRINTED CIRCUIT BOARDS BY ETCHING SOLUTION,
Sandia Corporation, Albuquerque, N.M., Contract No. AT-(29-1)-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 tracer techniques. It was found that the

" etchant, in this case ferric chloride, penetrated boards with the following types of insul-
ation to a depth of about 1/8 inch: glass epoxy, glass melamine, paper phenolic, and
nylon phenolic. Boards using glass silicone insulation were penetrated to a depth of at
least 1/2 inch. Very little, if any, further penetration occurred after the boards were
removed from the etchant. The amount of etchant penetrating the first 1/8 inch of the
boards varied from 2.50 x 10° grams of FeCl; per inch of exposed edge in the case of
glass-epoxy insulation, to 260 x 107° grams of FeCl,; per inch of exposed edge in the case
of glass-melamine insulation.

SCTM 187-58(51)

Stein H_J, Berner R R and Mclver 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 reactor irradiation on similar material. Informa-
tion on the minority carrier decay immediately after the neutron pulse was also obtained
along with conductivity changes in a 30-minute period after the pulse. No dose rate
effects could be established from a peak exposure rate of 10%° nfvt/sec by making before
and after (5 days) irradiation measurements of the minority carrier lifetime. A minority
carrier lifetime determined from the photoconductivity-decay immediately after the burst
is larger by approximately a factor of 8 than a lifetime measured 5 days later. The con-
ductivity decreased during the first 5 minutes after the burst. However, 10 minutes after
the burst, the conductivity began to increase again. The temperature change of the sample
was 0.5°C. The conductivity changes therefore suggest that an annealing process must be
occurring immediately after the burst.

SCTM 207-58(51)

Berner R R and Stein HJ

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 refs)
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Annealing of radiation-induced changes of conductivity in germanium was observed as a
function of time after a short pulse of neutrons. The observed changes are explained in
a qualitative theory as being due to the recombination of 'near" and "far" vacancy-
interstitial 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 literature on the effects of neutron and gamma irradiation of semiconductor
materials has been made to determine the present ideas regarding the nature of radiation
damage and the effort being applied to the studies throughout the nation.

There is a gap at present between the capability of measuring the bulk properties of ir-
radiated materials and adequately predicting device behavior. Soue wurk al uviher
laboratories is being directed toward closing the guap. Il may be valuable to follow
experiments and parallel them using high dose rates from Nevada tests and Godiva.

Since Sandia Corporation is in an advantageous position for utilizing high dose rate

facilities, we should be capable of making contributions to the existing fund of knowledge
on radiation effects to semiconductor materials and devices.

SCTM 385-58(14)

Westmark C1I

TRANSIENT BEHAVIOR OF SELECTED SEMICONDUCTOR DEVICES DURING NUCLEAR
RADIATION,

Sandia Corporatlon Albuquerque, N. M., Contract No. AT-(29-1)-789, January 22, 1959,
39 pp.

This report deals with semiconductor device transients during bursts of neutron and
gamma radiation. Radiation-induced permanént damage data are recorded; however,
this aspect of the test program is not discussed herein.

TID-5214

Baldock CR and Hudson E D

ELECTRICAL EQUIPMENT FOR TANKS AND MAGNETS,

USAEC, Technical Information Service, Oak Ridge, Tenn., Contract No. W-7405-Eng-28,
April (1947), 401 pp. :

It is the purpose of this report to give an account of the electrical engineering phases of
the electromagnetic separation process as they relate particularly to the electrical
equipment for the tanks and magnets used in operating the calutron for the separation of
isotopes.

In general each topic is treated on five points: (1) equipment as received on the job,

(2) changes made in the equipment as received to make it operable, (3) service conditions,
(4) service record, and (5) experimental and theoretical studies made.
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The main subjects covered include the magnet with supply equipment and controls, the
high-voltage supplies for tanks used, and the tank auxiliary electrical equipment. The
primary power-distribution system was omitted since it is conventional. In the section
on the magnet, details of the magnet and its supply along with two types of current
regulators used are presented. A discussion of protective gaps is also included. In the
section on the electrical 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 are discussed.

UCRL-3084

Voelker Ferdinand and Leavitt Menard A

A MAGNETOMETER FOR MEASURING FIELDS TO 300 GAUSS, .
University of California Hadiation Laboratory, Berkeley, Calif., Contract No. W-7405-Eng-48,
July (1955) 8 pp.

This report describes the development of an instrument for the measurement of a magnetic
field in an electron cyclotron which has the following characteristics: (a) accuracy of

0.1% to fields of 100 gauss, (b) continuous monitoring of magnetic field to allow automatic
plotting of field versus position of the probe, and (c) quadf‘upole probe construction, mini-
mizing the effect of nearby iron on the measurements. Two newer versions of the probe
have been built, one for measurement of the earth's field which sacrifices field range
above 10 gauss for small size, and the other for fields to 300 gauss which sacrifices
quadrupole construction.

USASRDL.-2007

Long Alton L. and Degenhart Hans J

TRANSIENT EFFECTS OF PULSE NUCLEAR RADIATION ON ELECTRONIC PARTS AND
MATERIALS, ‘

U.S. Army Signal Research and Development Laboratories, Fort Monmouth, N.J.,

January 20, 1959, 52 pp. (3 refs).

Transient changes of the electrical characteristics of selected electronic parts (capaci-
tors, resistors, semiconductor diodes, relays and cables) induced by their exposure to
the short-time high-peak neutron flux pulse of the Godiva II reactor were recorded
dynamically as 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 results obtained for these parts show a very wide range of response to the nuclear
pulse irradiation. No detectable effects occurred in relays. Coaxial RF cable showed a
slight transient decrease in capacitance. Ceramic and glass capacitors increased in
capacitance by several times their original value, recovering completely within a few
milliseconds. The leakage current of tantalum capacitors behaved in a complex manner
recovering within 6 seconds or less. Changes in capacity, however, of this type of
capacitor were not measured. One-megohm carbon film resistors increased in resist-
ance by more than 10% (limit of measurable range) requiring recovery time from 1/2 to
10 seconds depending on the integrated neutron flux. Silicon and selenium diodes showed
pronounced transient effects with respect to both leakage current and forward voltage
drop.
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This first experiment has conclusively demonstrated that low dose, high peak intensity
nuclear radiation pulses can cause serious malfunctioning of certain electronic parts and
materials, and that this behavior is not always related to the effects observed after low
intensity radiation exposure of equal or high cumulative dosage.

WADC-TN-55-639 AD-80851

Panus R J

GAMMA IRRADIATION OF GERMANIUM TRANSISTORS,

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, December (1955)
45 pp.

One-hundred germanium transistors were irradiated by a gamma source, Co®°, for
various periods of time. This was done to determine the effect of controlled amounts of
radiation on these transistors. As the exposed radiation time is increased, a correspond-
ing increase is observed in the change of the four parameters under study from the initial
values.

WADC-TN-56-115 AD~104374

Panos R J

GAMMA IRRADIATION OF GERMANIUM AND SILICON TRANSISTORS,

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, March (19586),
103 pp. (Refs).

Two -hundred transistors were exposed to a gamma source, Co SC  for various periods of
time varying from 25 hours to approximately 200 hours. These units were electrically
tested before radiation and at the following intervals after radiation: 0, 25, 50, and

100 hours. One-hundred units were germanium and the other one hundred were silicon
transistors. Alpha (current gain) decreased as the period of radiation increased for both
germanium and silicon transistors. Silicon Type 904A had the least negative slope and
silicon Type 905 had the greatest negative slope. With increasing radiation, I., increased
greatly for germanium transistors with increased radiation. The silicon units did not
recover as rapidly as the germanium units after radiation. More data and tests must be
. made in order to conclude which type of transistor, silicon or germanium, is less sus-
ceptible to radiation. Also neutron radiation, which has not been covered by this report,
~must be taken into account in the final analysis.

WADC-TR-57-492 (Vol. 1) AD-155527

Harms Harold B and Fraser James C 4

ULTRA HIGH TEMPERATURE MINIATURE POWER. TRANSFORMERS AND INDUCTOR

- MATERIALS,

Specialty Transformer Dept., General Electric Co., Contract No. AF33(616)-3623, May (1958).

The development of electronic power transformers capable of operation in a 500°C
ambient temperature and in intense nuclear radiation. Steps to accomplish this involved
(1) evaluation of the transformer basic materials alone, (2) evaluation of combinations of
the basic materials in transformers, and (3) the development of ceramic processes and
supporting members to give mechanical and moisture protection to the transformers.
Tests were performed under combined high temperature and radiation conditions. Mechan-
ical tests were also combined with high temperatures.
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WADC-TR-57-492 (Vol.2) AD-155528

Harms Harold S and Fraser James C

ULTRA HIGH TEMPERATURE MINIATURE POWER TRANSFORMERS AND INDUCTOR
MATERIALS,

Specialty Transformer Dept., General Electric Co., Contract No. AF33(616)—3623, May (1958).

Three tests were carriedout at the Brookhaven National Laboratory under environmental
conditions of high temperature and nuclear radiation.

Component tests show that transformers can be built to operate satisfactorily for 1000
hours under the required radiation and temperature conditions. These tests indicate that
the greater effect, by far, on material properties and transformers operatmg values is .
that of high temperature.

WADC-TR-58-21 AD-142293

Osborn J A, et al.

SOLID STATE RESEARCH FOR THE ADVANCEMENT OF ELECTRONIC MATERIALS,
Aeronautical Research Laboratory, Westinghouse Electric Corp., East Pittsburgh, Pa.,
Contract No. AF33(616)-304, January (1958), 16 pp. (7 refs).

The final summary report includes: the results of measurements of the magnetostriction
and anisotropy constants of 31 different single crystal alloys, the status of the Magnetic
Materials Handbook, the high temperature measurements of the nickel-iron alloys, and
the effects of composition and processing variables on the magnetic properties of 50-50
nickel iron.

The crystals whose data are reported are those to be subsequently irradiated; following
this treatment, changes in their magnetic and structural properties will be studied. Be-
sides the 7 aluminum-iron alloy compositions previously reported, crystals 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 crystal has been obtained from an outside source.
The magnetostriction and anisotropy constants of the abové alloys have been measured;

in addition, for those systems showing disorder effects, these constants have been
measured for both the ordered and disordered states. New data are reported on some of
the alloy systems not previously available in the literature. Preliminary 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 orig-
inally obtained from magnetization curves.

WAPD-Res-13

Ruffennach R L

INFORMATION PERTAINING TO THE USE OF THERMOCOUPLES IN HIGH NEUTRON
FLUX,

Westinghouse Electric Corp., Atomic Power Division, Bettis Field, P.O. Box 1468,
Pittsburgh 30, Pa., May 24, 1954, 2 pp.

This is a letter concerning the subject-information pertaining to the use of thermocouples
in high neutron flux. The letter points out that, based on available information, no
appreciable effect on the thermoelectric properties of a thermocouple results when ex-
posed to 10** n/cm® /sec.
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Irradiation has an adverse effect on the insulation properties of most materials. As of
this date, insulation materials that have proven satisfactory are magnesium oxide,
aluminum oxide, lava, and ceramic insulation produced by the Stupakoff Company of

" Latrobe, Pa.

" Glass and asbestos are satisfactory insulators for room temperature, but fail at higher

temperatures. As of this date, no flexible insulation has been found that will hold up
under {eradlallou.

WAPD-RES-13 -

Palladino N J

INFORMATION PERTAINING TO THE USE OF THERMOCOUPLES IN HIGH - NbUlRUN
rLUX,

Westinghouse Electric Corp., Reactor Dept., Small Reactors Subdivision, Bettig rield,
P.O. Box 1468, Pittsburgh 30, Pa., May 24, 1954, 2 pp.

This document concerns the effec_t of neutron flux on therrnocouple cahbratmn and in-
sulating mualerials.

WAPD-STR(Ph)-83

Russ William
NEUTRON BOMBARDMENT EFFECTS IN SEMICONDUCTORS,
Westinghouse Electric Corp., September (1955), 23 pp. (25 refs).

This report covers the theory of neutron bombardment in semiconductors.
EXperimental work was done and reported here,

- High energy radiations may bring about extensive changes in the properties of solid sub-
stances. In particular, fast massive particles (alpha particles, protons, deuterons,
neutrons, fission fragments, and to a certain extent electrons) possess sufficient
momentum to produce atomic displacements directly and, hence, induce effects in solids
at all temperatures. - Consequently, radiations.of this type may be expected to induce
atomic rearrangements in materials which are normally very stable and would not be
influenced readily by particles possessing a low momentum.

It is evident, therefore, that the properties of any solid will be drastically altered if an
appreciable fraction, say, 10%, of its atoms are 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 as it moves through a lattice. Radiation effects are conveniently
grouped into two quite distinct categor1es namely, ionization effects and displacement
effects. ' '

WCRT-TN-54-255

Young Robert C

GAMMA IRRADIATION OF CRYSTAL DIODES,

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, December (1954),
6 pp.
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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 are placed in gamma radiation, which returns to normal upon removal if the
dose is low. No change is observed in the forward curve. Above a certain dose (which
was much higher for the silicon 1N137 diodes than the germanium 1N83), the diode held
up as long as irradiation continued, but-deteriorated upon removal. There seems to be

a concurrent increase in forward resistance, but this seems to be negligible until after
the decrease in reverse resistance makes the diode unusable.

ZIF-0756-1

Rozman IM and Tsimmer K G

INVESTIGATION OF THE ELECTRIC CONDUCTIVITY OF INSULATING MATERIALS
BEFORE, DURING, AND AFTER IRRADIATION,

Zhurnal Tekn1chesko1 Fiziki, Vol. 26, pp. 1634-1641, July-December (1956) (18 refs).

A new and simple method is described for measuring the electric conductivity of insulat-
ing materials before, during, and after subjection to ionizing radiation, and for measur-
ing the temperature dependence of the conductivity. This method is used to perform
measurements on compressed amber, polystyrene of various purities, polymethyl
methacrylate, polyethylene, and polychlortrifluorethylene.
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METALS, ALLOYS, AND CERAMICS

AfConl. 15/P /614

Nightingale R E, et al.

DAMAGE EFFECTS TO GRAPHITE IRRADIATED UP TO 1000°C,

Hanford Atomic Products. Paper presented at the 2nd United Nations International Conference
on the Peaceful Uses of Atomic kEnergy, June (1958), 13 pp. (15 refs).

The effect of reactor irradiation on'polycrystalline graphite at room temperature was re-
ported during the 1955 Geneva Conference. Changes in properties . with neutron exposure
at 30°C are now quite predictable. Although the fundamental processes in such a complex
system are far from being well understood, considerable progress has been made in this -
area, and a description of radiation damage in graphite has heen developed. The irradia-
tion effects in graphite above 30°C are less well known. A limited amount of data up to
200°C has been reported. This paper extends the 30°C irradiation data reported
previously to higher exposures, describes the effect of long-term irradiations at 400°

to 500°C and presents a limited amount of data from irradiations at 600° {0 1050°C. An
interpretation is suggested for some of the damage effects observed.

A/Conf.15/P/1878

Bartz M H

PERFORMANCE OF METALS DURING SIX YEARS SERVICE IN THE MATERIALS TEST-
ING REACTOR,

Phillips Petroleum Company. Paper presented at the 2nd United Nations International
Conference on the Peaceful Uses of Atomic Energy, June (1958), 23 pp.

The MTR has operated for six years without a single failure of equipment that can be
attributed solely to the effects of radiation changing properties of the metals used in its
structural and fuel components. The fact that the MTR to date has not been troubled by
failure of components does not mean that its future will be as pleasant nor does it mean
that other reactors will be trouble free in this respect. The properties of materials used
in reactor core construction are changing constantly and surveillance programs should
be in effect, in any reactor operation, by which it is possible to determine changes in
properties that may result in equipment failure. As more and accurate information
covering long-time effects of radiation on materials properties becomes available, it
may be possible to 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.

A/Conf.15/P /1978

Wilson J C

EFFECTS OF IRRADIATION ON THE STRUCTURAL MATERIALS IN NUCLEAR POWER
REACTORS,

Oak Ridge National Laboratory. Paper presented at the 2nd United Nations International Con-
ference on the Peaceful Uses of Atomic Energy, June (1958), 26 pp. (26 refs).
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Structural and nonfissile metals are among the least sensitive of materials to radiation
effects that would injure their engineering properties for use .as reactor components.
There are instances, however, where the engineering properties of metals are adversely

. affected by irradiation. The problem of evaluating the influence of irradiation effects is
difficult because there are still very few data; the influence of a number of irradiation

. and material variables is unknown; some data suggest that irradiated materials have dis-
tinctly different, if not new, properties compared to unirradiated materials; and because
the exact exposure conditions of metals in service in power reactors are not well known.

The greater part of this paper will be concerned with the effects of irradiation in pressure

vessel materials. In addition, the general nature of radiation effects in the face-centered
cubic metals and alloys will be described.

A/Conf.15/P /2385

Holmes D K, et al.

ON THE INTERPRETATION OF RADIATION EFFECTS IN THE NOBLE 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 to 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
to summarize 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 at the 1955 Geneva
Conference and published in more complete detail early in 1956. In the meantime,
several decisive experiments have been carried out which have clarified a part of the
picture. This report attempts to survey the present status of the topic even though un-
certainties still persist. .

AD-337(c)

Shelberg W, et al.

CHEMICAL DECONTAMINATION OF STAINLESS STEEL AND 24ST ALCLAD ALUMINUM,
Final Report, Technical Objective AW -5c. Applied Research Branch, Chemical Technology

Division, U.S. Naval Radiation Defense Laboratory, San Francisco 24, California, July 24,

1951. 24 pp. (8 refs).

Comparisons are made regarding the abilities of a number of surface active agents,
complexing agents, commercial detergents, and mixtures of these materials to decon-
taminate surfaces of stainless steel and alclad aluminum (24ST) contaminated with
neutral mixed-fission-product contaminant (strontium, yttrium, zirconium and niobium);
comparisons are made at room (20-5°C) and steam cleaning (70-6°C) temperature.
Several reagents are quite efficient at room temperature, and a tendency for an increase
in decontamination with an increase in temperature is frequently noted. Graphs define
the dependency of decontammatlon upon pH at both temperatures for stamless steel and
alclad aluminum.

AD-25302

Epstein Benjamin I(Project Director).
OUTLINE OF RESEARCH IN LIFE AND FATIGUE TESTING,
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Final Report, April (1951) - January (1954), Department of Mathematics, Wayne Un1vers1ty,
Detroit, Mich., Contract Nonr-451(00)(NR-042-017), 24 PpP- (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 tests is
that information becomes available continuously and failures, when they do occur, are
naturally ordered. In the course of this research, statistical procedures were developed,
in life testing, which are 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 statistics.

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.

AD-89451 ARC-3694

THE EFFECTS OF 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 im-
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, are in turn available
only to that program. Contractors requesting reports should indicate the contractual
connection in which they are needed. Requests for reports should be sent to the Armed
Services Technical Information Agency, Dayton, Ohio. Requests from the Washington,
D.C. area should be sent to the ASTIA Reference Center, 'I'echnical Information
Division, Library of Congress. :

For TIP reports, the number which appears in the upper left-hand corner is sufficient
identification. For reports not bearing TIP or 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 reéport.

This bibliography contains reference information pertaining to alkali halide crystals,
crystals and semiconductors, glass and optical materials, metals and alloys, organic
compounds, packaging materials, photographic film and emulsions, and plastics and
elastomers. :

AD-93436 ARC-3694 Suppl 1

THE EFFECTS OF RADIATION ON MATERIALS,
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A Report Bibliogi'aphy, 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.

AECD-3095

Blewitt TH and Coltman R R, Jr.
THE EFFECT OF REACTOR IRRADIATION ON THE STRESS-STRAIN CURVE OF COPPER
(Copy avallable in Sandia Corporatlon Library), 4 pp.

A single crystal of copper was grown under high vacuum by the Bridgeman method. The

copper was irradiated to a fast flux of about 2 x 108 nvt. A stress-strain curve of the
copper crystals before and after irradiation is shown. -

AECD-3454 ANL-4790

Untermyer S and Weills J T

HEAT GENERATION IN IRRADIATED URANIUM,

Argonne National Laboratory, Chicago 80, Ill., Contract W-(31-109)-Eng-38, February 25,
1952, 20 pp. (13 refs).

This report presents data on the heat generated in irradiated uranium. Results are
presented both as curves and formulae. The data cover the range between 10™ and 10°
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. Decay of'U-239 and 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 are included which cover "A Calorimetric Measurement of Fission

Product Heating in a Uranium Rod'', and "Radioactive Decay of Fission Products,"
respectively.

Appendix II - Steinberg, E P, "Power Decay of Fission Products."
AECD-36179
Spalaris C N
ADSORPTION PROPERTIES OF 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).
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The introduction discusses theoretical considerations of the experimental problem,
general characteristics of the graphite used in the experiments, and radiation flux used
for sample exposure. The report consists of additional sections on experimental methods:
experimental results; surface characteristics of virgin graphite; surface characteristics
of irradiated graphite; discussion of experimental findings; and conclusions.

Graphite is a crystalline solid whose importance occupies a prominent position in the
development of atomic energy. The use of graphite as moderator material in atomic
reactors has necessitated a large quantity of information concerning the effects of
radiation flux on its physical and chemical properties. Research undertaken al various
laboratories dealt primarily with the effects of radiation flux on physical properties of
graphite such as dimensional characteristics, electrical resistivity, thermal conductivity,
Hall coefficient, crystalline structure and stored energy. All of these properties undergo
significant changes when graphite is subjected to radiation flux, and in particular ener-
gotly neutron flux, ' '

One of the most important effects induced by neutron irradiation on graphite, in a low-
temperature (20°-100°C) environment, is the changes of its physical dimensions.

AECD-3796

Cooper EP and Mills MM , '

THE POSSIBILITY OF FREEZING-IN RADIATION DAMAGE EFFECTS IN SIMPLE METALS,
North American.Aviation, Inc., Downey, Calif., Contract No. AT-(11-1)-Gen-8, June 20, 1950.
11 pp. (8 refs). :

The desirability of observing radiation damage effects in simple metals has led to the
suggestion that damage could be "frozen-in" by conducting experiments at low tempera-
ture. Vand's data has been utilized to estimate the necessary low temperature for a
number of metals, with the result that exposures at solid CO, temperatures will probably
be adequate in many cases and experiments conducted at liquid air temperatures will al-
most certainly be successful. This conclusion is supported by experimental data for
copper, for which damage effects have been retained at ~100°K.

This report is based on studies conducted for the Atomic Energy Commission under
Contract AT-(11-1)-Gen-8. :

This report, althoﬁgh not conclusive, provides combined experimental-theoretical indi-
cations that radiation damage may be ''frozen-in" at low temperatures in simple metals.

AECD-3928

Faris F E . )
RADIATION EFFECTS QUARTERLY PROGRESS REPORT, JANUARY - MARCH, 1954,
Atomic Energy Research Department, North American Aviation, Inc., Downey, Calif.,
Contract No. AT-(11-1)-Gen-8, August 15, 1954, 48 pp. (22 refs). '

This report discusses the following topics relative to graphite: thermal conductivity of
graphite; thermal conductivity of Brom-Graphite residue compounds; field dépendence of
the Hall Coefficient and the Magneto Resistance of irradiated graphite; cyclotron irradia-
tion of graphite; and asyrﬁptotic aging experiments. '

200



Relative to metals the following topics are 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 terms of electrical resistivity and thermo-
electric power; and elastic constants and internal friction.

In addition to these, radiation damage in insulators, cyclotron operation, and statitron
operation is discussed. -

AEC-TR-3210

Zakharov A1 and Maximova O P

THE INFLUENCE OF NEUTRON IRRADIATION ON MARTENSITE TRANSFORMATIONS,

Translated from Russian by S. J. Rothman Central Scientific Research Institute of Ferrous
Metallurgy, 4 pp. (16 refs).

This paper describes the effect of in-pile irradiation of the order of 107 neutrons per
cm?® on several 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 terms
of exposure.

AECU-2906

Wrack D and Wert C
THE ROLE OF CRYSTAL STRUCTURE AND IRRADIATION EFFECTS ON MATERIALS
University of Ill1no1s Urbana, I11., April (1955), 24 pp.

The resistivity of iron has been determined to increase more than that of cobalt and
nickel when these metals are bombarded at -1500°C by 12 Mev deuterons. The same
effect was observed for iron and nickel by neutron irradiation at room temperature.
This result may be interpreted as indicating that iron is affected to a greater extent than
either cobalt or nickel by heavy particle bombardment, though other interpretations may
also be made. Annealing of the cyclotron irradiated samples showed that a smaller
fraction of the effect produced in iron remained a room temperature anneal than cobalt
and nickel. Also bombarded were titanium and vanadium.

AECU-3684

-Koehler J S, et al.

IRRADIATION DAMAGE AT LOW TEMPERATURES IN THE NOBLE METALS,
Department of Physics, University of Illinois, Urbana, Ill., Contract No. AT(11-1)-182,
May (1958), 26 pp. (22 refs).

~ This report is a survey which attempts to assess the knowledge in the field of ir:radiation
damage at low temperatures in the noble metals.

At present there is every reason to believe that the damage introduced into a metal by

nuclear irradiation consists of clusters each containing interstitials and vacancies plus
some close pairs. The simple theory of damage using a discrete displacement energy
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predicts amounts of damage which are too large. There are three possible reasons for
the discrepancy. First, the agitation of it, particularly in close pairs. Second, the
assumption of a single discrete 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 per primary, will re-
quire revision. At present the third possibility seems unlikely in copper because reason-
able numbers of close pairs are found.

AERE-C/M-290

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 uranuim dioxide has been irradlaled In the Hurwell 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 irradiation continued and possible reasons for this are given.

AERE-C /R=345

Wright J and Brook DW
EXPERIMENTS ON THE STRENGTH OF GLASS AFTER FAST NEUTRON IRRADIATION,
Atomic Energy Research Establishment, Harwell, Berkshire, England, May (1949).

Thin rods of various glasses were irradiated inside a hollow uranium cylinder near the
centre of G.L.E.E.P. They were then tested to destruction by loading the mid“point

of each rod while it was supported horizontally on two knife-edges. The results of these
tests were compared with those on similar unirradiated glass rods. Soda glass, lead
glass, Phoenix, Pyrex, Hysil and fused silica were studied.

ARRE-T.ib/Trans-584

Zimen KE and Schmeling P :
THE DIFFUSION OF NOBLE-GAS FISS_ION 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 as fission products when uranium is
irradiated 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 reactors.

Some results are communicated in respect of the diffusion of Xe?33 in uranium.

AERE-M/R-2305

Thompson MW
THE STRENGTH OF SILICA GLASS AFTER PILE IRRADIATION AT 100°C AND -196°C,
Atomic Energy Research Establishment, Harwell Berksh1re England, June (1957).

The strength of s111ca glass'rods, rneasured at 196°C has been observed after irradia-

tion in BEPO at 100 C and at -196°C. No changes greater than 10% were observed after
2.4 x 10*° n/cm at +100°C or after 1.6 x 10*° n/cmz at -196°C.
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AERE-M/R-2515

Churchman A T, et al.
THE TENSILE PROPERTIES OF STEEL IRRADIATED WITH NEUTRONS,
Atomic Energy Research Establishment, Harwell, Berkshire, England, March (1958).

The tensile properties of En® structural steel have.been measured before and after ir-
radiation with neutrons to a maximum dose of 9.1 x 10*® n/cmz. The effect of grain size

and testing temperature on the yield and fracture strengths have been determined.

The results have been analyzed in the light of Cottrell's relation for the transition from
ductile to brittle fracture.

AERE-M/R-2536

Burnett R C, Allen JM W and Harries DR

THE EFFECTS OF NEUTRON IRRADIATION ON THE DUCTILE-BRITTLE TRANSITION
TEMPERATURES OF WELDABLE STRUCTURAL STEELPLATE--EXAMINATION OF A
WELDED DUCOL W-30 STEEL PLATE OF 4-5/8 INCH THICKNESS,

Atomic Energy Research Establishment, Harwell, Berkshire, England, April (1958).

Neutron irradiation effects on the notched-bar properties of a 4-5/8 in. thick welded
Ducol W. 30 steel plate are described. Notched specimens machined from various levels
in the parent plate and Weld metal were 1rrad1ated to integrated neutron doses of

4 x 10*° n/cm® at both 50° to 60°C and 130° to 140°C and tested in slow bend.

AERE-M/R-2555

Hull D and Mogford 1L

ESTIMATION OF THE INCREASE IN NOTCHED IMPACT TRANSITION TEMPERATURE OF
STEELS IRRADIATED WITH NEUTRONS,

Atomic Energy Research Establishment, Harwell, Berkshire, England Apr1l (1958).

The method, developed by Cottrell, of estimating the increase in notched impact
transition temperature, AT, with irradiation dose, ¢, from tensile experiments is
described. The value of the constant AT /¢ 1/3 is calculated for four grain sizes of En?
steel. There is reasonable agreement between the estimated values and experimental
results. The value of this method of determining the sensitivity of steels to radiation
embrittlement is emphasized and the experimental work required to produce the data is
outlined.

AERE-M/R-2582

Makin M J . , .
WORK SOFTENING IN IRRADIATED COPPER,
Atomic Energy Research Establishment, Harwell, Berkshire, England, May 4(1958).

. The ternperature dependence of the flow stress of polycrystalline copper, both unirridiated
and after neutron irradiation, has been investigated by repeated tensile testmg first at one
temperature and then at another temperature. In this way reversible and irreversible
temperature effects can be separated. .
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AERE-M/TN-27

Glen J W
A SURVEY OF RADIATION EFFECTS IN METALS,

Atomic Energy Research Establishment, Harwell, Berkshire, England, July 15, 1954, 63 pp
(177 refs).

The unclassified literature on the various effects which irradiation with nuclear particles
has on the properties of metals is surveyed. Effects in other materials 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 electrical resistance of pure
metals and alloys and their annealing; radiation effects on the properties of semi-
conductors, and on the mechanical properties of metals, radiation induced phase changes;
effects on X-ray and electron diffraction patterns. The experimental data are summarized
in a table.

AERE-M/TN-28

Levy M ) :

RADIATION COLORATION IN GLASSES,

Atomic Energy Research Establishment, Harwell, Berkshire, England, December 3, 1954,
6 pp. (33 refs).

Radiation coloration in ordinary glasses has been proposed as being due to a super-
position of several absorption bands, each one having characteristics similar to those of
an alkali halide F-band. The centres in glass are called G-centres and each centre is
proposed as being due to an electron trapped at an oxygen ion vacancy in the neighbour-
hood of a particular group of one of the many cations in the glass.

Inhibition to coloration may take place by the addition of specific amounts of a high valent
cation to the glass melt while sensitization occurs when very low additions are made.
These phenomena are similar té those observed in the alkali halides and models have
been proposed by the author to explain them in the case of glasses.

AGC-AE-17

Higgins H M

THE REACTION OF MOLTEN URANIUM AND ZIRCONIUM ALLQOYS WITH WATER,
Aerojet-General Corporation, Underwater Engine Div., Underwater Fuels Sect., Azusa,
Calif., 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 if the reaction
of these materials would go to completion and if the reactions were explosive in character.
Test data substantiated predictions based on theory that droplet size and metal tempera-
ture were important factors in determining thé extent and violence of the reactions.

Zirconium-base alloys were found to react violently under certain conditions, whereas
uranium and uranium alloys reacted less violently under the same conditions. Small
percentages of beryllium were added to zircaloy-B in an effort to reduce its reactivity.
This effort was successful in that several of the resulting alloys were less reactive.
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ANE-0858-1

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 are now essential 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 are dis-
cussed here, from both the theoretical and practical aspects. Four different ways are
described in which a fast particle can interact with a metal.

ANL-4642(Del) AECD-3923

Hennig G R and Kurs AF

CARBON 11 TRACER EXPERIMENTS ON THE FATE OF DISPLACED CARBON ATOMS IN
GRAPHITE,

Argonne National Laboratory, Chemical Div., Lemont, I1l., Contract No. W-(31-109)-Eng-38
June 29, 1951, 21 pp. (14 refs).

Radiation-damaged graphite containing radio active displaced carbon (C'') atoms has
been prepared by cyclotron or betatron irradiation.

The irradiated samples were annealed, and thé distribution of radiocarbon was then de-
termined by controlled combustion of the graphite.

It was concluded that a considerable fré.ction, possibly all, of the recoil displaced atoms
annealed to the discontinuities surrounding the perfect regions within the graphite
particles. This annealing appeared to be complete at temperatures below 750°C.

These 'investigations have been temporarily interrupted since sufficiently high energy
gammas or neutrons are at present unavailable.

ANL-5481

Primak W L and Quarterman L A

THE HYDROLYSIS OF THE COMPOUND OF POTASSIUM WITH IRRADIATED GRAPHITE,
Argonne National Laboratory, Chemistry Div., P.O. Box 299, Lemont, Ill., 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
irradiated graphite with potassium were subjected to hydrolysis. The gases evolved from
the respective samples were analyzed mass spectroscopically. Hydrocarbons (methane
and a trace of ethane) were found in the gas evolved from the irradiated 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 considered suggestive rather than conclusive. '
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ANL-5537

Paine SH, Brown FL and Murphy WF

PRELIMINARY STUDIES OF IRRADIATION DAMAGE TO URANIUM-ZIRCONIUM ALLOYS,
Argonne National Laboratory, Metallurgy Div., P.O. Box 299, Lemont, Ill., Contract No.
W-(31-109)-Eng-38, October (1956), 28 pp. (Bibliography-4 refs).

The addition of zirconium to uranium is shown to have a beneficial effect upon the irrad-
iation stability of the fuel alloy. Preliminary methods used to discover this fact, and
experimental problems encountered are described in this report.

ANL-5706

Kittel JH and Kelman L R .

EFFECTS OF IRRADIATION ON SOME URANIUM-PLUTONIUM ALLQOYS,

Argonne National Laboratory, P.O. Box 299, Lemont, Ill., Contract No. W-(31-109)-Eng-38,
June (1958), 23 pp.

Irradiations were made on a number of uranium-plutonium alloy specimens from both
cast and extruded materials. The cast alloys included alloys of uranium with 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/oplutonium. One-half of the extruded specimens were given a heat
treatment consisting of heating to 645°C and cooling to and holding at 500°C for one hour
in an attempt to remove the preferred orientation that was anti¢ipated from extrusion,
The specimens were irradiated to burnups ranging up to 0.84 a/o (7100 MWD /T) with
central temperatures ranging up to 490°C. The cast specimens were all found to have
developed severe surface roughening as a result of the irradiation they received, pre-
sumably because of excessively large grain sizes present before irradiation. Identically
fabricated unalloyed uranium specimens showed similar behavior. The as-extruded
alloy specimens maintained good surface smoothness under irradiation, but showed
elongations which were dependent on plutonium content. For example, in samples with
0.4 a/o burnup, a 14.1 w/o plutomum ailoy specimen elongaled 96%, whereas an 18.7 w/o
plutonium alloy specimen elongated only 8.4%. The heat-treated extruded specimens did
not elongate anisotropically, indicating that the heat treatment used was effective in
randomizing the grain orientation. However, the heat-treated specimens developed ex-
cessive surface roughening, apparently because the heat trcatment caused an undesirably
large grain size.

ANIL.-5825

Bailey R E

IRRADIATION EFFECTS ON ZIRCONIUM-CLAD URANIUM-ZIRCONIUM FUEL PLATES,
"Argonne National Laboratory, P. O Bux 299, Lemont, Ill., Contract No. W-(31-109)-Eng-38,
February (1958), 10 pp.

This report summarizes the series of irradiations conducted in a Hanford reactor on
specimens of zirconium-clad, uranium-zirconium fuel plates containing 3, 6, and

14 wt-percent highly (93.4%) enriched uranium. More than 30 fuel plates were exposed
during the test program, which extended over a period of several years.
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ANL-WMM-1140

Fields Paul and Weiss Molly Ann

THE COMPOSITION OF PLUTONIUM, AMERICIUM, AND CURIUM RESULTING FROM
IRRADIATION OF AMZ*! IN A HIGH NEUTRON FLUX,

Argonne National Laboratory, Lemont, Ill., Contract 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 Am®*' have been calculated using the

latest neutron cross-section data. All the calculations assumed that the starting material
was one gram of Am?*! and that it was exposed to a flux of 2 x 10'* nv. The calculations
were carried out using the general equation given in ANL-WMM-1029. The major com-
ponents of the plutonium and curium fractions from the Am?**! irradiation were also
calculated where sufficient data on cross sections was available.

BMI-962

Hedden W A, et al.

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 its stability
under neutron irradiation, test specimens were made from a broad selection of raw
materials and by a variety of fabrication and processing techniques. Data on the raw
materials, techniques of fabrication, and properties of the test specimens are given in
this rcport.

The raw materials selected for study included the conventional, easy-graphitizing cokes,-
laboratory cokes made from commercial asphalts and pitches, carbon blacks, and cokes
made from phenolic resins and cane sugar. The techniques used in processing the raw
‘materials, fabrication, and heat treatment were varied to produce test specimens having
a wide range in physical properties and in structural characteristics. The bulk density
of specimens was found to depend on type of filler, type of binder, and processing varia-
bles.

Fifty-four groups of test specimens were submitted to Hanford for exposure to neutron
irradiation. The effect of irradiation exposures, and correlations 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 Institute, Columbus, Ohio, Contract 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 transi-
.tion in alpha uranium. A transition from ductile to a semibrittle behavior in tension has
been observed in the temperature range 75° to approximately 150°F. The transition is
sensitive to residual strain, strain rate, hydrogen content, and to a smaller extent to
heat treatment. On the basis of the data available, the transition appears to be similar
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to transitions observed in other metals not of the face-centered-cubic type, and is not
the result of hydrogen embrittlement. 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

- area. At 4.7 ppm hydrogen, the amount of necking, i.e., the reduction of area, at
fracture is noticeably less than for material that has been dehydrogenated.

BNL-2257

Hittman F and Kuhl D A

INITIAL STUDIES ON THE EFFECT OF HIGH LEVEL GAMMA RADIATION ON CORROSION
OF METALS,

Brookhaven Natio‘nal Laboratory, Upton, N.Y., July (1955), 24 pp. (10 refs).

‘Dotailed analysis of the effects of rudiulion on variouc materials and chewival compounds
has been made. The results of these studies are discussed.

The results of initial studies on the effect of high level gammau radialion on 248T

aluminum in tap and distilled water at room temperature, 1020 mild steel in fused NaNo,
at 350°C, copper in 2N HC1, and 1020 mild steel in 2N HC1 are presented and discussed.

ER-6119 AD-34029

Moller Marx D . ‘
INDUCED RADIOACTIVITY OF SOME STRUCTURAL ALLOYS,
The Glenn L. Martin Co., Baltimore 3, Md., January (1954), 16 pp. (2 refs).

A designer of nuclear-powered vehicles is faced with the problem of evaluating the be-
havior of materials which are exposed to the radiation from an operating nuclear reactor.
This evaluation must include the consideration of changes in the physical and mechanical
properties of the material, and any tendency to exhibit induced radioactivity after, the re-
actor has ceased operating. -

This rcport concerns itself with the metals and alloys commonly used in aircraft struc-
tures. These include alloys of aluminum, magnesium, titanium, nickel, and irou
(including corrosion-resistant steels). Unclassified information available for these
metals indicates that atomic radialivu ol the intensities investigated to date has a
negligible effect on the physical and mechanical properties of their alloys. A lendency
of some metals to show an effect akin to a small degree of work hardening has been

" found, accompanied by slight changes in electrical 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 primary 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, or
_a combination of the two. The beta particles have a considerable range in-air, but pro-

tection 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 their effects is difficult. If gamma rays are present, it will be

necessary to wait until their activity decays to a safe level before approaching a structure

which has been exposed to atomic radiation. By a proper selection of materials this

208



waiting time can be shortened to a period which will permit a practical maintenance
schedule for the structure. "With this' in mind, the scope of this report is limited to an
investigation of the gamma radiation from various alloys.

ER-7033-34

EFFECT OF GAMMA RADIATION ON FM-47 BONDED METAL-TO-METAL JOINTS AND .
SANDWICH PANELS, v
The Glenn L. Martin Co., Materials,Laboratory, Baltimore, Md., September 23, 1955, 38 pp.

Th1s test was for the purpose of determining the effect of gamma radiation of 105 108,
107, and 10® R on FM-47 adhesive bonded panels

The test results of 1/2 in. lap tensile shear specimens indicate no change in tensile shear
strength al room temperature or 220°F as a result of irradtation.’

Honeycomb flexure specimens were tested and the results show no change in room temp-
erature flexure strength and an inconclusive varlatlon at 220°F ‘due to-irradiation.

A test was performed to determine the effect of garnma radiation of 105, 108, 107, and
10® R on joints bonded with Shell 422 adhesive. o

GI-0152-1

Otley Kurt O
EFFECTS OF HIGH-ENERGY RADIATION UPON GLASSES,
Glass Industry, Vol. 33, No. 1, pp. 24-27, January (1952), (42 refs).

This is a literature survey which d1scusses the effects of h1gh energy radiation upon
glass.

GI-1050-1

Sun Kuan Han and Sun Laura L
NEUTRON ABSORBING AND TRANSMITTING.. GLASSES
Glass Industry, Vol. 31, No. 10, pp. 507 515, October (1950), (21 refs).

In thls article, the Glass Industry presents a comprehenswe treatment both theoretlcal
and experimental, on "'Neutron Absorbing and Transmitting Glasses, " by Kuan-Han Sun,
nuclear physicist and glass scientist. The article is believed to be the first on the sub-
ject ever to be published. The concept outlined enabled Dr. Sun to develop the first
neutron.glass four years ago, as well as more recent ones, and this article is the second
in which the Glass Industry has presented fundamental information on the. radiation ab-
sorption and transmission of glasses. The first paper on X-ray absorbing and trans-
mitting glasses appeared in the December 1948 issue.

GI-1248-1
Sun Laura L fand ‘Sun Kuan-Han

X-RAY ABSORBING AND TRANSMITTING GLASSES,
Glass Industry, Vol.29, No. 1'2, pp.686-691, 714, 716, December (1948), (8 refs).
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This paper discusses the absorption or transmission of electromagnetic waves of or thru
a homogeneous substance. A general expression is given for this. The equation is a
universal one and is applicable to radiations such as gamma-rays, X-rays, ultraviolet
rays, though visible to long infrared rays. Tables and curves are included which
present mass absorption coefficients of some oxides and oxygen.

HW-17538

Moore R H

THE ANALYSIS OF PILE IRRADIATED HYDROCARBONS WITH THE INFRARED
SPECTROMETER,

Hanford Works, Technical Services Div., Analytical Sect., Richland, Wash., Contract No.
W-(31-109)-Eng-52, April 20, 1950, 11 pp. (1 ref).

This work is being done in the hope that the results will shed light on the nature of the
changes which occur in graphite upon irradiation in the pile.

Infrared analysis of irradiated samples of benzene, naphthalene, anthracene, phenan-
threne, 1, 2-benzanthracene, pyrene, and 1, 2, 5, 6-didenzanthracene has been
completed, A sample of irradiated anthracene has been analyzed chromatographically
with results in excellent agreement with the infrared analysis. Combined chromato-
graphic and infrared analysis show the presence of phenyl derivatives in the irradiation
products from naphthalene, anthracene, and phenanthrene. The latter two are also
found to contain naphthyl derivatives.

HW -38079

Kemper R S, Jr. and Kelly WS

THE EFFECT OF IRRADIATION ON THE MECHANICAI PROPERTIES OF 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 refs).

Data are presented to show the effects of cold-working and subsequent neutron irradia-
tion on the tensile properties and hardness of arc-melted Bureau of Mines zirconium.
Material in six initial states, annealed and with 10, 20, 3U, 4U, and 50% reduction in area
by cold swaging, was irradiated at 50° to 60°C (120° - 140°F) to integrated thermal flux
levels of approximately 5.7 x 10*°, 1.5 x 10?°, and 2.4 x 10?° nvt. The results of post-
irradiation vacuum annealing at 250°, 300°, and 350°C (480°, 575°, and 660°F) of
tensile specimens are given.

Increases in hardness and yield strength resulting from the irradiation were more pro-
nounced in the annealed material and were progressively less 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 properties was essentially
saturated at exposure levels investigated. Slight annealing of radiation induced in-
creases in yield strength occurred in 100 hours at 250°C (480°F) and approximately 70%
of the radiation damage was removed in 160 hours at 3500C (660°F). Recovery of the
radiation damage in annealed, irradiated material was greater than recovery of strain
hardening in 50% cold-worked, unirradiated material for the same annealing conditions.
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HW-38991

Huenshen R E and Kaulitz DC ‘

AN APPARATUS FOR OBTAINING THE TENSILE PROPERTIES OF 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, 22 pp. '

A tensile testing unit is described which permits the testing of highly radioactive speci-
mens at temperatures up to 800°C (1475°F). 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 optical instrument. Tensile elongation measurements of 50%
with 1-inch gage length specimens make the unit a relatively long-range extensometer.

HW -39539

Mallett G R

MACROE TCHING OF TRRADIATED URANIUM, _

Hanford Atomic Products Operation, Engineering Dept., 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 prior
to 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 for 10 to 30 minutes. To determine the necessary
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 time for macrophotography work to be done before surface oxidation obliterates the
etch.

HW-39805

Wheeler RG and Kelly WS

IRRADIATION OF ZIRCALQOY-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 zirconium for all but the inert gases, a property that makes it valuable as
a getter, causes some concern when zirconium or its alloys are used in a reactor where
the metal is exposed to a gaseous atmosphere or to high temperature water.

Eighteen specimens were charged with hydrogen holding them in a 10° mm of mercury
vacuum for one hour at 500°C and allowing them to soak up 2 measured amount of:hydro-
gen and homogenize for four hours at 600°C.

The specimens were exposed to an integrated flux of 1.9 x 10%° nvt at 150° to 200°C in a
pressurized water loop running through the central zone of the Hanford pile. The results
were no detectable pickup of hydrogen in Zircaloy-2 specimens -loc¢ated béth in and out of
‘the central flux zone. o o :
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HW-40494

Merchx KR

A MODEL OF MECHANICAL BEHAVIOR EVALUATED WITH CREEP TESTS APPLIED TO
ALPHA URANIUM,

Hanford Works Products Operation, Metallurgy Research Sub-Section, Pile Metallurgy Umt
Richland, Washington, November 17,1955, 17 pp.

Thls 1eport presents a model for the mechanical behavior of a metal which considers the
stress, strain, time, and temperature dependence uf slrain-rate. The parameters in
the model are evaluated with creep tests. A series of creep tests for uranium are
analyzed to give an equation of mechanical bghavwr for uranium. The method applies
for uranium in the temperature range of 100" to 300 C but must be modified in the
higher temperature ranges.

HW -51444

Bush S H

IRKADIATION EFFECTS ON URANIUM, ’
Hartford Atomic Produrts Operation, Richland, Wash., Coutract MNo. W-(31-109)-Eng-52,
July 19,1957, 417 pp. (45 refs),

A review is presented of pertinent physical metallurgical properties of irradiated

uranium. Included under mechanical properties are hardness, bend, and tensile data.

In the case of tensile properties, variables considered are burnup, irradiation temper-
233 . . . . .

ature, U® content, composition (to 3 w/o alloy), post-irradiation annealing, and tensile

testing temperature. Drasti¢c reductions in ductility occur at burnups as low as 0.02

atom percent. Recovery of damage is limited on post-irradiation annealing.

Changes in such physical properties as density, thermal conductivity, electrical resis-
tivity, and modulus of elasticity are reported. Thermal conductivity decreases 10 to
15% at. nominal burnups.

'I'ne ¢ffecl of irradiation nn the microstructure of uranium is reported. Macroscopic,
optical and electron microscopic, and fractographic resulls are prccented. Precipitation,
microcracking, and microbrittleness were detected. Solid-state studies, including re-
crystallization, and solid and nuble gas diffusion are reported. No dircct evidence of a
change in diffusion due to irradiation has been obtained.

Structural changes have been observed by means of X-ray diffraction; line broadening,
line asymmetry, and some line shift have been observed.

Dimensional instability of uranium is discussed; typical results and possible mechanisms
advanced to explain these results are reported.

The impact of these changes in physical metallurgical properties on the behavior of
uranium fuel elements is discussed.

HW-52323

Kemper RS and Zimmerman D L

NEUTRON IRRADIATION EFFECTS ON THE TENSILE PROPERTIES OF ZIRCALOY-2,
Hanford Atomic Products Operation, Richland, Wash., Contract No. W-(31-109)-Eng-52,
August 22, 1957, 24 pp. (12 refs). ‘

212



The changes produced in the room temperature tensile properties of annealed and 50%
‘cold-worked Zircaloy-2 as a result of irradiation to an estimated integrated thermal
neutron flux of 1.4 x 10%* nvt at 40° to 60°C have been determined. The results obtained
are compared with previous results on Kroll-type zirconium. Recovery of radiation
damage in initially annealed material 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 process was found to be consistent with that re-
ported for self-diffusion in zirconium.

HW-52729

Evans E A

FABRICATION AND ENCLOSURE OF URANIUM DIOXIDE, :

Hanford 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 refs).

Tranium dioxide compacts of high density can be economically produced by conventional
ceramic processes, such as cold pressing, isostatic pressing, hot pressing, extrusion,
and slip casting. Greatly reduced costs and improved quality have been made possible

by new powder treatments and fabrication techniques. Typical of the recent developments
are (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 centerless grinding.

To overcome the disadvantage of poor neutron economy, uranium dioxide fuel assemblies
require not only high-density oxide, but also an efficient arrangement of the fuel. It is
now economically feasible to fabricate uranium dioxide cores for relatlvely simple fuel
assemblies which will meet this requirement.

Problems of providing safe, durable, economical enclosures for uranium dioxide fuel
cores are rapidly being solved. Techniques have been developed for forming and assem-
bling tubing, and fittings, and supporting members from alloys of zirconium, iron and
aluminum. Less conventional techniques, such as vacuum casting of zirconium alloys

and high-frequency welding, are being studied. Standardization of fabricating processes
and fuel element designs is an extremely desirable objective which will be partially
realized as the operating behavior of uranium dioxide fuel elements becomes better under-
stood. :

IDO-14347

Andelin R L and Anderson E L ‘

RADIATION STABRILITY OF CHROMIUM VI IONS IN ACETATE BUFFERED SOLUTIONS,
Phillips Petroleum Co., Idaho Falls, 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 107 roentgens per hour. The
decomposition rate is reduced to 0.51 * .15 millimoles per kilocalorie by the addition of
0.5M sodium bromide. The reduction rate is 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 1.0M. It is a function of acetate concentration, however, and decreases
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with decreasing acetate concentration in the range 4.0M to 0.1M. Ina 0.1M chromate
solution buffered with 0.1M acetate at pH 4.0 and containing 0.1M sodium bromide as a
protector, the chromate reduction rate is 0.18 * .03 millimoles per kilocalorie.

IDO-16162

Burnham J B and Bartz M H

DIMENSIONAL STABILITY OF IRRADIATED THORIUM,

Phillips Petroleum Co., Atomic Energy Div., Idaho Falls, Idaho, Contract No. AT-(10-1)-205,
April 13, 1954, 10 pp. (12 refs). :

Twenty Hanford size thorium slugs were irradiated in two MTR reflector positions to a
maximum exposure of 10%! nvt. Four slugs were sent to ORNL for measurement and the
rest were checked in the MTR hot ccll. Results of these measurements show that hot
rolled thorium is dimensionally stable under irradiation.

IDO-16182

Fast E

GRAPHITE DAMAGE AS AN INDEX TO THE INTEGRAITED DAMAGING NETITRON FLUX,
Phillips Petroleum Co., Atomic Energy Div., Idaho Falls, Iduho, Contract No. AT-(10-1)-205,
September 28, 1954, 25 pp. (13 refs).

Radiation damage in CS-GBF graphite, as measured hy changes in electrical resistivity,
crystallite C, spacing, physical dimensions, and stored energy, has been related empir-
ically to the fast neutron flux above 1 Mev. The purpose of this work was to evaluate
several properties of graphite as a possible index t0 damaging neutron flux in radialion
damage studies. A brief summary of useful nvt range and standard deviation of points
from the best-fit curve iz as follows:

Uselul range Standard deviation in
Property nvt 1 Mev. relative error, percent
Electrical
resistivity 3 x 10%® - 1018 13,
C,, spacing 1078 = 5 % 10%° 4 9.8

' 3.1 (above 5% x 10% nvt.)
Stored energy 107 - 6 x 1018 18.8
11.3 (above 10 cal/g)

Physical dimension ' 5x 101° — 15.2

In addition to having the best repruducibility, X-ray measurement of C, spacing covers
the range most frequently encountered in in-tank exposures at the MTR. Augmeited by
electrical resistivity and dimensional measurements, made on the same samples, both
lower and higher exposures can be read. :

Graphite radiation damage as flux monitor has the advantage of giving a:value proportional

to total damaging nvt. The relatively low activation,even for very high exposures, allows
handling of irradiated specimens without special shielding. . ; ~
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IDO-16337

Robinson M S

RADIATION DAMAGE STUDIES PROGRAM ETR LOOP MATERIALS PROGRESS REPORT,
Phillips Petroleum Co., Idaho Falls, Idaho, Contract No. AT-(10-1)-205, April 19, 1957,
22 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 properties with neutron irradiation. Samples of these materials have been
obtained and sub-size impact and tensile samples are now being irradiated in the MTR.
From these samples changes in such properties as tensile strength, hardness, ductility,
corrosion resistance and impact strength will be determined. The first group of tensile
samples, consisting of: Hastelloy-X, Zircaloy-2, 410 Stainless Steel, 2-1/4 Croloy and
Inconel-X, has been tested in the MTR hot cell. The 2-1/4 Croloy, which was nickel-
plated before reactor insertion, corroded too much to permit further reactor testing.
Test data for the other materials and photographs of the samples are presented.

IDO-16483

Watanabe H T and Schaffnit W O

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 stainless steel in control rods in a reéctor, it 'is important to know
whether the operating conditions of temperature and radiation will effect changes in
mechanical properties and dimensions and to know the magnitude of such effects if they
occur. Tensile specimens of 18-8 stainless steel containing 1% boron, enriched to 93%

in boron-10, were fabricated and irradiated in the Materials Testing Reactor to 15% and
25% burnup of boron-10. These were tested for tensile strength, hardness and elongation,
and examined metallographically to observe changes in microstructure. The irradiated
material was extremely brittle and areas that appeared to be vacancies were seen in the
photomicrographs.

IDO-16502

Schaffnit W O
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 stainless steel 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 properties and dimensions and to know the magnitude of such changes if they
occur. Tensile specimens of 18-8 stainless steel containing 1% boron, enriched to 93%
in boron-10, were fabricated and irradiated in the Materials Testing Reactor to 15% and
25% burnup and in the Engineering Test Reactor to 40% 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 irradiated material was ex-
tremely brittle, changes were noted in the microstructure, and a crack was discovered
in one of the higher burnup specimens.
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Th1s is a final report and includes material previously reported in IDO 16483, t1tled
"Radiation Damage Studies of Boron Stainless Steels Interim Report.'

IU-TR-12

Vook Richard Werner

EXPANSION OF COPPER UPON LOW TEMPERATURE DEUTERON IRRADIATION,
Univ. of Illinois, Dept. of Phys1cs Urbana, Ill., Contract No. AT-(11-1)-192, September
(1957), 31 pp. (26 refs). :

The imperfections éxisting in crystalline solids greatly influences the properties of
crystals. There are 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 irradiation. '

Irradiation effects generally fall 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-
ture of irradiation determine the concentration of defects produced. ‘t'he maximum con-
centration for a given irradiation dosage will be obtained if the temperature of irradiation
is kept low enough so 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 17°K 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.

JAP-0257-1

Meechan C J
ANNEALING OF COLD-WORKED COPPER BY ELECTRON IRRADIATION,
Journal of Applied Physics, Vol. 28, No. 2, February (1957), 4 pp. (5 refs).

Copper wires were cold worked at room temperature to approximately a 15% reduction
in area and were thén irradiated at temperatures between 100° and 150°C with 1.25-Mev
electrons. The residual resistivity was observed to decrease as a function of exposure
at temperatures above 100°C. The higher the temperature at which the irradiation was
performed, the greater was the rate of resistivity decrease. From these data, it is
concluded that one of the primary defects produced by electron irradiation becomes
mobile in the temperature range, 100° to 150°C. It is suggested that interstitials and
vacancies produced by the irradiation initiate a process which results in the annihilation
of dislocations. From an analysis of the temperature dependence of the rate of decrease,
a value for the activation energy for vacancy migration in copper has been deduced:

1.28 £ 0.10 ev.

JAP-0557-1
Hines R O

RADIATION EFFECT OF POSITIVE ION BOMBARDMENT ON GLASS, , ‘
Journal of Applied Physics, Vol. 28, No. 5, pp. 587-591, May (1957), (12 refs)."
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Bombardment of a silica-soda-lime glass (n_, = 1.5246) by more than 5 x 10 A" ions /cm®
with an energy of 33.5 kev reduces the reflection coefficient to 0.36 of its normal value
for light of wavelength X = 0.6u. The change in reflection coefficient is attributed to the
formation of an altered glass layer. For a bombardment by 40-kev Ations, the layer
has a thickness of 0.095u 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 orders of magnitude larger than the flux of primary
"knocked-on'' atoms produced by fast neutron bombardment in a reactor.

JAP-0558

Mylonas C, et al. A

BIREFRINGENCE IN NEUTRON-IRRADIATED BORON GLASS,

Brown Univ., Providence, R.I. Paper published in Journal Applied Physics, Vol. 29,
pp. 8A64-2865, May (1958).

Samples of boron glass were irradiated (slow flux approximately 2 x 10*%nv) in the
Brookhaven Reactor for studies of the resulting ultrasonic attenuation and velocity
changes. The plates invariably cracked after about an hour's irradiation; after irradia-
tion for several 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 several wave lengths. The disappearance of the
birefringence in the neighborhood of certain stress-relieving cracks proved that the
birefringence was caused by mechanical stress. There was evidence that the stress 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 particles in the interior of a solid and is the object of further investigation.

JAP-1258-1

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 describes the
dependence of this enhancement on flux and temperature under steady-state conditions.
The theoretical study also shows that the measurement of enhanced diffusion as a function
of temperature can indicate the mechanism by which defects are removed from the lattice.
Alpha-brass was chosen for the experimental work because it is a kinetically simple
system, not complicated by nucleation, in which diffusion is easily followed by measuring
the electrical resistivity changes associated with changes in short-range order. The en-
hanced diffusion rate during irradiation in the Brookhaven reactor has been measured in
this alloy at several temperatures in the range 0° to 190°C. This enhancement is in-
dependent of temperature from 0° to 150°C, in excellent agreement with the theoretical
predictions for the case where the radiation induced defects finally disappear at internal
surfaces. Some implications of radiation enhanced diffusion and suggestions for further
study are also discussed. :
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JBNEC-0158

Cottrell A H

EFFECTS OF NEUTRON IRRADIATION ON METALS AND ALLOYS,

Atomic Energy Research Establishment, Harwell, Berkshire, England. Paper published in
Journal of British Nuclear Energy Conference, Vol. 3, pp. 50-67, January (1958).

The behavior of metals and alloys under neutron irradiation in a reactor is investigated.
An explanation of how damage originates from the collision and absorption of neutrons by
nuclei, and a description of the behavior of the fast ions, produced from these neutrons
encounters, as they penetrate the surrounding material are given. The estimated amount
of damage is compared with measured values. Annealing of the damage in which dis-
placed atoms gradually migrate back into lattice positions under the action of thermal
agitation is discussed. The effects of irradiation on the mechanical properties of metals
and alloys are discussed. Radiation growth in uranium and the effects of irradiation on
the corrosion resistance of metals are discussed.

JM-0556-1

Wilson J C and Billington DS
EFFECT OF NUCLEAR RADIATION ON STRUCTURAL MATERIAL,
Journal of Metals, pp. 665-672, May (1956), (28 refs).

The properties of engineering interest in a wide variety of materials have been reviewed
as they are 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 for future
research have been deduced from the limited data at 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-
erties occur separately or independently in a manner that is new compared to the way the
properties may be changed by variations in analysis, metallurgical praclice, working or
heat treating, Adverse (or beneficial) changes in the properties of structural metals
brought about by irradiation generally do not appear large or significant for any one
property. It is rather the combination of new and different values for the various
properties that makes one hesitate to approve a given metal for reactor 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 this potential will be
realized is extremely important and exceedingly costly. The answers are important to
the builder, the operator, and the insurer of a nuclear reactor.

It has not been the intent of the authors to be overly pessimistic about the effects of
radiation on metals. The desire has been to show that there are still many material
problems remaining to be answered before the reactor designer can proceed with com-
plete confidence in the reliability of many of our commonly used metals and alloys.

KAPL-677

Chipman DR 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 No. W-(31-109)-Eng-52 and AT-(30-3)-49,
February 1, 1952, 28 pp. (3 refs).
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Radiation damage in graphite produces in certain X-ray reflections a broadening of the
diffraction peak, accompanied always by a shift of the peak position toward smaller
angle. A treatment analogous to that used for cold work distortion in metals is appli-
cable, and the analysis outlined by Warren and Averbach is presented for the case
damaged graphite. Using several orders of the (002) reflection, the complex Fourier
coefficients are obtained, and from these a function is synthesized giving the distribution
of changes in distances perpendicular to the graphite layers. The present report is"-
intended only to present a method for the X-ray diffraction study of damaged graphite
and not to give reliable results on the nature of the damage.

KAPL-830

Coffin L F, Jr. and Wesley R P

AN APPARATUS FOR THE STUDY OF THE EFFECTS OF CYCLIC THERMAL STRESSES
ON DUCTILE METALS,

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-(31- 109) -Eng-52,
October 27,1952, 47 pp. (6 refs).

In cases in which very high rates of heat transfer exist, as in nuclear reactors, severe
thermal stresses can be deve/loped in structural metals. These stresses can be relieved
by plastic flow and, consequently, are not regarded as serious when steady-state con-
ditions prevail. Under the action of thermal oscillations, however, cyclic thermal
stresses are developed. Depending on the frequency of thermal cycles and the severity
of the thermal stress, fatigue failure can result. Because of its low thermal conductivity
and high thermal expansion 18% chromium-8% nickel stainless steels are part1cularly
prone to this effect.

An investigation of this problem has been under way for some time. The object has been
twofold: (a) to obtain information so that a particular material may be assessed critically
for its resistance to thermal stress fatigue damage under specified conditions, "and

(b) to investigate the fundamental aspects of the problem in order to learn more about
the fatigue phenomenon. .

The present report describes the test apparatus developed for this study. A report in
preparation gives the test results to date and their interpretation. Essentially, the
apparatus subjects a tubular test specimen of a structural material to a one-dimensional
constraint. By subjecting the specimen to cyclic temperatures, an alternating uniaxial
stress is developed which will produce a fatigue failure in the specimen after a sufficient
number of stress cycles. The deviceé has considerable flexibility in adjustment of tem -
peratures of cycling and frequency of oscillation. A control system permits the cycle

to continue automatically to failure of the specimen. Modification of the. apparatus per-
mits the strain cycling of test spec1mens at constant temperature.

The apparatus has the advantage of sub]ectmg materials to a simple stress system which
can be measured directly. It is possible to separate out elastic and inelastic strains and
to study the effect of strain hardening with cycling. Effects of prestraining and stress
,concentratmns can be 1nvest1gated read1ly -

Atten_tion has been given to temperature distribution in the specimen; all other possible

stresses which may arise are found to be secondary in effect: .Randomness in fracture
location substantiates this.
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KAPL-853

Coffin L F, Jr. '

A STUDY OF THE EFFECTS OF 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 refs).

The results of a study of cyclic strain and fatigue failure arising from cyclic thermal
stresses are reported. By means of a test apparatus described in a companion report, *
a cyclic temperature is imposed on a thin tubular test specimen subjected to complete
longitudinal constraint. Hence, the cyclic strain is the independent variable.

The following studies are reported: (1) effect of thermal stress cycling on strain
hardening and life-to-failure for a fixed mean temperature, (2) effect of degree and kind
of previous cold work on strain hardening and cycles-to-failure, (4) ctfcct of mean temp-
erature on thermal stress cycling, (4) effect of period of cycle on cycles-to-failure,

(5) effect of prior strain cycling on stress-strain characteristics, and (6) effect of stress
concentrations on fatigue by cyclic thermal stresses.

The significance of factors such as hysteresis, Bauschinger effect, stralu hardening,
strain aging, and fatigue crack formation are discussed, and a tuechuuism is described
to relate these factors. Evidence is presented to $how that slralu hardeuing is not an
important factor in the problem. The concept of total plastic strain is discussed.

*KAPL-830, '""An Apparatus for the Study of the Effects of Cyclic Thermal Stresses on
Ductile Metals,'" L. F. Coffin, Jr., R. P. Wesley, October 27, 1952.

KAPIL.-1037

Tucker C W, Jr. and Sampson J B

INTERSTITIAL CONTENT OF RADIATION DAMAGED MATERIALS FROM PRECISION
X-RAY LATTICE PARAMETER MEASUREMENTS. --I. PRINCIPLES OF THE MEASURE-
MENTS,

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No W-(31-109)-Eng-52,
January 26, 1954, 22 pp. (22 refs),

An. X-ray method for determining the interstitial content of irradiated metals is suggested
and analyzed. This approach offers the following advantages:

1. The X-rays ""see' mainly the 1ntershtlal atoms since their effect’ outwelghs that
of vacancies by a 5:1 ratio.
2. The interpretation is straightforward and may be made quantitative.
3. The method is sensitive, since 0.01 atomic per cent and perhaps less of the
interstitial may bc detected. :

These conclusions are based upon a combination of theory and experiment. The theory
is based upon an elasticity interpretation which predicts Vegard's law and several other
experimentally confirmed X-ray effects. The possibilities of the method are confirmed
by preliminary observations in this laboratory of X-ray detected lattice expansions of
several neutron irradiated metals.
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KAPL-1095

Bruch C A, McHugh W E and Hackenbury R W

EMBRITTLEMENT OF MOLYBDENUM BY NEUTRON RADIATION,

Knolls Atomic Power Laboratory, Schenectady, N. Y Contract No. W-(31-109)-Eng-52,
March 1, 1954, 53 pp. (17 refs).

Commercially pure molybdenum specimens were irradiated in the MTR for an estimated
exposure of 1.9to 5.9 x 10%° thermal nvt. Prior to irradiation, the material was ductile
in the tension test, whereas after irradiation it was brittle. The results of tension tests
conducted at various temperatures revealed that the transition temperature for this
material had been increased for -30°C to +70°C as a result of the radiation exposure.’
From metallographic studies it is concluded that the embrittlement is due to submicro-
scopic changes which raise the flow curve of the material. The results presented show
that comercially pure molybdenum is an unsafe material for low-temperature (below
100°C) use in load-carrying reactor components.

KAPL.-1158

Cashin W M and Tucker CW Jr.

X-RAY DIFFRACTION EFFECTS TO BE EXPECTED FROM 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 irradiated uranium are compared with effects in ionic,
covalent, and metallic crystals. The unique changes due to fission product formation
are discussed. Some criteria for the suitability of experimental techniques in the study
of damage are presented.

KAPL-1242

Sowman H G and Lukesh J S

AN EXPLORATORY INVESTIGATION OF GLASSES EXPOSED TO INTENSE NEUTRON
RADIATION,

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No W-(31- 109) Eng -52,
November 15, 1854, 14 pp.

Seven glass specimens of binary and ternary compositions were observed after exposure
to a total thermal integrated flux of approximately 2 x 10%° nvt. All of the glass
specimens retained their vitreous character, original surface texture, and gloss after
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.

KAPL-1307

-Lukesh J S

AN X-RAY STUDY OF THE EFFECTS OF INTENSE NEUTRON IRRADIATION ON THE
STRUCTURE OF 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.
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KAPL-1366

Kunz FW

INFLUENCE OF 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 refs). .

Carburized and cold-worked single crystals of iron were irradiated at room temperature

_to a total integrated flux of 10*® nvt to determine the effect of neutron irradiation on the

mechanical properties of iron crystals hardened by other means prior to irradiation.
The results presented show that the effect of solute atom hardening plus irradiation
hardening can be described as an additive process; in contrast, the hardening effect of
irradiation decreases with increasing amounts of cold work. The data have been inter-
preted on the basis of defect agglomerates of vacancies and inlerstitial atoms produced
during collision events.

KAPL-1371

Beard A P, et al.

PREPARATION OF NUCLEAR POISON AND CONTROL ALLQYS,

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-{31-1UY)-kng-b2,
June 17, 1955, 31 pp. (10 refs).

Stainless steel base boron alloys with nominal compositions of 18 wt % chromium,

14 Wt % nickel, and 0.4 lu 3.2 wl % burun were suceesslully cast into ingots by vacuum
induction melting, Alloy ingots containing up to 2.4 wt % boron were fabricated into
0.100-inch strip by forging and rolling at 1140° to 11759C. An ingot containing 3.2 wt %
boron could not be fabricated by the same procedure. Chemical analyses on as-cast
ingots and rolled strip indicated very high boron recovery and good homogeneity.
Brinell hardness numbers of the alloys were directly proportional, and measured
densities were inversely proportional to boron content.

KAPL-1403

Valovage W D

EFFECTS OF 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 refs).
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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 material after burnups as
high as 36% of the B-10 atoms. The quantity of helium released, in terms of the percent-
age of generated helium, was determined as a function of burnup and temperature.

It was found that extensive physical damage occurs, beginning with loss of hardness and
cracking after very low burnup and increasing with burnup until complete granulation re-
sults after 36% burnup. At each level of burnup investigated, those specimens ‘irradiated
in sodium were damaged more extensively than specimens in vacuo or in helium.



KAPL-1416

Baldwin E E

EFFECTS OF TEMPERATURE AND RADIATION UPON THE TENSILE AND IMPACT
PROPERTIES OF ASTM-A-302-B MANGANESE-MOLYBDENUM STEEL

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-(31-109)-Eng-52,
October 1, 1955, 61 pp. (1 ref).

With the use of high-<yield-strength low -alloy steels for nuclear reactor pressure
vessels, it is important to know whether the operating conditions of temperature and
radiation will affect the mechanical properties of these steels 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
irradiated to an integrated fast neutron flux of 3.7 x 10*® nvt at 500° and 700°F. Com-
parison of tensile and impact test data on irradiated and unirradiated specimens showed
that the separate and combined effects of temperature and radiation had only minor
effects (less than 10%) upon the tensile and impact properties of the steel tested.

KAPL-1570

Merten U and Belouin D C

CORROSION BEHAVIOR OF ZIRCONIUM-BASE URANIUM ALLOYS

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-(31-109)-Eng-52,
June 15, 1956, 39 pp. (8 refs).

The corrosion behavior in high-temperature water of zirconium-base alloys containing
7 to 8 wt % of uranium has been studied. A marked dependence of behavior on prior
heat treatment was observed. In the annealed condition the alloys lost weight at rates
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, for periods up to 4000 hr in length., The use of sponge
zirconium or a Zircaloy in place of crystal bar zirconium in preparing the alloy had
no noticeable effect on the corrosion resistance of the annealed material, but appeared
to increase the corrosion rate observed after quenching.

KAPIL.-1874

Mehan R L and Baldwin E E

EFFECT OF NEUTRON RADIATION ON NOTCHED BEND AND TENSILE PROPERTIES
OF ASTM A-201A CARBON STEEL,

General Electric Co., Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No.
W-(31-109)-Eng-52, November 8,1957, 37 pp. (9 refs).

Notched bend and tensile tests were conducted on ASTM A-201 Grage A carbon steel
irradiated in the Materials Testing Reactor at temperatures of 300 F £ 100 to a maxi-
murmn integrated fast flux of 4.3 x 10° nvt. Mechanical properties changed drastically;
the yield strength increased to a maximum of 195% above the pre-irradiation value.

' . The transition temperature increased an unknown amount, probably in excess of 400 F.
"It was verified that recovery of radiation-induced damage follows an equation of the
form 1 = AeRT that relates the time and temperature of recovery.

The results indicated that the KAPL-30 in-pile loop could be operated safely to an inte-

"grated fast flux of ~%x 10%° nvt provided the loop received an annealing treatment of at
least one hour at 600 F subsequent to each operating cycle.
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KAPL-1877

Ahmann D H, et al.

A UO,-BISMUTH SYSTEM AS A REACTOR FUEL,

Knolls Atomic Power Laboratory, Schenectady, N.Y., Contract No. W-(31-109)- -Eng-52,
July 1, 1957, 21 pp. (3 refs).

Capsule experiments made with UQ,-bismuth slurries at 5000 to GOOOC 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 % UO, could be uniformly dispersed
in bismuth. Loop studies demonstrated that it is possible to pump atoleast an 8 wt %
UO, in bismuth slurry in a loop with an electromagnetic pump at 450 C.

LAC-NR-5 (Vol. 3)-31

Morgan C E- - ,

EFFECT OF RADIATION ON THE CRITICAL SHEAR STRESS OF A METAL SINGIL.E

‘CRYSTAL,

Convair, Div. of General Dynamics Corp., Fort Worth, Tex. Paper presented at the 3rd

Semi-Annual Effects Symposium, October 28-30, 1958, Lockheed Aircraft Corp , Marietta,

Ga., 10 pp. (10 refs) .
A mechanism is postulated to .account for the radiation-hardening of a metal single
crystal. The mechanism is based on a lattice defect consisting of interlocking dis-
location rings. According to this model, the critical shear stress of a metal single
crystal varies as the cube root of the integrated fast neutrun flux. This agrceo woll
with the results of experiments by Blewitt, et al., on irradiated high-purity copper
orystals. '

LAC-NR-51 (Vol. 4)-49

Kulp B A and Reynolds DC

EFFECTS OF ELECTRON BOMBARDMENT ON CADMIUM SULFIDE WIIISKERS, .
Wright Air Development Center, Wright-Patterson Air Force Base, Ohio. Paper presented
at the 3rd Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Air-
craft Corporation, Marietta, Georgia, 3 pp. (12 refs).

Edge emission normally found in large crystals of CdS is not.found in CdS whiskers and
platelets in the as-grown condition. Bombardment of these whiskers by 700 and 500 kev
electrons has brought out this emission. The threshold for producing the effect is being
determined.

LAC-NR-51 (Vol. 5)-63 ~ FzZM-1161

Bauerlein R R

THE PLATE SHEAR METHOD FOR DETERMIN ING. RADIA TION EFFECTS ON . THE
MODULUS OF RIGIDITY OF HONEYCOMB SANDWICH PANELS,

Convair, Div. of General Dynamics Corp., Fort Worth, Tex. Paper presented at the 3rd
Semi-Annual Radiation Effects Symposium, October 28-30, 1958, Lockheed Alrcraft 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 irradiation process.

224




This paper describes the Plate Shear Method, its application, and the remotely con-
trolled equipment required for its application. In particular, it discusses the advantages
of the new method in yielding design data on honeycomb sandwich panels being tested for
use in a nuclear-powered aircraft.

LRL-145

Steele RV and Wallace W P

THE EFFECT OF NEUTRON FLUX ON THE MECHANICAL PROPERTIES OF ALUMINUM
ALLOYS,

California Research and Development Co., Livermore Research Laboratory, Livermore,
Calif., May (1954) 20 pp.

Aluminum alloys 250, 2SH14, %ZSO 52SH34, 61SO, 61ST6, and A54S were 1rrad1ated at
a maximum temperature of 150 F to a total neutron irradiation of 1.26 x 10® ' n/sq cm

in order to determinc the effect of neulrun irradiation on the mechanical properties. [t
was determined that the flow stress was increased markedly, particularly for the soft
tempers, by the neutron exposure. The usual tensile strength was increased by the.
irradiations, whereas, the percentage of elongation was decreased, but not in every case.

For the same value of increase in flow stress (or the usual tensile strength), the ductility,
as measured by the percentage of elongation, is markedly greater when this increase is
accomplished by neutron exposure rather than by mechanical strain hardening.

For a given true stress of 0.05 true strain, the strain hardening exponent is greater for
irradiated specimens than for control specimens. Also, for a given value of unstrained
strength, the strain hardening exponent is greater for irradiated specimens than for
control specimens.

MIT-1085

Klein- J L and Nowak W B

EFFECT OF IRRADIATION ON THE X-RAY LINE SHAPE: OF 2S ALUMINUM FROM A .
HANFORD WATER-COOLING TUBE,

Massachusetts Institute of Technology, Cambridge, Mass Contract No. AT-(30—1)-981,
December 7, 1955, 24 pp. (4 refs). : : )

Measures of the internal distortions in cold-worked and irradiated 2S5 aluminum have
been made by means of a Fourier analysis of X-ray line shapes. The (220) and the (311)
reflections were recorded on a Norelco High-Angle Spectrometer. Changes in the
resolution of the K_ doublet indicated that a fast neutron irradiation of about 4 x 10%°
n/cm? produced further distortions in prev1ously cold-worked. 2S alu_mmum The Fourier
coefficients yield quantitative values for the rms distortions produced by cold work, and
by cold work plus irradiation. Residual rms strains attributable to irradiation are of the
same order of magnitude (0.1%) as those caused by cold work.

MIT-1107
Aronin L R

EFFECTS OF FAST NEUTRON IRRADIATION ON ORDER- DISORDER IN NICKEL-
MANGANESE ALLOYS
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‘Massachusetts Institute of Technology, Cambridge, Mass., Contract No. AT(30-1)-981,
April 28, 1953, 60 pp. (26 refs).

Effects of fast neutron irradiation in a Hanford reactor on order-disorder in a series

of nickel-manganese alloys ranging from 16.5 to 31.9 atomic percent manganese have
been studied by resistivity and magnetic induction measurements. Attainment of an
"irradiated state' differing from either cold work or thermal disordering is suggested
by comparison of exposure results on initially cold work disordered and initially
thermally disordered alloys at the Ni Mn ¢omposition. In a region from 16.6 to approix-
imately 22% manganese, properties of thermally disordered alloys are markedly
affected by irradiation. These effects also appear to be superposed on the disordering .
produced by irradiation of initially ordered alloys. From theoretical exponential de-
pendence on period of irradiation, fast neutron disordering of NiyMn is determined by
relating the' Bragg and Williams order parameter quadratically with resistivity and
linearly with magnetic induction. Under conditions of the irradiation it is estimated
that each lattice site undergoes, on the average, one atomic replacement when the ther-
mal component of integrated flux reaches 2 x 10%° 11/(:1'112'. This leads to a figure of 5000
for the ratio of the number of atomic replacements to the number of primary collisions
with neutrons of energy in excess of 0.5 Mev - - subject, however, to uncertainty
arising from estimation of the fast flux.

MR-0159

Zaehringer Alfred J
IGNITION OF SOLIDS,
Missiles and Rockets, Vol. 5, No. 4., P. 43, January 25, 1959.

Ignition of solids is undergoing considerable research. Work in Zurich has shown Lhat
high intensity light can initiate detonations. At the University of Cambridge, electric
fields have been used for igni"cion. On the olher hand, neutrons, alpha particles, and
other large fission fragments were not capable of producing ignition hot spots. At 10
roentgens, there is no great ettect. To 107 roeulgens vuly decompoaition ratec aro
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 reports shock initiation of solids. University of Utah
work outlines the transition tfrom deflagralion cuwbuslivn to detonation when an inart
solid medium interrupts deflagration.

NAA-SR-13

Gilmore F R, Malmstrom C R and Jarrett A A
TECHNIQUE OF RESISTIVITY MEASUREMENTS ON CYCLOTRON BOMBARDED GRAPHITE,
North American Aviation, Inc., Contract No. AT-(11-1)-Gen-8, April 4, 1949, 17 pp. (7 refs).

Graphite, exposed to proton, deuteron ot alpha particle bombardment in the 60-inch
cyclotron at Berkeley, undergoes large changes in electrical resistivity. The change is
a function of the exposure and of the distance along the path of the particles in the graph-
ite.

A previou§ report described a method for measuring these changes in resistivity and in-
cluded some preliminary experimental results. The present work describes further
refinements of both the experimental technique and the analytical procedures. The
resistivity change in layers 0.001" thick in graphite can be measured to an accuracy of
about 5% using these techniques. ’
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NAA-SR-23

Parkins W E, Nuding JM and Eggen DT _

RESULTS OF PULSE-ANNEALING MEASUREMENTS ON THE ELECTRIC RESISTIVITY OF
IRRADIATED GRAPHITE,

North American Aviation, Inc., Los Angeles, Calif., Contract No. AT-(11-1)-Gen-8,

October 17, 1949, 29 pp. (8 refs).

Improvements are described in the experimental technique of measuring electric resis-
tivity changes in irradiated graphite by pulse-annealing. Results of annealing measure-
ments up to about 2000°C are 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 on the graphite temperature duririg irradiation and on the length of
exposure are discussed.

NAA-SR-33

Bowen D

THE ELECTRICAL CONDUCTIVITY OF IRRADIATED GRAPHITE, PART I,

North American Aviation, Inc., Los Angeles, Calif., Contract No. AT-(11- 1)-Gen-38,
September 29, 1949, 13 pp. (3 refs).

A theory of the electrical conductivity of irradiated graphite has been developed which
explains the saturation of resistivity as a function of exposure.

The saturation effect results from a competition between the increased number of
carriers 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 resistivity is given.

NAA-SR-59

Bowen Dwain
THE THERMAL CONDUCTIVITY OF IRRADIATED GRAPHITE, .
North American Aviation, Inc., Los Angeles, Calif., April 20, 1950, 21 pp. (8 refs).

A theory of the electronic thermal conductivity of irradiated graphite is developed.

It is found that for unirradiated graphite the Lorenz number (Wiedemann-Franz law for
metals) times 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
is electronic. ,
This report is based on studies conducted for the Atomic Energy Commission under
Contract AT-(11-1)-Gen-8.

NAA-SR-T1

Dienes G J
A PROGRAM FOR THE STUDY OF RADIATION EFFECTS ON MECHANICAL
PROPERTIES, .
North American Aviation, Inc., Downey, Calif., Contract No. AT-(11-1)-Gen-8, June 7, 1950,
29 pp. (48 refs).
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The main purpose of this report is to indicate the most promising avenues of approach in
studying the effect of radiation on mechanical properties. First, a critical analysis of our
fundamental knowledge of the mechanical properties of solids is presented and the main
gaps in theoretical understanding are pointed out. Consequently, some mechanical
properties are far more suitable than others for a fundamental study of radiation effects.
A brief description of radiation effects is given. This is followed by a discussion of the
mechanical properties most profitably studied from a fundamental standpoint and those
which can only be treated empirically at the present time. A set of specific suggestions
is given for an exploratory program. ’

NAA-SR-165

Green L

HIGH TEMPERATURE COMPRESSION TESTS ON GRAPHITE,

North American Aviation, Inc., Downey, Calif., Contract No. AT-(11-1)-Gen-8, January 4,
1952, 17 pp. (7 refs).

Experiments on the compression of graphite cylinders at temperatures up to about 2600°C
are described. It is found that the short-time compressive strength increases with tem-
perature in the range from room temperature to 2000°C in a manner paralleling the
tensile strength behavior. Typical stress-strain curves are presented, but the limited
degree of experimental control dictated by the available test equipment makes the results
only semiquantitative in nature. The large, mutually opposiné influences of temperature
and strain rate are illustrated by photographs of typical tailures.

NAA-S5R-168

Duwez Pol and Johnson R D

THE EFFECT OF IRRADIATION ON. DIFFUSION IN COPPER-GOLD AND COPPER-
NICKEL POWDER COMPACTS,

North American Aviation, Inc., Downey, Calif., Contract No. "AT-(11-1)-Gen-8, March 7,
1952, 31 pp. -

Techniques are described for performing intermetallic ditffusion experiments in the pres-
ence of both cyclotron and reactor irradiations. Diffusion specimens are in the form of
powder compacts of definite particle size. The progress of diffusion is determined by
X-ray diffraction measurements of the lullice parameter of one phase of the solid
solution. Results are presented for experiments in the gold-copper and copper-nickel
systems irradiated on the 60-inch University of California cyclotron and in a Hanford hot
test hole. No significant effect of irradiation on the rate of intermetallic diffusion has
been detected in the two systems studied, although both systems diffuse by substitutional
methods. An interpretation of the results is presented on the basis of theory previously
reported for intermetallic diffusion in powder compacts.

NAA-SR-211

McClelland J D

CHANGE IN MAGNETIC SUSCEPTIBILITY OF IRRADIATED GRAPHITE DURING PULSE
ANNEALING, 4

North American Aviation, Inc., Downey, Calif., Contract No. AT-(11-1)-Gen-8, December
18, 1952, 11 pp. (5 refs). : ' o ;.
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Pulse annealing studies are 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
hole. "The samples were pulsed stepwise in steps of approximately 100.C to a tempera-
ture of 2180 C where the samples showed complete recovery. to their preirradiation
value. The curves show tw% active annealing regions, the first between 100 and 500 °c
and the second between 1100~ and 1500 C. The data are in good agreement with theory.

NAA-SR-262

Brinkman J A and Gilbert W S

EFFECTS OF FISSION FRAGMENTS ON RADIATION DAMAGED METALS,

North American Aviation, Inc., Downey, Calif., Contract No. AT-(11-1)-Gen-8, November 15,
1953, 34 pp. (5 refs). .

Thorium metal and Au-3% Th alloy specimens were irradiated with both 9 Mev protons
and 18 Mcv deuterons. The dJdeulervn Lrradiation was found to anneal some of the damage

- produced by the protons and to produce a different type of damage. These effects are-
interpreted as the result 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
pr1mar1ly of dislocation loops.

NAA-SR-1198

Austerman Stanley B

ACTIVATION. TEMPERATURES FOR ANNEALING OF NEUTRON-DAMAGED GRAPHITE AS
DETERMINED RY TSOTHERMAL 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 Mwd/ct pile-irradiated graphite were subjected to pulse-
annealing, and simultaneous measurements were made of thermal and electrical resistiv-
ities and thermoelectric power. Activation temperatures, calculated for annealing at
temperatures up to 1850°C showed a continual rise from about 18, 000°K at the beginning
of low temperature annealing to about 70, 000°K at 1400°C annealing temperature.
Analysis of the annealing rates 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 states governed by increasingly higher activation
temperatures as annealing progresses must be used. In the region of 1200°C the anneal-
ing behavior demonstrates a system involving at least two opposing processes.

NAA-SR-1367

Bowen D B

SOLID-STATE PHYSICS QUARTERLY PROGRESS REPORT, JANUARY-MARCH, 1955,
Nuclear Engineering and Manufacturing, North American Aviation, Inc., Downey, Calif.,
Contract No. AT-(11-1)-Gen-8, September 15, 1955. 25 pp. (14 refs).

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 is a list of problems covered.
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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 Thermal.Conductivity of Potassium Chloride

II. Metals
A. Electron Irradiation of Copper at -196°C
B. Tensile Properties of Electron Irradiated Copper

III. Cyclotron Operation and Development
A. Operation
B- ‘Impurity Atom Experiments

NAA-SR-1398

Hove John E

THERMAL CONDUCTIVITY OF GRAPHITE - THEORETICAL STUDY OF ELECTIION-THOTON
SCATTERING,

Nuclear Engineering and Manufacturing, North American Aviation, Tnc., Downey, Calif.,
Contract No. AT-(11-1)-Gen-8, January 1, 1956, 43 pp. (13 refs).

A calculation has been made of the contribution to the thermal resistance in graphite of
the scattering of the photons by the conduction electrons. This investigation was under-
taken in order to determine whether the effects of neutron damage on the thermal
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 to this mechanism, should
become more strongly dependent on temperature as electrons are removed from the
conduction band, whereas it is observed that this temperature dependence is weakened.
The important implication of this result is that the thermal conductivity is a sensitive
probe for detecting the lattice defects introduced by neutron damage, since it is not
complicated by electronic effects.

NAA-SR-1452

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. (21 refs).

This document covers the progress of Atomics International in the field of solid-state
physics. The first portion is devoted to the radiation damage in graphile and presents
data on a model analysis and the correlation of neutron flux with radiation damage.
Further, work on low temperature annealing of graphite and stored energy in graphite
is discussed.

Part 2 of the publication covers efforts in the field of metals as used for reactor con-
struction. The metals investigated include thorium and nickel. The changes in X-ray
lines, cold working effects, mechanical properties, and energy bands in thorium are
discussed, as are the displacement energy of nickel and a new method of determining
activation energies. ‘
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NAA-SR-1464

Hove John E

THEORY OF THE MAGNETIC SUSCEPTIBILITY OF 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 variation of the susceptibility with neutron
damage or with the formation of bromine-graphite compounds, but only in a qualitative
way. The quantitative results of the theory disagree rather badly with the experimental
data, especially as regards the variation with temperature. In the present report, the
three-dimensional graphite structure is utilized, adopting the electron energy band
approximation of Wallace. In the latter work, two parameters appear (the so-called
resonance integrals between nearest neighbors in a plane and nearest neighbors in
adjacent planes) which are treated as disposable constants in the present paper and
evaluated by fitting appropriate experimental data. In this way, the respective values
for these resonance integrals are found to be 1.63 and 0.5 ev. Theoretical estimates
used in previous work are 1.0 and 0.1 ev for these values, and it is seen that the
difference in the magnitudes for the adjacent plane parameter is appreciable. This
implies that the three-dimensional effects in graphite may have beenseriously under-
estimated in some previous work. Using the experimentally determined parameters,
this writer 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, as determined theoreti-
cally, is lower by a factor of 40 than the observed value. The reasons for this
discrepancy are not yet well known. ’

For neutron damages less than about 100 de/ct, it is found that the electron trapping
rate varies from 1 x 107* to about 0.3 x 10”* electrons/atom /Mwd/ct as the damage is
increased. This agrees reasonably well with the trapping rate of 0.9 x 10™* as estimated
from the Hall coefficient variation in a previous work by Eatherly.

NARF-57-53T MR-N-163

Johnson R E and Sicilio F

RADIATION DAMAGE TO METAL BONDED AND SANDWICH PANEILS -1,
Engineering Dept., Convair, Div. of General Dynamics Corp., Fort Worth, Tex.,
Contract No. AF33(600)-32054, November 26, 1957, 38 pp. (13 refs).

Samples of three types of panels were irradiated in air using the Ground Test Reactor in
October 1955. The three types were lap shear panels, aluminum- and fiberglas-core
honeycomb panels, and corrosion-resistant steel honeycomb panels. In addition, two
groups of clad aluminum lap shear panels were irradiated while immersed in various
(luids.

"In the a1r 1mmers1on irradiations, flux levels of 6 x 10™* ngvt, 6 x 10*® nvt, and
5x 10* Y/cm were attained. In the fluid-immersion irradiations, fluxes of
6 x 10** nyvt and 5 x 10*® y/cm® were attained.
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After irradiation, engineering tests were made on both irradiated and control samples.
Comparisons were made of the test results of the two groups to determiné the effect of
radiation on the materials.

Most of the panels were found to be resistant 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-J adhesive
exhibited a decrease in column creep and shear strength.

3. Corrosion-resistant steel sandwich panels decreased in face compression strength.

NARF-508-3T MR=-IN-192

Morgan C E

EFFECT OF NEUTRON IRRADIATION ON THE CRITICAL SHEAR STRESS OF A METAL
‘SINGLE CRYSTAL,

Engineering Dept., Convair, Div. of General Dynamics Corp., Fort 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 critical shear stress of a
metal single crystal upon irradiation. This mechanism is based on a lattice defect con-
sisting of interlocking dislocation rings. The dislocation rings are formed by plastic
deformation of the matrix around thermal or displacement spikes in the metal, as
suggested by Seitz. They remain in the lattice after irradiation to impede the movement
of slip-dislocations. From this model, an expression for the critical shear stress varies
as the cube root of the integrated neutron flux. The variation (after irradiation) of the
critical shear stress with temperature is also discussed from the standpoint of this
mechanism.

Other radiation-hardening mechanisms (viz., interaction of slip dislocations with inter-
stitials and vacancies, formation of stacking faults or agglomerations of interstitials and
vacancies and formation of jogs on dislocations) are discussed and the dislocation ring
mechanism compared with them. The agglomerated point defect or stacking fault
mechanism and the dislocation ring mechanism differ in that, while the former requires
diffusion of interstitials or vacancies before the irradiated metal is hardened, the dis-
location ring method predicts that metals will be hardened by radiation even at the lowest
temperature without warning.

To test the theory, the critical shear stress of copper was calculated for neutron doses
up to 2 x 10*° nvt. The calculated values agree quite well with available exper1mental

data on irradiated high-purity copper crystals.

Extension of the theory of polycrystalline metals and alloys is also discussed. .

NARF-58-48T. MR-N-163-2

Bauerlein R R

RADIATION DAMAGE TO METAL-BONDED AND SANDWICH PANELS-II. EFFECTS OF
RADIATION ON HEXCEL 91LLD AND HEXCEL F-120 HONEYCOMB CORE REINFORCED
WITH FIBERGLAS,

Convair, Fort Worth, Tex., Contract No. AF33(600)-32054, December 17, 1958, 14 pp. (2 refs).
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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 re-
inforced with fiberglas, were irradiated with the Ground Test Reactor. Specimens were
irradiated at ambient temperature at four different radiation levels with the maximum
being a gamma dose of 9.3 x 10° ergs/gm (C) and an integrated fast-neutron flux of

1.2 x 10*°> n/cm?. '

Within the statistical accuracy of the tests, the compressive strength of neither type of
honeycomb core was found to be adversely affected by the irradiation.

NAVR-SYM-ACR-2 (4)

Smoluchowski R

SURVEY OF RADIATION EFFECTS,

. Carnegie Institute of Technology, Pittsburgh, Pa. Paper given at Conference on Effects of
Radiation on Dielectric Materials held at 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 rather than in other materials. This is so in spite of the
fact that the commonly measured effect is the change of the metallic electrical resistivity
which is often quite difficult to interpret. For this reason in this brief summary of
various radiation effects, an attempt will be made to stress the differences and similar-
ities between effects occurring in metals and in nonmetals. This is approached from the
theoretical interaction standpoint with little reference to experimental proof.

NAVR-5YM-ACR-2 (5)

Pearlstein E and Ingham H

CHANGES OF ELECTRICAL CONDUCTIVITY OF. 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 Materials 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 started with the hope that
some basic information could be obtained about the number of vacancies and interstitials
produced by high-energy ionizing particles and also about the behavior of these imper-
fections® The results do not as yet point definitely to any simple interpretation, and a
number of questions are raised, some of which can be answered by additional experi-

ments.

NAVR-SYM-ACR-2 (6)

Pearlstein B and Ingham H

ENERGY DEPENDENCE OF RADIATION EFFECTS,

Carnegie Institute of Technology, Pittsburgh, Pa. Paper given at Conference on Effects of
Radiation on Dielectric Materials held at Naval Research Laboratory, Washington, D. C.,
December 14-15, 1954, 1 p. (1 ref).

The original object of this experiment was to test the validity on the 1/E dependence of
radiation effects upon energy of the incident charged particle, -as predicted in the formu-
las of Seitz. The measure of radiation effect was the change in electrical resistivity of

tungsten at room temperature.
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NAVR-SYM-ACR-2(8)

Delbecq C J, et al.

SOME EFFECTS OF RADIATION ON ALKALI HALIDES ALKALI NITRATES, AND
DIAMOND, , A ‘
Argonne National Laboratory, Lemont 111. Paper given at Conference on Effects of Radiation
on Dielectric Materials held at Naval Research Laboratory, Washington, D.C.,

December 14-15, 1954, 9 pp. (18 refs).

Various crystals 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 optical absorption of the crystals have been studied
in greatest detail; however, changes in chemical, electrical, and para-magnetic proper-
ties and birefringence have also been measured. Although the alkali halides, because of
the relatively simple structure and availability, have been studied iu greatest extent,
some attention has been given to alkali nitrates and diamond.

NAVR-SYM-ACR-2(10)

Kreidl N J

RADIATION EFFECTS ON GLASS,
'Bausch & Lomb Optical Co., Rochester, N.Y. Paper given at Conference on Effects of Radia-
tion on Dielectric Materials held at Naval Research Laboratory, Washington, D.C.

December 14-15, 1954, 2 pp.

This is a twb—page abstract which discusses the effects of radiation on silicate and
phosphate glasscs.

NAVR-SYM-ACR-2(13)

Wittels M C and Sherrill 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 Materials held at Naval Research Laboratory, Washington, D.C.,
December 14-15, 1954, 3 pp. (7 refs).

A group of natural crystals having comparatively high melting temperatures were
bombarded with fast neutrons at a temperature of approximately 100°C. Preliminary

- X-ray examination of these materials followmg irradiation indicates that many of these
crystals undergo. large disordering effects as a result of knock-on displacements. Most
of the crystals examined are in the class of low dens1ty insulators with oxygen atoms
forming the structurally dominant component of the lattice. In addition, a considerable
degree of covalent binding is a common characteristic of these crystals.

NAVR-SYM-ACR-2(16)

Sturm W J. .. ’ '

THE EFFECTS OF PILE NEUTRON IRRADIATION ON THE STRUCTURE OF LITHIUM
FL.UORIDE,

Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper given at Conterence on Effects of
Radiation on Dielectric Materials held at Naval Research Laboratory, Washington, D.C.
December 14-15, 1954, 5pp
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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 as a function of pile bombardment and of time and tempera-
ture of thermal anneal. Lithium fluoride was chosen for the work partly because it is an
easily available single crystal having simple and well-determined structure.

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 are

- effects of radiation; sources and kinds of high energy radiation; types of interaction with
matter; radiological quantities, units, and symbols ‘and nuclear radiation environment

: assoc1ated with System 125A. oo

The information presented was obtained from a selected b1bl1ography and can be summa-
rized as follows:

At dosages of approximately 10° roentgens of Co®° gamma radiation, many optical glasses
become darkly colored and practically opaque to visible radiation. At dosages over 10°r
the discoloration reaches a saturation point.  ,The brown coloration is not stable but fades
with time, temperature and exposure to ultraviclet or visible radiation. The color in-
duced in a crown glass exposed to 10° r could be completely bleached in a few hours by
heating at 400°C. The flint glasses color more readily than crown glasses, but fade more
quickly. As the gamma radiation dosage is increased beyond the saturation point, the
glasses.can be ruptured or cracked. Because optical glass becomes useless as an image-
forming material long before mechanical damage occurs, gamma radiation dosages below
10*° r are considered the present practical l1m1t for the use-of optical 1nstruments in
such a radiation flux. . '

Some irradiated glasses, especially phosphate glasses containing cobalt, will exhibit
fluorescence with ultraviolet excitation. Other irradiated glasses containing traces of
thorium, cerium, silver, chromium, cobalt, and rnanganese will exhibit the phenomenon
of thermoluminescence, that is, visible radiations of definite wavelengths will be emitted
when the glass is heated after irradiation. The liberation of heat from a nuclear reactor
w111 be'an 1mportant con51derat1on in reglons close to the reactor ‘

'Capture of thermal neutrons by glasses containing potassium,  cal¢ium, zinc, arsenic,

- cerium, and especially cobalt, can result ih making the glass hazardously radloactlve
for some time after nuclear irradiation. - :

NESC-57-108

Proctor Joseph H
APPLICABILITY OF CLAD STEELS TO HEAVY WATER PIPING,
Lukens Steel Co., Coatesville, Pa. Published by the American Society of Mechamcal
Engineers, 2nd Nuclear Engmeermg and Sc1ence Conference Ph1lade1ph1a Pa March 11 14,
'1957; 7 pp. (2 refs) ' . R
This report is an evaluatmn of the applicability of clad steel in-Heavy water p1p1ng Clad
steels made up of the following alloys: stainless steel, nickel, monel, inconel, and
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copper, bonded to carbon steel backing were evaluated.

Tests were made to determine that clad steel could withstand service conditions of heat
and pressure encountered in reactor operation.

Fabrication considerations were investigated and welding techniques proposed.

NRL-3717

Furlong L R .

.A SURVEY OF THE THEORETICAL ASPECTS OF THE LUMINESCENCE OF INORGANIC
CRYSTALLINE SOLIDS, :

Naval Research Laboratory, Washington, D.C., July 28, 1950, 36 pp. (44 refs).

A general mode of attack rather than a time-tested formulation of luminescence theory

is presented--because the latter does not exist. The various phases of luminescence
have been studied independently of the other phases, using individual luminescent systems.
Consequently, the '"theory" of luminescence actually consists of a number of theories,
each of which has been constructed to describe the properties of a particular luminescent
system. The theories presented, therefore, apply to individual systems, but they are
indicative of the way in which luminescence problems are handled in general and they do,
at least, lead to some understanding of the processes involved. No attempt at unification
of these theories has been made because more concrete knowledge (for example, concern-
ing the constitution of electron traps) will have to be obtained before a consistent, over-
all theory of luminescence can be constructed.

NYO-1114

Wikle K G and Beaver WW

ELEVATED TEMPERATURE PROPERTIES OF BERYLLIUM,

Brush Beryllium Co., Cleveland, Ohio, Contract No. AT-(30-1)-541, July 15, 1952, 22 pp.
(3 rels).

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° to 600°C.

Data obtained to date indicate that the ultimate tensile strgngth of the hot-pressed
material decreases slowly from room femperature to 600 C and rapidly from there on.
Ductility increases above room temperature to a peak at about 450 °C then rapidly de-.
creases to a low galue. Material that is more ductile at room temperature is also more
ductile at the 450 C peak.

Special equipment developed for tensile-testing beryllium up to 950°C is illustrated and
described.

NYO-3131

Smoluchowski R, et al. . .

RADIATION EFFECTS IN SOLIDS--PROGRESS REPORT FOR JANUARY 1 TO JULY 1, 1954,
Carnegie Institute of Technology, Pittsburgh, Pa., Contract No. AT-(30-1)-1193,

September 24, 1954, 5 pp. A .
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Large effects of proton and of gamma irradiation on electrical conductivity of alkali
halides were observed and studied during continuous heating. A tentative interpretation
is suggested. Measurements of mechanical properties are still hampered by lack of re-
producibility. Study of surface effects by means of multiple beam interferometry has
been completed. Optical absorption measurements on alkali halides and on sapphire are
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 to verify the proposed role of "star" formation in radiation effects.

NYO-3454

Ricker CW, Schaf HF and Werme JV

DEVELOPMENT OF RADIATION PYROMETRY TECHNIQUES FOR MEASUREMENT OF
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 Office of the Atomic Energy Commission.

The emittance of salt-coated uranium (a eutectic mixture of lithium and potassium
carbonates) was tound to be about 0.86 between the temperatures of 900° and 1200°F.
The emittance of uranium oxide (U3 Oa) was found to be about 0.82; the emittance of the
salt mixture was 0.9; and the emissivity of uranium metal between 200° 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-
ature of nranium ingots and bars during the rolling operation. 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 as a radiation reference source.

NYO-3777

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 glass is being studied in three phases. First, 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 is investigated in detail with the aim of developing glasses for partic-
ular irradiation levels. Third, instruments incorporating these glasses are being
designed for use where resistance to radiation is required.

The five glasses selected for development have been "protected" against exposure to
10° r gamma radiation. Results are given of the change in absorption with exposure of
"protected" and '"nonprotected" glass. The development of two of these glasses is com-

" pleted. The remaining three require some improvement in quality or adjustment of
optical properties.
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The fundamental study is guided by effects and methods known in the case of irradiation
of crystals-the measurement of absorption and fading, as affected by irradiation and

heat treatment. In a silicate-base glass, the ultraviolet absorption bands of cerium are
concealed by the characteristic absorption of the glass. By using a phosphate-base glass,
the cerium absorption bands in the ultraviolet and their change with irradiation were
clearly observed. The oxidation level of cerium in silicate- and phosphate-base glasses
was controlled. N

NYO-3780

Kreidl N J and Hensler JR

IRRADIATION DAMAGE TO GLASS, 4 ‘ .
Bausch & Lomb Optical Co., Rochester, N.Y., Contract No. AT-(30-1)-1312, November 1,
1954, 91 pp.
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Silicate and phosphate glasses exposed to gamma radiation develop a visible absorption
similar to the F-band developed in alkali-halide crystals. In opti¢al glasses this de-
crease in transmission prevents their use under exposure conditions. Cerium in the
glass prevents this coloration. Five conventional optical glasses containing cerium
were developed, maintaining the optical constants, high quality, and good color while
"protecting' them against exposure to 10° roentgens.

Optics and instruments utiliz'ing these glasses were developed and tested, particularly
a stereo relay system, a remote viewing microscope.

The function of cerium in preventing coloration of the glass was studied in detail in an
ultraviolet transmitting phosphate -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 glass could be observed as affected by oxidation-reduction, concentration of
cerium, and radiation. With oxidation-reduction and radiation, the absorption change
was in the region of the cerium absorption but not coinciding with the cerium absorption
maxima. It was concluded that the presence of enough cerium to permit interaction of
freed electrons, normally inclined to furin F-type centcrs, with vacancies near the
specific electronic system of the cerium ion or with the resonating association of cerium
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 the cerlum-free glass.

On this basis, transition ions of similar electronic structure 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 or less prominent bands in other spectral ranges. The
colorless. iron phosphate -glass remained colorless under radiation and could be con-
sidered "protected." Conversely, with cobalt, the new band which reached into the
visible, was relatively intense and stable suggesting its.use to indicate radiation dose.
Certain elements of this group, which in glass are particularly stable in their higher
valency, were ineffective in that the base glass-irradiation characteristics were not
suppressed. Among these were Ti**, W, 6 and Sn**. However, by use of chemical
reducing conditions in the glass melt, some Ti** was formed and the glass was
"protected.' This mechanism may allow some generalizations.



NYO-3784

Kreidl N J and Hensler JR

IRRADIATION DAMAGE TO GLASS '
Bausch & Lomb Optical Co., Rochester, N.Y., Contract No. AT-(30-1)-1312, March 1, 19586,
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 to the glass, the spin resonance was also
prevented, even though a new coloration appeared upon irradiation. Spectroscopic
splitting factors indicated that paramagnetic centers which also gave rise to the visible
absorption typical of the irradiated phosphate glass were associated with the P>! nucleus.

The effect of radiation on GeO, glass showed some similarity to effects with SiO; in that
pure GeO:z was rather insensitive. However, the addition of small amounts of alkali to
GeO2 decreased its sensitivity not only to irradiation but also 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 it useful in dosimetry. Satura-
tion could be controlled to some extent by controlling transition ion concentrations.

NYO-3786

Kreidl N J and Hensler R

IRRADIATION DAMAGE TO GLASS, S ' .

Bausch & Lomb Optical Co., Rochester, N.Y., Contract No, AT-(30-1)-1312, October (1957),
18 pp. : ’

Investigation of irradiation of very pure SiOp powder, the basic glass making raw ma-
terial, doped with controlled impurities in very small amounts allowed synthesis of
known color centers and discovery of new centers. Thermoluminescence measurements
were fruitful in the investigation of mechanisms of repair 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.

NYO-73179

Smoluchowski R, -et al.

RADIATION EFFECTS IN SOLIDS,

‘Progress Report for July 1954-July 1955, Carnegle Instltute of Technology, P1ttsburgh Pa.
Contract No. AT-(30-1)-1193, September 9, 1955, 8 pp.

* - Nonmetals . --- Electrical conductivity, density, elastic constants, stored energy, and
‘optical absorption have been measured on irradiated and nonirradiated KC1 and NaC1
crystals. Among others the results indicate that there are several thousand vacancies
produced per incident high energy proton., The mechanism of annealing is being in-

© vestigated in detail.

Metals -- Experimental results on the dependence of irradiation effects in tungsten upon
the energy of the incident protons agree with theoretical calculations based on the
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previously proposed star formation model. Neutron irradiation of alpha brass can be
accounted for in terms of the formation of short-range order.

NYO-7623

Bray

PJ

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.

(refs).

A complete nuclear magnetic resonance spectrometer has been placed in operation.
Many necessary and useful modifications of the commercial design are incorporated. The
resultant instrument is exceptionally good for the observation of resonances which can
be studied with high r.f. levels. Subsidiary equipment (magnet, cryostat, etc.) is also
in operation.

NMR studies of damaged metals are being started in copper, copper-beryllium alloys and
beryllium. Investigation of radiation damage in molecular solids will begin shortly.

Three appended abstracts summarize the publishable work to date on boron carbide,
glasses containing boron, and ionic crystals containing boron or aluminum.

NYO-7624

Bray

PJ

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 refs).
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Radiation damage effects have been observed and measured in several alkali halides
(Nal, KI, LI, and KBr) which have received reactor irradiation. The data have been
used to determine the defect density in the irradiated crystals and the mean free path
between displacement collisions. The results are in substantial agreement with the cal-
culations of Seitz and Kochler.

Preirradiation studies of boron carbide have shown that the central ''carbon' position in
the ''three-carbon chain" of this structure 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 as a function of the glass composition.
The results 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 several metal borides and boron nitride have been
determined from the effect of B*! electrical quadrupole coupling constant on the nuclear
magnetic resonance.

Studies are in progress on radiation damage effects in metals, corundum, and molecular
compounds. »



ONRL-50-58

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 primarily
to bring together young German metal physicists active in the subject matter of the con-
ference. The emphasis was on informality and on extensive discussion of each paper.
Forty attended the conference, of whom thirty read invited papers. This report is a
summary of the various papers presented.

ORNL.-681

English James L

THE CORROSION OF 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
for the proposed Materials Testing Reactor. Stagnant and dynamic corrosion tests were
conducted in demineralized water containing small amounts of hydrogen peroxide at a pH
range of 5.5 to 6.5 and a temperature of 850C. Corrosion behavior of the uncoupled alloy
was investigated as well as its galvanic corrosion behavior with 2S5 aluminum, 43 alumi-
num, extruded beryllium, and 347 stainless steel. Sodium chromate and sodium di-

- chromate were tested as possible corrosion inhibitors.

The corrosion characteristics of 356 aluminum are greatly influenced by oxygen
concentration pH and contact with dissimilar metals. Heat treatment of the alloy affected
the corrosion resistance slightly; cast aluminum showed a slightly superior corrosion
resistance to the heat-treated alloy. Corrosion attack on the alloy at 90°C was of similar
magnitude as attack at 30°C; and maximum corrosion attack occurred at 50°C. Stagnant
vs dynamic test results indicated that pitting intensity was reduced under dynamic condi-
tions, but the general corrosion rate was increased. Corrosion attack generally in-
creased as 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 stainless
steel. Sodium chromate in concentration of 10 ppm was effective for reducing corrosion
attack. A general observation of all test results indicated that an incubation period of
500 to 700 hours was requlred for the formation of the protective hydrated aluminum
oxide film.

The average over-all stagnant corrosion rate for 356 aluminum in deaerated water,
0.0005 M and 0.005 M hydrogen peroxide solutions for 1008 hours, was 0.007 mil/month;
the average dynamic corrosion rate for similar conditions was 0.067 mil/month. 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 concentra-
t1ons the average corrosion rate was 0.020 mil/month with almost complete ehmma’uon
of pitting attack. :

Galvanic corrosion of 356 aluminum in contact with 25 alufninum 43 aluminum, extruded
beryllium, and 347 stainless steel 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/month
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for 1008 hours exposure, respectively. With 5-10 ppm. of sodium chromate in the test
solutions these corrosion rates 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/month in
contact with 347 stainless steel. The maximum pit depth encountered on stagnant

356 aluminum test specimens was 16.4 mils in 1008 hours; for dynamic test conditions,
the maximum pit depth encountered was 8.0 mils for the safe time.

ORNL-975

Kernohan Robert H and McGammon Grace M :

FADING CHARACTERISTICS OF GAMMA -INDUCED COLORATION IN HIGH DENSITY
GLASS,

Fairchild Engine and Airplane Corp., and Uak Ridge National Laburalury, Contract No.
W-(7405)-Eng-26, March 20,1957, 14 pp.

Specimens of a lead silicate glass maniufactured by the Peuberlhy Iustrument Company
were measured for transmission characteristics. The specimens were given varying
dosages tfrom a 300 curie cobalt-60 gamma svurce. Tiransmission charactcristicc were
measured as a function of time following 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 their original transmission characteristics.

ORNL-2149

Thurber W C, Milko JA and Beaver R J

BORON-ALUMINUM AND BORON-URANIUM-ALUMINUM ALLOYS FOR REACTOR
APPLICATION,

Oak Ridge National Laboratory, P.O. Box X, Oak R1dge Tenn,, Contract No. W-(7405)-Eng-26,
October 18,1957, 23 pp. (7 refs).

Additions of small quantities of the burnable poison (buruu) iun aluminum reactor fuol
elements offer the possibility of reducing undesirable neutron-flux perturbations, espe-
cially those caused by fuel burnup. This report describes techniques for induction
melting of boron-aluminum and boron-uranium-aluminum alloys for producing materials
with maximum homogeneity. Of the several boron additions inveotigated, a nominal

12 wt % B-Ni master alloy was the most satisfactory for preparing boron-uranium-
aluminum castings, while both 1.5 to 5 wt % B-Al and 12 wt % B-Ni master alloys were
suitable for preparing boron-aluminum castings. Data are presented which indicated
that boron improves the strength of aluminum. The corrosion resistance of a nominal
0.1 wt % B-0.8 wt % Ni-Al alloy iso comparable with Type 1100 aluminum in distilled and
aerated water at both 60 and 100 C. Without the nickel, this alloy appears to be
marginal in these environments.

ORNL-2413

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).
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This report summarizes the progress made in the Solid-State Division of the ORNL for
the period ending 8/31/57. The subject matter covered includes the following: (1) low-
temperature bombardment of metals; (2) the temperature dependence of the mechanical
properties of metals; (3) Youngs modulus and internal friction studies; (4) small angle
X-ray scattering studies of fast-neutron irradiation effects in an aluminum-silver pre-
cipitate alloy; (5) effect of neutron irradiation on copper base alloys; (6) the precipitation-
hardening reaction in nickel-beryllium; (7) electron microscope studies; (8) chemical
properties of metal surfaces; (9) low-temperature irradiation of n-type germanium;

(10) minority-carrier lifetime studies in germanium; (11) mobility changes in irradiated
n-type germanium; (12) annealing studies of irradiated germanium; (13) optical absorp-
tion in germanium; (14) activation energies and total energies of localized states in
semiconductors; (15) magnetic properties of arsenic-doped silicon; (16) magnetic
susceptibility of molybdenum; (17) instrumentation for susceptibility studies; (18) mag-
netic defects in covalent and ionic crystal systems; (19) super-heterodyne electron-spin
resonance spectrometer; (20) optical absorption studies of irradiated solids; (21) X-ray
diffraction studies; (22) low-temperature thermal conductivity of potassium chloride
crystals, including the effects of strain and particle irradiation; (23) low-temperature
thermal conductivity of nonmetals; (24) low-temperature thermal conductivity in neutron-
irradiated vitreous silica; (25) proposed reactor bombardments at 4° Kelvin; (26) gamma-
source facilities; (27) automatic liquid-gas level control; (28) HRP radiation metallurgy;
(29) radiation stability of ceramic materials; (30)Infra-red spectra of plastics and
elastomers after irradiation; (31) effects of high-energy radiation on polymers; (32) anal-
ysis of gases evolved by irradiation of polymers; (33) effects of radiation on engineering
‘properties of polymeric materials; (34) high-frequency electrical properties of some
irradiated plastic materials; (35) attempt at the separation of neutrons and gamma-ray
irradiation effects by means of a hydrogenous absorber; (36) an investigation of the
properties of two uranium-bearing zeolites; (37) forced-cooled ceramic-fuel experiments;
(38) high-temperature ceramic fuels; (39) radiation effects in thermocouple insulation; -
(40) chemical effects of nuclear reactions; (41) absorption of fission gases by activated .
charcoal; (42) investigation of sulfur contamination of a dry box of neoprene rubber;

(43) neutron flux monitoring in high-temperature in-pile experiments; (44) ORR experi-
mental facility; (45) fission reactions as threshold detectors; (46) hot lab studies.

PR-0358-1

Magnuson G D, Palmer W and Koehler J S
ISOTHERMAL ANNEALING BELOW 60°K OF DEUTERON IRRADIATED NOBLE METALS,
Physics Review, Vol. 109, No. 6, pp.1990-2002, March {1958), (29 refs).

Foils of 99.999% pure copper, 99.999% pure silver, and a copper alloy containing 3.78
atomic percent nickel were irradiated near liquid helium temperature with 10.7 Mev
deuterons. Annealing up to 60°K was performed in a series of isothermal steps.
During each anneal the decrease of the radiation-induced resistivity increment with
time was observed. Resistivity distribution curves, obtained by assuming that recovery
processes with a continuum of activation energies are present, show several small
peaks followed by a large peak. The maxima occur at 0.048, 0.080, 0.091 and 0.113 ev
in copper and at 0.045, 0.058, 'and 0.079 ev in silver. The frequency factors for both
metals were found to lie between 7.2 x 10'° and 3.9 x 10*® sec™®. Alloying served to
broaden the energy distribution of the recovery processes. Changes in the Debye
characteristic temperature of -(15 + 1)°K and -(10 £ 1)°K were also observed in copper
and silver, respectively. Annealing of these changes was about 80% complete at 500K.
The dominant mechanism in the low-temperture recovery is believed to be the annihi-
lation of Frenkel pairs, with the interstitials as the mobile defects. A trapping model
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is proposed to explain why all the resistivity increment does not anneal out once inter-
stitials begin to move.

PR-0458-1

Gross Bernhard '
THERMOVOLTAIC EFFECT IN GAMMA-IRRADIATED BOROSILICATE GLASS,
Physical Review, Vol. 110, No. 2, pp.337-338, April 4, 1958, (4 refs).

Borosilicate glass was irradiated with a high dose of gamma rays from a Co®° source.
After irradiation the glass was heated while a temperature gradient was maintained be-
tween its surfaces. During the heating an external current was observed. The direction
of the current in the dielectric corresponded to a transport of negative charge to the
electrode with the higher temperature. ’

PR-0458-2

Corbett J W and Walker R M

DISCRETE RECOVERY SPECTRUM BELOW 65°K IN IRRADIATED COPPER,

Physical Review, Vol. 110, No. 3, pp.767-768, May 1, 1958, (5 refs). ,
This short article reports an experiment on electron-irradiated copper which demon-
strates directly, independent of analysis, that at least four regions of recovery exist
in the temperature range 20° to 80°K. '

PSP-0055-1

Levy M and Varley JHO
RADIATION-INDUCED COLOUR CENTRES IN FUSED QUARTZ,
Physical Society Proceedings, Vol. 68B, pp. 223-233, (1955), (18 refs).

Samples of fused quartz ('Vitreosil') have been irradiated by pile, gamma or X-rays
and three absorption bands are produced with maxima at 2.3 ev, 4.1 ev and approxi-
mately 5.6 ev. It is suggested that the 2.3 ev band is due to sodium borate impurities
in the glass.

All three bands can be bleached either optically or thermally or, more rapidly, by a
combination of both processes. An empirical law describing the thermal bleaching rate
of the 2.3 ev band over a large range of n'is dn/dt =-AeP™ where n is number of colour
centres per cm® at time t; A, b are constants.

Bleaching of the 2.3 ev and 4.1 ev bands can also be brought about by large doses of pile
irradiation. This is attributed to vacancies caused by atomic displacements combining
with electron traps.to produce new centres. These latter are assumed to give an ab-
sorption outside the range of observation in these experiments, viz. 6.2 evto 1.2 ev.

REIC-5 AD-157170

Allen B C, et al.

THE EFFECT OF NUCLEAR RADIATION ON STRUCTURAL METALS,

Battelle Memorial Institute, Columbus 1, Ohio, Contract No. AF33(616)-5171, May 31, 1958,
22 pp. (62 refs). .
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This report presents the state of the art on the effects of nuclear radiation on structural
metals from 1943 through 1957.

The general effects of various types of radiation on metals are discussed and the damage
mechanisms are outlined. Following this is a topical discussion of the effects of fast
neutrons on the physical and electrical properties and corrosion resistance of metals.
Tabular data are presented on these effects.

Experimental evidence to date indicates that structural metals are quite resistant to
nuclear radiation when compared to such things as organic compounds or electronic
components. Fast neutrons in integrated flux levels above 10*° nvt represent the only
reactor radiation that can significantly affect the properties of structural nonfissionable
metals.

An appendix is included which gives tabular data on effects of radiation on properties
of metals and alloys.

REIC-TM-9

Riley. W C, et al.

THE EFFECT OF NUCLEAR RADIATION ON GLASS,

The Radiation Effects Information Center, Battelle Memorial Institute, Columbus 1, Ohio,
November 30, 1958, 24 pp. (130 refs).

The purpose of this technical memorandum is to present available information on
radiation effects in glass and to recommend areas that require further investigation.
The topics discussed are physical-property changes, optical systems, glass tubes,
dosimeter glass, and a table summarizing radiation effects in glass.

REPF-105

Krueger Helmut '

A SHORT STUDY OF 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
disk$ has been done. Four samples each of seven different formulations of PZT were
‘exposed to gamma irradiation. The results are briefly as follows:

(1) All capacitances dropped from 3 to 10%.

(2) All dissipations dropped.

(3) All resonant frequencies rose, seldom as much as 1%.

(4) Planar couplings of the three and five valent additions rose slightly. All others
dropped slightly.

(5) With one exception, all mechanical Q's rose, one as much as 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 are comparable to aging in magnitude and direction for the
time difference involved. One month passed between initial premeasurements

" and postirradiation measurements.
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REPF-109

Brusch C A and McHugh WE

RADIATION DAMAGE STUDIES OF 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 irradiated under a variety of irradiation exposure conditions in three
types of nuclear reactors. Measurements were made of both the exposure conditions
and the resulting changes in properties. All of the metals experienced the same general
effects, including increases in strength, hardness, and electrical resistance and de-
creases in ductility. It is 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, it may be possible to accelerate the evaluation of radiation damage
to metals. Several general and empirical relationships are suggested which describe
maximum observed changes in several properties.

REPF-110

Greene Charles H ' .
THE RELEASE OF STRAIN IN PRINCE RUPERT'S DROP OF GAMMA IRRADIATION,
Alfred University, N.Y. Paper presented at Nuclear Engineering and Science Conference,
March 12-21, 1958, Chicago, Ill., 6 pp.

Prince Rupert's drops made from two kinds of glass were subjected doses of cobalt-60
gamma radiation ranging up to 3.45 x 10 r. A slight amount of release of strain 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
less marked in drops made from a hard borosilicate glass, Pyrex brand 7740 which was
also less colored than was the lead glass by the same amount of irradiation.

3CEL-M-=1715

Koerbel CJ

A RADIATION-SENSITIVE ALKALI-BARIUM GLASS FOR POSSIBLE USE AS A
DOSIMETER,

Signal Corps Engineering Laboratories, Evans Signal Laboratory, Belmar, N.J.,
November 22, 1955, 21 pp.

Although a satisfactory glass for dosimetry has not been developed, this report describes

the testing procedures and the nature of the failure of the glass to provide reproducible
results, resist fading on exposure to ultraviolet, white light, tungsten light and infrared.

SCL-F-185

Saint-James D .

A NEW ATTEMPT TO EXPLAIN THE PHENOMENA OF COLOR CENTERS,

A translationfrom Le Journal de Physique et Le Radium, Vol. 17, pp.907-908, October (1956).

The interpretation of experiments with coloration of alkaline halides by means of irradia-
tion presents numerous difficulties. Two types of models have been proposed in order to
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explain the experimental results of the bands "V'"'. F. Seitz suggests for those centers
the models deduced from those utilized for thé 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 an, interstitial position, entailed by a process of multiple ionization. The
author discusses the new attempt to explain the phenomena of color centers.

SCTM-300-58(16)

Adolphson Donald R

“ELEVATED TEMPERATURE PROPERTIES OF 2014-T6 ALUMINUM ALLOY
Technical Memorandum, Sandia Corporation, Albuquerque, N. Mex., Contract No.
AT-(29-1)-789, September 16, 1958, 22 pp. (6 refs).

This technical memorandum is a compilation of available elevated temperature data for
2014-T6 aluminum alloy. Included are mechanical and thermal data. Besides the
variable of temperature, the effects of time at temperature, rate of loading, and rate of
heating are includcd. ‘ ’

TID-5280(Suppl. 1)-5

Wilson J C, et al.

TENSION TESTING OF RADIOACTIVE SPECIMENS,

Oak Ridge National Laboratory, Oak Ridge, Tenn. Paper given at Fourth 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 summary of experience, at Oak Ridge National Laboratory, in
carrying out tension tests on numerous metals and with a wide variety of sizes and
shapes of test specimens. Starting with a consideration of the types of testing machines,
grips, and extensometers available, the criteria for choice of each component are dis-
cussed. )

It will be shown that the testing operations can be conveniently carried out in a hot cell
with a single window, with floor dimensions of three by five feet, and a single master
slave manipulator.

TID-5280(Suppl. 1)-7

Ferguson K R

WINDOWS FOR REMOTE VIEWING,

Remote Control Engineering Div., Argonne National Laboratory, Lemont, Ill. Paper given at
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 materials as a radiation protective shield through which
radio-active substances can be viewed is described. The properties of suitable
commercial materials are tabulated. A digest of information including the effects of
high intensity radiation, engineering considerations necessary to the design of a window,
and pertinent details of construction are included.
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TID-5280(Suppl. 1)-8

Ferguson KR

THE PERFORMANCE OF RADIATION PROTECTED MICROSCOPE OBJECTIVES

Argonne National Laboratory, Lemont, Ill. Paper given at Fourth Annual Symposium on Hot
Laboratories and Equipment, held in Washington, D.C., September 29 and 30, 1955, 12 PP.-
(2 refs).

The coloration of microscope objectives exposed to beta and gamma radiation is dis-
cussed. The period of use of special objectives prepared from radiation protected
glasses is compared to that for standard lenses. Test results are given for beta ex-
posure up to 10° r and gamma exposures up to 10 r. Results of irradiation tests on.
lens cements are included.

TID-7565(Pt. 1)-1 X-24978

Woodruff I M-

DIMENSIONAL CHANGES ON IRRADIATED GRAPHITE,

Hanford Atomic Products Operation, Richland, Wash. Paper presented at the US/UK Graphite
Conference held at St. Gibs Court, London, England, December 16-18, 1957, 11 pp. (9 refs),

Studies of the irradiation stability of graphiles have been mado in suppnrt of the design
and operation of Hanford reactors. Portions of these studies pertaining to dimensional
changes in irradiated graphite are discussed. Two types of reactor-grade graphite
irradiated at low and high temperatures provide data demonstrating the effects of,
fabrication and irradiation variables. Studies of experimental graphites demonstrate
the possibility of tailoring irradiation stahility during fabrication.

Mechanisms for length changes in graphite resulting from irradiation at low and high
temperatures and the results of annealing property changes are discussed.

TID-8004

Patterson Louise D
GAMMA RADIOGRAPHY OF METAL CASTINGS AT SANDIA LABORATORY,
Technical Information Division, Sandia Corporation, January (1956), 4 pp.

Consideration is given to the advantages of a relatively portable, inexpensive cobalt-5U
gamma source for high-penetration radiography of materials. In general, such gamma
sources are not capable of the resolution or short exposure times of the high-energy,
more expensive X-ray machines or betatrons; however,there exist many applications
in industrial radiography where such factors are not of prime consideration. A high
degree of safety and convenience is obtained with the equipment described here.

WAL-MRL-53

Antal JJ and Goland AN °

A STUDY OF REACOTR-IRRADIATED -Al20s3,

Materials Research Laboratory, Ordnance’ Materlals Research Offlce Watertown Mass.
September (1958), 23 pp. ~ '

Studies are presented here on reactor-irradiated alpha-aluminum oxide single crystals.
These are primarily a continuation of the use of long-wavelength neutron transmission
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for determining the concentration and types of defects produced in solids by high-energy
particle irradiation. The materioal exhibited crystallographic stability to fast neutron
irradiation at temperatures <40 C, and the results indicate a total number of defects
approximately 40 times less than that predicted by current theories. Correlation with
microscopic density changes is good. Examination of the wavelength dependence of the
neutron scattering indicated that the damage may be partly Al-O vacancy pairs at room
temperature. Annealmg of the material produced no decrease in the concentration of
defects from 400 to 1250 C, and nonuntljform changes in neutron scattering and ov1sua11y
observable optical coloring beyond 1250 C. Annealing at a temperature of 1800 C did
not remove the coloring, although the density returned to its preirradiation value.

WA-OMRO-13A-B5

Arutunian G and Renius O

THE EFFECT OF X-RADIATION ON THE OPTICAL PROPERTIES OF QUARTZ CRYSTALS,
Detroit Arsenal. Presented at Conference on Effects of Nuclear Radiations on Materials,
October 1 and 2, 1957, Watertown Arsenal, Watertown 72, Mass., 15 pp: (2 refs),

The Detroit Arsenal has conducted a study to determine the effects of X-radiation upon
the optical properties of natural quartz crystals. The quartz, upon exposure to ionizing
radiation, changes transmission properties 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 transmission properties of the crystals were
related to the radiation dose received for each source. Indices of refraction of the
quartz were also measured before and after irradiation of the crystals. '

The transmission properties of the crystals were re-evaluated after removi(l)'lg the effects
of X-ray irradiation by heating the specimens at a temperature between 300 and 500 C

for a perlod of two hours to determine the recovery effect of the crystals.

WA-OMRO-13A-B6

Mapes JE and Dreyfus R W

GAMMA-RAY INDUCED COLORING OF POTASSIUM AZIDE,

Picatinny Arsenal. Presented at Conference on Effects of Nuclear Radiations on Materials,
October 1 and 2, 1957 Watertown Arsenal, Watertown 72, Mass. 13 pp. (5 refs)

The colormg of single crystals of potassium az1de (KN3) by gamma rays has been:
determined by optical transmission measurements in the visible and ultraviolet.
After each exposure, the spectrum was measured immediately after removing-the .
sample from the Co®° source and at intervals thereafter. The observed spectrum can
" be resolved into individual absorption bands. ‘Each additional exposure increases the
intensity of the induced color bands, but part of the increase decays with time. One
group of bands decays slowly while another decays very rapidly.” The application of
color center data to the measurement of radiation damage is discussed.

~

WAPD-25

Cook L A, Castleman L S and Johnson W E
PRELIMINARY REPORT ON THE ELECTRICAL RESISTIVITY OF ZIRCONIUM,
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Westinghouse Electric Corp., Atomic Power Div., Pittsburgh, Pa., Contract No.
AT-(11-1)-Gen-14, December 20, 1950, 19 pp. (4 refs).

Preliminary data have been obtained concerning the effects of temperature, cold work,
irradiation and alloying additions of uranium upon the electrical resistivity of zirconium.

The resistivity vs temperature curve for zirconium has a relatively constant slope from
-186° to 200°C; above 200°C, the slope of the curve decreases smoothly, and the re-
sistivity approaches a maximum value in the vicinity of the « =8 transition temperature
(about 860°C) dropping abruptly thereafter to a minimum between 8750 and 950°C. Above
950°C, the resistivity rises gradually and again with constant slope.

Cold work introduced by swaging operations has no effect upon the slope of the resistivity
vs temperature curve at room temperature; however, the magnitude of the resistivity is
increased by 4 to 6% after an 84% reduction in area. Also, the preferred orientation
resulting from an 84% reduction in area followed by an anneal above the recrystalhzatlon
temperature increases the resistivity by about 2%.

Irradiation of one sample of zirconium indicates that the resistivity of zirconium in-
creases by about 3% after a six months' exposure in neutron fluxes characteristic of
those found in a Hanford process hole.

WAPD-T77

Bleiberg M L, Ely R L, Jr. and Witzig WF
CORRELATION OF ZIRCONIUM ELECTRICAL RESISTIVITY WITH FAST FLUX,
Westinghouse Electric Corp., Atomic Power Div., Pittsburgh, Pa., Contract No.
AT-(11)-Gen-14, May 20, 1953, 21 pp. (6 refs).

The integrated fast flux distribution in the L.-41 hole of the Materials Testing Reactor
was determined for neutrons with energies between 2 and 7 Mev by using a fast

flux monitor, $3% (n, p) P33, It was possible to correlate these values of integrated
fast-flux with changes in electrical resistivity of crystal bar zirconium and a 2.5% tin-
crystal bar zirconium alloy.

WAPD-79

Witzig W F
WAPD-1 EXPERIMENTS IN THE MATERIALS TESTING REACTOR - I. GAMMA HEATING.
WAPD-1-1,

Westinghouse Electric Corp., Pittsburgh, Pa., Contract No. AT-(11-1)-Gen-14, March (1953),
30 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/gm was obtained at the reactor centerline. This
_value was approximately proportional to reactor power level at steady-state conditions. -
The value of gamma heat was found to be dependent upon vertical position in the reactor.
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NUCLEAR FACILITIES AND ASSOCIATED - TOPICS

A-0058

Swop H Gladys
THE ARGONNE HIGH LEVEL GAMMA IRRADIATION FACILITY--DESCRIPTION AND
OPERATING PROCEDURES,
Argonne-National Laboratory, Lemont, Jll. Paper presented in Atomproxis, Vol. 4,
pp. 249-254 (1958). '
The fac:lhty is a canal in which speut fuel rods trom the ‘Materials .Testing Reactor are
contained in specially constructed racks, the latter being at the bottom of the canal. The
canal is 28 feet long, 14 feet wide, and 24 feet deep. The water level varies from 16 to
20 feet. The water is used as coolant and shield for the spent fuel rods. The water is
demineralized and is continuously recirculated through a mixed bed ion-exchange unit at
~the rate of 800 gal/hr. The average temperature of the water is 760F There are three
under -water 1rrad1at10n racks in the gamma canal.. In the main rack there are 12 fuel
rods arranged in the form of a honeycomb so that there are six sample ports -surround-
ed by four fuel rods and six sample ports adjacent to two fuel rods. Where four fuel
rods surround a sample, the sample being 4 in. in diameter, intensities as high as
3.5 x 10° rads/hr have been obtained. ' )

A/Conf. 15/P/424

Averbach T, et al.

PRELIMINARY DESIGN OF A HIGH FLUX, EPITHERMAL RESEARCH REACTOR FOR ~
THE BROOKHAVEN NATIONAL LABORATORY,

Paper presented at the 2nd United Nations.International Conference on the Peaceful Uses of
Atomic Energy, June (1958), 16 pp. (3 refs). ' '

The ,Broolf&haveh‘ High Flux Intermediate Reactor (HIFI) provides an ihtehaive neutron
source at low power, facilitating effective and economical neutron research. A pre-
liminary design concept based on calculations for this reactor type produces fluxes,
both thermal and epithermal, in the range of 10** to 10*® n/cm® -sec., and is therefore
competitive with the best ex1st1ng reactor sources.

The new features of the reactor are its low power level of 10 to 20 Mw and the, spatial
separatlon of peak epithermal and thermal fluxes in the core and reflector respectlvely

A/Conf. 15/P/2364

McReynolds A W, Stein JM and Taylor. T B A

PULSED SOLID HOMOGENEOUS REACTORS FOR RESEARCH,

Paper presented at the 2nd United Nations International Conference on the Peaceful Uses of
Atomic Energy, June (1958), 18 pp. (5 refs).
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The development of nuclear reactors has so far been directed exclusively toward reactors
designed to operate at approximately steady power level. This paper considers the need
for the properties of a second, complementary type - pulsed reactor, designed to operate
in very short but very intense flashes. A graphite-uranium.solid homogeneous reactor
system, referred to here as a FLASH reactor, is described with respect to its design
and physical properties.

AECD-3059 LADC-887

AN ENRICHED HOMOGENEOUS NUCLEAR REACTOR,
Los Alamos Scientific Laboratory, Los Alamos, N.M., January 25, 1951, 21 pp. (8 refs).

A decision was reached in August 1943 to build at Los Alamos a small homogeneous
reactor that would use an aqueous uranyl salt solution enriched in U23%, This reactor
became known as the "water boiler" and went critical in May 1944 with 565 g of U?3°,
This design is referred to as LOPO (lower-power water boiler).

This report also discusses a higher-power water boiler (HYPO) reactor. This design
is discussed with respect to construction details (sphere assembly; reflector, thermal
column, and radiation shield; control, shim, and safety rode; detectors and indicators;
safety devices; and automatic pilot), operutlvn (appioach to oritical; 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 are included.

AECD-3063

Baker € P, et al,
WATER BOILER,
Los Alamos Scientific Laboratory, Los Alamos, N.M., September 4, 1944, 32 pp.
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The structural features of the uranyl sulfate water boiler in use at Site Y are given in
detail with a full account of the safety features. Results of the corrosion tests on
stainless steel of which the sphere was made are presented, and the fabrication of the
BeO tamper surrounding the sphere is described. The structurc and function of the
control'rod and the safety rod, with their related mechanical systems, are explained,
and an account is given of the temperature-controlling system.

The activity of the boiler was measured as the mass of active material approached
criticality; the results are discussed in detail. The control rod was calibrated, and the
effect of temperature change was noted. Measurements were also made on the super-
critical period. Substituting graphite for BeO as tamper material increased the critical
amount; the insertion of tuballoy* slugs did not improve the effectiveness of graphite
tamper greatly. ' :

""Tuballoy" is used in this report to designate processed uranium with composition
essentially the same as that of naturally occurring uranium. )



AECD-3065

Bentzen F L, et al. .

HIGH-POWER WATER BOILER,

Los Alamos Scientific Laboratory, Los Alamos, New Mexico, Contract No. W-7405-Eng-386,
September 19, 1945, 59 pp.

A detailed description of the design and construction of a 5.5-kw water boiler at Site Y
is given. A 14% enriched uranyl nitrate solution in water is used as the reactor and
moderator. The 13.5 liters of solution, containing 870 g of U*3° is held in a 1-ft dia
stainless-steel sphere. The tamper consists of a BeO core surrounded by graphite.

A thermal column is connected to one side of the tamper. The operation and perform-
ance of the boiler are described.

AECD-3163 WAPD-24

Schultz M A _

AUTOMATIC CONTROL OF POWER REACTORS, :

Westinghouse Atomic Power Division, Pittsburgh 30, Pa., Contract No. AT-(11-1)-Gen-14,
November 6, 1950, 40 pp. (5 refs).

The use of automatic controls for power producing reactors is discussed with reference
to start-up, operating, and shut-down problems. The transfer function of a reactor is
obtained theoretically and the requirements of a servo system design discussed. Auto-
matic control systems are presented for subcritical operation as well as for power
range work. The use of the control system in prevention of enforced shut-downs is
also indicated. '

AECD-3435 ORNL-1105 (Rev)

Breazeale William M

A LOW COST EXPERIMENTAL NEUTRON CHAIN REACTOR - PART 1,

Oak Ridge National Laboratory, Oak Ridge, Tenn., Contract No. W-7405-Eng-26,
April 15, 1952,..59 pp.

This report describes a low cost neutron chain reactor which was originally written in
the Spring of 1951 for declassification purposes. Also included is a description of the
reactor and controls and appendices discussing health physics aspects, abnormal
behavior, and corrosion problems. '

Appendix I -- Burnett T.HJ, "Health Physics Instruments for the Low Cost Reactor
Installation. "

Appendix II -- Clairborne HC and Poppendiek H C, ''Transient Thermal Behavior
of Low Cost Reactor When Prompt Critical." :

Appendix I0I -- Drawings are included which describe the main features of the reactor
and control circuits. ‘ '

Appendix IV -- Olsen Arnold R, '"Corrosion Studies on Aluminum Clad Reactor Fuel
Element. i

AECD-3656

McMurry H L '
PERTURBATION THEORY AND APPLICATIONS,
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Phillips Petroleum Company, Idaho Falls, Idaho, Contract No. AT-(10-1)-205,.
June 11, 1952, 19 pp.

Perturbation methods for calculating changes in reactivity due to small changes in re-

actor composition or structure are developed. The equations for the reactivity changes
are valid for nonuniform as well as uniform changes in the reactor. They form a con-
venient basis for interpreting some of the operational characteristics of the MTR.

ARCTN-36RA

Garabedian H L

CONTROL ROD THEORY FOR A CYLINDRICAL REACTOR,

Westinghouse Atomic Power Division, Pittsburgh, Pa., Contract No. A1l'-(11-1)-Gen-14,
Augusl 9, 1950, 87 pp. '

The work reported in this paper was carried out specifically Jor the purpose of making
calculations associated with the control rod system for a cylindrical reactor. It is con-
sidered [0 be a combination and extension of the best results heretofore available in the
American and Canadian literature on systems of rings of control rods in a cylindrical
reactor. It gives a critical equation in the form of a determinental critical equation fur
two rings of rods and a central rod and special cases of such a systlem, formulas for
flux distributions, a discussion of rings of rods in a reflected reactor, a discussion of
-extensions to higher orders of approximations, and the foundation for further papers

on the subject of both analytical and computational character.

AECD-3667

Garabedian HL

THEORY OF HOMOGENEOQUS CONTROL OF A CYLINDRICAL REACTOR,
Westinghouse Electric Corporation, Pittsburgh 30, Pa., Contract No. AT-(11-1)-Gen-14,
September 20, 1950, 79 pp. . .

This paper is concerned specifically with the possibility, from a theoretical point of
view, of controlling a cylindrical reactor with the aid of a large number of tubes of small
diameter, containing mercury, which are symmetrically and uniformly distributed about
the axis of the reactor. Techniques are developed which are .indispensable to design
studies of.a reactor with a system of homogeneous control of the type described. The
exposition on perturbation méthods contained in this paper is applicable to a wide variety
of reactor problems.

Two appendices are. included: = . ] S

Appendix I -- Derivation of the Two-Group Two-Region Perturbation Formula.

Appéndix' II -- Derivation of the One -Group Two-Region Perturbation Formula.

AECD-3668

Dietrich -J R

EXPERIMENT INVESTIGATION OF THE SELF- LIMITATION OF POWER DURING
REACTIVITY TRANSIENTS IN A SUBCOOLED WATER-MODERATED REACTOR,
Borax-I Experiments, Argonne National Laboratory, Lemont, I11., Contract No..
W-31-109-Eng-38 (1954), 84 pp.
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During the early Summer of 1954 a series of experiments was made on the Borax-I
reactor to investigate the ability of the reactor, when operated in the subcooled con-
dition, to protect.itself against the results of sudden, artificially induced increases in
reactivity, Inasmuch as this set 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 reactor. In the final experiment a control rod worth 4% kepr was
ejected from the reactor core, inducing an exponential power increase of period 2.6
milliseconds. The results of this final experiment when combined with 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 plates-
and failure of the reactor tank. Fuel plate fragments were scattered for a distance of
200 to 300 feet from the reactor, but no widespread dangerous dispersal was observed.

The nuclear energy release during the final experiment was not far different from that
which would be expected by extrapolation of the results of previous milder experiments.
The thermal conditions induced by the energy release, however, are out of the range of
previous experience, and it is therefore difficult to determine whether the ultimate
‘destructive effects are consistent with the hypothesis of a simple steam explosion.

AECD-3669 MMPP-75-2

Luckow William K, Mesler Russell B and Widdoes Lawrence C

THE NUCLEAR RESEARCH REACTOR AT THE UNIVERSITY OF MICHIGAN-AN EVALU -
ATION OF 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 reactor at the University of Michigan are discussed.

It is pointed out that the maximum credible accident to this reactor is believed to be

slow dissolution of the fuel elements with the subsequent release of fission products

to the pool water. - An éstimate is. given of the radiation dose to an observer outside

the reactor building during the first hour following the start of the maximum credible

accident. Automatic monitors will be employed to set off area alarms, during the early
- stages of such an accident.

AECD-3681

Bright G O ' : :
NEUTRON FLUX DISTRIBUTIONS IN THE MATERLALS TESTING REACTOR - PART III.
FUEL BURNOUT IN THE 3 X9 LOADING, -
Atomic Energy Div., Phillips Petroleum Co., Idaho Falls, Idaho, Contract No.

" AT-(10-1)-205, July 27,1954, 48 pp. (4 refs). '

The distribution of fuel burnout in the Materials Testing Reactor after the first oper-
ating cycle has been computed The work involves the use of flux distribution functions
which were obtained experimentally during the acceptance testmg period of the reactor.
A process of numerical integration is used which yields results compatible with the
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accuracy of the experimental data. The results are shown as a set of curves in which
each fuel element and fuel-bearing shim-safety rod is represented.

Two appendices are included:

Appendix I -- Derivation of K, the Ratio of the Volume Integral of the Clean, Cold
Reactor Flux Distribution Function to the Volume Integral of the Depleted
Reactor Flux Distribution Function, and F, the Maximum Burnout at any
Point. :

Appendix II -- 27 Curves Representing the Average Fuel Burnout in Each Fuel Element
and Each Fuel Shim-Rod for Cycle No. 1.

AECD=30682

Leyse CF

FACILITIES FOR IRRADIATIONS WITHIN THE MTR REACTCR TANK,
Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho,
Contract No. AT-(10-1)-205, June 5, 1953, 72 pp. (11 refs).

Since the issue of ORNL-963 '"Materials Testing Reactor Project Handbook, ' there has
been considerable progress in providing additional facilities for irradiations within the
reactor tank of the MTR. This report provides information regarding both these ad-
ditional experimental facilities and associated experimental facilities and reactor com-
ponents.

The facilities discussed in sections of this report are as follows:

a. Reactor Tank Experimental Access Holes
b. Reactor Lattice Facilities

c. Beryllium Reflector Facilities

d. Hydraulic Rabbits

e. Pneumatic Rabbits

AECD-3691

258

Huffman J R

MTR TECHNICAL BRANCH QUARTERLY REPORT FOR FIRST QUARTER - 1955,
Atomic Energy Div., Phillips Petroleum Co., Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, October 5, 1955, 38 pp. (25 refs).

Earlier difficulty was encountered of MTR fuel assemblies bulging under hydraulic pres-
sure differentials. This appears to be solved successtully by using 0.065 in. outside
fuel plates, 0.1875 in. side plates and lower end boxes of proper dimensions. Use was
made of the Card Programmed Calculator (CPC) available at Bartlesville, Okla., to
handle the growing number of machine calculations on critical mass, crystal reflectiv-
ities, decay-production chains, and cross sections. '

New cross-section data have been collected on the crystal and time-of-flight spectrom-
eters, but they have not been reduced to reportable form.

A potentiometric titration method of determining ceric ion concentration in the chemical
dosimeter for measuring gamma irradiation is under development.



Preliminary work has shown that counting of delayed neutrons from irradiated samples
of U**® is a feasible method for ""nucleonic" assaying.

~

AECD-3707

Huffman J R

MTR TECHNICAL BRANCH QUARTERLY REPORT FOR FOURTH QUARTER - 1954,
Atomic Energy Div., Phillips Petroleum Co., Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, March 31, 1955, 39 pp.

The fission breaks which have occurred in the MTR, first reportéd last quarter, have
been traced to the bulging outward of the lower ends of the outside concave fuel plates

of the fuel assemblies. It was found by hydraulic tests in the.-MTR and pressure tests on
assemblies, both at the MTR and ORNL, that a pressure differential outward of greater
than 5 psi will cause this bulging on 0.050 in. thick plates with 0.110 in. side plates.

A summary of the cross-section work for the year is given. Total cross sections on the
crystal spectrometer have been reported on zirconium, hafnium, Np-237, Li-7, sodium,
potassium, and rubidium.

Activation cross sections of Pa-233 have been refined. The program on the determination
~of activation cross sections by second order captures has produced results for the cross
- sections of Y90, Pr-142, Ta-182, and Tb-160.

The Reactivity Measurement Facility has been undergo‘ing mechanical and operational
tests. Approach to criticality is planned during the first quarter of 1955.

AECD-3715

Leyse C F

IMPROVEMENTS IN MTR FUEL ASSEMBLIES AND OPERATING PROCEDURES
Atomic Energy Div., Phillips Petroleum Co., Idaho Falls, Idaho, Contract No.
AT-(10-1)-205, February 1,1954, 13 pp. '

. The changes in fuel assemblies, shim rods, core geometry, and reactor cycle that have
been made since the MTR was placed in operation have been summarized. These
changes have reduced the cost of fabricating fuel for the reactor from an initial value of
$51.8/ MWD to about $14.5/MWD at present. Some ways in which further improvements
might be realized are summarized briefly.

AECD-3732

Paxton H C, Mallary E C and Horvath L S

OPERATING REGULATIONS FOR THE PAJARITO REMOTE CONTROL LABORATORIES,
Los Alamos Scientific Laboratory, Los Alamos, N. M. Contract No. W-7405-Eng-36,
January 18, 1956, 11 pp.

" This document presents rules that govern the conduct of experiments with fissionable
materials in Group W-2 of the Los Alamos Scientific Laboratory. It supersedes
LAMS-456(1) and includes modifications suggested by experience accumulated over a
five year period. The principal changes are intended to increase flexibility without
compromising safety.
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Because of the potential danger of fissionable materials, the most important concern of
the regulations is the control of personnel hazard. Other significant purposes are to
protect valuable fissionable materials and to minimize loss of operating potentiality

of the group.

AECD-3770

Tink LE and Guzik RF

ADDENDUM TO REACTOR BUILDING REFUK'T, :

Materials Testmg Reactor Project, Design Report No 26A, Argonne National Laboratory,
Lemont, Ili.; November 17 1949, 4 pp.

' Changes, corrections and additions to the original report are includéd in this addendum.
" These are hrought about by further development of the design by Blaw Knox, ANT., and
ORNL. The changes are listed in accurdauce with the muin headings, prges and para

graphs to which they apply.

-

AECD-3771

-Guzik RF and Link LE

REACTOR BUILDING WING,

Materials Testmg Reactor PrOJect Design Report No 27, Argonne National Laboratory,
Lemont, Ill., October 12,1949, 16 pp.

A reactor building wing is required to provide the laboratories, offices, and operational
facilities necessary for the initial phase of the Materials Testing Reactor Project.

This report covers proposed design, recommendations, detailed disclosure of problem,
design data, and detailed disclosure of design proposal. Four appendices are included.

AECD-3772

Link T.E and Guzik R F

ADDENDUM TO REACTOR BUILDING WING REPOR'L,

Materials Testmg Reactor Project, Des1gn Report ‘No. 27A, Argonne Nat10nal Laboratory,
l,emont 1. Nuveulber “5 19'19 2 pp.

Changes, ‘corrections and additions to the original report are included in this addendum.
These are brought about by further development of the design by Blaw-Knox, ANL, and
ORNL. The changes in the original writings are listed below in accordance W1th the
main headings, pages and paragraphs to which they apply. o

AECD-3774

Guzik RF and Link LE =~ -

REACTOR BUILDING,

Materials Testing Reactor Project, Design Report No 26, Argonne Nat10na1 Laboratory,
Lemont, Ill., October 10 1949 23 PP.

This report is related to the reactor building assoc1ated ‘with the Materials Testing
"Reactor Project at Argonne National Laboratory The report covers proposed design,

recommendations, detailed disclosure of problem, design data, and detailed disclosure

of design proposal. Building structure is discussed and four appendices are included.
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AECD-3998

Browder F N

SUMMARY OF SURFACE DECONTAMINATION EXPERIENCE AT OAK RIDGE NATIONAL
LABORATORY,

November 1943 through July 1948, Oak Ridge Nat10na1 Laboratory, Oak Ridge, Tenn.,
Contract No. W-7405-Eng-26, (1948), 39 pp.

The experience at Oak Ridge National Laboratory in decontamination equipment and
working areas are summarlzed

AECD-4083

Webster J W

PRACTICAL REACTOR THEORY,

Oak Ridge National Laboratory, Oak Rldge Tenn., Contract No. W-7405-Eng-286,
October 21, 1953, 146 pp.

The purpose of this writing is to provide a practical type of text in reactor theory for

the use of nuclear engineers engaged in reactor design. Methods are derived for calcu- -
lating critical mass; power distribution; reactivity effects of temperature; depletion,

and fission-product poisons; the necessary number of control rods to compensate for
these effects; and the kinetic behavior of flux and temperatures in a reactor with regard
to reactor stability and self-regulation.

It is the opinion of the author that methods in the field of reactor theory must be short
and simple in application if they are to be of real assistance to reactor design. An
answer that can be obtained in a day or two with an accuracy of 50% is often very useful
to a de51gner whereas one that is accurate to within 10% but takes a month to obtain
may be obsolete and utterly.useless by the time it is presented to the designer by the
physicist. '

_An understanding of fundamental ideas such as cross section and mean free path are
assumed here. An excellent reference for such definitions is Part I of TID-384 by
Glasstone and Edlund.

The subjects discussed in this report, in the order listed, are:

1. The one-group theory for the calculation of critical mass and power distribution.,
. The one-group model is very crude and is glven partly for pedagogical reasons, but
- it does have practical usefulness.

2. TheFermi age theory for calculating critical mass. The Fermi age theory is one
""" of the most useful approaches to critical mass determination, in spite of the fact
that it can be applied only to unreflected reactors. The reflected reactor can be
approximated by an equivalent unreflected reactor, as discussed in Chapter 2. The
formulas obtained by Fermi age theory are simple and relatively accurate for re-
" actors moderated with berylliim or carbon, and a modification of the formulas can
be applied to make the method reasonably accurate for hydrogen-moderated reactors.

3. The two-group theory for calculating critical mass and power distribution. The
two-group model can be used in conjunction with the Fermi age method by determin-
ing the core constants for the former by means of the latter. This is discussed
in Chapter 3.
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4. The effect of temperature, depletion, and fission-product poisons, such as xenon
and samarium. These effects act to decrease the effective neutron multiplication
constant, and therefore the fuel inventory must be sufficient to ensure criticality
when these effects are at their maximum.

5. The necessary number of control rods (shim rods) to offset the virtual super-
criticality that exists in a reactor at startup when the effects described in Item 4
are at 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 reactor design proposal. :

AECD-4240

BOBBY TRAPS,
Talk for Pittsburgh Meeting of American Nuclear Society, Juné 12, 1957, 18 pp.

This paper outlines briefly the situations that have led to accidental prompt-critical
radiation bursts (nuclear accidents) in critical assembly laboratories, and mentions
a few others that appear to be risky.

AECD-4262

FUNCTIONAL REQUIREMENTS FOR THE PWR CONTROL ROD MECHANISM,
Atomic Power Div., Westinghouse Electric Corporation, Pittsburgh 30, Pa., 20 pp.

This report covers two topics: (1) functional requirements for control rod drive mecha-
nisms 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 lists whose
items define the functional requirements of these mechanisms. Also, three appendices
are included which serve to amplify and explain the dala contained in the check lists.

AECL-220 CRR-590

CATALOGUE OF NUCLEAR REACTORS, ': _
Atomic Energy of Canada Limited, Chalk River Project, Chalk River, Ontario, August (1955).

This catalogue has been compﬂed from the unclassified literature and refers to reactors
which are known to have reached criticality by July 1955, Additions and revisions will
be prepared as 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.
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AECL-252 DL -20

Lewis W B

REACTOR DESIGN AND TECHNOLOGY PRESENTED AT THE UN GENEVA CONFERENCE
ON THE PEACEFUL USES OF ATOMIC ENERGY, AUGUST, 1955,

Atomic Energy of Canada Limited, Chalk River Project, Chalk River, Ontario, August (1955),
16 pp. (36 refs).

This report discusses hazards of reactor fission products as a result of a reactor ex-

- plosion or accident. It is pointed out that any reactor explosion would at the most be
no greater than an ordinary chemical explosion. However, the resulting danger would
be from possible escaping fission products.

Coolant categories such as gas, water liquid, metal, and organics are discussed
qualitatively. The ideal coolant is not known.

It is pointed out that nuclear physics requirements affect mamly the choice of reactor
materials and the ch01ce of fuel cycles.

AECU-2900 .

Grigorief, W W (Editor)
PROCEEDINGS UNIVERSITY RESEARCH REACTOR CONFERENCE,
Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn., February 17-18, 1954, 221 pPpP.

The proceedings of the University Research Reactor Conference held in Oak Ridge cover
the material 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
Institute staff, and represent a complete summary of the information made available

by the conference.

AECU-3062

Davis Frank W

FEASIBILITY STUDY OF PRESSURE VESSELS FOR NUCLEAR POWER GENERATING
REACTORS,

Engineering Branch, Division of Reactor Development USAEC, Washington, D.C.,
December (1955) 366 pp.

All power generatmg nuclear reactor concepts include the use of pressure vessels. In
many cases the vessels indicated are of unconventional design. Large volumes and high
pressures are involved. Because of these factors the several groups studying the
problems involved in producing economical nuclear power have experienced difficulty

in evaluéting proposed'pressure vessel design from either the standpoint of feasibility
or cost. In order to assist the study groups the Engineering Branch of the Reactor
Development Division undertook a study of pressure vessel design as applied to nuclear
power development. Since it is recognized that manufacturers of large pressure vessels
are best qualified to evaluate special design problems, three representative companies
were selected for this phase of the program. Four design cencepts for pressurized
water reactors which has been submitted by two of the study groups as being representa-
"tive of present thinking were selected on this basis for the study.
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This study consists of four reports which are: ’ :

1. "Design, Fabricatign and Feasibility Studies of Four Reactor Pressure 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 stress analysis methods, determination of design
details necessary for improved fabrication procedures, preparation of the antici-
pated fabrication procedures, and estimates of cost of final design and fabrication
for each of the pressure vessels. While this study was carried out by reference
where applicable to Section VIII of the Unfired Pressure Vessel Code of the Ameri-
can Society of Mechanical Engineers, it is strongly recommended that vessels of
this nature be constructed in 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 carried out beyond
the range reported here. While the report points out the areas in which develop-
ment work on fabrication procedures might be carried out, the tull usefulness of
such work would be best obtained in reference to vessels actually to be constructed
and utilizcd.

2. "Report on Feasibility Study of Pressure Vessels, ' conducted by The Midvale
Company in collaboration with The Franklin Institute, 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 pres-
sure vessels whose basic design features were transmitted by the AEC. These
vessels are well suited to production facilities as now des1gned No way was found
to overcome the objection of having stainless steel tubes welded 1nto the heads and
tube sheets.

3. Pfeiffer, L. G., "Reactor Vessel Study," Process Equipment Division, A. O. Smith
Corporation, Milwaukee, Wisconsin, Contract No. AT-(11-1)-290, pp. 225-354,
June 15, 1955.

. An engineering study .covering the mechanical design, manufacturing procedures,.
and cost estimates for three reactor vessels based on specified diameters, -lengths,
number and size of openings, and fixed opening locations for specified vperating
pressures and temperatures, both for specified operating pressures and teinper-
atures, both for single plate and multilayer construction. o

The mechamcal de51gns and manufacturlng procedures are based upon standard
present day manufacturing facilities following the 1952 ASME Unfired Pressure
Vessel Code where applicable, particularly the formulas for obtaining shell and
head thicknesses and reinforcing requirements for openings. Any specifications or
mod1f1cat10ns necessary to meet nuclear requirements, such as, spec1a1 inspections
and cleaning standards are not included in this design.

4. Fratcher, G. E., "The Influence of ngh Strength Materlals on the De31gn and
Fabrication of Layer Vessels, " American Society of Mechanical Engineers,
Petroleum Division Conference Los Angeles, Calif., September (1954),
pp. 355-366, this report, '
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A multilayer vessel is defined as a vessel whose cylindricél portion is made up of
two or more contacting bands or layers. This report gives a description of multi-
layer vessels and characteristics of such vessels; and discusses layer materials
and development of high strength materials for super pressures.

AECU-3320 INTERNUC-3

PRELIMINARY DESIGN STUDY OF A FOOD IRRADIATION REACTOR. Phase 2,
Internuclear Co,, Inc., Claytonh, 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 Office, requested Internuclear Company to
select the most promising reactor 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 preliminary design study of thc system: selecled 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
are based on providing a system that is relatively simple and does not require ex-
tensive reactor developmental work. The reference reactor is intended to serve as 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 as an
already optimized system.

The rcactor-radiator cumnplex described herein is not an "optimum'' for this type of
system. Optimization of the design requires more detailed heat transfer and nuclear
calculations as well as a thorough study of the factors which affect the over-all effi-

¢iency of the unit. The latter includes: '

Production, dose, and dwell time specifications

Size and composition of reactor core
" Blanket tank materials and size

Indium solution concentration

Reflector (and thermal shield) material and placement
Blanket and indium solution cooling

" Radiator geometry, size, volume

Size and shape of food packages or items

S0 0 Q0 oD

The inherent reactor safety aspects of this system are favorable. Even rapid loss of all
indium from the indium solution blanket presents no serious hazards. The remaining
safety characteristics are quite similar to the MTR type reactor.

The major problems foreseen in the design, construction, and operation of the complex
are in the gamma radiator and its loop. They are the chemical behavior of the water
indium sulfate loop, i.e., corrosion, crudding, stability under irradiation, and decon-
tamination; maintenance and repair 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 reactor portion, although a cr1t1ca1 ex-
periment to optimize fast neutron leakage should be made. :
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AECU-3427 INTERNUC-9

Elgert OJ, Leyse CF and Ott DG
PRELIMINARY INVESTIGATIONS FOR AN ADVANCED ENGINEERING TEST REACTOR,
Internuclear Company, Inc., Clayton, Missouri, February 22, 1957, 124 pp.

A study was carried out to determine a suitable reactor system or systems for the
testing of water, gas, and liguid-metal cooled fuel assemblles The unperturbed
thermal neutron fluxes in the test holes are lo be 1 - 1.5 x 10*° n/cm®=sec. A group
of seven separately cooled and controlled reactors assembled in a common shield are
proposed to meet the test facility requirements. Each of the rcactors consists of the
central test thimble, surrounded consecutively by an H, O annulus, reactor core, and
D,0O reflector. The estimated total power of the seven reactors is about 450 Mw when
the neutron flux requirements are met in all the test holes.

For a more detailed reac¢tor deslygn see ABCU-3437 (add. ).

AECU-3427 (Add.) INTERNUC-9 (Add.)

Leyse C F and Leonard B H, Jr. _
PRELIMINARY INVESTIGATIONS FOR AN ADVANCED ENGINEERING TEST REACTOR,
Internuclear Company, Inc., Clayton, Mo., April 16, 1957, 12 pp.

On February 22, 1957, Internuclear Company in fulfillment of Contract No. AT~11-1)-500,
submitted a report entitled'Preliminary Investigations for an Advanced Engineering Test
Reactor'* to the Atomic Energy Commission. Because of the interesting and unique
reactor features which évolved from that study, and to further demonstrate the practi-
cability and desirability of the facility recommended in that study, Internuclear Company
decided to carry the design into a more detailed stage. It is the purpose of this report

to present the results of this-additional work and to illustrate the refinement of design.

i
INTERNUC-9.

AECU-3526

OPERATING -MANUAL FOR THE CP-5 REACTOR,
Laboratory Research Reactor Operations Division, Argonne National Laboratory, Lemont,
Illinois, January 1, 1956, 29 pp.

To assure safe and reliable operation of the CP-5 Argunne Research Reactor, certain
test procedures, work area checks, routine inspections and operational practices have
been established as the rules concerning the operation of this reactor. These rules are
set forth in this operating manual.

' -

AECU-3559

266

Thompson A S

GAS COOLED NUCLEAR REACTOR STUDY,

Nuclear Power Department, Studebaker-Packard Corporation, Detroit, Mich.,
Contract 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 stream of helium. This reactor, in turn, is used as a source of
heat for the air stream in a gas-turbine power plant. The reactor design was predicated
primarily on the requirement for transferring a large amount of heat to the helium
stream with a pressure drop low enough that it will not represent a major loss of power
in the power plant. The mass of uranium required for criticality under various circum-
stances has been investigated by multigroup calculations, both on desk calculators and on
an 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-
escort vessels. A small experimental program was carried out to study some effects .
of helium on graphite and on structural steels.

AECU-3600 CU-34-57-AT-187-Ch.E

Stein Ralph 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).

‘Ani"ghalysis is presented of the transient behavior of a generalized coolant channel
neglecting temperature dependent reactivity changes. The analysis is applicable to
forced conviction cooling of heterogeneous reactor fuel elements or electrically heated
simulation thereof. Derivations are given for cases of variation of coolant inlet temper-
ature and of heat generation. An approximation is also developed applicable to thin

fuel elements. From this, solutions are obtained for cases of impulsive, step, linear,
and step-exponential variations of inlet 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.,

AERE-C/R-1715

Lock CJL
FISSION PRODUCT FORMATION IN A HOMOGENEOUS POWER REACTOR,
Atomic Energy Research Establishment, Harwell, Berkshire, England, June 28, 1955, 41 pp.

C‘é‘icgulation has been made of the weight, activity and total neutron absorption cross.
section of the individual fission product isotopes present after irradiating a mass of
uranium (Uzas) for periods of 3, 6, 9, and 12 months at a neutron flux of 10%° n/cmz.—sec.,
the mass of uranium being maintained at one kilogram. An indication is given of the way
in which these results can be applied to.a homogeneous reactor.

Tables of data are included which cover the following topics:- fission chains; weights,
activities and cross section of fission products; weights of fission products formed
assuming no neutron capture takes place; weights of fission products in groups in order
of increasing weight; total capture cross section of fission products in groups in in-
creasing order; activities of the fission products arranged in groups in order of in-
creasing activity; and activity of fission products after 90 days irradiation and 3 months,
1 year and 20 years decay. » .
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AERE-ES/M-27

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.

AERE-HP/M-109

Chamberlain A C and Megaw W J

SAFE DISTANCES IN REACTOR SITING,

Atomic Energy Research Establishment, Harwell, Berkshire, England, July (1936), 22 pp.
(12 refs). ‘

In this paper the assumptions and caliculations used in deriving Brilish reaclur salely
distances are reviewed, with particular reference to the possible errors. Much of the
material has been presented previously. The present paper includes some new data on
analysis of old data on travel and depositing of clouds in Appendix I and II, but the main
object is to estimate the degree of possible error in the conclusions on which the U. K.
siting policy is at present based.

AERE-R/R-2108

Newmarch DA

THEORETICAL THERMAL NEUTRON FLUX DISTRIBUTION IN EMPTY CHANNELS - - -
IN REACTORS,

Atomic Energy Research Establlshrnent Harwell Berkshire, England December 30, 1956,
28 pp.
By means of the spherical harmonics method, expressions are derived for the thermal
neutron flux distributions in the air channels of reactor assemblies where the fuel

elements are in the form of ¢ylindrical rods and tubes.

These expressions have been evaluated for a few cases of graphite moderated assem-
blies.

AERE-RE/R-1684

Jackson R F-
A POSSIBLE ARRANGEMENT OF A SWIMMING POOL TYPE EXPERIMENTAL REACTOR,
Atomic Energy Research Establishment, Harwell, Berkshire, England, May 19, 1955, 13 pp.

It is clear that there will be an increasing demand from universities and research
establishments for a cheap and flexible reactor g1vmg a maximum flux of from 10*%
1023 n/cm?® -sec.

~ This report relates to a preliminary design study of a general use experimental reactor
of the swimming pool type in which an attempt has been made to provide as wide a rangc
of experimental facilities as possible at reasonable cost. The treatment is not ex-
haustive and many variants are possible on the general theme.
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Highly enriched fuel elements are used with a normal flux 101.2 n'/cm2 -sec correspond-

ing to a heat output of 100 kw while the possiblility of operation at 1 Mw is also dis-
cussed. .

The engineering design is intended to allow considerable prefabrication and mechanical

test at the manufacturers works and to reduce specialized work on site to a minimum in
a way which would be advantageous for erection overseas.

AERE-RP/R-2031

Campbell C G and Freemantle R G

EFFECTIVE CROSS-SECTION DATA FOR THERMAL REACTOR CALCULATIONS,
Atomic Energy Research Establishment, Harwell Berkshire, England July (1957),
4 pp. (7 refs). :

This paper contains two tables of cross-section data for thermal reactor calculations.

AGN-0857

Il j‘ - .
AGN ANKI(T)UNCES THE FIRST COMPLETE REACTOR LINE,
Aerojet-General Nucleonics, San Ramon, Calif., August (1957).

This is an advertisement which announces a complete line of mass produced nuclear
reactors. Also included is a reprint from Nucleonics.

Biehl, A. T., et al., "Compact, Low Cost Reactor Emphasizes Safety, "
Nueleanics; Val.:14, No, 9, pp. 100-103, September (1956).

This paper discusses a small research reactor designed for use in education, research,
medical diagnosis, and industrial process control.

AIF-57-23

Trilling Charles

ORGANIC MODERATED REACTOR EXPERIMENT,

Atomics International, North American Aviation, Inc. Published by Atomic Industrial Forum,
Inc., 3 East 54th St., New York 22, N.Y., October (1957), 12 pp.

This paper is a report on the operating experience of the Organic Moderated Reactor
Experiment (OMRE). Most of the experience reported here is concerned with the pre-
operational testing of the installation. A brief description of the present status of
OMRE is also presented. :

AIF-57-37

Stockman Charles M, Dr.

THE ECONOMICS OF RADIATION PROCESSING,

B. F. Goodrich Research Center. Published by Atomic Industrial Forum, Inc.,
3 East 54th St., New York 22, N. Y., October (1957), 12 pp. '
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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 it might cost to provide the radi-
ation. For 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 will do.

Radiation processing is still in its early infancy. It shows much promise, but its high
cost as a process tool has hindered its growth. Continued research should alter this
situation, at least in some areas. For the present, however, radiation must be con-
sidered an expensive tool, one which will be used only when it can provide a premium
product or do a job which cannot be done economically by any other means.

AIF-57-175

Montgomery Hugh

PRODUCTION EXPERIENCE WITH THE AGN-201 REACTOR,
Aerojet-General Nucleonics. Published by Atomic Industrial Forum, Inc
New York 22, N.Y., October (1957), 6 pp.

., 3 East 54th St.,

‘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
primary use of this reactor has been for training, but other applications have been
devised and at least one unit has been installed for the purpose of producing short
half-life radioisotopes. This is the first nuclear reactor in the world to be built on a
production line basis. This paper specifically discusses prototype design and unique
—. aspects of reactor fabrication.

AJF-57-80

Nixon V D

TRAINING REACTOR OPERATORS,

General Electric Company. Published by Atomic Industrial Forum, Inc.,
3 East 54th St., New York 22, N.Y., October (1957), 7 pp.

One of the important new areas 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
are now being built. Commonwealth Edison and General Electric have been jointly giving
careful consideration to the organization of the Dresden Station and to the training of its
personnel, This paper reviews the main features of the Dresden plant and discusses
what is being done to assure the smooth operation of the plant from the personnel stand-
point.

AlF-57-104

Rosenbluth Marshall

PROBLEMS OF FUSION REACTORS,

General Dynamics Corporation. Published by Atomlc Industrial Forum, Inc
3 East 54th St,, New York 22, N.Y., October (1957), 12 pp.

h

The principal problem to date is that there is not a fusion reactor in operation. This
paper explains what the difficulties are, how these difficulties are being met, .and what
the prize for success would be. Also discussed is the fusion process.
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AIF-57-107

Chastain Joel W, Jr.

TRENDS IN RESEARCH REACTORS,

Battelle Memorial Institute. Published by Atomic Industrial Forum, Inc.,
3 East 54th St., New York 22, N.Y., October (1957), 11 pp.

This paper presents a description of the basic types of research reactors. By pointing
out the research facilities incorporated in these basic types, their areas of potential
usefulness are made clear.

A brief discussion of the costs for the various research reactors is presented. Some
trends in operational and research costs for research reactors are also included.

The operational procedure for the Battelle Research Reactor is described in this paper.
This "typical" procedure gives an insight into the regulations provided to insure a safe
reactor operation.

AIF-57-108.

Eukel Warren W

ACTIVITIES OF A COMMERCIAL IRRADIATION SERVICE CENTER,

Applied Radiation Corporation. Published hy Atomic Industrial Forum, Inc.,
3 East 54th St., New York 22, N.Y., October (1957), 11 pp.

The comments in this paper are directed to the use of a service facility for developing
and expanding irradiation applications. The information presented is based primarily

on experience with the commercial irradiation service facility at the Applied Radiation
Corporation plant in Walnut Creek, Calif. Specific topics discussed are purposes of
irradiation service centers and different types of programs undertaken in those facilities.
Ultimately, service irradiation may develop into an industry itself, since many com-
panies may find it advantageous to participate in a joint venture to operate a common
facility.

AMF-GR-8-56

ELECTRONIC REACTOR CONTROL SYSTEMS,
American Machine and Foundry Company, Greenwich Laboratories, Greenwich, Conn.,
May (1956), 7 pp. .

During the more than fifteen years that AMF has been actively engaged in the Atomic
Energy field, special emphasis has been placed on the design and development of com -
plete reactor control systems. Through actual experience with control systems on
equipment for power, production, and research reactors, an intimate working knowl-
edge of the unique problems of nuclear reactor controls has been gained. .

The type of control system recommended for research reactors is described in this

report. This system can be adapted to any type of research reactor, and employs all
the features necessary for safe, reliable, and accurate reactor control.
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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 research reactor is a light-water-moderated, heterogeneous, solid
fuel reactor in which water is also used for cooling and shielding. The reactor core is
immersed in a two-section concrete pool filled with water. One of the sections of the
pool contains an experimental stall into' which beam tubes and other experimental facili-
ties converge. The other section is an open area for making bulk irradiations. The
reactor can be operated in either section.

Control of the reactor is accomplished by the temperature coefficient of reactivity and
by insertion or 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 rays of all energies for experimental use.

This report gives a detailed description and discussion of reactor core, reactor control,
pool and experimental facilities, and cooling and purification system.

gt

ANL-4294

Harrer J M

NUCLEAR REACTOR SIMULATOR, . : o
Argonne National Laboratory, Lemont, Ill., Contract No. W-31-109-Eng-38, June 1, 1949,
101 pp.

272

The purpose of this report is to describe the work done at Oak Ridge National Labora-
tory in the development of a nuclear reactor simulator. This work is part of the total
program of the Power Pile Division and was carried 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 as much effort as possible into its development.

A great deal has been learned about the possibilities of such a simulator and the diffi-
culties which are encountered in its design, In this report no attempt is made to draw
any definite conclusions,

The simulator is an electrical analogue computer. °If-due consideration has been given

to keeping the model similar to the physical phenomena described by the differential
equations, the practical engineer has at his disposal a means of studying the physical
phenomena without continued reference to the differential equations involved. The
simulator developed at ORNL meets this requirement, It consists of a network of elec-
trical conducting elements and suitable sources of current and cu