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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respectto the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contractor.
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BUDGETS AND COSTS

Costs for November were $1, 948, 000, a decrease of $23, 000 from October.
Fiscal year-to-date costs are 41% of the amounts currently authorized to
Hanford Laboratories. The amounts currently authorized have been ad-
justed to include the increase of $1, 140, 000 as authorized by the Division
of Reactor Development this month. Hanford Laboratories programs at
November 30, 1959 have the following cost - budget relationship.

(In Thousands)

- Cost Budget % Spent

——— e

2000 Program $ 222 $ 616 36
4000 Program 2 851 7 052 40
5000 Program 195 541 36
6000 Program 885 2 198 40

Research and Development costs for the Hanford Product Departments
were in line with amounts authorized except for the New Production Re-
actor. Funds for FY 1859 were 55% spent at the end of November.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

PRTR Phase II-A (River Pump Structure) has been completed, and
over-all PRTR construction is 54% complete. The Plutonium Fab-
rication Pilot Plant Phase III equipment installation contract was
terminated November 15, 1959, with contract completion estimated
at 96%. The remaining work will be done by the J. A. Jones Con-
struction Company.

Design and analysis work on PRTR and associated facilities included
completion of the Pressurized Gas Cooled Loop transient analysis,
issue of the PRTR Final Safeguards Analysis, completion and cir-
culation for approval of the High Pressure Loop (Project CAH-841)
Project Proposal, completion of the scope description for the PRTR
Rupture Loop (Project CA-867), and issue for comment of design
criteria for the PRTR Critical Reactivity Measuring Facility (Project

T DECLASSIFIED —
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HW-62734, a report summarizing findings of the PRTR helium com-
pressor test program, was issued.

The plutonium fuel rods to be used at PRTR startup consist of an ex-
truded Al-Pu core in an unbonded Zr-2 jacket. In ex-reactor thermal
cycling tests warping and dimensional change have frequently occurred.
It now appears that by careful control of gap dimensions between core
and cladding this difficulty can be overcome. Three elements having

a minimum gap of 0. 0049 inch withstood 77 thermal cycles without
dimensional change.

Three semi~prototypical irradiations of PRTR Pu-Al elements are
in progress: a 19-rod cluster in the ETR 6'x9" loop facility, a
seven-rod cluster in the ETR 3''x3" facility, and a seven-rod cluster
in KER Loop 1.

High density 0. 0259 a/o PuO2-UO2 mixed crystal oxide pellets irra-
diated to 4. 4 x 1020 nvt had a microstructure very similar to that of
irradiated UOy. Fission gas release data are being obtained.

The liquidus of the PuO2-UOg system has been determined; the curve
follows the general form for simple sys‘ems of this type, and no de-
viations from uniformity were observed. Indications of slight loss
of oxygen of PuOg at high temperatures were also obtained. PuOqg
held for one hour at 2000 C in vacuo formed some Pug03.

Fabrication of cold swaged UOs fuel elements for the first PRTR
loading was started about nine months ago. During that period in-
tensive process development has reduced unit fabrication costs sev*-
eral-fold. Quantitative cost data are being developed as the work
proceeds.

The grain size of UOg appears to have a marked effect on its thermal
conductivity.

Electron microscope studies of thin films of UOg irradiated at low
temperatures reveal discrete fission tracks at low exposures and
agglomeration of the UOg particles at higher temperatures, pre-
sumably by sublimation.

An in-reactor creep test capsule is still functioning properly after
three months exposure in KW Reactor, a gratifying performance in
view of the difficulties in this kind of experiment. Creep has not

[SSIDES————a——
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been observed on the Zircaloy-2 test specimen or the ex-reactor con-
trol specimen as temperatures and stresses have been progressively
raised to the present 315 C and 22, 000 psi.

Unirradiated sections of heavy-wall Zircaloy=-2 tubing are being burst
tested at room temperature in preparation for burst testing sections
of irradiated KER Zircaloy=-2 tubing at essentially room temperature.

Three smooth-bore Zircaloy-2 replacement process tubes, to be
installed in C Reactor, have arrived on-site after fabrication by
Bridgeport Brass Company.

A simple electrographic technique has been developed to detect both
copper contamination on pickled coextruded NPR fuel tubes and ur-
anium contamination of the weld area.

A viewing cell has been constructed which permits visual observa-
tion and time-lapse photography of rupturing (predefected, unirra-
diated) metallic uranium fuel rod exposed in hot water at 300 C and
1500 psi. The hydrogen gas evolved by the reaction is also col-
lected and measured as an indicator of the water-uranium reaction
rate.

Failures due to hot spots from touching fuel rods are regarded as
possible. Two ccextruded uranium-Zircaloy iuel rods electrically
heated (30 kw/ftj, and in surface contact at one point, did not
rupture after 3. 7% hours in a flow loop at 300 C and 20 fps water
velocity.

The use of HNOg3 vice HgPOg4 to adjust water pH to 4.5 resulted in an
eight-fold increase in the corrosion rate of X-8001 aluminum in a
600-hour out-of-reactor loop test at 300 C.

Samples of needle coke graphite irradiated at 600 C and abc™e, con-
sistently undergo less contraction than samples of CSF graphite or
other non-needle coke graphites. Also, the out-of-reactor oxidation
rate of one candidate needle coke graphite, measured in CO2 at 750 C;
was slightly less than the rate for CSF graphite.

Initial results indicate the feasibility of increasing the size of outlet

hydraulic connectors on old reactor process tubes; however, Panellit
protection would be reduced slightly.

DECLASSIFIED m—
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HW-62798, ''Single Tube Flow Rates at Low Header Pressures with
Nozzle Caps Removed - - All Reactors, "' was issued.

Chemical Research and Development

First experiments indicated that plutonium may be dissolved and sub-
sequently precipitated as PuO2 from the Salt Cycle Process media by
using appropriate reagents. The PuOg precipitation was done with
uranium present in the melt, thus permitting a simultaneous parti-
tion. Exploratory tests were started on potential pyrochemical de-
cladding schemes to handle Zircaloy-clad UOg in a fashion compat--
ible with the Salt Cycle Process.

Summary analysis of fourteen pilot plant tests showed the dissolution
behavior of standard HAPO fuel slugs in the recirculating Flooded
Tray Dissolver to be essentially identical with a conventional batch
dissolver.

Special methods of ''potting' with metallic or plaster materials were
shown to be effective ways to prevent excessive vibration while ex-
traneous hardware was cut off of power fuels. Power hacksaws were
employed for the test series. '

Electrolytic methods were shown to be an effective way to depassify
stainless steel in a sulfuric acid medium (Sulfex) even when low con-
centrations of nitrate ion were present.

Concurrent precipitation of iron salts complicates recovery of fission
product strontium by the sulfate precipitation method reported last
month. The use of complexing reagents may solve the problem. Tests
also indicated it may be possible to utilize a carrier precipitate to re-
cover strontium.

The original scintillation phosphor on the contact alpha counter located
on the Purex 2BP stream operated for twenty-two months before fail-

ure to demonstrate the durability of this development.

Physics and Instrument Research and Development

In the Plutonium Recycle Program, measurements of the lattice para-
meters of low exposure plutonium fuel elements are progressing satis~
factorily in spite of a large neutron background arising from the (o,n)
reaction of the plutonium on the aluminum matrix. The intermediate
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exposure plutonium containing 20% Pu240 which we had expected to use
in continuing this work to higher exposure plutonium will be unavail-
able. Extension of the work to higher exposures will be undertaken
when material is available from the MTR.

Acceptance testing of phototubes and crystals for the PRTR rupture
monitor continued during the month. The rejection rate on photo-
tubes was 20-25% and that on crystals was considerably higher.

In the NPR Program it has been necessary to redesign the graphite
for the exponential experiments to correspond more closely to a
similar redesign of the actual NPR stack. Meanwhile measurements
continue on lattices and fuel elements of types similar to that of

the NPR. These data will permit a better assessment of the neutron
economy in the NPR when combined with measurements with the
actual NPR lattice.

Mechanical design of the NPR fast scan fuel rupture monitor is 5%
complete while fabrication of equipment to simulate its action for
laboratory tests is nearing completion. Other work for the develop-
ment of radiation monitoring instruiients for use around reaciors
included the development of a long “lexible light pipe for investigat-
ing pigtail contamination and the dev=i.pment of an improved head
for the 105-N Building beta-gamma air monitor.

In the Nuclear Safety Program a series of experiments was begun to
determine the relationship of other geometrical shapes to the cylin-
drical shape in which such experiments have customarily been car-
ried out for reasons of convenience. Measurements also continued

to higher concentrations of 3%-enriched uranium homogeneously mixed
in hydrogeneous moderator.

The construction of the Critical Mass Laboratory is proceeding nearly
on schedule to date, but delayed delivery of the control panel and as-
sociated instrumentation may result from the effects of the steel strike.

During the month nuclear safety advice was furnished to CPD on the
design of equipment for processing non-production fuels and in the
design of casks and cask cars for the transportation of NPR fuel
elements. An experimental check of the nuclear safety of the NPR
cask design is planned when sufficient NPR fuel elements become

DECLASSIFIED =
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In the Nondestructive Testing Program promising preliminary results
were obtained on a method for simultaneously measuring zirconium
jacket thickness and the thickness of the air gap between the jacket and
the contained fuel rod. . If successful this method will have direct ap-
plication in the Plutonium Recycle . rogram as well as in other fuel
element fabrication programs throughout the AEC.

One source of the small amounts of Zn65 detected in people examined
at the Shielded Personnel Monitoring Station, as previously reported,
is now believed to be Pacific Ocean seafood. Similar results, but
showing lower concentrations, have been recently reported from other
sites on Atlantic Coast seafood. Maximum concentrations found to
date occurred in oysters but were less than 50%of the maximum per-
missible ccacentration for Znbf in water.

In the Gas-Cooled Reactor Program measurements were completed
on the effect of a control rod inserted into a gas-cooled reactor lat-
tice. Results obtained were in excellent agreement with predictions
from theoretical calculations.

Development of a satisfactory calibration technique by the Analytical
Chemistry Operation has greatly aided work on the compilation and
analysis of the results obtained in last summer's atmospheric physics
program. A schedule has been laid out in collaboration with the Air

- Force for the preparation of the reports.

Orderly progress was made on the many projects in the radiation
monitoring instrument field. Noteworthy was the decision to prepare
as-built drawings on the Alpha~Beta-Gamma Scintillation Trans-~
istorized Hand and Shoe Monitor which had operated continuously

for 9 months with only minor servicing in the 329 Building.

The mass spectrometer developed for the Division of Research

operated routinely during the month with sample runs being made
on 16 of the 19 working days.

4. Biology

Biological monitoring tests proceeded without notable changes in
contamination levels or effects of reactor effluents.
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Work on a strontium and calcium problem, which earlier suggested
the lack of validity in assumptions being made in assessing Sr
hazards in terms of a ratio, is now contributing to some important
knowledge of calcium metabolism, particularly in terms of relatior-
ship between dietary calcium and physiological turnover of the
substance.

Ce-144-Pr144 injected into a ram showed interesting variation in
tissue concentration. The pituitary, for example, had a concentration
20 times greater than the plasma.

Work at Rochester several years ago suggested that the pulmonary
lymph nodes may be the critical organ for inhaled radioactive
parti~les. Since then, we have noted simiiar concentrating abilities
of the nodes. Recent work on Pu?39032 in lungs of dogs indicate that
somewhere between two and ten weeks after inhalation the lymph
nodes contain a higher concentration of plutonium than the lung.

Although caution must be exercised in drawing any conclusions from
this, a tumor was found under the skin of a rabbit which had been
exposed to 16, 000 rads from P32 four years ago We believe this

to be the first skin tumor caused by irradiation of rabb.t skin.

Polyvinylpyrrolidone may be a reasonable substance for diagnosing
intestinal radiation injury. Work with the substance, when labelled
with I131, showed that 750 r whole-body exposure doubled the norm-l
loss of the substance into the intestine. One thousand r quadrupled it.

Swine were given bone marrow cells after exposure to 900 r, total
body X irradiation (LD/100). One of tbe pigs is still alive. Although
this may be the first time a lethally irradiated pig has survived
beyond two weeks, the result is still preliminary.

Programming_

A report L. ionium (thorium-230) for preparation of the potentially
useful radioisotopes U-232 and Th-228 was prepared. Related work
involved a briei survey of uranium ore processing industry. The
survey was sufficient to show that a large fraction of the industry
has a potential for providing thorium concentrates ranging from

2 to 5 per cent thorium-2390.

DECLASSIFiED o
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To check out the recently developed Meleager code, the Yankee reactor
lattice calculations performed last year using other codes were repeated.
As before long-burning ""Phoenix'' fuel performance was noted for
certain instances; in particular when using plutonium feed with an
artificially high ratio of Pu-240 to Pu-239. Phoenix behavior was also
found to depend strongly on resonant absorption in the fuel, and thus

to be influenced greatly by fuel geometry considerations.

A detailed schedule of critical start-up tests for the PRTR was drawn
up.

Assistance was rendered to the AEC Division of Reactor Development

in preparing the Plutonium Recycle Program portion of a 10 yean
reactor development program. ‘

TECHNICAL AND OTHER SERVICES

A simple method was developed of assigning supplemental crew personnel
which minimizes total charge~-discharge time for the reactor complex.

Further work was done in relating dimensional distortion experienced by
co-extruded tubes during heat treating to the reduction ratio: employed in
the co-extrusion process.

Work on 10 operations analysis programs continued during the month. In
addition, statistical and mathematical assistance on 10 problems was given
within HLO and to other departments and operations.

Positive findings of znb% in 95% of the subjects examined in the Shielded
Personnel Monitoring Station led to investigation of sources of this
radioisotope in humans. In addition to previously reported Znb% in
Columbia River water, some Pacific Ocean sea foods were examined as
possible sources of this radioisotope. Pacific oysters showed the highest
concentration of Zn65 in the sea foods examined and averaged 4 to 5 x 10-5
nc/gm oysters. A steady dietary habit of one pound of such oysters per
week would result in less than 5% of the permissible body burden for Zn85.

Analyses of Columbia River water ohtained. at Vancouver, Washington,
for the past several months indicated Crdl, Np239, Znb5 and P32, in
that order, to be the most abundant radioisotopes and account for over
90% of the total radioisotopic content of the river at that point. The
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daily quantity (in curies) of these radioactive materials passing a point
near Vancouver was estimated at Cr5l - 900, Np239 - 70, zZn6° - 20,

and P32 - 20. These radioisotopes in the Columbia River water at
Vancouver represent 0,.2% - 0. 5% of the drinking water MPC for persons
in the neighborhood of controlled areas. The large residual in terms

of total curies entering the Pacific Ocean has perhaps not been appreciated
by those observing the river system. It has been clear from dimple decay
arithmetic applied to the discharge passing Pasco. Such a calculation
overstates the ocean discharge (no allowance for uptake in river organisms
or mud) but not by a major factor.

There were 23 authorized projects at month's end with total authorized
funds of $7, 683, 600. The total estimated cost of these projects is

$9, 570, 365. Two new projects were autborized and two were completed
during the month. Three new projects are awaiting AEC approval and
two new projects were submitted to AEC during the month. Five pro-
posals for new projects are in preparation.

Total productive time for Technical Shops for the -..onth was 13, 321
hours. This includes 12, 159 performed in the Technical Shops, 730
assigned to Minor Construction, 158 to other project shops, and 274
hours to off-site vendors. The total shop backlog is 25, 547 hours of
which 50% is required in the current month, with the remainder dis-
tributed over a three-month period. Overtime worked during the month
was 3. 8% (599 hours) of the total available hours.

Radiographic Testing made a total of 8, 565 tests, of which 970 were
radiographic (including x-ray and gamma-ray) and 7, 595 were supplementary
tests. Out of a total of 3, 066 man-hours, 727 (23. 7%) were in connection

with radiographic tests, and 2, 339 (76. 3%) were used on supplementary
tests.

The procedure for off-site distribution of uncategorized classified
reports is being reviewed and will be modified. It is expected that the
new procedure will require that HOO-AEC approve all off-site distri-
bution of such reports.

SUPPORTING FUNCTIONS

The laboratory equipment pool (Building 3718) is ready for operation.
Equipment is in the process of being tagged prior to transfer to the

storage area.
- DECLASSIFIED e
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Equipment expenditures and commitments are running substantially
ahead of FY 1959 at November 30 but are within approved ceilings.

The HLO contribution for 1959 at HAPO'" is being prepared. Several
groups have been contacted for pictures and the narrative is being
prepared. Deadline for the first rough draft is January 8.

Recent reallocation of funds by the HAPO - General Manager which
is based on the Mid-Year Budget Review indicates a reduction of equip-
ment funds available to Hanford Laboratories in the amount of $233, 000.

As of November 30th, the staff of the Hanford Laboratories totalled 1320
employees, including 634 exempt and 686 nonexempt. There were 547
employees possessing technical degrees, including 336 B.S., 112 M.S.,
and 99 Ph.D.

The medical treatment frequency for November was 1. 48 as compared
with 1. 51 last month. There were 4 security violations during November,
bringing the total for the year to date to 42.

During the month, a pressure accumulator in 314 Building basement failed
while under pressure of 18, 000 psi. The end plug was ejected as a result
of an inadequate number of threads of the proper quality to withstand the
pressure. There were no employces injured although the damage totalled
$3500,

During November, HAPO participited in Ph. D. recruiting at M. I.T.,
Ohio State, Colorado, Utah, Wisconsin, Iowa State, Iowa, Oregon State,
Oregon, and California. Referrals from these and schools previously
visited this year are being received in increasing numbers for HAPO
consideration. Three Ph. D. candidates visited for interviews during
November and one offer was extended to a Ph.D. candidate.

Mid-year campus visitations have been completed except for four south-
western schools scheduled early in December. No mid-year offers

have been extended to date; however, an appreciable number of June
graduates have been developed as candidates. Seven offers were extended
to BS/MS experienced personnel during the month and five offer
acceptances were received.
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Two Technical Graduates were added to the Program during the month
and four were placed on permanent assignment. On November 30th
there were 67 Technical Graduates and 7 Technician Trainees on the
Programs.

Eleven requisitions were filled during November. With the receipt of
8 requisitions, 2 cancellations and 5 placed on a hold basis, there were

7 openings at month's end, for which 4 candidates are in process,
2transfers pending and one yet to be procured.

Aonfrte

Manager
Hanford Laboratories

HM Parker:pmg

DECLASSIFED =



DECLASSIFIED

REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION
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TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircaloy in Simulated NPR Gas Atmosphere. Eight Zircaloy
coupons were exposed in a "high hydrogen" simulated NPR gas atmosphere.
This gas atmosphere was produced by passing helium at atmospheric
pressure through water undergoing electrolysis. The resulting gas
mixture of helium, oxygen, hydrogen, and water vapor was then passed
through & heated (1100 C) one-inch diameter tube packed with graphite.
As a result of reaction with the hot graphite, a product gas of the
following mass spectrometer analysis (in mole %) was obtained:

86.4 He, 7.04 Hp, 5.13 CO, 1.25 N, 0.11 H20, and less than 0.01 each
for 02, A, and CO2.

This reaction gas was then passed over the Zircaloy sampies which were
held at 400 C. After 21 days of exposure the samples were removed and
analyzed for hydrogen, with results as follows:

Vacuum Fusion Analysis

Furnace Surface Hydrogen Fcund After
Position Alloy Preparation 21 Days at 40O C

1 Zr-2 Etched 410 ppn

1 Zr-4 Etched 635 ppm

2 Zr-2 Vapor Blast 810 ppm

2 2r-2 Yapor Blast + 37 ppm

22 hr preautoclave
40O C, 1500 psi steam
3 Zr-2 Etched & preauto- 29 ppm
clave 22 hr; LOO C,
1500 psi steam

3 Zr-3 Etched 286 ppm
L Zr-2 Etched 230 ppm
4 Zr-U Etched 340 ppm

The starting hydrogen values were, for the Zircaloy-2, 20 ppm; the
Zircaloy-lit, 25 ppm. The gas from the vacuum fusion analysis was
confirmed to be hydrogen by mass spectrometer analysis.

Although all the samples (except those preautoclaved) picked up consid-

erable concentrations of hydrogen, the carbon monoxide and/or water
vapor exerted a marked inhibiting effect on hydrogen pickup, because
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it is known from previous hydriding studies that if no inhibition had
occurred, destructive hydriding would have resulted. NevertlLzsless,
the amounts of hydrogen picked up by the unautoclaved samples indicate
an unacceptable hydriding rate for reactor applications, although the
400 C Zircaloy sample temperature is somewhat higher than the normal
meximum NPR process tube temperature. The fact that the preautoclaved
samples did not hydride indicates that autoclaving or some other coat-
ing process may give at least short-term protection agalnst transient
over-temperature conditions. Even in hydriding experiments at 500 C,
preautoclaving has been found protective for a few hours.

Inhibiting Effect of Water on Hydriding of Zircaloy. Etched samples of
Zircaloy-2 and Zircaloy-4 were exposed seven days at 400 C in a mixture
of 23 mm H20 vapor pressure and LOO mm hydrogen pressure. The samples
were removed and ahplyzed for hydrogen by vacuum fusion analygéis, with
data as follows: '

Corrosion Wt. Gain - 7 days Ho Found

1. Zr-2 19 mg/dm? 33 ppm
2. Zr-2 19 mg/dm? 33 ppm
3. Zr-b 20 mg/dm® 80 ppm
k. zr-h 17 mg/am® 30 ppm

With the exception of the No. 3 Zr-4 sample, none of the samples picked
up any hydrogen from the atmospherc. The corrosion weight gains for
this atmosphere are the same °s without hydrogen present.

Fuel Element Rupture Studies. The fuel element autoclave-type rupture
testing facility has been modified by the addition of a viewing cell.
The cell is four inches long by one inch inside diameter. It 1s sult-
able for viewing rupture experiments and corrosion tests in water at
temperatures up to 300 C. The sample is brought to test temperature
within three minutes.

Rupture experiments on defected coextruded rod elements have been viewed
and photographed using time-lapse photogravhy. A simultaneous hydrogen
evolution curve is also obtained. The viewed ruptures have confirmed
the correspondence between the hydrogen evclution curves and the sample's
rupture behavior.

Reactor Pigtail Corrosion. Two of the newer rear face connectors (pig-
tails) that failed in service have been examined metallographically.

One of these connectors was in service about 10 months on H Reactor,
while the other failed in about six weeks on F Reactor. Both of these
18-8 stainless steel connectors showed cracking similar to the cracks
found on H Reactor pigtails previously. The H Reactor sample had been
badly sensitized and showed some intergranular cracking as well as the
typicel transgranular stress corrosion cracks. Similar cracking was
also observed in gamma semple lines which failed on the rear face of

H Reactor recently. These lines had been in service for several years.
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The reason for the apparent increace in the frequency of this cracking
in recent years cannot be stated with certainty at this time. However,
several factors which tend to cause this type of corrosion have changed
in recent years, viz., the wetness of the rear face during operating,
siresses, temperature, and vibration generated by high flows through
the connectors. The wetness of the rear face is indicated as a large
contributor to the problem on the basis of current data. Unfortunately,
this wi:tness is nearly inherert in the newer connector designs; thus,
the ne2d for a material of construction resistant to this type of crack-
ing 17 indicated.

Reactor Decontamination. A solution of C.5 M ammonium citrate and

0.01 M ethylene diamine tetracetic acid proposed for use in decontamin-
ating reactors displayed excessive corrosion rates on mild steel when
tested in stainless steel loops. A laboratory investigation of this
corrosion problem using normalized A-212 carbon steel and 304L stainless
steel coupons at 90 C shows air-saturated solutions are more corrosive
than argon-saturated solutions. The corrosiveness of the argon-saturated
solutions decreased with time for the first two hours, while the corro-
siveness of the a.r-saturated solutions increased during the same period.
The galvanic currcnt between coupons 13 sensitive to the pretreatment of
the stainless ste:l and to the stirring rate, and this is not reproduc-
ible with great uccuracy. In these luboratory-scale tests the galvanic
currents between coupons account for .ess than half of the observed
corrosion on the carbon steel, and usually for only 20 to 30% of the
observed corrosion.

The decreasing corrosion rate observed in arjzon-saturated soclutions
suggests the saturation of the ethylene diamine tetracetic acid witn
ferrous ions from the corrosion of the steel. However, the possibility
of impurities causing this rate change has not Veen eliminated. If the
higher initial corrcsion rute is due to the ethylene diamine tetracetic
acid, it might be mitigated by either changing the complexirg agent or
saturating it with ferrous ion before use.

Radiometallurgy Laboratory Studies

Two enriched (1.6%) 7-rod clusters with 20 and 30-mil Zircalcy-2 jackets
wvere received. Examination of the ruptured clusiter with 20-mil Jacke%s
revealed a 3/U-inch long crack near the center of an outside rod. The
Zircaloy Jackets on voth clusters had a uniform black oxide coating amd
no indication of corrosion or pitting after irraciation exposure cf
2200 MWD/T (RM-555).

The examination of one natural uranium, 7-rod cluster (20-mil Zircaloy-2
jackets) with swaged and weldﬂd end closures was completed. The cluster
had been irradiated to 400 MWD/T. Although the end closures were in
excellent condition, some growth of the uranium was observed, and it is
concluded that more severe irradiation conditions would be required to
evaluate the end closure method conclusively (RM-5 52).
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Eveluation continued on the capability of coextruded, 30-mil thick
Zircaloy-2 cladding to restrain swelling of natural uranium during
irradiation to 200C MWD/T in the ETR (GEH-3-59). A ruptured sample
exhibited radial macrocracks, very large grain size, and many macro-
cracks in the Zircaloy-2-uranium bond. OD measurements revealed an
expansion of from three to seven percent (RM-275).

The results and conclusions from these tests will be reported in
connection with the respective programs of Fuel Design arnd Physical
Metallurgy Operations.

Basic Metallurgy Studies

Electron and Optical Microscopy. Thin evaporated films of carbon
supported on 200 mesh copper grids have been irradiated to exposures
as high as 1.5 x 1019 nvt (thermal), and irradiations to higher ex-
posures are In progress. These films, after decay of radioactivity,
will be studied by electron diffraction techniques to establish
whether copper can sublime onto the carbon during irradiation. If
sublimation does occur, then copper contamination of all thin films

or foils irradiated on copper grids can be expected during irradiation.

Evaporated films of aluminum containing particles of uranium dioxide

one micron in diameter have been irradiated to exposures as high as

3.4 x 1019 nvt (thermsl). As the exposure increases, the small particles
_of uranium dioxide break away from the aluminum film. The diffraction
patterns of such films show the presence of small crystallites of
uranium dioxide distributed uniformly over the surface of the fiim.

The uranium dioxide apparently heats up to high temperatures during
fission and redistribution of the oxide by sublimation or its equiv-
alent occurs.

A capsule has been developed for the irradiation of thin films or foil
specimens for electron microscony that will permit the encapsulation of
the specimens in a (1 x 10~ mm Hg) vacuum while keeping the temperatures
of the specimen below 175 F(80 C). The capsule is of high purity
aluminum, 99.999 plus percent, so the capsules, when returned from ex-
posure in the reactor, can be handled with no shielding after a short
decay period. Welding of the final assembly is accomplished in the
electron beam welder .n a special cooling block designed %o keep the
‘specimen temperature low.

Solid State Reactions. Optimum conditions of heat treatment for zir-
conium, Zircaloy-2, and Zircaloy-3 are being studied as a function of
cold work, temperature, time and heat treatment atmosphere. Analysis
of the recovery kinetics of zirconium has revealed that there is con-
siderable softening before recrystallization begins and that this
"work-softening" is at least a three-step process. When recrystalli-
zation finally begins, it is by a nucleation and growth mechanism.
This microstructural change is accompanied by further softening and is
characterized by a variable activation energy. The rate of recovery
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can be expressed in terms of percent recovery, f, at any time, t, by
the equation

af -
& = F(By, vy, y)efFo - alf - £5)/ /T

where d; is a parameter describing the density and distribution of dis-
locations, ni is a parameter describing the concentration and spatial
distribution of lmpurity atoms, T4 is a parameter describing the inter-
nal. stress fields between line and point defects, E = E5 - a [f - £/ .
is the activation energy for recovery of any given f and kT is the abso- '
lute temperature multiplied by Boltzmann's factor. This type of eguation
adequately expresses the complexity of recovery processes in general.

In-Reactor Measurements. A prototype creep capsule iias been charged and
is in operation in the KW Reactor. This capsule has been designed to
meke continuous meesurements of the creep deformation of an annealed
Zircaloy-2 specimen during irradiation. A creep test identical to the
in-reactor test is being run out 'of the reactor to provide a direct com-
parison with the in-reactor results. No measurable creep occurred in
either test after incremental increases in temperature to 575 F (302 C)
and 600 F (315 C). The specimen temperatures were thep lowered to 500 F
(260 C) and the stress increased to 25,600 psi. Temperatures will again
be increased in 25 degree F increments until a measurable creep rate is
obtained in-reactor. The capsule is still operating satisfactorily. No
gas leaks have occurred in the ceramic seals, all thermocouples are
working, and the heaters are intatt. Some limitations have been observed
in this prototype capsule. The heating element power leads are too small
to carry the power necessary to maintain capsule temperature when the re-
actor is shut down. The heat transfer characteristics of the capsule
shifted markedly when the helium pressure was increased in the capsule
causing a temperature gradient along the specimen which cannot be elim-
inated. Heat transfer under load could not be checked before in-reactor
operation as both pressure and temperature could not be applied simul-
taneously to the capsule without straining the creep specimen. A second
capsule is being procured off-site which will embody -design changes to
rectify most of these difficulties.

The thermocouple stability capsule, containing an iron-constaitan, a
chromel-alumel, and a copper-constantan thermocouple, has been irradiated
6940 hours at approximately 300 C. It has been necessary tc stop the
flow of cooling air and helium-16% COp thermocouple environmeatal' atmos-
phere to both the in-reactor and an identical ex-reactor capsule, during
the past month, due to a plugged reactor test-hole vent. The in-reactor
thermocouple temperatures have varied between 300 and 325 C due to gamma
heating in the absence of the cooling gas. Gas atmosphere and tempera-
tures in the ex-reactor capsule have been maintained as nearly identical
to those in the in-reactor capsule as they reasonably could.

Resistance between the in-reactor iron-constantan couple and the bottom

of the thermocouple well has become very erratic, varying between about
600 and 1000 ohms. Deterioration of this couple 1s possibly due to the

U .
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action of HNO3, produced by the effect of irradiation on moist alr in the
test hole, during the absence of the helium-COp flow. The resistance
between the in-reactor copper-constantan couple and the bottom of the
thermocouple well has, as in the five previous months, remained high.
This couple has continued to indicate a temperature approximately 15 C
lower than indicated by the iron-constantan and chromel-alumel couples.
Under the test conditions, imposed thus far on the in-reactor couples,
only the chromel-alumel couple has not shown an increase in resistance
between the couple and the bottom of the well.

Metallic Fuel Development

Cluster Fuel Elements. The ruptured T-rod cluster fuel element discharged
from KER Loop 2 on October 15, 1959, was shipped to Radiometallurgy and
has been visually examined. The cluster has been identified as one of

the 20-mil clad elements and not the 30-mil clad element which was 1n the
chacge. No evidence of crud film formation was observed on the element
nor was there any evidence of corrosion of the Zircaloy-2 cladding. It
was not possible to tell whether or not the uranium under the split in

the cladding was also split.

Tubular Fuel Elements. Tubular fuel element: for the NPR are veing
tested at the Hanford KER loops and at the ETR. Zircaloy-2 clad uranium
tube and rod elements ran to 2000 MWD/T at KER Loop 4 without incident.
Two elements from the Locop 4 test are at BMI for hot cell examination.
Both rod components have increased in diameter about 0.6 percent. Both
tubes appear to be oval after irradiation to the extent of up tc 0.0LO"
difference in diameter. A section cut from one tube shows extensive
radial cracks in the uranium which may or mey not have existed at the
time the element was discharged. The other tube is free of cracks. The
clad surfaces of the rods showed pi .ting corrosion attack and heavy crud
formation. Loop % operated on pH 4.5 water for this test.

Three, 36-inch long tube and tube elements were buiit for KER Loop 3.
These were made from Zircaloy-2 clad, 1.47 percent enriched uranium heat
treated with copper jacket intact. A 15-day autoclave test showed white
oxide corrosion on the inside diameter of all components. This is prob-
ably due to air contamination during welding. All elements were rejected.

The quality of tubular 1.8-inch OD Zircaloy clad uranium fuel element
material is being evaluated on four extrusions received from Nuclear
Metals. Metallographic examination shows small areas, about 0.004-inch
diameter, which appear as slag or dirt inclusions randomly distributed

in the uranium. These inclusiozs are frequent enough to show many of
them at the U-Zr interface. In such instances the Zircaloy 1s pushed
into the inclusion causing an irregular interface at this point. Positive
identification of these inclusions has not been made, and complete pro-
cessing history of the material is not available at this time. These
defects are more pronounced on two of the four extrusions, while the
other two are relatively clean. Zircaloy clad thickness of these sizes
varies from 0.019 inch to 0.025 inch in a single extrusion. Measurements
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on three additional extrusions of inner KER size tubes of this same lot
show variations of Zircaloy clad thickness of 0.016 inch to 0.027 inch
in a single extrusion.

Current procedures for making closures on the Zircaloy clad elements
frequently results in the contamination of the weld bead with uranium.
This forms a spot of U-Zr alloy in the weld which is less corrosion
resistant than the uncontaminated Zircaloy. It has been found that
uranium contaminated spots, even those of low concentration, may be
quickly and simply -located by a modification of the electrographic tech-
nique previously reported for copper contamination. Since the organic
reagent used to identify uranium (8-Quinolinol) is ineffective in the
‘presence of fluoride ion, the HNO3—HF electrolyte used for copper de-
tection is replaced by a NaNO3-NegCO3 solution.

While the vectorscope with the special probe head to fit the ID of NPR
fuel elements has been found to indicate the degree of thickness vari-
ation in the Zircaloy wall of a given specimen, it does not appear
possible to calibrate the instrument to giv~ absolute wall thickness.
Recent experiments with autoradiograph methods offer some promise for
improved accuracy of thickness measurement; the success of this
approach will depend largely on the possibility of using a suitable
densitometer and of controlling the variables other than wall thickness
which affect the darkness of the film.

Fuel for Present Reactors. Approval has been given for the irradiation
of two hot press canned fuel elements in the GEH-4 lcop of the MIR.
These elements were placed in a standard MIR basket which was equipped
with - ostream and downstream thermocouples for power generation measure-
ment. This assembly has been shipped to the MIR and is awaiting irrad-
iation.

Component Fabrication. Four attempts were made to expand and size the
ID of coextruded KER inner tubes. Two attempts were successful with a
total increase of 0.018 inch on the internal diameter and 0.009 inch
increase in outside diasmeter. Spring back after the fourth pass is
from 0.004 to 0.005 inch. Two of the tubes split during the expanding
process. One split during the fifth pass, and the other split during
the second pass. Both pieces are being prepared for metallographic
examination. The fracture zone on the piece that split during the
second pass shows a defective area in the uranium where considerable
oxidation was present. The uranium also exhibits a radlal crack
oriented 90° around the tube from the fracture. Both tubes have a
swaged history. Further studies are planned to determine drawing and
swaging effects on tube quality.

Twenty-inch lengths of Zircaloy-2 clad uranium coextruded KER inner
tubes (1.050 inch OD by 0.500 inch ID) have been hot headed with tool-
ing fab~icated for heading long lengths of tubes. The formed tube ends
appear satisfactory for projection welding a ring cap for the final
closure. Tooling consists of a grip device for holding the tube while
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heading and a resistance heated container mounted in a 50-ton vertical
draw press. The end of the tube extending above the grip 1s induction
heated to 600 C Just prior to heading. The tube end preparation for
heading consisted of a thin copper chemical plate on the tube surface
to prevent the Zircaloy clad from seizing to the tube container and
mandrel and a thin graphite lubricant over the copper plate. Slight
swelling occurs at the Jjunction of grip and the container which is in-
herent in this method of end forming due to the difference in temperature
of the tube contained within the grip and the container. This swelling
is 0.010 inch on the OD (the ID is not altered) and with proper tube
preheating is smooth and can be removed by a light drawing or swaging
operation.

The design is nearly complete and fabrication should start in a few
weeks on cquipment capable of hot heading XER and NPR outer tubes.
This equipment will be of the same nature as the equipment described
above for hot heading KER inner tubes.

Allied Fuel Studies. Reactor swelling experiments of Zircaloy clad
uranium fuel rods with selected uranium temperatures, cladding thickness,
and exposure are being conducted. Metallographic examination of GEH-3-59
which operated to an exposure of 2100 MWD/T at an estimated average
central uranium temperature of 825 C has started. Very large grains in
the center of the uranium rod and large elongated grains oriented radi-
ally confirm the high estimated operating temperature of this rod. Severe
radially oriented macro-cracking can be seen. At several locations these
cracks proceed into and along the U-Zr bond but do not propagate into the
2ircaloy cladding.

One of the four swelling capsule assemblies with thermocouple leads
charged in the MIR to extend the coverage of temperature exposure and
cladding restreint was discharged as a suspected rupture. The rupture
was later founr. in the capsule of another sponsor. As the leads were
cut when the GEH capsule was discharged, another ildentical capsule will
be charged in its place at the next MIR shuidown. The remaining three
capsules are still operating 25-100 C below the temperature desired.
Two capsule experiments to investigate the influence of various cerbon
contents and low zirconium additions on the swelling characteristics of
uranium are being designed for irradiation in the MTR. Nineteen capsules
in D Reactor have reached approximately two-thirds of their 1500 MWD/T
goal exposure. Uranium center temperatures are still approximately

100 C below design conditionms.

Open end corrosion tests of Fuels Fabrication Operation coextruded
Zircaloy-2 clad U-low carbon and U-low Zircaloy fuel alloys have been

made in an autoclave at 200 and 300 C. The corrosion rate of the U-
carbon alloys over the composition range of 30 - 1700 ppm C increase
slightly at both 200 and 300 C with increasing C content. The corrosion
rate of the U-Zr alloys over the composition range of 450-20,100 ppm
Zircaloy (0.045-2.01 w/o) decreasesmoderately at 300 C and decreasesquite
significantly at 200 C with increasing Zircaloy content. Of the samples
tested, the most significant gain was made with the U-1 w/o Zircaloy alloy.
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Two coextruded fuel rods were operated at 30 kw/ft each in & 300 C water
loop while in contact with each other for three hours and forty minutes
without obvious hydriding damage at the point of contact. The test was
terminated when the rods failed at the power lead fuel rod connection.
Mcuallographic examination is to be made for Jacket hydriding or heat
effects in the bond.

NPR size coextruded tube and tube specimens are being deriect tested in

a 300 C water loop with varying size coolant annuli between the defect

and adjacent components (Zircaloy-2 process tube or coextruded fuel tube).
As was the case in similar type autoclave tests, as the component-compcrnent
or component-tube separation decreased, the inception of damage at the
defect was retarded.

A high temperature, high pressure defect testing facility for 0.6-inch
diameter rods with a sight glass for observing and photographing defect
behavior has been developed by Coatings and Corrosion Operation. A pin-
hole type defect test conducted in this facility at 300 C and 1500 psi
revealed that after the fuel clad is rippsd open by the acciumulated
corrosion product, UOo is readlly released from the corroding fuel rod

in a finely divided state and at a rather continuous rate. This behavior
indicates that fuel element failure should be firmly established and
readily located because of the steady release of a significant quantity
of corroded fuel.

The in-reactor fuel element jacket burst test program is now producing
mechanical properties data for extruded Zircaloy-2 jackets tested during
irradiation. The fifteen test capsules were irradiated in a 100 KE test
hole for ten days before internal nitrogen pressure was applied. Five of
the fifteen cspsules burst during the following ten days of exposure at
temperature and pressure. Any conclusions must be tentative until the"
test assembly is finally discharged and the specimens examined, but
there appears to be no gross departure in-reactor from the behavior pre-
dicted from ex-reactor tests. There appears to be a subtle change in
the burst properties which is provably not significant from an engineer-
ing standpoint. The tect has experienced one reactor shutdown and pro-
duced a qualitative indication of the absence of a reoccurrence of
primary creep when irradiation is terminated and then started again.

The test will continue for several months depending, to some extent, on
the behavior of the remaining ten capsules.

Design Analyses and Computations. A detailed stress analysis of the PRIR
process tube was completed. Elastic analyses were made for bending
stresses due to connections to ex-reactor piping, thermal stresses from
gamms heating and transient cooling, and the stresses in the steel
Zircaloy sealing flanges. The flange process tube calculations included
analyses of the bending resistance and circumferential expansion re-
sistance of the ring of material attached to the process tube. Shearing
forces resisting seizure and longitudinel bending stresses were calculated
for both non-rotating and rotating end restraints on the process tube.

Use was made of combined mean load and cyclic stress criteria to determine
the estimated number of cycles to failure.
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REACTOR PRUGRAM

Coolant Systems Development

Fuel Element Testing for Present Reactors. A test was started to deter-
mine the corrosion effects of & scratch resistant coating applied to the
fuel elements to protect them during shipment and chargirg. The basic
composition of the coating material is a combination of sodium and potas-
sium silicates with a wetting agent. The material is sprayed onto the
elements and dries to a hardness of 80 on the Rockwell C scale.

Carbon Steel Corrosion. Completion of this test and examination of the
test samples indicates that 200 and 300 ppm of NapCrpOg is about 90%
effective in preventing corrosion of carbon steel in filtered water.

Raw Water Heat Exchanger. The raw water side (shell side) of the EIMO-1
heat exchanger was chemically descaled using 10% H3POy inhibited with
Rodine 82. The acid solution was recirculated for four hours at 60 C.
Prior to the descaling the carbon steel shell surface was covered with
numerous tubercules and rust scale estimated to be 1/k-inch thick. Be-
neath each tubercule was a pit. The tubercules were up to 1/2-inch in
height. The stainless steel tubes were covered with a thin uniform scale
estimated to be three to five mils thick. The acid descaling solution
removed the uniform scale from both the carbon steel and stainless steel
but did not remove the tubercules. A-212 carbon steel coupons and
sensitized 304 stainless steel coupons placed in a low velocity section
during the descaling exhibited 0.122 and 0.0021L4 mil average penetrations.

In December 1958, the lower heat exchanger was descaled using inhibited
HoSOy. Of the two solutions tested, the HpSOL solution was more effective
in descaling, but the carbon steel penetration was twice as high as for
the H3PO, descaling run.

Out-of-Reactor Rupture Tests. Four NPR size tube-in-tube coextruded
uranium and Zircaloy-2 fuel elements with annulus spacings from zero to
0.20 inch were tested in an isothermal loop for two one-hour exposures.
The tubes were defected near the center of the outside wall with 0.025
inch pin holes and were exposed at 300 C, 1650 psi, and 16 fps. The
tubes with annulus spacings of 0.120 inch and above exhibited typical
3/8-inch diameter raised and torn mounds. The tube with a 0.060 inch
annulus exhibited a 3/8 inch diameter ruptured area which was raised,
torn and flattened on top. The zero-annulus pieces had raised slightly
(one or two mils next to the defect) and were flattened on top. None of
the rupture distortion had progressed to the inside of the tubes in the
two one-hour tests. Testing of these fuel tubes will be extended to
longer exposures.

Two coextruded U-Zirealoy-2 rods were run for 3-3/h hours at 300 C,

1650 psi, and 20 fps, with electrical resistance heating of the rods of
30 kw/ft. The rods were not defected but were touching at the center.

No rupturing had occurred at the point of contact of the rods. Metal-
lurgical examination of the Zircaloy cladding and the bond is being made.
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KER Fission Product Activity. Abnormel activity developed in KER
Loop 3 subsequent to the rupture of an enriched tube-and-tube element
September 30. For about two weeks of operation at low temperature
following the rupture, activity levels were at or below normal. The
loop temperature was raised at this time (still with a dummy charge)
and a high delayed-neutron activity resulted. Water samples taken at
this time showed high activities of Np. On subsequent reduction of
temperature the activity remained high. Clean-up for several days by
both mixed-bed ion exchange (up to 6 gpm) and feed and bleed (1 gpm)
did not significantly reduce the activity. The activity was not
affected by raising and lowering the loop temperature, nor by an in-
crease in pH from 6 to 8-9. On October 30, the dummies were discharged,
and seven hot-headed T-rod clusters were charged. On subsequent
operation at high temperature, pH 10 LiOH, no abnormel activity has
been evident.
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NPR Componens Testing. A Graylok jumper connection has been thermally
cycled 2170 times between 250 and 550 F with no observed leakage.

This joint appears to be acceptable for use on out-of-reactor corrosion
test loops and should save from one-third to one-half of the cost of
regular pipe flanges.

A screwed NPR nozzle-to-tube connection using a bell-ring seal was
thermally cycled 862 times between 250 and 550 F with no observed
leakage. An NPR nozzle-cap sealed with a flexitallic gasket using the
manufacturer's recommended gasket compression (e.g., 200-ft-1b bolt
torque) began leaking after 75 cycles between 250 and 550 F at 1850 psi,
but testing has continued to a total of 1617 cycles. The same design
using a 500 ft-1b bolt torque had previously been cycled 1369 times at
the same conditions with no observed leakage.

Decontasmination Studies. Two procedures appear acceptable for decon-
taminating stainless steel systems: APACE and the Turco 4501-4502-HNO3
processes. Twelve decontamination cycles using the Turco process have
been completed in CEP-1. After each decontamination the loop was oper-
ated at 300 C for one week. The corrosion rates measured for stainless
steel, sensitized stainless steel, and Zircaloy-2 were all very low,
averaging well under 0.0l mil/cycle. Stellite 6 and Stellite 12 ex-
hibited considerably more corrosion, averaging 0.10 and 0.15 mil/cycle,
respectively.

Three procedures which appear most promising for decontaminating carbon
steel systems consist of two or three steps. If UO2 and fission

products are present, as in the case following a rupture, a bicarbonate-
peroxide solution is employed as the first step, primarily to remove the
UOz. Several experiments have been completed to evaluate variations in
the formula for this solution. The next step is an alkaline permanganate
solution to condition the film. Experiments are being run to determine
whether it is possible to combine these first two solutions. The final
step is either ammonium citrate with EDTA, sodium bisulfate, oxalic acid,
or phosphoric acid. The ammonium citrate-EDTA mixture is the most
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effective but also the most corrosive. Several corrosion inhibitors are
being evaluated. The Dowell Company manufactures an inhibited citric
acid ‘which will be evaluated. Approximately eight commercial solutions
using NaH SO, are being evaluated; the results do not show any great
advantage of any one formulation. The bisulfate, oxalic acid, and
citrate solutions all are effective decontaminants and are non-corrosive
to Zircaloy-2, stainless steel, stellite, and uncoupled carbon steel.
However, when the carbon steel is galvanically coupled to stainless steel,
both crevice corrosion and galvanic corrosion result in excessively high
metal loss of the carbon steel, up to one mil per cycle. Studies are
continuing to determine specific effects of velocity, temperature, time,
and degree of recirculation for all solutions. The effects of general
corrosion, crevice corrosion, and galvanic corrosion have been studied
in EIMO-12 in the past month. The results indicate that galvanic and
general corrosion increase with increasing liquid velocity. The crevice
corrosion effect was more pronounced at lower flow rates and accounts
for the decrease in corrosion rates as flow rates were increased, for
specimens with both a galvanic couple and a crevice area. The single
exception is the use of Turco 55-8A, in which case the crevice corrosion
rate appears to increase with increasing velocity.

Structural Materials Development

Zircaloy Replacement Process Tubes. Three Zircaloy-2 smooth-bore tubes
for C Reactor are on-site and in inspection. They are expected to be
placed in C Reactor in December. These are the pilot tubes for a nom-
inal SO-tube order of ribless tubes, being fabricated by Bridgeport
Brass Company.

Burst Testing. A Zircaloy-2 tube with 55% cold work was burst at room
temperature to evaluate a double ring and groove end-sealing method and
to provide an estimate of the pressure required to burst a section of
irradiated KER tube (70% cold work). For the 55% cold worked tube, the
hoop stress at failure was 124,000 psi (approximately 15,000 psig internal
pressure). Extrapolating from this test, it is calculated that about
17,000 psig pressure will be required to burst an irradiated KER tube at
room temperature.

Three high pressure sealing methods are being considered for use in

room temperature burst testing of irradiated KER tubing. One method
employing a welded plug seal backed up with a double groove and ring
flange arrangement has been shown to withstand 15,000 psi pressure on

a 1.5" OD x 0.125" wall Zircaloy-2 tubing in a 55% cold worked condition.
A second method employing epoxy adhesives to cement & plug in the tube
ends has been tested. The minimum shear strength developed by the epoxy
adhesive was 1500 psi. There appears to be some hope that shear
strengths of perhaps 3000 psi can be attained with proper Joint design
and surface preparation. The third method employs a mechanical gripping
method in combination with epoxy adhesives to provide the requisite
strength. This method appears to be most attractive for burst testing
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of irradiated tubing since no remote welding is required, mechanical
menipuwlation is relatively simple, and the promise of adequate strength
is favorable.

Nonmetallic Materials Development

MIR High Temperature Irradiations. Preliminary graphite irradiation
date are now available from GEH-19-2, which was the second experiment
in the L-48 position in the MTR. This capsule contained eight samples
at four positions to compare CSF and VC (needle coke) graphite. Each
set of samples was contained in a graphite cup in order to lessen oxi-
dation and minimize mechanical damege. As tabulated below, the pre-
liminate indications are that VC is a more stable graphite for high
temperature use than CSF.

Data Summary - GEH-19-2

Exposure % Length Wt. Loss
Graphite Temp.,°C @ » 1 mey(Ni) Change Grams
Position Type +50 C x 10-20 +0.006 +0.003
1 CSF Loo Monitor lost +0.006 +0.0006
VvC 400 +0.027 -0.0002
2 CSF 600 0.5T1 -0.001 +0.0001
ve 600 +0.017 -5.0026
3 CSF 800 1.24 -0.050 +0.0060
Ve 800 -0.039 -0.0245
4 CSF 800 1.35 -0.046 -0.00Ck
vC 800 -0.C024 -0.0059

Because the GEH-19 samples, as well as the graphite samples from some
other experiments, have been exposed to water during disassembly of the
capsules, a test was conducted to determine the effect cf water oa the
graphite stability. A series of fifteen samples were measured and
weighed before and after soaking for one week in cold water. No length
change in excess of #0.0l1 percent was observed from this test.

MTR Hot Test Capsule. Samples from twenty-one capsules from GEH-14
were measured to evaluate length change during irradiation. Fourteen
of the capsules ran in excess of 650 C as evidenced by melting of the
sluminum monitor wires. Samples of needle coke graphite irradiated at
high temperature consistently showed less contraction than samples of
CSF graphite or other non-needle coke graphites. More comprehensive
evaluation will be reported after the exposure measurements are received.

GETR Irradiations. The two graphite irradiation capsules in the GETR,
H-1 and H-2, have now been exposed through three one-month cycles.  The
thermc " vples in H-2 are now all operating very erratically, and those
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in H-1 are beginning to drift. H-2 will be removed at the end of this
month.

ETR Irradiesions. The first of the GEH-13 capsules to be removed from
the reactor, GEH-13-2, was cut up in the hot cell on November 10 and 11.
There was some difficulty in removing the samples from the alundum
sleeves and in removing the flux monitor wires, and this experience will
ve helpful in future disassemblies of similar capsules, such as the GETR
capsules.

A commitment was obtained for the use of the L-6 and M-6 positions in the
9x9 facility until June when ANP plans to install their loop facility.
These two positions should provide higher neutron and gamma fluxes than
the four corner positions. Consequently, three of the corner positions
will be vacated.

Hot Test Hole Irradiations. Graphite samples were discharged from the
Y Test Hole at C Reactor with an accumulated exposure of 7600 MWD/AT at
450 to 600 C. The contraction rates are about the same from 3000 to
5100 as from 5100 to 7600 MWD/AT. However, the contraction rates for
the majority of the samples appear to have decreased slightly. Further
exposure will be required to verify this observation. KC graphite still
shows the lowest contraction rate (perpendicular to the extrusion axis)
of any graphite in these tests.

Low Temperature MIR Graphite Irradiations. An indication of a flux in-
tensity dependence of low temperature radiation demage was obtained from
capsule irradiations of transverse CSF graphite samples in the MIR.

Capsule 109 Capsule 110 Ratio %%%
Avg. Fast Flux( 1 mev). 2.38x 10%*° nv  4.08 x 1012 nv 1.71
(Ni Activation)
Total Fast Exposure 1.25 x 1019 nv  2.15 x 1019 nv 1.71
Length Changg 0.3% 1.266 3.3
AL per 109V fast nvt 3.04% 5.85% 1.92
Co Change 2.3% 7. 3.4
A Co per 1020 fast nvt 18.4% 35.8% 1.94

The temperatures in the two capsules are estimated to have been either
approximately equal, or slightly higher in the capsule receiving the
higher exposure. Hence, the departure from linearity with exposure in
property changes for these irradiations is attributed to a flux intensity
effect. In particular, it is seen that the rate of length change and Cqo
change is approximately directly proportional to the flux levels. There
is no a-priori reason to suspect that a flux intensity effect will be
observed at high irradiation temperatures.
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Plastics and Elastomers. Tests have been completed to evaluate whether
plastics and elastomers change properties more rapidly after being

irradiated than during normsl (unirradiated) aging.

Measurements made one year after the initial post-irradiation measure-
ments on two materials which are cross-linked and one which is chain
cleaved by radiation show no changes in physical properties.

Thermal Hydraulics Studies

Studies Pertaining to Increased Power Levels Resulting From Larger Hy-
draulic Fittings. The feasibility of increasing the size of outlet hy-
draulic connectors on old reactor process tubes to permit significant
increases in flow and, consequently, in power level, was studied using
the full scale experimental heat transfer apparatus. Initial results '
indicated that the use of such fittings appears feasible although the
Panellit protection would be slightly reduced and approach that of the
K Reactors.

As the first step in determining the degree of lessening of the reli-
ability of the Panellit protection system arising from the use of larger
discharge fittings, steady state boiling curves were experimentally
determined. A K Reactor nozzle barrel, slip joint ¥ fitting, a one-inch
tubing pigtail and a 0.650 inch ID rear cross header connector were used.
The cross-sectional area of the 0.650 inch cross header connector is
slightly less than twice that of the normal connector. Curves were de-
termined at tube powers of 500, 1000, and 1500 kw. The data make evident
that increasing the size of the discharge piping significantly reduces
the pressurization due to steam formation at low flows. The boiling
curves obtained approach those typical of K Reactor geometry. Unstable
flow will not occur at tube powers below about 1000 kw. Eigh Panellit
trip back up to guard against plugging incidents upstream of the

Panellit tap does not exist at tube powers below about 750 kw. A more
complete determination of the degree of protection offered by the Panellit
system requires further experimentation.

Hydraulic Studies. Hydraulics Laboratory experiments were performed to

determine flow rates and front-to-rear flow splits for a reactor process
tube assembly during various conditions of nozzle cap removal. The data
are useful in analysis of reactor and personnel hazards associated with
certain stages of charge-discharge operations during which coolant flow
past the fuel elements may be altered or even stopped. The results of _
the experiments are presented in HW-62798, "Single Tube Flow Rates at Low
Header Pressures With Nozzle Caps Removed -- All Reactors.”

Laboratory flow tests were conducted for IPD's Plant and Industrial
Engineering Operation to determine the flow characteristics of some
sample J-type rear pigtail assemblies for use on H Reactor. The off-
site vendor of these items was having difficulty meeting the specified
tolerances, and it was desirable to determine the relative flow resist-
ance of two sample assemblies which had different tolerances on the



~ DECLASSIFED

[

HW-62899

concentricity of the inlet and outlet bores of the pigtail-to-healer
adapter. The difference in flow characteristics was found to be negli-
gible.

Flow characteristics of process tubes with various increased size outlet
fitting assemblies were investigated for possible use on the old reactors.
Energy loss profiles were obtained for critical flow conditions as well
as over-all energy loss for non-critical flow with high rear header
pressure conditions. While still preliminary, the data indicated that
normal central tube flow rate increases of eight to 13 percent could be
accomplished by replacing the pigtail, nozzle outlet fitting and reaming
the rear header Parker fitting.

A paper based on the results of some laboratory critical flow experiments.
was presented at the Annual Hydraulics Conference at Washington State
University on October 30, 1959. In particular, the paper included data
on critical discharge from a 1/2 inch pipe and critical flow in a 0.47 x
5.0 inch square-edge entrance nozzle (short tube). : :

Tt was found that for upstream subcooling, the critical flow data for
the nozzle correlated very well by assuming that the minimum pressure
in the nozzle was equal to the saturation pressure and calculating the
flow rate necessary for this to occur.

On the other hand, for upstream quality the nozzle critical flow data
correlated fairly well with Isbin's data for critical discharge from &

pipe.

Contact Heat Transfer Coefficients. The heat transfer coefficients for
interfaces between uranium oxide, 25 aluminum, and zirconium-2 for
different pressures were calculated from experimental data supplied by
the Fuels Development Operation. These data, which consisted of the
axial temperature distributions in composite rods, were used both to
compute the temperature drops at the interfaces and as a heat meter to
determine the heat flow rate through the rod. Date were collected on
three types of bars at three different pressures. In addition, data were
taken on each sample in a helium atmosphere at the lowest pressure.

The magnitude of the calculated coefficients varied greatly depending

on the materials, the type of surface, the atmosphere and the pressure.
For interfaces with belt ground surfaces, the values obtained were 1n

the order of 150 for uranium oxide-zirconium-2, 500 for 2S5 aluminum-
uranium oxide, and 1300 for 2S aluminum-zirconium 2. Values in the order
of 1700 were obtained for a uranium oxide-2S aluminum lapped interface
while interfaces in a helium atmosphere showed values of about 10,000.
These values are in Btu/hr-ftQ-F. An increase in pressure from a 91-1b
load to a 364-1b load approximately doubled the coefficients.

High Pressure Heat Transfer Apparatus. The inboard mechanical seal on
the 250 gpm circulating pump in the high pressure heat transfer apparatus
failed and was replaced after 153 hours of operation. It was felt that
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a possible reason for the seal failure was the presence of abrasive
particles introduced in the circulating water from the test sections.
Modifications were made to the pump which would allow clean water to
be injected into the seal chamber rather than using the recirculating
water passing over the test sections.

Reactor Technology Development

Neutron and Gamma Attenuation. The foils from the as-cured perforated
ferrophosphorus concrete test have been counted, the data run through
IBM, and the results are being analyzed.

A second irradiation of iron-serpentine concrete (265 1b/ft3) was made
after baking at 100 C. The gamma leakage through 48 inches of iron-
serpentine concrete increased by a factor of three as compared with the
as~cured test. The foils from the first test are being counted. The
lower density iron-serpentine concrete slabs (210 lb/ft3) are teing
irradiated for the first time.

Counting of foils from the second loading of the NPR boron steel thermal
shield test assembly was completed. IBM computation of results has been
compieted, and analysis of the results is under way. During the C Reactor
shutdown this month part of the third foil loading of the NPR thermal
shield test assembly was removed. The third loading could not be com-
pletely removed because of high radiation dose rates and limited avail-
ability of manpower. For the same reasons, the fourth foil loading

could not be placed in the test assembly.

Shielding Instruments. Three gamma ionization chambers with insifnifi-
cant response to fast neutrons were calibrated and delivered for final
evaluation at the 105-C test facility.

A calibrated double-moderated neutron dosimeter was provided for use in
shielding studies at the 105-DR test wells. Two low sensitivity and one
high sensitivity BFz tubes (manufactured by N. Wood Counter Laboratories)
for use with the dosimeter were calibrated against a PuF), neutron source
(standard source #2), supplied by J. DePangher.

A single channel scanning spectrometer for use in foil activation analysis
is being assembled in the instrument shop.

WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
programs of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.

DECLASSIFIED —
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C. REACTOR DEVELOPMENT - LOOO PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. Further data on the time-temperature relationships for
homogeneous solid solution formation between the isostructural compounds
Pu0s-UOp has been obtained. Samples of PuOp containing 4O percent U0,
by weight were held for eight hours at temperatures in the intervall
1100-1500 C. The-angular shift of Bragg reflections on a diffractometer
trace then indicates the degree of solid solution formation as a function
of temperature. As noted in the x-ray data from samples held for one .
hour, the individual reflections (h k 1) from PuOo and UOp moved together
with increasing temperature. After eight hours at 1400 C, a single broad
peak was noted for the planes (111), (200) and (220), but above (311) the
two components for each reflection could be resolved. After eight hours
at 1500 C, a complete single phase was indicated by the diffraction data.
A plot of interplaner spacing of the PuOp and U0z contribution to the
(311) reflection versus temperature gave an intersection at 1500 C with
a 'd' of 1.634 8 compared to the theoretical value of 1.635 2.

The liquidus for the system PuO2-U0O2 has been obtained from single phase
samples of the two compounds. The curve follows the general form for
simple systems of this type, and no deviations from uniformity were ob-
served. All the data was obtained in a dried and deoxidized helium at-
mosphere. The melting point of pure plutonium dioxide appears to be near
2280 C. The lattice parameter of & melted sample of PuOp was 5.417 R
compared to 5.396 2 for the as-received powder. This indicates a loss of
oxygen on melting; however, no apparent evidence of a sub-oxide was found
on the diffraction pattern. A sample of PuOo held for one hour at 200 C
in a vacuum of 10”3 mm of Hg was still predominantly PuOy, although
evidences of both alpha and beta Pup03 were found. To investigate further
the stability of PuO2 in hydrogen, a sample of PuOp and carbon was heated
to 1500 C for one hour. No trace of Pu203 was present, and excellent
resolution of the PulOp planes was observed. The lattice constant found
by high angle extrapolation was 5.3970 t 0.C003 &.

High density sintered samples of PuOs and UOp have been run in a high
temperature dilatometer at a heating rate of 25 C/hr to obtain more
accurate data on the thermal expansion. Heating and cooling curves were
coincident and only slightly curvilinear. The coefficlents obtained for
PuO, are tabulated:

75 - 100 C alpha = 9.0k x 10-6/c
75 - T75 alpha = 11.16 x 10‘6/0
775 - 950 alpha = 14.38 x 107°/C

These date are in close agreement with that obtained at the 110 C/hr
heating rate.

UNCLASSIFIED
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Fuel Evaluation. The three-foot long Zircaloy clad Pu-Al 19-rod prototype
cluster has received about 10 operating days at full power and temperature
in the ETR. During this time the element has received about ten thermal
cycles in the loop due to reactor operation. It has operated at a maximum
power generation of about 13 kw/ft of rod and with core temperatures in
excess of 400 C which is the maximum expected in the PRTR. Goal exposure
is 20 days which is about 50 percent burnup of the Pu atoms.

The prototype 7-rod Pu-Al cluster is also operating in the 3x3 loop
facility, and it has received about ten days of operation under full

power and temperature conditions. The T-rod, 1.8 w/o Pu-Al alloy, PRTIR
prototype cluster with Zircaloy-2 cladding, stainless steel end fixtures,
and quick-disconnect end caps is currently under irradiation in KER Loop 1.

The 3-rod Zircaloy-2 clad, 3.1 w/o Pu-Al alloy cluster (GEH-4-46) which
has graphite lubricated cores in swage sized tubing is scheduled for in-
sertion into the GEH-4 loop facility on November 23. Another 3-rod cluster
(GEH-4-43) containing 3.1 w/o Pu-Al alloy cores which were slipped into
as-received Zr-2 tubing is ready for shipment. These rods have diametral
gaps between the core and cladding of as much as 0.0061 inch, and they are
not lubricated with graphite. Still another 3-rod cluster experiment
(GEH-4-48) which contains the corrosion resistant Pu-Ni-Si-Al alloy core
material in graphite lubricated and swage sized tubing is under fabrication.
This element will also be irradiated in the GEH-4 facility.

The fabrication of a Zircaloy-2 clad Pu-Ni-Si-Al alloy T-rod cluster
(GEH-11-4) using swage sized tubing and a T-rod Zircaloy-2 clad PuOp-UOp
cluster (GEH-11-3) is proceeding for irradiation testing in the ETR 3x3
loop facility.

Three of the six PuOp impregnated graphite capsules have completed their
jrradiation in the MTR. The irradiation of all six will be completed in
January, at which time they will be returned to Hanford for radiometal-
lurgical examination.

One of the two, high-density, 0.0259 a/o PuOp-UOo, mixed-crystal-oxide
capsules (GEH-14-19,20) irradiated in the MIR to an exposure of by x

1020 nvt, was sampled for fission gas release measurements and sectioned
for metallographic examination. Phctomicrographs of the specimen
(GEH-14-19) indicate that the microstructure is very similar to that of
irradiated UOp. No central void was formed. Replicatlon of the sample
is currently under way. No data were received yet on fission gas release.

Fuel Fabrication. An evaluation is teing made of the quality of the
Zircaloy-2 tubing that is to be used in the fabrication of the first
Al-Pu elements for the PRTR. Eddy current testing for defects has not
proven too effective as it seems to detect only the very bad defects and
not even all of these. Ultrasonic testing for defects seems to be more
reliable and is being investigated. Metallography of 90 randomly picked
samples showed that 38 percent had cracks emanating from the inside that
were greater than 0.003 inch, and one 0.020 inch deep crack was observed.
The rods used for the fabrication of the elements will be categorized

UNCLASSIFIED
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according to quality by ultrasonic testing techniques after core
assembly.

The Zircaloy tubing to be used for the fuel elements is being swage
sized on a steel mandrel to give a constant inside diameter. Swage
sizing gives an ID of $0.0006 inch on an eight-foot length. It is
felt that close control of the gap between the core and cladding is
required to avoid thermal cycling difficulties.

One hundred and twenty-threc billets of the Pu-Ni-Si-Al corroslion
resistant alloy have been cast. Sixty of the billets were extruded,
and about SO percent of these successfully passed the corrosion test.
Therefore, sixty satisfactory cores have been fabricated during the
month.

Fabrication Development. A corrosion-resistant Pu-Al alloy was developed
to replace unalloyed Al-Pu as the PRP fuel material. In preliminary tests
this alloy, 1.8 w/o Pu-1.3 w/o Ni-1.0 w/o Si-Al, showed good corrosion
resistance in 350 C static water at 2500 psi for 200 hours. However, in
producing larger quantities of the alloy for the PRP fuel fabrication,
non-uniform corrosion results were obtained. Differences in metallurgical
structure but not in composition were detected in the extruded fuel rods.
Samples of the fuel rods which withstood a 24-hour, 3%0 C corrosion test
had a smaller grain size and a smaller and more uniformly Qistributed :..
second phase than samples of fuel rods which corroded badly in the same
test. Since differences in the solidification rate during casting cantrol
the alloy structure, the effect of casting variables on the corrosion re-
sistance of the alloy were investigated. The casting variable which had
the most effect on the corrosion resistance was the mold temperature.
Billets cast into cold (20 C) molds and warm (100 C) molds yielded a
higher ratio of corrosion-resistant fuel rods than billets cast into hot
(200 C+) molds. Casting temperature in the range studied was found to
have very little effect on corrosion resistance.

The thermal cycling of dummy Zircaloy clad rods fabricated by various
techniques is continuing in an effort to better understand and solve the
thermal ratcheting problem. All rods were thermal cycled between 100 and
350 C at heating and cooling rates of about 3 C/min. All the rods were
about three-feet long. The cycling results on rods fabricated by the
various technigues are as follows:

a) Six rods were fabricated by slippfhg aluminum cores into
as-received Zircaloy tubing and then reducing the diameter
about 0.003 inch by swaging. After swaging, circumferential
depressions were made in the rods about every eight inches
which locked the core and cladding together. Only one rod
of the original six remained unchanged at the end of T7
thermal cycles. The others had warped and split.

UNCLASSIFIED
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b) Six rods were fabricated by slipping aluminum cores into
Zircaloy tubing which had a layer of ZrOp on the inside
surface that was formed in an autoclave. The diameter
was then reduced slightly by swaging. Five of the six
rods successfully withstood 20 cycles and the other rod
elongated about 0.6 inch, warped, and the cladding split.
At the end of 44 cycles, only one of the original six
rods was unchanged.

c) Twelve rods were fabricated by slipping aluminum cores
coated with a lubricating layer of graphite into as-
received Zircaloy tubes. A slight reduction in the
diameters was then made by swaging. All the elements
withstood 26 cycles; however, some had warped and elon-
gated as much as 0.50 inch. Only one element was unchanged
at the end of 50 cycles; the others were warped and the
cladding was split on four.

d) Six rods were fabricated in which both the outside surface
of the cores and the inside surface of the Zircaloy cladding
was coated with a lubricating layer of graphite. A slight
reduction of the diameter was made with the swage. All the
rods were virtually unchanged at the end of 25 cycles even
though the cores were showing signs of shortening. After
41 cycles, the elements were beginning to elongate and warp,
and the cladding was split on one. Two were not affected.
Only one of these rods was unchanged at the end of 77 cycles,
and all the others were warped and split.

e) Three elements were fabricated by slipping aluminum cores
into as-received Zircasloy tubing. No graphite lubricant
was used on either the cores or cladding, and the rods were
not swage sized. The diametral gap on the rods went from a
mipnimum of 0.0049 to a meximum of 0.0067 inch. No dimensional
changes occurred after 77 thermal cycles.

All of the sbove elements were helically wrapped with a wire under various
tensions; all below 25 in-1lb. Some other rods with graphite lubricated
cores and swage sizing with nc wire wrap were also thermal cycled 78 times.
In general, those rods which were not+ wrapped behaved better than similar
rods which had the wire wrap. Also, from the results of these experiments
it appears that graphite lubricant does improve the thermal cycling be-
havior to a certain extent and that tThe minimum diametral gap between the
core and cladding is as important or more important than the maximum gap.
It is felt that by swage sizing the tubing on a mandrel prior to assembly
that the diametral gap can be controlled from & minimum of about 0.0035

to a meximum of about 0.0055 inch which would be satisfactory from a re-
actor operation standpoint. Additional thermal cycling specimens are
being fabricated to test elements of this type.

UNCLASSIFIED
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One injection cast prototype with metallurgical and mechanical bonding
between the core and the can has successfully withstood 87 cycles, with
a diemeter increase of 0.003 inch and a length decrease of 0.070 inch

in 42-1/2 inches. It will be returned to the autoclave to be tested to
failure. This simulated fuel element has the core cast-bonded to the
jacket by the fabrication process, and in addition, the longitudinal ex-
pansion of the aluminum core is restrained by mechanical keying obtained
by rolling circumferential grooves 0.025 inch deep into the tubing at
six-inch intervals before injection casting. This combination of metal-
lurgical and mechanical bonding may prove to be adequate to withstand
the severe stresses encountered with thermal ratchetiag. Other cycling
tests have indicated that the mechanical bond alone or the metallurgical
bond alome is not adequate to overcome the problem; however, the combin-
ation of the two together could prove to be the answer to the problem.

U02 Fuel Development

PRTR Fuel Elements. The densities of swaged PRTR fuel rods have steadily
improved since the first rod was fabricated. The average density of the
rods has, in general, increased while the variation in density from rod
to rod has shown a marked decrease. This is attributable primarily to a
tighter control of loading and swaging variables. Rods loaded with
sintered and crushed UOp have been swaged to an average density of approx-
imately 85.5% of theoretical with a variation from rod to rod of approx-
imately *1% of the theoretical density. Higher densities are expected
with the arc-fused UO2 which is now being used.

In order to avoid delay in fabrication of swaged f“uel rods for PRTR
19-rod cluster fuel elements, the off-site fabricator of Zircaloy-2 end
caps has agreed to complete 200 sets of the current order ahead of
schedule. This partial delivery will allow rod fabrication to coniinue
without interruption until the remainder of the end cap order is received.

The new PRTR fuel rod end cap design providing a continuous one degree
taper on the portion of the end cap that is inserted in the fuel rods
has provided excellent welding results. Radiographs of 418 welds this
month have shown only two welds with insufficient penetration. These
two welds have been repaired by rewelding.

A speed indicating meter has been attached tc the rotating chuck used in
the vacuum purged welding chamber. The movement of the fuel rod beneath
the welding arc is continuously indicated in revolutions per minute,
allowing the operator to constantly check the welding speed. The meter
provides a fast and positive reference for establishing the correct speed
each time the fuel eiements are set up for welding.

Cooperation with the Coatings and Corrosion Operation has provided an
alteration of their autoclave fixturing to allow an increase from 39 to
65 fuel rods to be autoclaved at one time. The autoclave cycle requires
four days, With 65 fuel rods autoclaved at a time, the output is
approximately 100 fuel rods per wveek.
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Detection of defects on the internal surfaces of swaged fuel elements
is limited because of the surface roughness produced during the swaging
operation. Several specimens giving ultrasonic defect indications were
sectioned and examined metallographically. All proved to have inden-
tations, 0.003"-0.005" deep, resulting fram the impression of UCp
particles into the Zircaloy-2 tube surface.

Cost data are being assembled on fabrication of PRTIR fuel elements.
Although these data are not yet complete, the cost reductions assoc-
jated with process development are very obvious: the cost per fuel
element tcday 1s several times lower than the comparable cost nine
months ago.

Delivery of six thousand pounds of fused UOp fram the Spencer Chemical
Company was completed essentially on schedule. Use of this oxide for
PRTR fuel elements will have the advantages of ylelding a higher density,
lower unit cost, and probably improved operating characteristics due to
vetter fission gas rctention. Analysis of the fused U0, shows that it
meets the specifications set up for purity, density, and oxygen-to-
.uranium ratio.

Febrication Development. Projection welding has been demonstrated as

an economical method of fabricating Zircaloy-2. The results obtalined

in comtract DDR-TO (projection welding of the 19-rod clu:ter fucl elemernt
hanger fitting assemblies) indicate that a substantial labor saving car
be realized by projection welding. Additlonal evaluation is being per-
formed on the sample welds.

Dense U0z fuel rods can be fabricated by vibraticnal compaction
followeA by a one pass swage reduction of A~15 percent. Densities

as high as 90 percent of the theoretical UCo Aensity can .e achieved.
Swaging and vibrational compaction used conjuacsively should help o
insure uniformly high densities. This techniqu markedly reduczes the
amount of swaging required, thereby reducing the amcunt of cnld work
introduced into the sheath material. The sample which had e highest
density after vibration (83% T.D.) also had the highest swaged deusity
(90% T.D.). It contained 60% coarse, 20% medium, and 20% fine, fused
UOo. A sample containing 10% coarse, 10% medium, and 80% fine, fused
UO2 had the lowest density after vibration (6% T.D.), and after
swaging (75% 7.D.). Results obtained with mixtures of intermediate
compositions are anomalous, and systematic investigation of mixtures
centering on the composition giving the highest density 1s needed.

Ten PRTR fuel rods, fadbricated by vibrational compaction, are ready for
final assembly. The average densities of the rods are 85-86% of the
theoretical density, with density variatioms of +1% T.D. along most of
the length of the rods. The particle size distribution of the sintered
and crushed UOp was 40% (-6 +20), 25% (-35 +60), and 35% (-20C). The
swaging characteristics of fused U0z from Spencer Chemical Company were
evaluated to determine the particle size distribution and tap density
associated with the maximum swaged density.
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Further studies evaluating the swaging proce_.s have revealed that
internal surface sheath defects are not propagated during the cold
swaging operation. A Zircaloy-2 tube was defected by machining a
0.002 inch deep notch on the internal surface. The tube was filled
with UOo and swaged. Metallographic examination of cross-sections
of the swaged fuel rod showed that the depth of the defect had not
been increased. However, the width of the defect was considerably
reduced.

Continued development and evaluation of the immersion type ultra-
sonic tester revealed the capability of the machine to detect internal
tubing surface defects missed by other examination methods. Several
severe internal surface cracks greater than 0.004 inch deep were
detected in Zlircaloy-2 tubes which had passed both off-site and on-
site internal surface fluorescent penetrant inspection.

Fuel Evaluation. Confidence jin the structural and cladding integrity
of the swaged UO» 19-rod cluster PRTR fuel element remains high after
sixteen w :eks of operation of one such element in an ex-reactor, high
temperature, high pressure flow loop. The element, which was thermally
cycled through the proposed PRIR pressure and temperature range many
times, exhibits no warping, wire wrap loosening, or corrosion. This
ex-reactor test will continue.

Arrangements were made to return the purposely defected, irradiated,
swaged UOp fuel rods to Hanford for sectioning and internal examin-
ation to reveal structural changes and potential interaction between
high temperature steam and UOp core and Zircaloy sheath. A second
irradiation test of a purposely defected, swaged Zircaloy clad UOp
fuel rod was initiated. The second test will involve greater heat
generation and in-reactor cycling.

A nunber of long term irradiations of UOp fuel capsules are taking
Pl :ice in various reactors to reveal any progressive changes in the
neture of the fuel. Swaged UOp capsules have attained an estimated
meximu exposure of 12,000 MWD/T during irradiation in ETR-MIR. No
failures of these capsules, or of any other swaged fuel elements have
occurred.

A four-rod cluster comprising both helium bonded and evacuated, vibrator-
i1y packed, arc-fused (Norton) UOp fuel rods was examined after MIR
irradistion. The test element had generated 11.2 kw/ft, or 310,000 BTU/
hr/ft2 surface heat flux. The evacuated fuel rod without a helium
2tmosphere developed a central void, with columnar grains and grain
growth. The UOo core containing helium remained visibly unchanged.

The marked difference between the UOp rods is understandable in light

of the fuel rod gas analysis.

The greater fission gas release fram the evacuated fuel rod results

directly fr.m the increased fuel temperature which i1s caused by the
absence of a good continuous heat conducting medium, i.e., helium.

UNCLASSIFIED



UNCLASSIFIED A-85 HW-62899

The source of hydrogen found in the gases contained within the irrad-
iated fuel rod has not been defined. The dramatic difference between
the irradiation behavior of evacuated and of helium-filled UOp fuel
rods demonstrates once again the importance.of insuring a thermally
-conductive gas phase (e.g., helium) in non-sintered UOo fur . elements.
The relatively low fission gas release from arc-fused, vibrationally
compacted UOp fuel elements, operated at average PRIR c¢conditions, 1is
very encouraging. With more recently procured fused UOp, even better
fission gas retention 1s anticipated. ’

Basic Studies. A joint HAPO-BMI study revealed, some weeks ago, a ten
percent greater thermal conductivity of isostatically pressed and
sintered UOp by comparison with that of extruded, dried, isostatically
pressed, and sintered UO2. The samples were recovered from BMI, where
the conductivity was measured, for microscoplc examination to possibly
reveal causes for the apparently fabrication dependent variation of
conductivity. If the generally accepted Loeb density conductivity
relation were solely true, one would expect specimens having similar
average pore volumes to exhibit nearly the same thermal conductivity,
when correcting to zero porosity. However, the corrected conductivities
reveal a greater disparity between such specimens than between specimens
having similar grain sizes. The data reveal only grain size as a prop-
erty which might be responsible for the greater thermal conductivity of
the isostatically pressed and sintered specimen.

Equipment was erected which will permit comparative measurements of the
thermal conductivity of a variety of UOp specimens and adjunctively will
provide data on interface and helium gap conductivities. Several
standard specimens (stainless steel, aluminum, graphite, fused quartz)
were prepared. A transverse specimen was cut from a sample of 100 per-
cent dense dendrite of UOs. No grain boundaries exist transverse to

the direction of the proposed heat flow. Single crystal thermal con-
ductivity will be closely approximated in this specimen. The equipment
will also be used to examine the unusually high helium bond conductivity
in small gaps disclosed in recent BAPD irradiation tests.

It is interesting to speculate regarding the effect grain size might
have on heat removal from UOp fuel rods. Results of recent UOp
irradiation tests are interpreted as demonstrating unexpectedly high
thermal conductivities in regions above 1800 C. These regions char-
acteristically consist of long, radially oriented, columnar grains,
which should transmit heat more in the manner of single crystals than
of polycrystalline material. The relative contribution of radiant
transfer through these high temperature regions remains to be resolved.

Corrosion Studies

Corrosion of Zircaloy-4 in 400 C, 1500 psi Steam. Six samples each of

Zircaloy-2 and Zircaloy-4 have been corrosion etched in Loo ¢, 1500 psi
steam and show very similar corrosion rates and good black oxide films.
The weight gains after ten days are:
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Alloy Weight Gain mg/dm2
(Avg. for 6 samples each)

Zr-2 27

zr-5 25

Aluminum Alloy Development. There are now ten alloys using 99.995%
Yase aluminum in test in 360 C water. All but one of these have shown
excellent corrosion resistance. The one exception is a 1% Ni, 0.5% Fe
alloy made at.Alcoa. The same formulation made at HAPO does show a
decided improvement. After four months in test, the Alcoa X-8003 alloy
(1.4% Ni, 1.5% Fe) shows a penetration of 0.34 mil, compared with 4.3
mils for the X-8001 standards. These alloys are now being tested in the
340 C flow loop and in 290 C refreshed water. The latter test is being
conducted to confirm results reported by the Argonne National Laboratory
that this type of alloy has a higher corrosion rate at 290 C than at

360 C. No results are available on either of these tests as yet.

Corrosion of Materials in Low pH Water. Preliminary out-of-reactor data
indicate the corrosion rate of X-8001 aluminum at 300 C in pH 4.5 water
adjusted with HNO3 is much higher than in pH 4.5 water adjusted with
H3PO,. After 642 hours of testing, a rate of 0.48 mil/month was observed
in the HNO3 experiment. This contrasts with a rate of 0.06 mil/month
obtained from previous H3POL data. Velocity effects appear to be limited
to impingement attack at the higher velocities on the aluminum coupons
immediately upstream. No difference in corrosion has been found on other
coupons in the test in the range from 21 to 64 fps. The corrosion rate
of 304 stainless steel at 300 C and pH 4.5 adjusted with HNO3 is compar-
able to that obtained with H3POL, 0.0045 mil/month after 642 hours.

Testing PRTR Fuel Elements. The development of equipment to permit
thermal-cycle testing of PRTR Pu-Al type fuel element rods at a linear
rate of about 200 F/hr between 325 and 550 F was completed. Two swage-
fabricated rods, one with spiral wire wrapping and one without, have
been thermal cycled 50 times. The solid aluminum cores substituted for
the Pu-Al core were observed to shorten about 0.7 inch. No corkscrew
type distortion of the rod around the wire wrapping has been noted.

Structural Materials Development

PRTR Process Tubes. The ultrasonic, fluorescent dye penetrant and
radiographic testing of the 97 PRTR tubes prior to pickling and auto-
claving is complete. Seventy-eight tubes are considered structurally
sound. The ultrasonic flaw detection test will be re-run on 19 pickled
and autoclaved tubes which originally gave immerscope indications of
possible flaws. No defects at the locations of these indications have
been found by visual, fluorescent penetrant, and radiographic tests.
Consequently, it is expected that the smoother surface from pickling
prior to autoclaving will eliminate most if not all of these indicationms.
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All 97 tubes have been pickled and autoclaved. Fifty-one have satis-
factory autoclave films. Forty-six are being considered for reprocess-
ing because of staining (37) or questionable autoclave film areas (9).

A trial run on reprocessing is under way on vendor-reject tubes. Press
equipment is nearly ready for straightening the tubes that bowed slightly
during autoclaving.

Radiometallurgy Laboratory Studies

Metallographic studies were completed on a high-density sintered UOp
30-mil Zircaloy-2 clad fuel element which had been irradiated to

300 MWD/T (RM-300). Photographs, diameter and length measurements, and
fission-gas collection were completed on a fuel element containing a
high density UOp-PuOp mixed-crystal oxide (RM-650). Metallography and
fission-gas collection were completed on a fuel element containing high
density, centerless ground and sintered UOp pellets, after irradiation
to 1500 MWD/T (BM-273). Metallographic examination of & swaged UOp
capsule that had been irradiated according to GEH-3-47 was completed
(RM-293). Fission-gas collection and metallography were completed for
three rods on an arc-fused U0o 4-rod cluster. One wafer from a rod which
had been sealed in a helium atmosphere appeared unchanged as a result of
the irradiation. A wafer from a rod which was sealed while evacuated,
exhibited a recrystallization structure and also provided a high fission-
gas yield (RM-30L4).

Metallographic exsmination of gammsa phase annealed, irradiated uranium
continued. Very large oriented grains were observed as well as large,
rounded, irregularly-shaped fissures (RM-321). Metallographic examination
was conducted on a sample of low irradiation exposure uranium that was
annealed for ten hours at 800 C (RM-317).

The results and conclusions from this work will be reported in comnection
with the respective development programs of Ceramic Fuels and Physical
Metallurgy Operations.

Thermal Hydraulics Studies

Boiling Burnout Experiments Associated with the PRTR Design. Fourteen
additional boiling burnout points were determined using a test section
in the high pressure heat transfer apparatus at conditions applicable

to the PRTR. These data added further substantiation to the validity of
the use of the present design heat fluxes in operation of the PRIR.

The test section used was a single tube, 0.317 inch in diameter and

30 inches long. The magnitude of the boiling burnout heat fluxes were
1,000,000 to 1,800,000 Btu/hr-ft2 for water qualities ranging from 32%
by weight to 28 F subcooled.

A re-evaluation was made of emergency cooling characteristics of the

PRTR in consideration of the failure of the flywheels on the PRIR pumps
to provide flow for a time as long as had initially been expected. It
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was concluded that the pump decay times as experienced on the prototype
pump in the 314 Building were so erratic that it was highly desirable
for personnel from the Mechanical Equipment Development Operation to
examine the pump further for possible causes of shortened decay times.

PRTR Project Management and Design

Over-all PRTR Contract. The over-all PRTR contract is S4% complete
versus 64% scheduled, based on the official General Electric Company
schedule.

Phase III PRTR Contract. The Phase III PRTR contract (reactor complex
and process piping) is approximately 45% complete. The contractor has
requested an extension of time to July 1, 1960, becsuse of the Hanford
labor dispute in July, off-site strikes, and added work. However, a
completion date of May 20, 1960, has been agreed on pending delivery of
government furnished equipment.

The biological shield inner liner is nearly complete and the contractor

is preparing for the helium leak test. All buried liquid carrying lines
in the biological shield are being radiographed; by the contractor to

the amount required by his contract (10%), and the remainder by plant
forces. Review of radiographed films indicates a high rate rejection

due to lack of fusion, excessive slag, lack of penetration, and occasional
cracks.

Heavy aggregate concrete was placed over the transfer pit and approxi-
mately T70% of the fuel examination cell wall. It appears that placing
of heavy aggregate concrete in the biological shield will be started
about the second week in December, pending successful lesk test and weld
repalir of the inner liner. Installation of process cell piping and
equipment is progressing slowly pending completion of the reactor shield.

One river pump was placed in the pump well and work on assembly of the
second pump is progressing.

A1l change orders through 41 have been negotiated except Nos. 10, 20,
and 4O. For change order No. 20, the contractor's price is $86,000,
and the AEC-GE fair cost estimate is $72,000. The estimates are cur-
rently being reviewed.

Phase II-A PRTR Contract. The Phase II-A PRTR contract (river pump
structure) has been completed.

PRTR Stack Addition. Contract work is estimated to be 25% complete.
The completion date for the stack is December 27, 1959.

Instrumentation and Control. The electronic portion of the rupture
monitor system is being rebid with the three low bidders, since all bids
contained unrequired items. It is expected that the order will be placed
during early December and will have a four-month delivery. The detailed
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design of the mechanical and sample handling portion of this system was
begun by CE&UO during the month, with completion of design scheduled

for December 19. This part of the system was originally placed for bid
on a design and fabricate contract, but no acceptable bids were received.
It is expected that procurement of long-lead-time items in this system
will be done by General Electric, and such items will be furnished to
the system fabricator to shorten delivery time.

A design change is being prepared revising the reactor safety and con-
tainment systems to coincidence systems. The safety system relay cabinet
has been returned to the vendor for modifications to conform to the new
system. The control room panel vendor has been notified to proceed with
the safety system control and bypass panel.

Core Components. The calandria and top and bottom shields are essentially
campleted. Tubing extensions from the calandria down through the bottom
shield are now being installed. Although strict specifications were written
to insure that the top and bottom shield were dried completely of water
after the hydrostatic test, when J. A. Jones' personnel unintentionaily
drilled a hole through the bottom plate of the bottom shield, a small
quantity of water ran out. Another attempt at drying the shields will

be made.

Shielding. All of the cast iron thermal shield blocks have been received
on-site. The biological shield form has been nearly completed. Some
difficulty is being experienced in the quality of the welding on penetra-
tions through the biological shield. Of initial x-rays of these welds,
approximately 65% were rejected for not meeting ASME Code quality
standards. All liquid carrying penetrations through the bilological
shield will be 100% radiographed.

Helium Gas System. The high and low pressure helium compressors have
been turned over to the contractor for installation. The testing program
had not been completed when they were requested by the contractor, so
that satisfactory operating life had nct been achieved for the check
valves on the low pressure compressors and for the check valves and com-
pensating pumps on the high pressure compressors. Steps are being taken
to continue testing and development work on the camponents on devices in
the laboratory other than the actual compressors.

One of the high pressure compressors was damaged to an undetermined
extent when one of the three suspension points by which the compressor
was being lifted broke and allowed the compressor to fall to the floor.

Fuel Handler. Acceptance tests were completed during the month and the
manufacturer was instructed to disassemble the machine and prepare i%
for shipment by November 28. The machine will be accepted with certain
deficiencies in operation which will be corrected or brought within
acceptable performance standards during testing at Hanford. The vendor
will replace the exhaust air hose and resize the shroud. These items
will be delivered separately. The air cooling system has considerably
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more pressure drop (without the fuel element, shroud, and seat in place)
than can be accounted for by calculation. Inspection revealed no ob-
struction ia the line, so the manufacturer was relieved of responsibility
for this item. Further testing will be required to determine the cause of
this condition and the most desirable corrective action. Vibration in
travel of the bridge has become more pronpunced at certaln positions of
the carriage. This matter is the manufacturer's repponsibility to correct.

Outlet Nozzle. Some material for re-menufacture of the nozzles has been
received by the vendor, and etrk has begun on new components. Welding

on reassembly of four nozzles was not entirely acceptable on the first
attempt, and some repair has been made. Nozzles are scheduled to be
completed by the end of the year, if no further difficulties are encount-
ered. .

Fuel Element Hanger. The fuel element hanger was redesigned to eliminate
interchangeability of use with UOp and plutonium elements and permit
ready visual identification of either type.

Fuel Element Examination Facility. The Mosler Safe Company has encountered
more difficulty with cracks in the casting for the cast iron shielding.

The cracks occurred in access holes in wall block No. 3 and in one of the
top blocks. An attempt will be made to repair the blocks. Due to the
cracking problem, Mosler Safe Company will not meet the scheduled shipping
date for all blocks. However, to avoid delaying the Phase III contractor,
a partial shipment consisting of the filler blockes and bottom two wall
blocks will be made. Delivery has been regquested by December 15, 1959.

High Pressure Loop (Project CAH-84I). Minor revisions and refinements
have been made in details of the design criteria. The project proposal
is being circulated for approval. Transient analyses of the control
system are being made.

Sections of the design criteria concerning the primary pump drives and

the emergency tank were revised. The primary pumps will no longer have
two-speed drives. Instead, two motors, a 30 hp and 10 hp, will drive each
high pressure pump -- the smaller motor being connected by a V-belt drive.
The large motor is reduced to 30 hp (from 60 hp) because the flywheel will
be separated from the motor by a magnetic clutch. The pump drive changes
will place high pressure loop equipment into a portion of the B Cell
access area; however, the equipment will stand on the floor and can be
covered with a five-foot tall enclosure.

The emergency tank will no longer vent to the PRTR building éxhaust after
a rupture disk fails. The tank will become preasurized and force water
to the holdup tanks outside the containment vesael.

PRP Critical Facility (Project CAH-842). The design criteria was pub-
lished for comment during the report period. CE&U Operation has been
authorized to proceed with preliminary design of the critical facility
building. Detailed instructions have been forwarded to them delineating
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the portion of the design which the authorization concerns and which will
be included in the PRTR Maintenance and Mockup Addition contract. Ex-
pegged completion date for detailed design of this portion is January 15,
1960.

Fuel Element Rupture Test Facility (Project CAH-867). The scope des-
cription document describing the proposed PRIR rupture loop has been
completed. The loop is an "open" type (the primary coolant is reduced
to atmospheric pressure prior to leaving the loop) with capabilities for
once-through coolant flow or for recirculation. The in-reactor test
section consists of a Zircaloy pressure tube with a Zircaloy liner con-
taining the fuel assembly for protection of the main pressure bearing
member.

Design Testing

PR-1 - Discharge Operation Mockup. Acceptance testing of the fueling
vehicle was completed. The vendor was notified that the vehicle is to
be dis-assembled and shipped by the end of the month (vendor was advised
that a delivery date of five weeks after shipment of the vehicle for the
air system flexible hose and a delivery date of three weeks after vehicle
shipment for the shroud was acceptable). The major fabrication problem
remaining is the elimination of excessive vibration in the vehicle during
bridge travel. The following major components are not functional, and

it will be necessary to revise the systems when the vehicle is received:

(1) Bridge position indicating system. The system is being re-~
designed utilizing a "Selsyn" type drive for the counter.

(2) Air cooling system. Pressure drop in the air cooling system
appears to be in excess of the rated capacity of the compressor.

PR-10 - Primary Loop Mockup. The primary process pump has operated for
more than 1800 nours. The seal leakage has generally been less than
0.1 gallon per hour. The erratic leakage occurring at 1100 hours was
determined to be due to temperature variation in the seal cavity caused
by intermittent flow from the seal leak collection tank.

Damage to the low pressure secondary seal is known to be occurring during
periods of relatively high leakage (0.5 gph) of the high pressure seal.
Helium evolution during these periods is higher than can escape from the
seal cavity and causes the seal faces to run without proper water coverage.
The high wear rate is evidenced by graphite particles ir the secondary
leakage.

The oil seal leakage, which started at approximately 900 hours, has in-
creased from 10 ml/hr at that time to a constant 60 ml/hr after 1500 hours.
The clearness of the oil leakage suggests hardening and cracking of the
O-rings, a condition which the pump vendor has been advised of. Other
elastomers should be ready for evaluation in future tests.
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The prototype process pump has operated over 70O aours with leakage con-
sistently below 0.1 gph. Flywheel decay tests were performed with the
small pump to determine the effects of head variation on flow decay rates.

PR-13 - Injection Pump Test. Packing testing resumed on October 28,
using Duramettalic Handy-Pack, Style AB packing rings, consisting of
lead foil outer rings and plastic inner rings. The packing failled after
56 hours due to the impact load, causing the lead foll tc extrude and
bind the plunger. Testing of Raybestos Manhatton Vee-Flex split ring
packing, R/M #1204, started on November 16, and is now in progress.

PR-4O - Shim Control Mockup. Modification of the second prototype assembly
incorporating changes to agree with those being made by GE-APED is 90 per-
cent complete. All drawings made by GE-APED have been reviewéd and
approved.

Delivery of the ball bearing lead screws':hasibeen delayed until about
December 20, due to a vendor fabrication error. Material for new screws
was ordered and will be rolled by Saginaw Steering Gear Division of
General Motors, who 1is supplying the lead screws and ball nut assemblies.
The thermocouples have been received and are undergoing tests in the
laboratory to determine their reliasbility. It also appears that the AEC
will not be able to procure the drive motors by the dates we are required
to furnish them to GE-APED. Delay of these items will no doubt delay the
delivery of the shim control assemblies.

PR-52 - Process Tube Thermal Cycling and Pressure Testing. The process tube
was operated 5Tl hours during the month with leakage rates from the high
pressure closures as follows: nozzle cap - Q.67 ml/hr; nozzle to process
tube - 0.18 ml/hr; and process tube inlet - 0.09 ml/hr.

The fuel element was removed and examined by Fuels Development personnel
and found to be in good condition.

The process tube was removed and replaced with a new (reject) tube which
had been fully pickled, autoclaved, and inspected. The old tube will be
inspected by Radiographic Testing personnel to determine if any corrosion
was evidenced. :

A new style inlet flange incorporating a 27/32" orifice, was installed on
the single tube prototype. Pressure drop measurements indicate the fol-
lowing conditions at 480 F and about 110 gallons per minute flow:

Inlet Piping §no inlet valve) 5.0 psi
Process Tube (with fuel element % inlet orifice) 22.0
Outlet Orifice 13.5
Outlet Piping 5.0
Total System (no inlet valve) Ls.5
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The hold-down devices are being fabricated by J. A. Jones Construction Co.
The Inconel "X" spring has been thermally cycled about 1000 cycles with
indications of & small load loss. The Starrett springs withstood over
600 thermal cycles with no difficulty and the SAE 4130 -- 42 cycles.

Materials have been ordered with which to fabricate the springs in case
the off-site vendors are unable to supply the springs. A device to mech-
anically flex the springs while hot has been built and is ready for testing.

PR-64 - Gas Sempling Technique. Testing of several gas separator designs
has determined that a separator, three inches high and 2-1/2 inches in
diesmeter, packed with raschig rings, gives satisfactory results. A proto-
type rotameter has been ordered to better evaluate the problem caused by
condensation in tbh» rotameter with the passage of helium saturated with
water at 120+ F. ''Yperimental data are being obtained to correlate gas
flow rates with varied amounts of helium in solution.

PR-70 - Helium Compressor Test. The test program with the two compressor
units wes halted October 30, 1959, when the compressors were delivered to
the Phase III contractor for reactor installation. A report, HW-6273h4,

has been prepared summarizing the findings of the compressor test progran.

Additional work is being planned in the development of the oil compensating
pumps for the Hofer high pressure compressor. A test stand is being fab-
ricated and will be ready for operation about December 1, 1959. An air-
craft type positive displacement hydraulic pump has been received from
Vickers Incorporated for evaluation purposes as & replacement for the
existing Hofer designed oil pumps.

The possibility of preparing a test stand simulating compressor gas check
valve service 1sibeing considered. Duplication or approach of actual
compressor conditions will be quite difficult, and a justified installation
for further check valve development may not be practical.

Additional test work is being performed with the Beach Sta-Dri oil removal
filter in an attempt to evaluate its performance in the 300 to 4OC F range.

PR-80 - Air Cooling Duct Test. Design of the small capacity duct is
complete. Fabrication is LO percent complete. :

Special Tools - PRTR. Chain driven tools are being fabricated for the
outlet and inlet jumper nuts. These tools will be used to start nuts and
apply up to 50-foot-pounds of torque. Long end wrenches will be used %o
apply up to 1000-foot-pounds of final torque.

The tool' for removing the shroud tube lower weld was tested and found to
operate satisfactorily. A new tool is being designed to remove the portion
of the shroud tube that is rolled into the bottom of the calandria.

Silicone Foam Testing. The duct assemblies have been fabricated, and
testing will commence immediately with the full size units filled with
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representative quantities of electrical and instrument leads. An initial
test showed good sealing characteristics between the silicone and the
wires and steel; however, a considerable leak was evidenced through the
short (2-foot) wires, especially the multi-conductor cables.'

Instrumentation and Control. The selection tests of the PRIR rupture monitor
photamultiplier tubes being performed by Nucleonic Instrumentation Operation
continued during the month. About 80 tubes have been tested to date. The
rejection rate is about 25% of those phototubes tested to date. The last

37 scintillation crystals which were purchased for use in the rupture
monitor system arrived, and eight have been found to be defective. Four
have leaking seals and four have separations between the crystal and the
glass end window. The 17 defective crystals which were received in the
second batch of 25 have been returned to the manufacturer for replacement.
The additional eight defective crystals are to be returned also. These 25
defective crystals represent nearly 30% rejection of those furnished by the
manufacturer. All failures are attributed to poor workmanship or -techniques
on the part of the manufacturer.

The reactor control and radiation monitoring system were received on
November 16. The automatic controller portion of the system is being
evaluated on an analog computer simulation of the reactor. Evaluation
tests will include operation with ranges of the variables of plutonium
concentration, fuel temperature coefficient, and critical moderator level.
Tests will consist of frequency response, response to various steps and
ramps of reactivity, and a checkout of the period control features. This
work is being done by HLO's Systems Research Operation. Completion is
scheduled for December 15, 1959.

Process Instrumentation. Testing of the second prototype (100 K ohm)
thermistor probe for the Fuel Examiration Facility has been continuing

in the range of ore to six inches from the heat source. Response time

to 63% of a 200 F step change in temperature has been found to be 41

seconds for both a positive and negative step. The radiation stabilized
glass used in the probe (infrared transmission efficienny - proximately

two percent) is not satisfactory from the time response standpoint. Ar-
senic trisulfide glass with a transmission efficiency of 90% has been ordered,
and testing will continue as soon as it is received.

An instrument for checking the rate of sudden changes in moderator level
in the PRTR calandria has been assembled. Laboratory tests have been
completed, and the equipment will be installed in the 189-D calandria
mockup for final testing.

Four prototypical cable connectors for use with resistance temperature
detectors on the PRTR were examined. These are improved units over the
connectors originally specified. Several minor changes have been recom-
mended to be included in the final design. Testing of the resistance
temperature detectors with these connectors resulted in some minor
changes in the assembly techniques of the RTD itself which should result
in a more rugged unit.
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Design Analysis

Physics Analysis. A study of the PRP Critical Facility loading worth has
been initiated. The variation of fuel types and lattice pitch and the
inclusion of a Dp0/HpO moderator option in the design leads to the consid-
eration of about 32 cell types. Three-group diffusion theory methods will
be applied using the F3 program for the IBM-T09. Results will be in the
form of three-group flux and adjoint flux distributions in specific cells
and in various core arrangements. Also determined is the system multi-
plication. Hitherto unavailable three-group neutron cross sections are
being calculated with attention to proper spectral weighting, especially
for close-packed, highly enriched, HoO moderated core schemes.

Formulai.cn of the calculations for generating the PRIR xenon tables has
been completed. Flow charting and coding of the problem for the IBM-T09

has started. To be generally applicable to all spike loading configurations,
the calculation has been designed to provide two sets of tables. The first
table will allow direct calculation of local poisoning in terms of tube
power, while the second table will provide weighting functions in terms of
numbers of tubes, tube power, and reactor power.

Work has started on the design of critical experiments for the Critical
Test phase of the PRIR startup. Consideration is being given to cali-
bration of the moderator level and the shim system by uniformly poisoning
the moderator with boron. Calculations indicate that a concentration of

20 mg/liter of elemental boron will produce a negative reactivity of 100 mk.
A preliminary experiment to determine the feasibility of boron cleanup is
now being planned. The design of a special fuel element for determining
flux distribution and cadmium ratios is also under way.

Steam Loop Transient Analysis. Calculations to determine a suitable auto-
matic control system are preseatly in the debug stage. Latest results
indicate the Fortran program is satisfactory. A set of coefficients de-
fining the requirements of the control system is being calculated.

Rupture Disk Calculations for PRTR 14" Gate Valve. In order to insure
against flow restriction during normal operation and yet prevent flow
following a pipe failure, a rupture disk is to be installed in the 14"
gate valve. In order to properly size the disk, the maximum differential
pressure across the valve following a pipe failure is required. The max-
imum differential pressure was postulated to occur following a rupture in
the 14" inlet header and was calculated to be 20 psi. Since the dead-
head of the pump is 130 psi, a rupture pressure differential of 75 psi is
recommended to allow for a suitable factor of safety in the calculated re-
sult.

Flow Decay Following Power Failure - PRTR Primary Pump. The experimental
flow decay curve was determined, and the results are noted to agree well
with the calculated curve until the flow had decayed to about 3C percent
of normal. At lower flows the calculated rundown times were much greater
than observed. The discrepancy appears to be attributable to mechanical
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friction in the pump seals. 1In the previous calculations, mechanical
friction had been neglected.

Safeguards Analysis. The PRTR Final Safeguards Analysis was issued. A
review of the final safeguards analysis of PRIR was made by the General
Electric Reactor Safeguards Council on November 19.

The hazards survey report for the PRIR High Pressure Loop, based on the
preliminary scope design, was issued as HW-62111. Preliminary hazards
analyses for the PRP Critical Facility were begun.

231-Z Autoclave Failure. Investigation of the autoclave explosion which
occurred in 231-Z Bullding on July 31, 1959, has been completed. It was
concluded that the failure was caused by malfunction of the temperature
control instrumentation which allowed extreme overheating by the furnaces.
Steam-metal corrosion reactions supplied the final increment of energy
required to heat the autoclave to 950 C. The autoclave failed by stress-
rupture after a short time at 950 C and 1300 psi. No previously un-
recognized chemical or physical phenomena contributed to the failure. A
report of the investigation of the autoclave failure will be issued early
in December.

Plutonium Fabrication Pilot Plant.

Phase III Construction. The Phase III equipment installation contract
with George A. Grant Company was terminated effective November 15, 1559.
The remainder of the equipment installation work is being done by

J. A. Jones Construction Company under CPFF contract. Contract completion
was estimated at 96% at termination and at 98% at the end of the month.
Total project completion is estimated at about 85% at the end of the month.

The change of contractors became desirable because of the large number of
change orders ensuing from discrepancies between the installation drawings
for the sintering furnaces and the furnaces as received. The sintering
furnaces were designed under a DDR contract by Harper Electric Furnace
Company. The design of the furnaces themselves appears to be highly com-
petent, with minor modifications to the main electrical switchgear.
Changes to e instrumentation to meet HAPO requirements were somewhat
more extensive, and the installation drawings (made by Harper to allow
issuance of the Phase III bid package on schedule) were unsatisfactory.
New installation drawings made by Design Engineering and issued as Design
Change #37 were generally satisfactory but allowed George A. Grant Compeny
to claim large sums as contract extras. The furnaces as manufactured by
Salem Fabricating and Machine Company were not completed in accordance
with the purchase order and the drawings. Thus, additional extra charges
would have had to be paid for field completion of the meim power wiring
and the cooling water and drain piping. Such work, entailing much field
direction and many changes, 1s most economically and expeditiously done
under a CPFF arrangement.
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The change of contractors was made with little loss of tiue to the
construction schedule. George A. Grant Company craftsmen worked pro-
ductively until about November 12, and by November 18, J. A. Jones
Construction Company had deployed & full crew to the Jjob, and productive
work was again under way. The present schedule calls for completion of
work on the oxide fuel line December 23.

Group 5 Equipment Installation. All bids for new equipment and all
estimates for the cost of installation of vew and transferred equipment
have been received. Initiation of equipment installation and procure-
ment are awaiting increased project authorization from the AEC.

Procurement. The small parts for the sintering furnaces were delivered
November 20. The material needed for the power wiring and cooling water
piping is on order. Most will be delivered before December 5, but no
firm date 1s available on the sight flow indicators. The main control
panels for the furnaces were shipped November 17. The new motors for
the cross-push mechanisms were not delivered to the vendor until
November 20, which will probably hold up delivery of these mechanisms
to the project until December 15. With this delivery, attainment of
the December 23 schedule is still possible, but if the delivery of the
motors 1s delayed, completion of the < <ide line will be delayed until
December 30.

All other project procurement, including the 20-inch rolling mill,
remains essentially on schedule.

A representative of Clearing Machine Company spent most of the month
on the site correcting minor deficiencies in the 200-ton hydraulic press.
The press was accepted at ponth's end.

Ventilation Balancing. After a ruling by the AEC Review Board that bal-
ancing of tle ventilation system in 308 Building is Bacon-Davis work, the
Commission issued an order to J. A. Jones Construction Compeny for this
work. The work was completed during the month.

In the course of this work, defects were discovered in severul of the CWS
filters. Further inspection disclosed that meny of the filters furnished
by the building contractor were defective, so 123 were removed from Stores
stock as replacements. Inspection disclosed that only 24 of this number
wvere free from damage. It was necessary, therefore, %o prepare the build-
ing for startup with only two of the three main filter tanks fitted with
filters. The third bank will be fitted with filters when a new shipment
is received. The defec’ls observed are those mentioned at an Air Pollution
Semirar at Idaho Falls in July, sc the filter manufacturers are cognizant
of the problem.
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PRTR Operations

Pre-Startup Activities. Issuance of the final portions of HW—61900-RD, '
"PRTR Design Tests," was completed during the month. Twenty-six of the
total of 45 tests have been reviewed by the PRTR Start-Up Council and
are being revised as necessary. Preliminary shceduling indicates the
tests may be performed in 8-1/2 weeks. Procurement of the special
equipment required for the tests was started.

A survey of coclant system nomenclature was completed. Standardized
definitions are being compiled.

The PRTR Engineering Assistant Training Program continued on schedule.
This course, designed to familiarize the Engineering Assistants with
all phases of PRIR operation, will be completed December 18, 1959.

The PRTR drawing list was up-dated and reissued. A forecast of cylinder
gas requirements was issued to inform Purchasing & Stores Operation of
future needs of PRTR operation for various types of gas.

Effort to assemble complete Blue Print Files for all installed equipment
continues. BPF information has been assembled for all but a few Phase I
and II items. Very little BPF data are available as yet for Phase III
equipment. ‘

Assistance has been rendered FPD Maintenance in assembling a complete set
of Instrument Specifications. This information is necessary to assist in
spare parts procurement and in planning for instrument calidration and
design tests.

Operating procedures for the primary and moderator coolant systems were
completed. Work was initiated on operating procedures related to physics
tests.

A spare parts procurement schedule has been developed. It is planned to
have all required spare parts in stock before design tests begin. The
majority of this work will be performed by PRTRO personnel. However,

FPD Maintenance and other groups have been requested to assist when their
specialized knowledge of diesels, generators, and instrumentation may be
utilized to advantage.

The first two semi-monthly meetings with HLO Analytical Laboratories
Operation personnel were held. During the first meeting the ALO repre-
sentatives were familiarized with the physical arrangement of proposed
PRTR sampling and analytical equipment. The second meeting was devoted
to a review of equipment necessary to conduct certain lignt water analyses
in the 309 Building.

Initial contacts were made with the HLO Property Accounting Operation. As

a result of this meeting plans were made for establishing property
accounting procedures for the PRIR.
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Planning for &ritical tests continued. Instrument Research & Develcpment
Operation has been requested to coordinate procurement, installation, and
testing of the instrumentation required to perform the tests. Preliminary
contacts were made with outside groups to obtain manpower assisitance
during the performance of these tests.

The complete High Pressure Loop Design Criteria is being reviewed for
PRTRO approval at month end. The final rough draft of the PRP Critical
Facility is also being reviewed for comment. In cooperation with Experi-
mental Physics personnel, operating procedures for the Critical Facility
were prepared.

Vendors' prints of Fuel Examination Facility shielding and primary manipu-
lator details were reviewed. Also, comments were issued on the following
subjects: storage and handling D0, breathing air supply. overhaul of"
2400 volt switchgear, and back-up chargers for switchgear batteries.

Extra Activities. PRTRO personnel conducted nine tours involving 94 persons.
The number of tours requested by various HAPO groups has decreased sharply
since access to the containmment vessel was limited to 12:00 to 12:30 pm

and 4:30 to 5:00 pm due to increased construction activity in the vessel.

2. BASIC SWELLING STUDIES

Irradiation Program

Bench tests are continuing on a swelling capsule containing four natural
uranium spheres (0.T7% U-235) in order to evaluate the capsule components
as well as the associated instrumentation. The capsule, complete with a
3 kw heater supply and Minneapolis-Honeywell instruments, consisting of
a temperature controller, proportional voltage controller, a magnetic
amplifier, a saturable core reactor and a l2-point temperature recorder,
is being operated on & continuous basis to simulate in-reactor operation
as closely as possible. Original difficulties experienced with the tem-
perature controlling instrumentation, due to component miswiring prior to
shipment to Hanford Laboratories Operation, have been corrected, and the
units are now operating satisfactorily.

1
Additional development, however, is necessary in order to improve the
reliability of the thermocouples. The gold braze between the 304 stain-
less steel thermocouple sheath and tantalum tip is subject to failure
during capsule assembly and subsequent operation. The tantalum tips were
removed from several failed couples and a two-holed 208 stainless s*eel
plug was inserted into the end of tne sheath. This plug was then fusion
welded to incorporate the thermocouple wires and sheath to form the thermo-
couple bead. After beading, the thermocouple was flame sprayed with
tantalum at expected points of contact with the uranium specimens. Im-
proved relisbility and life are expected from these thermocouple modifi-
cations as has been reported from other AEC installations who have used
this method of thermocouple beading.
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Additional instrumentation for the in-reactor capsules 1s being assembled
and will be laboratory tested with a swelling capsule prior to shipment
for the in-reactor tests. A capsule containing four natural uranium
(0.7T% U-235) spheres and a capsule containing three enriched uranium
spheres (3.063% U-235) are being assembled for the in-reactor tests. The
Production Test document for the irradiation of these latter two capsules
has.been submitted for approval.

Mechanisms and Theory

Mechanisms of inert gas agglomeration in uranium during irradiation are
being evaluated. Calculations have been carried out to evaluate the con-
cept that parent atoms (e.g., Te and I) may form a second phase which
could act to precipitate Xe and Kr pores "in situ" as these atoms decay.
During irradiation the concentration of radio-iodine, i.e., ilodine that
decays to stable Xe, approaches a steady state value of about 3 x 1

atoms per cc of uranium in less than four days. Assuming that no dif-
fusion takes place, the average distance between unstable iodine atoms

is then 4O to 50 atomic spacings. Given these initial conditions, one
can then calculate the minimum value of the iodine diffusion coefficient,
D, necessary for agglomeration of various size precipitates in the time
corresponding to_the shortest iodine half-life. For ag%lomerate sizes of
103 atoms and 106 atoms, corresponding D values are 10~ T and 10~ cma/sec.
Althgugh the actual D values for iodine are unknown, values greater than
10-1 cme/sec are highly probable. It is concluded, therefore, that the
nucleation of Xe and Kr pores in uranium by parent atom diffusion, pre-
cipitation and decay is a realistic possibility.

Pore Size and Distribution

Optical and electron microscopy are being used as a direct means for de-
termining the size and distribution of pores in irradiated uranium.
Swelling in two types of specimens, one with a burnup of 0.41 a/o and
the other with a buranup of 0.29 a/o, irradiated at temperatures below
550 C, are being studied as a function of post-irradiation annealing
treatments.

The density of a specimen with burnup of 0.4l a/o after annealing at

880 C for 100 hours was remeasured and found to be 14.64. This value

is lower than the density values obtained for similar specimens annealed
at lower temperatures. The high value of 16.79 reported previously for
this specimen was obtained by intenticnal ultrasonic impregnation of the
immersion liquid, water, into the cracks and open porosity present in the
specimen; whereas the lower value, 1k.64%, is closer to the true demsity
of the sample. The ratio of the volume of open porosity to the volume

of closed porosity is equal to 1.26. These results illustrate the neces-
sity for exercising extreme caution in interpreting the measured density
of small specimens that have external cracks and internal porosity.

A statistical analysis is being initiated on pore volume fractions and
pore densities in uranium with a burnup of 0.29 a/o which has been
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annealed at 880 C for 100 hours. It is hoped that with the analysis it
will be possible to ascertain the effect of irradiation temperature,

350 C versus 550 C, the effect of etching, and the extent of distortion
due to replication on the measured pore diameters and pore distributions
in this sample. Replicas of this specimen corresponding to etching times
of 0, 10, 20, 40, and 80 minutes duration have been processed; a peri-
pheral area in each replica has been photographed in the optical and in
the electron microscope. A minimum of LO minutes etching time is required
to remove the surface layer and reveal the porosity. A similar study of
the central core region corresponding to an irradiation temperature of
550 C 1s in progress.

Fission Product Mobility

A knowledge of the mobilities of rare gas fission products through uranium
is important in understanding the mechanisms of pore formation. Rare gases
are introduced into uranium by electrical glow discharge (sputtering) and
by ion bombardment. The amount deposited under various experimental
conditions, as well as the mode of deposition and depth of penetration, is
presently being determined. Two, one-half inch diameter, 0.002 inch thick
uranium foil disks were sent to C. W. Tucker at GERL.. These disks were
bombarded with 40 kv krypton ilons at an actual ion current of one microamp
per cm? for approximately five hours. The rate of evolution of krypton
from the disks was subsequently determined by heating in a second system
connected to a mass spectrometer. Evolution of krypton from the uranium
was first detected at 170 C. A peak in the evolution rate versus tempera-
ture curve occurred at 400 C in a disk heated at a rate of 400 C/hour.

The krypton evolution from a second disk, heated at 200 C/hour, showed no
such peak. Instead, the evolution rate gradually increased with increasing
temperatures. The raw data from this experiment are still being processed,
and absolute amounts of gas deposited and released will be available shortly.

The 0.9 inch diameter x 0.1 inch thick uranium disk, that was outgassed for
three days at 620 C and then sputtered at 16 ma/cm® in two mm pressure of
xenon for four days at this same temperature, was machined into four equal
segments. Specimens were submitted for detailed x-ray study, metallo-
graphic examination, and vacuum fusion analysis. Of the two specimens
submitted for vacuum fusion, one had 0.C02 inch removed from the sputtered
surface by sbrading under oil. Fusion analysis showed that about 1/6 as
much xenon was contained in the abraded sample as in the unabraded one.
This would indicate that at least a fraction of the deposited xenon dif-
fused into the matrix uranium from the sputtered surface. Electron
microscopy, however, could detect nothing in the microstructure that
would suggest the presence of the gas. Some large irregular cavitles or
stringers were observed with the light microscope, which are believed to
have been present initially. It is conceivable that these may have acted
to trap the gas which would result in misleading analyses. The metallo-
graphic specimen will be analyzed by vacuum fusior to determine whether or
not this result is reproducible.
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3. GAS COOLED POWER REACTOR PROGRAM

Graphite Studies

Pressurized Gas Cooled Loop Facility (Rroject CAH-822). The transient
analysis was completed. The results will be combined with the previous
vork (HW-61393) and issued as a formal document.

The transient analysis covered abnormal reeactor startups and shutdowns
and normal and reduced COo flow rates. The results of these calculations
indicate that the rate of temperature change in the loop piping can be
maintained at 900 F per hour except for short periods when reactor power
changes rapidly with time. The most rapid rate of temperature change was
estimated to be. 216 F per minute in the ex-reactor piping.

Calculations for reduced COp flow rates following a reactor scram indicate
the minimum shutdown flow can be as low as 2000 1b/hr without excessive

CO, temperatures at the blower. These calculations showed that: if flow

is reduced from 15,000 1b/hr to 2000 1b/hr in one minute and thereafter

held constant, the loop will experience temperature only slightly greater
than at normal operation. The maximum increase in temperature was found

to occur at the blower where the COp temperstbure increased to 935 F.

However, the duration of this high temperature will be less than 1.5 minutes.
At 1.5 minutes the COp temperature had decayed to 850 F, and after six
minutes it was down to 800 F.

Fourteen drawings have been partially approved. All material has been
ordered for fabrication of the in-reactor section. A stainless steel
nozzle test assembly incorporating a self-energizing seal was completed
and is being test evaluated. Welding procedures are available for
qualifying welders in welding of Inconel 702, Inconel, and Hastelloy "X", -
and part of the material required has been received. The fabrication of
the reactor sections will be done by plant forces.

Design of a 35 kw heater for testing the gas loop is nearly finished.
Two models of a high temperature-high pressure electrical entrance device
have proven satisfactory.

Processing of approval drawings and specifications and answering engi-
neering questions from Struthers-Wells continues. The preliminary
estimate from Struthers-Wells indicates a net cost for Addendum No. 2
of less than $3000:

It has been determined from Bristol-Siddeley that the main blowers are -
capable of continuous operatipn on 60-cycle current. Consequently, the
emergency motor-génerator set will be replaced by two three-phase trans-
formers connected in parallel to the emergency bus, thereby increasing

the reliability of the blower back-up system. This change will be issued
in Addendum No. 3, together with provision for back-up water to the blower
coolant system and a reduction in size of the back-up motors for the
shroud coolant blowers.
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Final drawings of the main blowers from Bristol-Siddeley have been re-
ceived and approved. However, word has been received from International
General Electric that delivery date will be delayed.

Bid invitations are still open for the top and bottom connectors. Orders
for approved assemblies will be placed on the first of December.

A1l bypass switches have been removed from the loop safety system cir-
cuitry, in conformance with the PRTR philosophy that coincident circuits
should not have bypass switches unless required for operation of the
facility.

Nickel base alloys are being considered for use as in-reactor structural
materials for the gas-cooled 1loop. Samples of the candidate materials
will be irradiated in graphite channel in C Reactor. Comparison of mech-
anical properties of the irradiated specimen with those of unirradiated
control pieces will yield valuable data on the behavior of these alloys
under anticipated loop operating conditions.

A graphite capsule containing thin washer samples of six nickel base
alloys, three low manganese steels, three iron-chromium-aluminum alloys,
and type 406 stainless steel will be irradiated in the graphite channel
at C Reactor for approximately one month. All of the alloys will be
evaluated for stability in the reactor ges coolant environment. The
graphite capsule for this jrradiation is now being fabricated. Two or
three specimens of each of the thirteen alloys to be initially examined
have been prepared from strip, polished, and checked for microstructural
appearance, hardness, and weight. Duplicate control samples have also
been prepared. Only four of the nickel base alloys, Inconel, Hastelloy X,
Inconel 702, and Hastelloy R-235 will be studied for radiation induced
mechanical property changes. Following evaluation of atmosphere effects,
two capsules containing tensile specimen of the selected nickel alloys
will be irradiated in the same facility for three months and six months,
respectively.

Graphite Oxidation in COp. Since needle coke graphites seem to possess
more dimensional stability under high temperature irradiation than con-
ventional graphites, tests have been initiated on oxidation testing of
these new graphites. At 750 C the average oxidatio rate of a needle
coke graphite (GL-10) in flowing CO2 was 1.35 X 10-4 gm/gm-hr, which
compares favorably with 1.47 x 10~ gn/gm-hr for CSF grephite. These
samples were oxidized for gbout one percent total weight loss.

Photographic Studies. When graphite samples are placed within microwave
glows established in CO and COp, soot deposits form on the graphite and
on the gquartz components of the apparatus. This soot 1s probably caused
by decomposition of carbon sub-oxides, and therefore it 1s of interest to
study these deposits to shed light on the mecharism of carbon mass
transport in gas cooled reactor systems.
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Soot deposits have been photographed with the aid of an electron micro-
scope at various magnifications from 5000 to 25,000 X. They reveal a
dendritic, fern-like structure built up from ultimate platelets which
appear to be a few hundred angstroms thick and a few hundred thousand
square angstroms in area. Length to width ratios on individusl dendrites
were 40 to 50 to one, and large bundles of such dendrites were observed
lying parallel to each other. Another form of soot was found which is
best described as "lily-pad like". However, it is suspected that the
quartz surface on which it was formed may have influenced this growth.
Neither form of the carbon had the appearance of ordinary flame soot.

Capsule Experiments. Two No-filled capsules containing graphite samples
and designed to operate at about 37 psia at 500 C are ready to be charged
into a reactor test hole. Six other graphite samples, two with N2 and
two with He at atmospheric pressure, and two in vacuo, will be charged
in-reactor simultaneously. All graphite samples have been carefully
measured so that, aside from studying gas-graphite reactions, the effect
of reactor atmosphere on graphite dimensional stability can be investi-
gated.

Pyrolytic Graphite. Pyrolytic graphite is of interest for reactor
application because of its high degree of crystal orientation. This
property may cause pyrolytic graphite to exhibit extreme stability
under high temperature irradiation and should make the graphite quite
resistant to oxidation since a minimum number of crystallite-edge-plane
atoms are exposed to attack.

The data from the oxidation of a three-inch long pyrolytic graphite tube
in flowing air are compared with CO graphite below. The greater oxidation
resistance of pyrolytic graphite is evident. The oxidation activation
energy is about LO kcal/mole which is the same as for coke based graphites.

Oxidation Rate (gm/gm-hr)

Temp. Pyrolytic Graphite CO (Needle Coke)
450 1.24 x 1070 3.5 x 107%

500 9.24 x 1077 1.8 x 1073
550 k.21 x 10” 6.0 x 10°3
600 1.70 x 1073 --

One piece of pyrolytic graphite has been charged into a 500 C reactor
test facility in order that the oxidation rate can be measured on an
irradiated sample.

The mean linear thermal expansion coefficient parallel to the crystal
planes was determined for pyrolytic graphite using a quartz differential
dialatometer. The extreme anisotropy of this form of graphite is evi-
denced by a negative coefficient of thermal expansion below 375 C.
Hitherto, only natural flake or sketetal graphite has shown this property.
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Temp. Range Thermal Expansion Coefficient x 106
25 -125 C -0.23
25 - 275 -0.09
25 - 375 0.0
25 - 625 +0.34
25 - 925 +0.59

Graphite Cement. It is possible that cemented graphite Joints could be
utilized beneficially in certain gas cooled reactor designs. Since no
irradiation data are available for graphite cements, samples have been
inserted in a hot irradiation test facility for an initial exposure at
about 500 C. These samples consist of cemented joints prepared by Allis-
Chalmers Manufacturing Company using CS-312 graphite stock and National
Carbon Company FP-cement. Strength and dimensional change after irradi-
ation will be determined for these samples. Also included in the irradi-
ation is a small sample of graphite bonded with silicon carbide prepared
by Minmnesota Mining and Manufacturing Company.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiaticn damage recovery is being studied for a number of structural metals;
these include copper, nickel, titanium, zirconium, iron, molybdenum, and type
347 stainless steel. Tensile properties, electrical resistance, and x-ray
diffraction spectra are being measured to determine the characteristics of
the recovery mechanisms.

Irradiated and control specimens of molybdenum and zirconium were given four,
60-minute isochronal anneals during the month. The annealing temperatures
for molybdenun were 175, 200, 225, and 250 C, and for zirconium 200, 225, 25C,
and 275 C. DPH hardness and electrical resistance measurements were made
after each anneal.

The electrical resistance data for molybdenum reveal a recovery procesg which
proceeds at a meximum rate at about 150 C for an exposure of 4.4 x 10+ nvt,
and at about 175 C for an exposure of 1.5 x 1090 nvt. Complete recovery in
.this reglon has not occurred up to 250 C, and the extent of recovery measured
to this temperature is greater for the lower exposure specimen.

Considerable increases in DPH hardress for the molybdenum specimens irradiated
to b.b x 1018 ana 1.5 x 1020 nvt were measured within the annealing range

125 to 250 C. At 250 C the hardness of the 1.5 x 1020 nvt specimen has in-
creased 23 DPH numbers and is still increasing, whereas the hardness of the
b4 x 1010 nvt specimen has increased eight DPH numbers and appears tc be
leveling off. This behavior is anomalous to the general trend of radiation
damage recovery in metals and is being studied in light of dispersion hard-
ening processes.

The electrical resistance data for zirconium reveal a recovery process _which
proceeds at a maximum rate at about 225 C for an exposure of 4.7 x 101° nvt.
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Significant recovery for the 1.5 X 1020 nvt exposure speé¢imen has occurred
at 275 C, but the process has not reached a maximum rate. Completion of
recovery in this region has not occurred up to 275 C, and the extent of
recovery measured to this temperature is greater for the lower exposure
specimen.

Significant change of DPH hardness has not occurred up to 275 C for the

zirconium specimen irradiated to 1.5 x 1020 nvt; however, a slight decrease
in hardness occurred for the specimen irradiated to 4.7 x 1018 nvt.

E. CUSTOMER WORK

Radiometallurgical Examinations

PT-IP-190-A Ruptured Doe Elements (RM-402). Examination of these self-
supported Doe elements revealed an accelerated corrosion attack in the
aluminum can wall resulting in large blisters of accumulated corrosion
product. In each case the attack had started in the confined space next
to the support spot weld and had progressed outward from this location.
An initial accumulation of a heavy oxide layer under the support base
apparently caused localized overheating of the can wall, which initiated
the accelerated attack. As the accumulated aluminum oxide provided more
insulation, the corrosion of the can wall continued to progress rapidly
outward.

I & E Hole Failures From 4985 KW and 4259 KE (RM-252). Examination of the
slug from 4259 KE, which failed in the internal abnulus, was completed this
month. The cause of failure was water entry to the uranium through the cap
end of the slug. The can was undercut, and the water and/or water vapor
progressed along the internal surface of the uranium to within one and
one-half inches of the base end of the element where gross reaction be-
tween the water and uranium occurred. As the voluminous corrosion products
formed, the internal aluminum sheathing was displaced into the annulus and
finally parted in tensile failure. The site of the water entry was not
found, but examination of the slug showed that its origin was in the cap
end. The uranium in the cap end was honeycombed with microcracks which
originated from extremely fine grained areas present in the metal. No
microcracks or unusual grain size was observed in the rupture area. Both
the inner and outer bond layers showed evidence of undercutting in several
locations in the cap end of the slug. Two small channels were seen in the
inner bond layer in the vicinity of the rupture. The quality of the
Jacketing and welds which were metallographically examined was good, and
no defects were observed in the remainder of the surface, both internal
and external, which was examined minutely with the Opton viewer. The
probable sequence of events leading to the failure was as follows:

1. Microcracks originated in the fine grained area and spread
throughout the uranium in the cap end during initial reactor
operation.
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2. As the number of microcracks increased, stresses in the
sheathing were increased and, with continued operation,
the aluminum jacket failed allowing water to enter in the
region of the cap end.

3. The water undercut the can and progressed along the spire
to the area where the rupture occurred.

Nickel Plated Elements from PT-IP-207-A (BRM-306). Three non-plated, internally
and externally cooled, Hanford production fuel elements which were used as
control pieces in PT-IP-207-A, were examined to determine whether hydrogen

gas was being trapped under the plating of nickel plated fuel elements. The
gas analyses indicate that hydrogen gas was present, but the limited tests did
not provide conclusive evidence as to the origin of the hydrogen. Either a
refined test or additional testing to provide enough data for statistical
analysis is required for conclusive evaluation of the gas tests.

Examination of a Side Hot Spot Ruptured Natural Uranium I & E Fuel Element From
Tube 1165-C (RM-309). Examiration work on a hot spot ruptured natural uranium
I & E fuel element with 570 MWD/T exposure was continued this month. A metallo-
graphic sample taken 1-1/2 inch from the base end and in the hot spot area re-
vealed uranium corrosion-product build-up between the can wall and uranium for
315° around the periphery. Photomicrographs showed that a region around the
corrosion-product layer had operated in the uranium beta-phase temperature zone,
and that the remaining area toward the spire was in the uranium alpha phase.
Another metallographic sample taken about 3-1/2 inches from the cap end did nct
reveal any beta-phase microstructure. Snce the aluminum can wall was cracked
in both of the metallographic samples, an aluminum sample was taken from each
crack for metallographic work. The sample nearest the cap end showed no inter-
granular corrosion, but photomicrographs from the base-end sample revealed
intergranular corrosion attack which started on the outside and penetrated

into the A1Si. This allowed water to enter and form uranium oxide, which in
turn enlarged the diameter of the element and caused the can to fail in tension.

Metallography Laboratories

A series of baking tests at 300, 350, and 40O C from 1/2 hour tc 12 hours on
normal AlSi canned fuel elements was conducted by FPD personnel to determine
the effects on the intermetallic compound layer formed during canning. Metal-
lographic examination revealed that a growth of UAl3 type structure (as shown
by its etching characteristics) was diffusing into the uranium. Crowth cf
this diffusion product was most rapid from the UAlz siructure alrezady pro-
duced during canning; however, it also occurred on the uranium side of those
layers associated with brittleness. Extended baking produced progressive
degrees of brittleness as determined by mechanical tests. Temperatures of

350 and 4OO C caused an apparent change in the normal UAl3 structure. As
shown by etching tests, this structure approached the brittle layers in
appearance. The change in microscopic appearance was paralleled by a decrease
in tensile strength. Short-term baking produced a slight growth of UAlz-

-

appearing diffusion compound and no detrimental mechanical property effects
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as measured by tensile tests. Long-term baking produced more of the dif-
fusion compound and a change in the appearance of the original intermetallic
compounds. These effects were accompanied by progressive losses in tensile
strength.

L] HW-62899 .

Metallographic examination is nearly completed on recently-procured Zircaloy-2
tubing in sizes of 0.680, 0.505 and 0.502 inch ID from three fabricators,
Bridgeport Brass, Superior Tube, and Wolverine Tube. None of the tube sections
examined contained cracks, either on the ID or OD. A smooth surface was
apparent on all tubes, both OD and ID, with the exception of one order from
Wolverine Tube which had a relatively rough or undulated surface in comparison.

Samples Processed During the Month.

Total samples processed: 578

Photographsg.. ,.!..

Micrographs 351
Macrographs %%E

AN
For Manager, Reactor and Fuels

Researgh and Development

FW Albaugh:kb
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REACTOR

STUDIES RELATED TO PRESENT PRODUCTION REACTORS

Neutron Temperature Study

Measurements are now being made to gather the data necessary to correlate the
neutron temperature calibrations of the lutetium foils and Pu39 - 1235 foil
pairs.

Neutron Temperature Coefficlents

Debugging of the nuclear data tape code continues. The difficulties encountered
thus far have been caused by a Fortran compiler error. An attempt is being made
to alter the program in a way that will cause correct compilation.

A subroutine to calculate exponential integrals has been written and tested.

Three methods are used to calculate the function in order to give increased
accuracy. These methods are: A power series for small arguments, a continued
fraction for intermediate arguments, and an asymptotic series for large arguments.
The errors found thus far have been less than 1 unit in the seventh significant
figure. An average of 60 milliseconds is required for each integral.

A subroutine to calculate complete gamma functions has been written and tested
for positive arguments. The errors are less than 1 unit in the seventh signifi-
cant figure for arguments less than 10 and about 10 times larger for larger argu-
ments.

A calculation of the thermal neutron distribution was made for a hot graphite
lattice cell with a thin, room temperature water gap around the fuel rod. Pro-
gram Fz modified to include up-scattering was used, with one fast and two thermal
groups. Although the results are only qualitative because of uncertainties in
the transfer cross-sections, they showed a substantial decrease in the temperature
of neutrons in the fuel rod as a result of transmission through the cold water
annulus.

It was noted that the calculated fast flux (and hence the thermal slowing down
density) fell off considerably at the outer cell boundary. A calculation for a
similar lattice cell using age theory jndicated that the slowing down density
should be almost perfectly flat regardless of the power distribution in the fuel.
The discrepancy, which results from describing fast neutrons by a single group,
can be avoided, however, either by using a large fictitious fast diffusion cceffi-
cient in F3, or by using ANP program Fy with an externsl source for the thermal
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Absorbing Rod in a Maxwellian Flux

The effect of an absorbing rod on the thermal neutron flux in a non-absorbing
infinite medium has been calculated for a number of cases in which parameters
representing temperature, rod radius, and rod material were varied. The digital
computer program ARMIE was used in these calculations. Both "reaction weighting"
and "flux weighting" criteria were used to determine the constants in the linear
approximation to reciprocal blackness. These criteria were described last month
and refer to distribution functions used to determine a minimal least squares fit
between assumed linear and square-root energy dependences of reciprocal blackness.
It was found that the results are relatively lnsensitive to the weighting function,
thus increasing confidence in the reasonableness of the simpler linear approxi-
mation.

The data from these cases have been incompletely analyzed. One quantity which

has been examined is (Toyut - Ty,)/T at the surface of the rod. T, and Tj, are
the average temperatures associated with the currents emerging from and entering
the rod. Therefore, the ratio which was examined measures the fractional spectral-
hardening produced by the rod. This quantity was found to increase with increasing
rod size and to decrease with increasing temperatures, a result which was expected
from qualitative arguments. Quantitatively, a fractional change of around 1/4 was
found at room temperature for a radius about twice the total mean free path in the
rod.

The variation of the reciprocal blackness with energy has been exam{ned more
closely. It is found that, for the assumption that 1/B =Cy +Cy E2, the coeffi-
cient Co has a simple dependence on the absorbing rod radius and material but the
dependence of the coefficient C, on these quantities is considerably more complex.
These conclusions are based on %he expression for blackness found by a variational
principle by Stuart, Nuc. Sci. and Eng. 2, 617 (1957).

Thermal Neutron Spectrum Near a Temperature Discontinuity

Evaluations of the analytic solutions to the temperature discontinuity problem

in a heavy gas moderator in slab and cylindrical geometry are continuing. Tem-
perature ratios of 2 to 1 and 3 to 1 in either direction have been used. It

has been found that the results approach closely those of the plane case when
a/» % 4, where a is the slab half width or cylinder radius and ) is the relaxation
length. A more thorough analysis 1s being made at a/x = 2, where geometrical
effects are evident.

To facilitate the comparison of the exact solution with approximate solutions,
an addition has been made to the 709 FORTRAN program SYZYGY. This addition,
which is optional, computes at each spatial position a) the temperature in the
effective temperature approximation and b) the spatial functions in the multi-
maxwellian group approximation. The 1/v reaction rates in these two approxima-
tions are also calculated.

Also under way is the extension of the analytical solution to slat and cylindri-
cal geometries for the case of a net current flow perpendicular to the discon-
tinuity.
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Multimaxwellien Group Anslysis

Debug runs on FIT-1 were continued. The main program appears to be operating
correctly. The modified version of Fz, which is used to calculate two-group
fluxes, has been causing trouble. At the month's end, it was discovered that the
FORTRAN compiler was not interpreting the program correctly. There does not
arpear to be a clear-cut remedy for this trouble, so the cut-and-try method is
being used.

Neutron Rethermalization Experiments

The graphite fabrication for high temperature experiments in cylindrical geometry
has been completed. Preparations for testing the heating characteristics of the
assembly are in progress. Five NaI(Tl) counting systems have been calibrated and
tested. Two systems are for Pu-U counting, two for .a, Cu, and Au foil counting,
and one for Cv. pin counting. Curves for correcting for fission activity decay
have been obtained for the appropriate systems.

The Foil Decay Correction program which was originally written for the IBM 650
(BEW-57226) has been rewritten for the IBM 709.

Instrumentation and Systems Studies

The write-up of the study on the speed of control of Hanford reactors upon coolant
loss has been completed and forwarded to IPD, Reactor Physics, for the addition
of several sections.

Study of the basic reactor kinetic equations has gone as far as practical analyti-
cally. The conclusions are that the solutions are unstable for all values of
amplitude and frequency of a sinusoidal reactivity variation. Practically the
oscillations are limited by the presence in a reactor of negative temperature
coefficients. Equations for determining the effects of these bave been formulated,
but it will be necessary io use a computer to get useful results without an inordi-
nate amount of labor.

An attempt was made to obtain the solution of the standard reactor kinetic equa-
tions by the use of the DDA. A solution for various values of reactivity and
frequency of reactivity perturbations is desired. Some satisfactory runs were
completed.

A long section of flexible light pipe material (approximately three feet) made

by American Optical Company was tested for possible use as a reactor pigtail radio-
activity probe. It was found, using both Nal and anthracene detectors with the
light pipe, that excellent gross beta-gamma counting was possible. Further work
will be done on this technique.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Exponential Measurements of Lar.e Diameter Fuel Elements

Final material buckling values have been determined for several lattices using
tube-in~tube fuel elemernts and one lattice using a 2.5 x 1.6 I a E fuel element.
The material bucklings g d other information of interest are given in Table I.
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Volume Ratilos

AT/U  B,0/U C/U

TABLE I
Ba
Fuel Lattice r(side)

Element Spacing (10"6cm'2) (in)
2.5 x 2.0 7 3/16 wet =123 1.4
with 1.66x1.1

2.5 x 2.0 8 3/8 wet -61 1.3
with 1.66x1.1

2.5 x 2.0 10 3/8 wet =45 1.4
with 1.66x1.1

2.5 x 1.6 I ¢ E 14 9/16 wet  -129 2.1

493 1,102 14.85
493 1.102 21.12
493 1.102  33.8
373 1.291 TO.L44

A 1s the measured side-to-side extrapolation length. A front-rear A of 1.03

inches was used in all cases.

Preliminary buckling values have been determined for one lattice using tube-in-
tube fuel elements and one lattice using the 2.5 x 1.6 I ¢ E fuel elements. The

results are shown in Table II.

TABLE II
Fuel Lattice B“fgling
Element Spacing ( 10O~ )
2.5 x 2.0 7 3/16 ary -292#%
with 1.66x1.1 )
2.5x1.6 I aE 8 3/8 wet -70

* To be remeasured because of poor fit.

Volume Ratios

AU E,0/0 c/u
. h’93 - 11“ . 85
373 1.291 21.47

The preliminary buckling values are based on an estimated side extrapolation

length of 1.66 inches.
horizontal traverse data.

Final bucklings will be reported after analysis of

Horizontal Traverses have been taken using the shutter method with a bare counter

and a cadmium covered counter.

Table III.
TABLE III
Fuel Lattice Ar(side)
Element Spacing S:Ln)
1.92 solid 10 3/8 dry 1.7+ 0.1
1.92 solid 10 3/8 dry 1.5 + 0.1

The results of these traverses are shown in

Counter
Cadmium covered

Bare
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PCTR Measurements of Lattice Parameters of Large Diameter Fuel Elements

The preparation of equipment for the 2.5 x 2.0, 1.66 x 1.12 tube-in-tube experi-
ment is essentially completed. The folls for the water annuli remain to be made.

T™wo of the foil holders for the p measurement must be cadmium covered. Two
"doughnuts" of cadmium and two flat strips are necessary to cover each foil
holder. Preliminary tests indicate that this method will be satisfactory.

Automatic Counter - Sample Changer

The final design drawings of the details of the components of the Automatic
Counter are 50% complete. Preliminary estimates of the cost of fabrication and
assembly have been set at $20,000 with an additional $1,000 for final design.
These estimates are based upon a project cost estimate.

Tentative arrangements for the start of fabrication have been made with Mr.
Lucas of the HLO Technical Shops. The schedule is as follows:

a) Technical Shops will estimate the costs of fabrication and assembly by
December 15, 1959.

b) A revised appropriate request will be prepared, based upon their estimate.
Approval is expected about January 1, 1960.

¢) Fabrication will be started after January 1, 1960.
d) Completion is expected by June 30, 1960.

Automatic PCTR Data Recording System

A call for bids on the proposed system has gone out to prospective vendors.
The bids will be opened December 7, 1959.

Instrumentation and Systems Studies

All design-developmen®t work is completed for a prototype, linear, four-decade,
scintillation beta-gamma area monitor. All materials have been ordered and
fabrication will start when the materials are received. Fabrication is con-
tinuing on & prototype, logarithmic, three-decade, scintillation beta-gamma
area monitor. A scintillation detector light-pipe combination was developed
for use with the prototype transistorized beta-gamma air monitor for the 105-N
Building. The new detector head features excellent shielding, sensitivity, and
replaceability.

™e detailed fast and slow-scan mechanical design for the NPR Fuel Element Rup-~
ture Monitor prototype is about five percent completed. Specifications and draw-
ings are completed for a slip-ring assembly to be used for prototype test work.
Fabrication is almost complete for a simulator for a chopped gamma signal source.
Testing of the preliminary circuits will proceed when the source is completed.

Some survey work was done on the detailed simlation of the dynamics of the
NPR heat exchangers. It appears that the amount of non-linear equipment (func-
tion generators and muljdpliers) now available on the GEDA will be insufficient
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to handle the problem in its present form. Further work is required in order to
determine whether the problem can be handled prior to the arrival of additional
computer equipment.

Mechanism of Graphite Damage

A liquid helium cryostat for electron irradiation of graphite was obtained from
the Physical Metallurgy Operation. It was originally built for use with uranium
but can be adapted for graphite at a considerable saving.

STUDIES RELATED TO THE SEPARATIONS PLANTS

Plutonium Critical Mass Facility

The construction phase of the Plutonium Critical Mass Facility is pro:eeding
almost on schedule (perhaps a few percent behind). The interior construction

of the control building is now near completion; there is some indication, however,
that a delay of several months may be encountered in the delivery of the control
panel and associated instrumentation.

Service equipment is being installed in the service room of the service build-
ing. This includes the air conditioning and heating system, chilled water refrig-
eration, air compressors and necessary plumbing.

On November 24 the remaining two concrete walls of the reactor room were poured,
leaving the ceiling slab and emplacement of the large shielding door to the
reactor room to be completed.

In order to verify the suitability of the proposed design of the safety rod
system for the initial reactor assemblies, a study was made of the safety rod
support electromagnet mockup; the preliminary results indicate that no diffi-
culty will be encountered in using the 400 series stainless steels for electro-
magnet frames. The 40O series stainless steels are highly magnetic and present
no problem in obtaining sufficient holding force. The chief noticeable difference
over soft steel, which would ordinarily be used, is a quite high hysteresis
behavior.

Measurements of the release time between current cutoff and rod release indicate
that there should be no great problem with respect to the speed of scram action.
The release time is very dependent on the supported weight, air gap between
pole faces and armature (head of safety rod), and current excess over the mini-
mm holding current. However, for an intermediate air gap (~ 0.005 inch) and
currents of about 30 percent over the very minimum holding current, the pre-
liminary measurements give release times of the order of 20 milliseconds. The
accumilated delays due to other causes (relay actuating time, rod travel time,
etc.) are expected to be somewhat longer than this.

Measurements are continuing in an effort to establish the optimum operating con-
ditions for reliable and fast safety rod action.
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Critical Hazards Specifications

NPF Fuels Processing

Discussions were held with relevent personnel from CPD and HLO who are con-
cerned with the design of process equipment for the reprocessing of power
reactor fuels. This included personnel from CPD, Research and Engineering
Operation, and Facilities Engineering Operation, and in HLO, Chemical Develop-
ment Operation.

The criticality aspects of some proposed designs were discussed in general,
and the problems of designing equipment which is both "nuclearly safe" and at
the same time economically and operationally feasible were discussed.

Calculations are proceeding for comparing theoretic bucklings and critical masses
with experiments for enrichments in the range of 3 percent in an effort to evaluate
safe dimensions of dissolver and process equipment for heterogeneous systems of
metal and/or UOp rods with enrichments up to 5 percent.

NPR Fuels Handling

On November 25, a meeting was attended to discuss the approval of scoped NFR
casks and cask cars. Tentative CPD approval has been given to the scoped NPR
cask and cask car, subject to criticality tests using NPR type fuel elements.
Critical Mass Physics will conduct exponential and/or critical approach experi-
ments when a sufficient number of these fuel elements are available.

Criticality Studies in Support of Processing Power Resctor Fuels

Critical mass studies were continued with the 3 percent enriched uranium rele-
vant to the reprocessing of power reactor fuels. The measurements included
critical approach experiments with heterogeneous systems and exponential experi-
ments with homogeneous systems.

Experiments with Heterogeneous Systems

The experiments with the heterogeneous systems yielded information on the
critical mass, material buckling, extrapolation length, and shape factors for
the water moderated and reflected assemblies. Critical approach experiments
were made wlth one circular cylinder, three elliptic cylinders, and two rec-
tangular parallelopipeds. The purposes of the experiments were: 1) To
determine the effect of an irregular outer boundary variation on the measured
critical mass, 2) to obtain data on "shape factors" for the interconversion of
critical cylinders to other geometries, 3) to obtain information on the effect
of geometry on the extrapolation distance, 4) to examine the feasibility of
more accurately determining the "effective" radius of the extrapolated criti-
cal cylinder by introducing & shape deformation which is then succescively
decreased and put to zero, 5) to compare theoretical buckling formulations with
experiments.

The uranium rods which were used in these experiments were 23.5 inches in length
and 0.175 inch in diameter; the uraniw. enrichment was 3.063 percent. These
rods were encased in Q.Oas-inch wall lucite tubes and were arranged in a 0.5
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inch trinagular lattice; the resulting HQO/U volume ratio was 8.0. The reactor
assemblies were both water moderated and fully water reflected.

B-8 HW-62899

The results of these measurements are shown in the following table:

CRITICAL MASS AND BUCKLING

For 3.063 Percent U-235; 0.175-inch Diameter Rods
T Positioned in O.5-inch Triangular Lattice

Elliptic Cylinders

Critical Dimensions  Critical No. of Critical Mass JBterial
Eccentricity  of Semi-Major and  23.5-inch Rods in of Uranium Buckling

of Ellipse Semi -Minor Axis Elliptic Cylinder (1bs) §;0‘6cm'2'
S
0 (circular R =15.88 cm 567.3 + 1 219.0 £ 0.4 13,412
cylinder)
0.212 16.07 cm 15.71 em 568.2 + 1.5 219.3 + 0.6 13,315
0.465 16.92 cm  14.98 cm 570.3 + 2.5 220.1 + 1.0 13,041
0.647 18.34 cm 13.99 cm 577.2 £ 1.5 222.8 + 0.6 12,941

Rectangular Paralleiopipeds

Critical No. of
23.5-inch Rods in Critical Mass Material

e v DA R
. 3
28.09 29.22 587.7 = 0.6 226.9 + 0.2 13,250
25.30 33.00 597.7 £ 1.5 23%0.7 = 0.6 13,262

* The extrapolation length was taken to be 6.5 cm for these calculations.

These measurements may be the first of their kind in elliptic cylinders. The
variation in the critical mass with reactor shape for the above-reflected systems
is small, giving "shape factors" near unity (the ratio of the critical mass of
the circular cylinder to that in the other geometries is T about 0.95 in the
above cases).

The buckling which was previously determined for the cylindrical case was
13,382 uB. Because a different loading technique was used in these measure-
ments, the cylinder was rerun using the new technique. The difference in buck-
ling of the two rectangular cases is seen to be smaller than that between the
two cylindrical cases.

J,
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The calculated bucklings from the elliptic cylinders show a decrease with
increasing eccentricity of the ellipse. Since the material buckling of each
loading must be very nearly a constant, these differences can be attributed
to a change in the extrapolation length; this change could be caused by the
differences in reactor curvature, shape, etc. The variation in A which is re-
quired to give bucklings from the elliptic cylinders equal to that of the cir-
cular cylinder is shown below:

Eccentricity A
0 6.5 cm (assuming this value for the
cylinder)
0.212 6.4 cm
0. 465 6.14 cm
0.647 5.9 cm

It is doubtful, however, that such fine distinctions can be drawn and further
analysis of the results is planned.

Experiments with Homogeneous Systems

Exponential experiments were continued with the 3 percent enriched UO3-poly-
ethylene systems. These experiments were conducted with homogeneous mixtures of
3 percent enriched UO3 and polyethylene contained in a lucite tank twelve inches
in diameter and 32 inches in height. Measurements have now been completed at
nominal H/U atomic ratios of 6, 12, 18, and 26. The results of these measure-
ments are shown in the following table:

BUCKLING OF 3 PERCENT ENRICHED
HQE-POLYETHYEENE MODERATED SYSTEMS

B/U Total Density U03 Density * Buckling
(atomic ratio) (gm/cm3) (gm/cmd) (cm) - (10-6cm~2)
6.1 1.5k 1.35 9.5 + 1.0 5640
11.9 1.46 1.12 " 4518
18.2 1.28 0.89 " 3876%
26.5 1.20 0.73 " 2675 |

* This value was measured in the previous month.

These values are preliminary in that the extrapolation length (9.5 + 1.0 cm)
is a preliminary value measured at an H/U atomic ratio of 18. A horizontal
traverse measurement has been made for Aztermining the extrapolation length at
an H/U atomic ratio of 12, and these data are now being analyzed.
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Since the maximmm buckling has not been obtained (the buckling is still increas-
ing at an H/U ratio of 6) a further measurement of the buckling is planned for
an H/U ratio of k. .
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Theoretical Critical Mass Studies

The reactor kinetics program and its assoclated subroutines are still being
debugged. A test case possessing an analytical solution is being prepared for
a check of the entire program.

Two simple subroutines have been written to calculate material and geometrical
parameters for small, bare, homogeneous reactors. The material parameter sub-
routine calculates £, ko, and T pp for a solution of specified fuel-to-moderator
ratio and critical buckling. The geometrical parameter subroutine calculates
kopp and geometrical buckling for a material with given parameters in a specl-
fieg geometry. These subroutines may be used independently or in association
with other programs. For example, they are being combined with a covering pro-
gram to calculate the leakage of fast and thermal neutrons from a bare, homo-
geneous subcritical system. This program will be used to check hand calculations
done some months ago.

Reletive to critical mass calculations for Pu systems, a te:t problem for the

Cz code has been run on the 709 Computer using the data tape compiled this month.
Tge exact worth of the results has not been fully determined, but some changes
will be required in the code for better utilization.

Mass Spectrometry

No customer service was requested for isotopic analysis with this mass spectro-
meter during the month. The instrumentation of this spectrometer was used to
study and improve the reliability of the ion pulse counting systems of the mass
spectrometers. The electrometer-Brown recorder components of the ion current
measuring system were calibrated for linearity of response to input DC current.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scattering Cross Sections

Growth of Single Metal Crystals

One additionsl aluminum crystal was grown bringing the total to seven crystal
ingots of the size previously reported. The furnace was modified and used to
grow a lead crystal two inches in diameter by eight inches long. A single melt
produced an ingot with a large amount of lineage structure. A second melt with
a larger temperature gradient and slower growth rate yielded an ingot with a
great reduction in lineage structure as determined optically.

Studies of Monochromating Crystals

Crystal reflectivity measurements were carried out on three uncut aluminum
ingots for neutrons of energy 0.084 ev. A comprehensive set of measurements

was made on the first crystal and survey measurements on the other two as
indicated by the more complete studies. None of the three crystals investigated

O—————_—z—y
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are particularly useful as neutron monochromators in their present ingot form.
The possibility of improved reflection characteristics because of altered

geometrical form or induced perturbations of the crystal structure remains to
be investigated. ,

Slow Neutron Fission Cross Sectlons

A very light deposit of the 96 percent Pu.zl"l sample was prepared by electro-
deposition by Analytical Laboratories in hopes of obtaining a more uniform
areal density for absolute fission cross section measurements. A fission scan
was made of the areal density of the foil using a 1/8 inch diameter neutron
beam. The observed extreme variation in density across the deposited surface
was a factor of our which precludes the use of this sample for absolute measure-
ments.

Fast Neutron Spectra

Measurements were made on the time-of-flight spectrum of Be(d,n) neutrons

using the positive ion Van de Graaff accelerator. Ten working days were spent
on the Van De Graaff, seven of which were spent on mechanical realignment of the
Van de Grafff and focusing adJustments of the ion beam. In order to facilitate
future alignment the accelerator and magnet were placed on a definite baseline
established by the fiducial marks found on the building walls. This required a
gross movement of the rear supports of the accelerator and a 1/2 inch movement
and 1/2 degree rotation of the analyzing magnet. The + 25 degree beam tube was
straightened and the magnet shims readjusted to obtain the vest focus.

The smallest vertical becm width obtained was about 2 mm or about twice that
which should reasonably be expected. The voltage regulation system of the Van
de Graaff was determined to be faulty causing the beam to continuously impinge
upon one of the regulating electrodes rather than pass through the middle of
the regulation slit. The regulator was also unable to suppress the energy
veriations of the accelerator which caused a horizontal sweeping of the beam
with an amplitude of several millimeters at a frequency of several cycles per
second. The ion beam also flashed completely out of focus every few seconds.

The mechanical alignment that was achieved was judged to be satisfactory since
the position and focus of the beam were the same for protons, molecular hydro-
gen, and deuterons.

The best working resolution obtained was about 2.2x10'9 seconds compared with
previous work at 1.5x10~7 seconds. A falrly detailed study was made of the
Be(d,n) neutron spectra at an angle of 20 degrees for 1.85 Mev deuterons. A
crude angular distribution was also obtained. At angles greater than 4O degrees
a large synchronous background was observed which could be identified as origi-
nating from the horizontal steering plates which were irradiated because of

the horizontal spread of the beam. It was also discovered that the resolution
could not be improved by using a higher beam sweeping voltage because the slits
were not properly shaped to stop the beam and the resulting deuterons striking
the tube wall produced a large background.

Several new pieces of beam tube and components are being fabricated to attempt
to reduce some of the deleterious effects discovered in these measurements.
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Lattice Parameters for Low Exposure Plutonium

PCTR experiments on the 1.8 w/o Pu-Al 19-rod clusters in a 10 1/2 inch square
graphite lattice with air coolant were completed on November 2. Approximately
five shift-weeks were required to gather the data. Analysis of the data is
underway.

Difficulty arose in making reactivity measurements due to the presence of self-
generated neutrons in the Pu-Al fuel. These neutrons were the result of an
(q,n) reaction in the aluminum matrix (~90%), and spontaneous fission in the
plutonium (~10%). The total source from these reactions hes been calculated
to be ~ 6 x 10° n/secs from the nine cluster array (~900 gms Pu). The diffi-
culty was overcome by going to a higher power level while measuring rising pile
periods (27 watts peak).

An approach-to-critical was made when the nine clusters in the core were un-
poisoned. Two enriched BFz tubes, located on either side of the central cluster,
and the PCTR channel 1 fis8ion chamber were used to monitor subcritical multi-
plication. The reactor was made critical with twelve drivers, located symmetri-
cally on a 60 cm radius from the core axls.

No contamination problems from the plutonium fuel were encountered during the
experiments.

Lattice Parameters for High Exposure Plutonium

Word has been received that the 20% Pu-240 material from Oak Ridge will not be
available. The Division of Military Applications has exercised a prior claim
and teken over the 1.2 kilogram lot that was being shipped to Hanford for PCTIR
experiments. This action has forced suspension of preparatory work by Plutonium
Metallurgy. It mey be possible to use some lower exposure material that is
available on 7lant. This alternative is being actively explored.

Trradiation of ths MIR Pu-Al elements is continuing in the ETR toward the L0%
Pu-240 goal.

Reactor Theory

The inhomogeneous linear equations arising in reactor physics can be written
in the form

¢=K¢+f

where £ is the external source and K(x,x'), the kernel of the integral operator
K which describes the system, can be interpreted as the probability of finding
the system at x after an interaction at x'. By defining the moments of the
adjoint kernel by

i@ = [ ke (e,



Sy B-13 HW-62899

the integral equatién can be written as the infinite-order differential equation

+
¢(x? = nEO féﬁ§fl %;E g(x) + £(x) .

Terminating the summation at some finite index N leads to & class of moment
approximations. Since the kernel of the integral equation, which depends on two
independent variables, has been replaced by a small number of moments depending
on a single variable, the amount of information in the system equation, and
therefore its computational complexity, has been substantially reduced. Since
the first two moments describe the average distance in phase space which the
system has traversed since its last interaction and the dispersion about that
distance, a second order differential equation should give a reasonably accurate
description of most systems.

These considerations were applied to the diffusion of monoenergetic neutrons,
agsuming isotropic scattering. The second moment approximation to the Milne
equation leads to diffusion theory; however, there is a small correction to the
diffusion length when absorption is large, and externmal neutron sources are
replaced by their first collision distributions. For the case of neutron modera-
tion by elastic scattering in an infinite medium, the first and second moment
approximations to the integral balance equation result in age theory and the
Greuling-Goertzel equation, respectively. In view of the physical significance
of the second moment, the Greuling-Goertzel theory should describe the slowing
down of neutrons through strong resonances much more accurately than age theory;
this is consistent with some unpublished numerical results obtained at ANP.

PRTIR Startup Experiments

Meetings with the Physics Startup Committee have continued through the month.
A general outline of all the experiments and the time necessary for their comple-
tion were discussed.

In addition planning for the subcritical experiments was begun. These experi-
ments can be divided into five types which utilize a total of seven different
loadings. The five types comprise an all UOp exponential loading, a two-zone,
two three-zone, a gquasi-uniform, and two all Pu-Al approach-to-critical loadings.

The two zone loading will have a core of approximately 61 UOp elements surrounded
by Pu-Al elements. For the three zone experiments 18 Pu-Al elements will be
loaded in the form of a ring. This ring will surround, as well as be surrounded
by, UOo elements. For one loading the ring will have a smaller radius of 20
inches and a larger radius of 26 inches. The second three zone loading will con-
tain a ring which has a smaller radius of 26 inches and a larger radius of 31
inches. It is being planned that in the quasi-uniform loading every other fuel
element will be a Pu-Al element. The all Pu-Al loading will be made with both an
8- and a 16-inch lattice spacing.

For all the loadings, measurements will be made for the reactor full of modera-

tor. In addition measurements will be made with the height of the moderator at
1/2 and 3/4 of the full height for all the loadings except the all U0y and all
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The Critical Facility of the FRP

A typical procedure to be followed in the use of the Critical Facility was out-
lined for the purpose of indicating the degree of operability desired. This
operating procedure was incorporated in the Design Criteria document. A rough
draft of the Design Criteria has been prepared and distributed for comments.

Instrumentation and Systems Studies

Acceptance tests were completed on 100 of 150 total photomultipliers for the
PRTR Fuel Element Rupture Monitor. The rejection rate is running about 20 to
25 percent. Simultaneous' acceptance work for the detector crystals (Nal) bas
shown a rather large rejection rate due to internal moisture and glass-crystal
separation.

Further investigation continued on neutron/gamma discrimination by scintilla-
tion pulse shape. For a stilbene phosphor, the total area under the decay curve
for a neutron-induced scintillation is roughly ten percent greater than for a
gamma-induced scintillation of the same initial height. The difference is due
to at least two additional or emhanced longer phosphorescent decay components
with decay times of about 0.3 and 5 microseconds. It has been shown that the
circuits built by earlier investigators to utilize this phenomenon give mislead-
ing results. This is due to the use of crystal diodes to stretch the unampli-
fied pulses directly from the photomultiplier. As a result small pulses from
low energy gammas or low energy neutron events would be cut off while the upper
part of high-energy neutron pulses would be passed. The result is that the
pulse shape discrimination appears nearly perfect; however, the £ffective energy
bias is several Mev different than intended or than was reported by earlier
investigators. Fresh attempts are being made to design a proper and useable
circuit.

A supplemental work order was received which permitted work to begin on the
febrication of the profilometer. Most of the work 1s being done in offsite
shops. This unit is designed to provide diameter and warp measurements of PRIR
fuel elements as well as permit surface examination at 5X magnification. All
optical components have been received. Some work remains to be done in specify-
ing control cables and mounting of some small motors.

Lenses for the Wide Angle Viewer have not been received. The Simpson Optical
Company was to have completed fabrication of these several weeks ago but has
been on strike since October 10.

The PRTR controller was received in the analog lab on 11/19/ 59 and is being
wired to the computer. Simulation of the PRTR is being programmed on the GEDA
computer.

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

Preliminary results have now been obtained for the control rod experiment. A
four by four array of seven rod cluster fuel channels with a parallel boron car-
bide control rod in the center of the entire assembly has a k,‘of 0.9945. This
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number was calculated from poisoned and unpoisoned thermal utilizations for the
super cell. Now k, = 1.1468 without the control rod in place; so the control rod
worth in the four by four matrix is Ak, = -0.1523.

The k, for the four by four array with the control rod has been extrapolated to a
value of k, for a three by three array, also with control rod, by two different
calculational schemes described below.

In the first method, one assumes that the perturbation caused by the control rod
has diminished sufficiently in the exterior region enclosing the three by three
that k, = 1.1468 for the exterior region. One then obtains k, = 0.8766 for the
interior by a volume weighted calculation, so that Ak, = -0.270.

The second calculation utilizes only the absorptions occurring within the three
by three matrix, and assumes that the worth of copper poison within the interior
three by three region is identical to the worth in the exterior region. The re-
sult for this case is k, = 0.8755, which agrees well with the result from the
first method. The control rod worth as calculated here is -0.271.

An error analysis of the experiment has not yet been performed.

Estimates have been made on the shop work needed to fabricate some special core
blocks for the additional measurements for the EGCR. A work order has been writ-
ten to cover these costs.

Variation of the Doppler Coefficient with 8/M Ratio

The IBM-T709 program for computing surface and volume average temperatures for
a finite cylinder has been tested and run successfully. It is now considered
ready for use.

Rod Replacement Analysis

The calculation of the change in ke upon insertion of one control rod per nine
fuel elements in the GCR lattice has been made. This calculation was based
on a two-group, small source theory formulation in which non-uniformity of the
slowing down density into the epithermal group was neglected and the U-238
resonances were lumped into a single equivalent resonance. The results are

é% = -31.3% and“Q%.= +7.7 % which combine to give a &w = 26%.
K

NONDESTRUCTIVE TESTING RESEARCH

The basic design of the broadband eddy current instrument for use in measuring
zirconium jacket thickness and air gap thickness in an unbonded fuel element
is about 75 percent complete. The instrument will consists of (1) a sawtooth
generator to supply excitation to (2) a small test probe, (3) an adjustable
broadband balance circuit, (4) & main amplifier furnishing broadband signals
to (5) a zirconium thickness channel and (6) an air gap thickness channel,

and (7) an automatic gain control circuit for minimizing the effects of changes
in coupling between probe and fuel element surface.

" DECLASSIFIED
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Operation of an assemblage of laboratory equipment is giving promising results
although the tests regarding interaction between the jacket thickness and air
gap thickness readings ere not complete. The amount of compensation required,
if any, between these channels in addition to that already designed into the
readout chennels has not been determined. Air gap channel sensitivity has been
obtained which gives one-fifth full scale output meter deflection for a one mil
change in air gap thickness at normal Jjacket thickness. Additional measure-
ments are now to be made to determine circuit stability and whether additional
inter-channel compensation is required. Additional compensation is belleved to
be necessary and the metbod of handling it is of the essence in the solution
of the general broadband readout problem.

The instrument design being evolved will be applicable to a wide range of eddy
current test problems. FPlug-in type construction can be used and additional
channels can be added readily. Maximum use is made of resistance-capacitance
filters, eliminating the need for specially designed, bulky inductance-capaci-
tance filters.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month. There were eight
unscheduled shutdowns; five were due to electronic failure and three were due to
faulty bypassing technique.

The PRP low 240, 19 rod clusters, 10-1/2 inch lattice, k, and f determination
experiment was completed during the month.

)

A one and one-half inch hole was drilled through the north face of the reactor
to permit extension of neutron traverse measurements through the reflector.

Mechanical stops were installed to limit the face motion and thus provide a
more reproducible reactor face closed position. The moving face tracks were
also realigned. Preliminary tests indicate that reactivity measurement re-
producibility has been improved.

The speed of the control rods was approximately doubled. This improves reactor
control by decreasing the time of setting control rods prior to period measure-
ment. The maximum rate of reactivity addition is still less than half that
allowed by the operating standards.

Critical Mass and Neutron Temperature experiments shared the TTR reactor time
about equally.

There were no unscheduled shutdowns during the month.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

A planning conference, for the delineation of tasks and establishment of format
and content of the general report on the past summer's dispersion experiment,
was held with AF CRC personnel on November 3-5, 1959. A thiee-volume Geophysics
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Research paper, published by the Air Force, but with credit lines for General
Electric Company and the U. S. Atomic Energy Commission, was agreed upon. Assign-
ments for chapter authorships were agreed to. These were made on the basis of
responsibility for various phases of the work.

Reduction of the dispersion data was greatly facilitated by the development of
a new rapid assay technique by Analytical Chemistry Operation. This system
involves the use of the phosphorescent property of ZnS and is capable of pre-
cise calibration. The method also permiti correction for dust loads on the
sampling filters, a prime requisite in the analysis of Project Green Glow data.

A first approximation of the dispersion data for each sampling point wes obtained
by combined use of the chemical method and the assay made using the counter devel-
oped by Instrument Research and Development. These results, using an eight-class
dust correction determined by a visual assessment of the dust loading, were precise
to within about +20% of the correct value for ZnS loading. More precise analyses
are required and are being sought through the chemical system. This first approxi-
mation was required by December 11, 1959, by the Air Force for an operational
problem, a deadline which was imposed on November 5. The results of this first
analysis were delivered to the Air Force on December 7. (This deadline could

not have bien met without the wholehearted cooperation of Analytical Chemistry
personnel.

DOSIMETRY

It was found that Zn65 in oysters may poassibly have been responsible for many
of the higher body burdens that have been found in pecple. A subject who had
previously been observed to have a Zn65 body burden higher than average was
counted again and found to have an increased burden. Conversation revealed
that he had had a geal of oyster stew a day before the last measurement. In a
recent paper on Znb> (Science 130 1255-1256 (1959)) oysters (Atlantic Coast)
were reported to contain much more Znb5 than other foods. Fortunately the sub-
Ject still had two cans of the oysters he had eaten. These were counted and
found to eomain 2 x 10-2 e of Zn' 5. The average specific activity of the
oysters was U4 x 10-5 uc/gm or about 200 times that of the oysters in the above
reference. ‘The oysters were bought at a Richland store, but their source was
not identified other than that they were labeled as Pacific oysters. As a -
result of these findings Analytical Chemistry Operation examined a variety of
sea foods from local stores. They confirmed the activity of the oysters found
above. Another brand of Pacific oysters had about one-fourth as great a specific
activity. About one-half the foods had a specific activity similar to those
found on the Atlantic Coast. A brief attempt to measure the Zn > retention of
a subject who ate contaminated oysters was unsuccessful because in the test
period the subject eliminated more Zn65 than he acquired from the oysters.

Enocugh data has now accumulated on Zn65 for employees working in the 100 Areas
to indicate significantly different burdens than in the rest of the people
studied. On the average 100 Area employees contain 70% more Zn®5 than the
others.

Data obtained at Argonne were used to show that there is an uncertainty of
about .2 mue in our Znb5 measurem;ggs due to individual variations in the
corrections that must be made for

¥
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About one-balf of the difference between our potassium results and t.‘hose of Los
Alamos was eliminated by omitting data obtained with the plastic phantom in our
potassium calibrations. The evidence indicates that the potassium in the body
is less uniformly distributed than the potassium in the phantom.

X-ray calibrations were completed for the subject examined for americium and
plutonium last month. The result was about twice as much plutonium as estimated
last month from the amount of americium.

The discrepancy reported two months ago in Naa)* measurements in connection with
neutron exposures of the B}‘astic phantom was eliminated by obtalining a cali-
brated point source of Na<=™ and measuring it both as the point source and when
dissolved in a gallon of water. Basically, however, a discrepancy still remains.
Measurements of the activity of the point source were 50% off from the calibra- -
tion value.

On November 16, the Shielded Personnel Monitoring Station was closed to permit
installation of a 1/8-inch lead lining on the interior walls of the iron room.
Work is still in progress.

The positive ion Van de Greaff operated satisfactorily during the month. The
accelerator was realigned using a new optical system. Alterations to the cir-
cular track system were completed to permit use of quite heavy counters. Equlp-
ment was installed that permits automatic background subtraction when using
accelerator neutrons. Fabrication was completed of a new beam current integra-
tor and automatic controller. A lucite-zinc sulphite scintillator was used suc-
cessfully as a monitor in the time-of-flight system.

Solutions to practical problems in neutron dosimetry are being sought through
cooperative work on several problems both under laboratory and under field con-
ditions. The performance of the double moderator neutron dosimeter was evaluated
in a particular location in a reactor area.

Development of the precision long commter proceeded with measurement of the
effects of placement of the counter and the calibration source on reproduci-
bility of counting. Neutron film exposed to our plutonium fluoride neutron
source for the United States Naval Radiological Defense Laboratory were evaluated
and the results commmicated to us. The average neutron energy determined from
these films is in falr agreement with our experimental value determined with the
double moderator.

A standard 0060 source wa: received on loan from the National Bureau of Stan-
dards. It is planned to compare this source (with our own Co Y source) and also
with the absolute calibration of our gamma ray calorimeter.

INSTRUMENTATTION

After nine months of continuous satisfactory use in the 329 Building, the scin-
tillation transistorized, combined alpha-beta-gemms hand and shoe counter has
been assigned to “he Calibrations Operation so that complete plant as-built draw-
ings can be prepared.
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Complete transistorized circuitry is being developed and fabricated for an
experimental alpha air monitor using coincidence counting techniques to
eliminate radon-thoron background counting effects. Previous tests with the
same scintillation detector and vacuum-tube circuitry showed that the instru-
ment will alarm on 10 MPC of Pu239 in 25 minutes with no false alarms due

to background fluctuations.

Further work was completed on miniature scintillation detector light-pipe
combinations for Biology research. The probes (one-eighth inch diameter by
four inches long) were used gith variouﬁ singlﬁh;adigtsoto solytions such
as 03137, 1131, §r90.y90, §:05, P32, ca5, cel™-Prl*¥, Na2*, 2n07, and RulO6.
Rh100, Relationships between count rate and dose rate were established for
liquid solutions of the above isotopes. Anthracene was used as the detector.

Another experimental detector light pipe of one-eighth-inch diameter by

four inches long wes used for low-level Pu239 detection in solution (two normal
HNOz). A relationship was established between count rate and relative concen-
tration of Pu239 in millimicrocuries per milliliter. The background count rate
was only 0.05 c/m. With the probe inserted in a two milliliter solution of 1.28
millimicrocuries of Pu239 per ml, a count rate of 1.3 ¢/m was obtained. Using
a scaler, one millimicrocurie of Pu239 per milliliter of solution can be easily
detected. The counting efficiency can be improved by using a thinner mylar
outer cover (for decontemination ease) over the probe tip. The present probe
uses 0.25 mil clear mylar over the standard light shield of 0.9 mg/cm2 double-
aluminum-coated mylar.

Experimental work continued on alarm circuits and devices for the personally-
carried persomnel alarming dosimeters. Work centered about the use of a quartz
fiber electrostatic relay for the alarm activator.

Fabrication work continues on several experimental alpha-detecting scintilla-
tion probes with effective areas of two by four inches. Work has started on
the design of a similar probe of a two by seven inch size. None of the probes
has any increase in background counting in a five r/hr Ra gamma field. Pue39
detecting geometry is better than 10 percent and is uniform over the complete
probe face.

A method of eliminating a battery supply for a transitorized emitter follower
was investigated and proved satisfactory. The emitter-follower impedance match-
ing circuit is used with a phototube scintillation detector and can drive 1,000
feet of shield cable with ease. No battery supply with--or power cable to--
the detector head are necessary. The emitter follower drives power for opera-
tion from the high voltage applied to the phototube via the single long cable.
Either positive or negative high voltage can be used as desired. The output
pulse signal is transmitted over the same cable as used for high voltage input
to the detector. Such a detecting unit should be able to cperate for long
periods with no maintenance. Pulse-height analysis results, using the system,
were quite satisfactory.

A slip-ring assembly was designed to be used with the long, cable-supported
G-M instrument. Several hundred feet of cable are used between the portable
G-M instrument and the G-M tube. The slip-rings are used to prevent cable
tangling. The unit will be used for gross gamma count work in 200-Area wells.

" DECLASSIFIED -
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A holding-support mechanism was designed for the large Nal crystal and multiple
phototube assembly for the Biology Operation total-body monitor.

A five microcurie Ball3 source was given to Biology to permit setup of the I131l
Hog Thyroid Monitor. The use of this relatively long-lived (in relation to
the previously used I13l check sources) isotope will permit ease of setup and
adjustment of the monitor. The photopeak energies and, consequently, pulse
heights for Bal33 and I13l are close enough for the accuracies required.

The experimental, completely transistorized Aural Scintillation Transistorized
Alpha-Beta-Gamma Monitor was completed. The unit, operating from 110 VAC mains,
uses a single combination scintillation probe and has both a count-rate meter
and loudspeaker indication. Some inveﬁtigative work was done to develop a scin-
tillation detector to have a better ¢l response. Various solutions using zinc -
sulfide, terphenyl, anthracene, toluene, and polystyrene adhesive were tried.
The solution can be painted onto the phototube face or on a light pipe. After

a short drying time, the detecting material adheres very well to the tube face

or pipe. Further tests will be conducted.

The text of the Radio Telemetering Network data station instrument manual was
completed and will be forwarded to duplicating along with the finished circuit
diagrams. The changing of fifteen data statlions to different locations was also

completed.

Further investigation into the robot monitor odometer indicates the desirability
of placing the motion computing elements at the stationary location and of tele-
metering the turning and speed data directly from the moving robot.

WASHINGTON DESIGNATED PROGRAM

The mass spectrometer was operated for 16 of the 19 working days of November
providing isotopic analyses for this program with a high operating efficiency.

Two operating deys were lost because of the maintenance required following an
outage of the building water system.

The electrometer-Brown recorder components of the ion current measuring system
of the mass spectrometer were checked for linearity of response to changes in
DC input current. The systems were found to be linear to within about 0.2 per-
cent for all but the two lowest ranges where the precision of measurement was
limited to about one percent. The accuracy of isotopic ratio measurements is
therefore not significantly limited by nonlinearity in these components.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

Type of Forecast Number Made % Reliability
8-Houwr Production 90 84.8
24-Hour General 60 82.3
Special 115 90. k%
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November temperatures averaged 3.5 degrees below normal. A notable feature of
the temperatures was the extremely high variation from a low of 6 on th: 13th to
a high of 70 on the 23rd. Daily departures varied from 23 degrees below normal
to 24 degrees above. Om 15 days, the departure was 10 degrees or more and, on
11 of these days, the departure was negative.

Precipitation totaled O.41 inch, which was less than half the normal amount for
November.

Instrumentation

Specifications for the mechanical conveyor portion of the Laundry Monitor were
drawn and written and are being sent out for bids.

Fabrication was completed on an instrument for the Biology Operation for measur-
ing resviratory activity of animals. The unit measures the rate of air displace-
ment and the air volume displaced. Volume changes as low as 0.03 cc can be
detected. The unit will be delivered when the recorder is obtained.

The following fabrication work is being done, presently, in the 328 Building
Electronics Fabrication Shop:

1. Work is nearing completion on 12 scintillation, gamma, criticality or inci-
dent alarm units. All operate from 110 VAC mains and will be installed in
various 300-Area buildings.

2. Fabrication was completed on one G-M tube detector, transistorized circuitry,
alarming monitcr of 110 VAC-operation type. The unit, plus two more, will
be used at Redox. Alarm levels (gamma) of about 0.1 to 5.0 mr/hr will e
available., Calibration and debugging tests are proceeding.

3. Two final model, portable, scintillation, transistorized gammea-energy
analysers were completed and will be debugged and calibrated. The Calibra-
tions Operation ordered these two units.

Lk, Fabrication continued on three experimental, non-beta-gamma sensitive,
scintillation alpha probes of the latest type. Effective probe area is
eight square inches (two inches by four inches).

Advice was rendered to electronic maintenance personnel at Redox concerning the
Redox Gas Effluent Stack Monitor. The instrument has been turned over to the
Redox personnel for general maintenance after about one year of completely satis-
factory service.

Advice was rendered to the 300-Area Portable Radiological Instrument Maintenance
Shop concerning conversion of 15 obsolete, vacuum-tube, BFz tube portable instru-
ments to proven-circultry, completely transistorized models using the standardized
transistor amplifier count-rate meter and high-voltage supply circuits. Two
prototype transistorized models have proved to be improvements in all plant field
tests to date.

The circuit tester for functional testing of all the IRDO *%ransistorized, stan-
dardized, printed, modular circuit boards has been rebuilt and a report will be
issued shortly. The report will enable any interested plant maintenance group to
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Pabricate the device for testing of the plug-in boards. Only a simple voltmeter
and a good quality triggered oscilloscope will be required in uddition to the
tester for complete maintenance and test work.

Field tests were completed on the prototype, first model, transistorized, loud-
speaker G-M instruments. Satisfactory field operation was obtalned except for
some needed mechanical modifications. As-built plent drawings of the instrument
will be made while incorporating the minor mechanical changes.

Acceptance tests were completed on four (of 12 total) portable, battery-operated,
seintillation, poppy instruments. .

Acceptance procedures for 0-200 mr self-reading pencil dosimeters were revised.
Acceptance tests were started on 50 Bendix dosimeters.

Performance of the sensitive, gamma, Scintillation-Transistorized Monitor was
checked in an airplane flight over the plant area. The unit performed satis-
factorily with the conclusion, as known since the instrument was originally
designed, that sensitivity can be increaesed by using a large Nal crystal in place
of the 5 x 5-inch terphenyl-in-polyvinyltoluene detector presently used. The
NaI substitution caen be made directly at any time with no circult changes. The
only problem is that of cost of the Nal crystal.

Recommendations were made to the Critical Mass Physics Operation for specific
instruments and an instrumentation philosophy different from those for produc-
tion reactors, but suited to the needs of experimental critical assembly facili-
ties.

Anslog Computer

Consultation and aid in programming a chemical dissolver problem for the DDA
was provided CRDO - HLO.

No customer work was completed on the Goodyear (GEDA) computer during November

due to difficulties precipitated by moving the computer. It is now cperable
and a limited customer work schedule is possible.

Optics

Internal Diameter Micrometer for 105-C FEF - Design drawings are in the hands of
Tech Shop estimators.

Caratch Depth Illuminator for 105-C FEF - Design drairings are being checked.

Infrared Radiation Ratio Pyrometer - A mounting was designed to support the
pyrometer over the metallograph. A work order has been issued to Tech Shops

for fabrication. Some electronic components have not yet been received. Installa-
tion of this unit will probebly be delayed until early January.

Cave Periscope for Purex - Lesign drawings are in the hands of Tech Shops esti-
mators. .

i
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Zyglo Detector - A work order has been received from E. H. 0'Clair to demonstrate
The feasipbility of photoelectrically detecting defects in the internal bore of

PRTR fuel elements.
; M f ' M
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Chemical Research and Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATIONS PROCESSES

Decontamination of Reactor Components

Variations in decontamination and corrosion of stainless and carbon steel as a
Punction of concentration of Wyandotte 75 and Wyandotte 1112, typical proprietary
bisulfate-based cleaners, were studied. Using coupons contaminated with acti-
vated corrosion products and using the standard caustic-permanganate pretreatment,
the cleaner concentration could be reduced from a normal value of 90 g/l to

about 9 g/l without impairing decontamination of carbon steel. Carbon steel cor-
rosion rates, however, remained undesirably high. Decontamination of stainless
steel was adversely affected when the cleaner concentration was decreased below

20 g/1 because of the failure of the cleaner to descale at the lower concentrations.

Corrosion tests 6f type A-2L6 carbon steel in Wyandotte 1112 indicate that the
increase in corrosion due to dissolved iron will be negligible at the expected
(0.005 molar or less) concentrations.

Uranium Oxidation and Fission Product Volatility

The 292-T Facility project was closed with some exceptions which were necessary
to permit shakedown testing. Several problems which developed in the induction
heater and lead.configuration were resolved. Other items including disposal casks
and dissolving equipment were made available.

First beneficial use was obtained on November 1.0 when a meltdown test was performed
on an unirradiated, 4-inch long normal Hanford fuel element. The meltdown was con-
ducted in the presence of a Zircaloy process tube. This test was made to determine
the extent of zirconium-uranium reaction and mode of melting in a full scale piece.
Motion pictures were made. Metallographic results are not yet available.

Fission product release tests will begin in the new facility in December after
preliminary oxidation tests using unirradiated metal have been made.

Effluent Decontamination

Initial experiments with NPR decontamination wastes indicated that the reduction
of potassium permanganate was accompanied by precipitation and that Sr and Co

ions were effectively removed from sclution, presumably by a scavenging action.
Alkaline permanganate is almost certain to be used in the second step of the NPR
decontamination process. Mixing the permanganate waste with solutions from the
other two steps resulted in scavenging decontamination factors between 1 x 10°

and 5 x 103 for Co. The possible utilization of this favorable scavenging reaction
has led to plans for related experiments with other radionuclides and a postpone-
ment of experiments on soil reactions with waste solutions.

DECLASSIFIED =
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Analytical Services

Iodine-131 and Xel33 comparative analyses in helium samples from the 100-DR gas
lcop were made by gamma ray spectrometry to check for slug ruptures. Gas samples
were accurately bled through caustic solutlon for collecting iodine, or
activated charcoal for collecting xenon.

A modified gravimetric procedure was used to determine 11.0 per cent silicon in
an ingot of AlSi to confirm a control analysis that a recently arrived shipment
was out of specification. Preliminary caustic dissolution resulted in the
methods having about a 2 per cent error..

The first mass spectrographic isotopic data were obtained since calibration with
the The30 gtandard. Those data agreed with alpha a1l total thorium data pre- )
viously used to estimate the Th230/Th232 ratio. Also, further studies of lanthanum
fluoride carrying and ion exchange behavior of thorium were made. Thorium was
quantitatively precipitated and carried, with lanthanum fluoride, from typical
samples. Oxidants, potassium dichromate and potassium chlorate, caused no compli-
cation. Oxidants were used to take uranium to the hexavalent oxidation state and
hold it there. Many of the solid samples were treated with nitric-hydrofluoric
acid mixture to extract thorium. The extract was then treated with boric acid

to tie up the fluoride. 'Thorium was recovered from that solution with Dowex-1 in
95 per cent yield without prior removal of boron or fluoride compounds.

SEPARATION PROCESSES

HA Column Studies

The flooding capacity of a 3-inch-diameter HA extraction column containing stain-
less steel nozzle plates (3/16-inch holes) was determined using a 27 C, 0.05 M
HNO; aqueous solution and 30 per cent TBP organic. With a pulse amplitude of 1.1
incaes and an L/V of 0.17, the column flooded at a pulse frequency of 95 to 100
cycles per minute at a total throughput of 1450 gal/hr/sq ft. :

Analysis of Purex Samples

Continued slightly sub-standard decontamination performance in the Purex plant

has prompted additional analyses of Purex plant streams. The analytical data are
not yet completed, but the data thus far obtained indicate decontamination factors
over the final uranium cycle of 86, 400, and 480 for ruthenium, zirconium, and
niobium, respectively. The low ruthenium decontamination factor is to be expected
under the low acid conditions employed in the final uranium cycle.

The fission product activity in the uranium product (sampled November 17) was 43
per cent ruthenium, 49 per cent zirconium, and 8 per cent niobium.

Analyses of streams around the partition columns confirm the conclusion reached
when similar analyses were performed in August. By comparison with past experience
a major portion of the difficulty in securing adequate decontamination of uranium
arises from the fact that zirconium is tending to follow uranium to a much greater
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extent than formerly. AdJjustmeuts which have been made to force neptunium to
follow uranium in the partition columns are in part responsible for this. However,
the presence of organic-favoring solids is also suspected.

Processing of Irradiated Neptunium

Preliminary studies of radiolysis effects in plutonium-238 bearing systems
indicate no severe problems in processing irradiated neptunium by TBP solvent
extraction methods in the Hot Semiworks.

Dealkylation of TBP results in formation of "non-strippable" plutonium at a rate
of 0.8 to 1.0 per cent per hour. This corresponds to formation of DBP at a rate
of about 0.018 grams hour-l liter-l in 30 per cent TBP containing 1 g/1 plutonium-238.

In a system containing 1 g/l plutonium-238, 2 M HN03, 0.1 M ferrous sulfamate, and
30 per cent TBP in Shell E 2342, ferrous ion was oxlidized at a rate of about

2.7 x 10-3 moles hour-l liter-l. In the same system sulfamic acid was hydrolyzed
at a rate of about 1.7 x 10-3 moles hour-1 liter-l. The plutonium distribution
coefficient (organic/aqueous) increased from 0.06 tc 0.125 in a period of 6 hours
but had attained a value of 22 at the end of 12.5 hours.

"G values" (molecules per 100 ev absorbed) computed from these data are as follows:
For Conversion of TBP to DBP - 0.3 to 0.35
‘For Conversion of Fe(II) to Fe(III) - 12.0
For Hydrolysis of Sulfamic Acid - 1.5

One precaution pinpointed by these studies is the desirability of using a fairly
high acid reducing strip to recover difficultly stripped_plutonium-238. Curreat
proposals for processing irradiated neptunium envision that the conventional low
acld stripping column will be b :ked up by a second strip column in which a re-
ducing strip will be used to recover "non-strippable" plutonium-238. In testing
such a supplementary stripping operation it was found that plutonium stripping is
more efficient at 0.85 and 3 M HNO; than at 0.1 M HNOz. Plutonium-238 distribu-
tion ratios out of 0.1 molar ferrous sulfamate into radiation-damaged 30 per cent
TBP were 0.3 to 0.9 at 0.1 M HNOg3 but only 0.025 at 0.85 M HNO,, and 0.03 at

3 M HN03« Thus it is probable that the back up strip column (fhe 1F column) would
have to emplcy 1 to 3 M HNO3 in order to function efficiently.

Analytical Services

Forty-four samples of filter paper through which air had been drgwn were submitted
by Atmospheric Physics for the analysis of Zn as ZnS down to 10 -g. Activatign
analysis was used for the measurements. The 1.12 Mev photopeak of 245-day Zn >
was used to determine quantities present.

Controlled potential coulometry was extended to the determination of uranium in
the 0.025 to 0.1 g/l concentration to provide greater precision (i 3 per cent)
than other conventional applicable methods. Segregation of cells for high and

| DECLASS 56y

L4



- DECLASSIFIED .. it

low level U solutions and use of a cell with a bottom drain and top mounted stirrer
having blades partially submerged in the mercury electrode gave the stability, re-
producibility and cleaning efficlency required for titration in the above U con-
centration range. Research personnel are starting investigations to circumvent

the lengthy (30 minutes) titration period.

WASTE TREATMENT

Semiworks Waste Calciner Prototype

Operation of the fluid-bed calciner was continued using simulated ICPP waste. Seven
runs were completed during the month. In general, equipment performance was sat-
isfactory.  Nozzle pluggage and particle agglomeration were negligible. The major
problems encountered were excessive attrition with resulting excessive fines carry-
over and a gradual reduction of bed volume during the course of a run. A modified
fluidizing gas distributor (four 0.0312-inch holes in each bubble cap compared to
four 0.0760-inch holes in each cap of the previous distributor) was installed and
improved fluidization with less slugging. However, for comparable fluidizing ges
flows, the attrition rates were somewhat increased. : '

Batch Waste Calcination

Four laboratory~-scale runs were completed calcining Purex high-level wastes in a
heated, unagitated, 3-inch-diameter pot at a feed rate sufficient to maintain some
concentrated solution in the pot. The pot was subsequently fired to a final in-
ternal temperature of 800 to 900 C. The simulated wastes used in the studies
ccntained iron, chromium, nickel aluminum, sodium, and varying amounts of acid,
sulfate, and nitrate. .

The behavior during calcination and the flnal appearance of the solids is apparently
dependent upon the relative acid, nitrate, and sulfate concentrations. At sulfate
to salt nitrate (total nitrate concentration minus acid concentration) ratios of
1.5, a melt formed at about 750 C; although some difficulty was encountered from
solids coating the pot wall and reducing the effective pot diameter. With ratios

of 0.5 and -1.5, no melts were formed at temperatures up to 940 C. At negative
values of the ratio, the solids remained mobile, however, a slurry temperature

above 150 C was required to prevent excessive foaming. Also, only SO, fumes were
evolved during firing, and the solids pulled away from the pot wall u%on cooling.

Pot corrosion was negligible in all of the studies. Thermal conductivity
measurements of the various solids are . .planned.

Waste Solidification

Because of current interest in possible neutralized interim storage of Purex
waste, which implies calcination of a neutralized slurry, additional measurements
have been made of the extent of leaching of cesium and: strontium from such a
calcine. Earlier experiments (EW-57686) had shown that the short-lived beta and
gamma activities (primarily ruthenium and rare earths) are leached to only a
very slight degree (few tenths per cent maximum); however, the anaiyvtical methods

—————noe
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used were not sufficiently sensitive to define the behavior of the long-lived, but
biologically significant, strontium and cesium. Measurements with cesium-only or
strontium-only spikes were therefore made. Only 0.5 per cent of the strontium
was leached from neutralized material calcined at 500 or 900 C. Cesium was much
more soluble, 85 per cent leaching at 500 and 36 per cent at 900 C. (Per cent
values have relative significance only.)

Observation Wells

Analyses of ground water samples from well 699-50-53, located 0.6 mile north of
200 East Area, showed beta-emitter concentrations of 1.8 x 10-4 uc/cc. This is
about 10 per cent of the concentration now detected in wells at the 216-BY crib-
site; the probable source of this contamination. The significant movement of
waste to the north is probably due to the ground water overflowing low spots in
the sub-surface basalt ridge north of 200 East Area. Movement of contaminants
from this site toward the river should be deterred by the ground water mounds
below B-Swamp and Gable Mountain Swamp.

Efforts to identify the source of contaminants in three wells located from 2 to

5 miles southeast of 200 East Area have not been successful. Probable sources

are wastes that migrated to this locale from the 216-BY scavenged waste cribs in
early 1956 or wastes discharged to the Purex 216-A-5, 8 and 24 cribs. Failure to
£ind positive RulO3 concentrations in well water samples rich in RulO® places the
minimum age of the waste in this particular instance at about 1-1/2 years. Several
wells scheduled to be drilled within the next year are expected to assist in
determining the source of this ground water contamination.

Disposal to -Ground

Soil column tests were completed on the D-2 waste going to the 216-S-7 crib. The
average limiting Sr breakthrough for three columns, as found by extrapolation on
logarithmic probability plots, was found to be 50 colvmn volumes. Limiting break-
through for Csl3T was found to be 123 column volumes. The waste to this cridb to
date has been about T column volumes and averages about 1 column volume per year'.
The long life expectancy of this crib can be attributed to the low salt content
of the waste, caustic neutralization, and the high exchange capacity of the soil
in this area. :

Data relating to concentrations of cyanide ion in ground water at the 216-BY
cribsite were communicated to Industrial Hygiene for possible toxicological eval-
uation. Only one well, E-209-E33-12, showed a free cyanide ion concentration
greater than the analytical detection limit of O.4 ppm. The CN~ concentration in
this instance was 2.2 ppm. Several nearby wells contained combined cyanide,
probably as the ferrocyanide ion; the maximum concentration being 6.0 ppm.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Fission Product Isolation and Packaging Prototype

The..¢quipment necessary to determine the effects of operating variables on the
entrainment and volatilization of cesium from the hydrolyzer was installed. The
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variables which are expected to affect the performance of the hydrolyzer are
(1) evaporation rate, (2) rotor wall temperature, (3) gas velocity, (4) reaction
zone temperature, (5) rotating speed and,(6) mode of feed injection.

One exploratory run at about 40 per cent of the design evaporation capacity was
made in the hydrolyzer. The solids yield, i.e., solids discharged from the pro-
duct end of the hydrolyzer, was greater than 90 per cent. The condensate showed
a trace of white solids while the noncondensible off-gas yielded about 0.05 per
cent cesium. A material balance will be completed when the cesium analyses of the
condensate are avallable. Although additional efforts will be made to further
reduce entralnmment, the solid yield obtained in the above run is considered ade-
quate since a large fraction of the entrained solids would be scrubbed from the
off-gas stream and returned to the hydrolyzer as recycle.

Strontium Recovery

Further studies have been made aimed at recovery of strontium from 1WW via sulfate
precipitation in the Purex head-end equipment. It was reported last month that
precipitation of 80 per cent of the strontium can be achieved in the rare earth
‘double-sulfate strike by increasing the sulfate concentration to three molar. It
has been subsequently found, however, that some of the iron is also precipitated
(as ferric sulfate) and that gross amounts form on prolonged digestion or on
standing. This iron precipitate is a hard crystalline material which would
overload the centrifuge, plug pipes, and render the process inoperable. Two

ways have been found to avoid this difficulty. One involves the use of tartrate
to complex the iron and hold it in solution, the other utilizes carrier to give
good strontium recovery at low (one molar) sulfate concentrations.

An integrated test was made to determine the effect of the tartrate addition on
cerium and promethium recovery. This was followed by a peroxy-acetate strike to
define the path of strontium in the latter operation. The 1WW (0.5 M Fe) was .
made 0.25 molar in tartaric acid, adjusted to three molar in total sulfate, neutra-
lized to pH 0.5, and digested at ca. 90 C. Ninety-seven per cent of the cerium
and promethium and at least 75 per cent of the strontium were precipitated. In
the subsequent peroxy-acetate step, all of the strontium followed the trivalent
rare earths. This split of strontium with the trivalent rare earths is further
corroborated by analytical results of the October plant test.

In other experiments, it was found that 0.02 molar lead, barium, cerium, neodymium,
lanthanum, or didymium carrier precipitated about 80 per cent of the strontium
from 1WW at one molar sulfate and pH O. These solutions are stable with respect
to iron precipltation and do not require tartrate addition. Calcium was ineffec-
tive as a carrier, and added strontium decreased the fraction precipitated. From
the results to date, it is apparent that strontium can be recovered from current
Purex 1WW by several schemes which do not involve precipitating the iron. The
choice between these is largely dependent on the product mix which is desired and
on complications which certain carriers may cause in subsequent processing.

DECLASSIFIED
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Scintillating Glasses

Studies of the gamms scintillation properties of special glasses have been made
elsewhere (Dr. H. P. Hood of Corning Glass Works and Dr. R. J. Ginther of the

U. S. Naval Research Laboratory). Samples of the most promising glasses have
been obtained from these two scientists for testing at Hanford in alpha counting
applications. Of particular interest are a cerium activated Vycor and a low-
silica, cerium activated magnesium, aluminum, lithium-silicate glass. The alpha
and beta responses of these glasses have been tested and the alpha pulse effi-
ciencies are 1.7 and 5.0 per cent, respectively, relative to ZnS(Ag). Both glasses
yielded about a 25 per cent alpha to beta response relative to ZaS(Ag). Despite
this inferiority to ZnS(Ag) the alpha response will be suitable for some applica-
tions. Since the glasses can be expected to have relatively good chemical resis-
tivity in solutions they will be tested for their applicability *to solution con-
tact alpha counting, especially for in-line analysis applications.

Automatic Controlled Potential Coulometer

The original controlled potential coulometer developed at Idaho Falls with
gimplifications suggested by ORNL personnel has been modified to reduce-insta-
vility in the low ranges. In addition, the complete sequence of operations for
plutonium or uranium titrations has been programmed to permit automatic operation.
The full-scale range of the instrument is adjustable (switching) from 5 x 10-2

to 1 x 10-6 moles, and the accuracy and precision obtained by the earlier Hauford
models (+ 0.05 per cent O—at high levels to t 0.3 per centO—at low levels) has
been retained. One instrument is in continuous use at present and two more are
being built.

EQUIPMENT AND MATERIALS

"Triple-Threat" Deepwell Turbine Pump

The Johnston deepwell turbine pump which had been previously modified (i.e., holes
drilled in the impeller housings) to permit its use as a combination pump-agitator
has been further modified to permit it to supply a smaell side stream for a sampler
or in-line monitor. A 1/4-inch sampling line was connected to a hole drilled in
the impellor housing. With the pump installation employed, a side stream flow of
2100 ml/min was delivered at a discharge pressure of 9 p.s.i.g.

Hollow Shaft Agitator

Testing has continued on the 10 hp, 300 rpm, hollow-shaft motor, agltator assembly
designed for use in either the Redox or Purex plants. Testing has been success-
fully completed on 3 shaft lengths of interest -~ 9 feet 2 inches, 10 feet 2 inches,
and 15 feet 5-1/2 inches. Agitation with the various shaft lengths and various
paddle immersion deptks has been smooth and steady, and no critical speed
difficulties have bheen encountered.
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Non-Metallic Materials Testing

A glove port ring from the Purex plant was tested by static immersion at room
temperature in the solutions normally used for transparent sheet glove box mater-
ials. The ring is reported by the vendor to be made from Tennite II, a cellulose
acetate butyrate polymer produced by the Tennessee Eastman Company. This plastic
failed after 28 days in 20 per cent nitric acid, after T days in 30 per cent.
nitric acid, and after 7 days in the vapor above L8 per cent HF. Failure occurred
after 24 hours in trichlorethylene. The material was noted to darken or yellow

in 10 per cent nitric acid, a saturated solution of oxalic acid, and potassium
permanganate. Swelling of 10 per cent in perchlorethylene and 20 per cent in both
carbon tetrachloride and Recuplex CAX was observed. Lucite, or Plexiglas, for
which this material is a substitute, is unaffected by 28 days in 30 per cent nitric
acid, swells 20 per cent in trichlorethylene, and 5 to 8 per cent in the vapor
above 48 per cent HF. Lucite is substantially unaffected by the other solutions
reported in the Tennite II test.

A transparent laminate of Lucite and Teslar which was prepared by the duPont Company
Development Laboratory was tested for use as a hood panel materisl. 1In only 3 solu-
tions were any effects noted. Recuplex CAX softened the Lucite, trichlorethylene
dissolved the Lucite but both solutions left the Teslar unchanged. Potassium per-
manganate stained both plastics and caused a slight delamination around the edges

of the sample. This effect extended in about 1/32-inch from the edge.

Effect of Air Sparging on Corrosivity of Redox H-4 Oxidizer Solution

Samples of 304-L stainless steel were exposed to synthetic Redox H-lI oxidizer solu-
tion (1.5 M UNH-Q.1 M HNO,-O.1 M NaECr207) at its atmospheric boiling point. One
sample was exposed in the bubble stream from an air sparger, one was exposed in

the bulk solution being air sparged, and two were exposed in unsparged solution.
No significant differences in corrosion rate have been observed throughout a total
exposure of about 670 hours. It appears that the corrosivity of this solution is
not affected by air sparging.

Corrosivity of Purex EH-4 Back Cycle Concentrator Solutions

Samples of 304-L stainless steel exposed to boiling synthetic EH-4 solutions

(5-10 M HRO3-0.4 M UNE-0.15 M HS0,-0.22 M Fep(S04)3-0.16 M Cr(VI) - 0.003 M
Ni-0.003 M gi) exhibited corrosion rates ranging from 12 to 18 mils/month. Cor-.
rosion rates of 304-L stainless steel in these solutions at 5 and 10 M HNO3 were
not significantly altered by decreases in the iron(III) sulfate.concentration
from 0.22 to 0.005 molar. It is believed that Cr(VI) is the principal contributor
to the high corroslon rates observed in these solutions. .

PROCESS CONTROL DEVELOPMENT

Purex HSP Photometer

Shortly after the light photometer was installed on the Purex HSP sample stream,
aqueous flush solutions of extremely high radiation inteasity were inadvertently
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passed through the HSP sampling system. Following this incident the photometer
functioned as if the sample cell was opaque to the source light, perhaps due to
some foreign material lodged in the sample cell. Therefore, the filter shifting
mechanism was removed from the sample cell and the cell and filter assembly visu-
ally examined. The viewing windows, while made of radiation resistant glass, had
every appearance of being discolored by the radiation. The windows were dark
amber in color, probably accounting for the apparent opaqueness of the optical
system. The light filters, which are approximately l-inch from the sample solution
were darkened slightly but otherwise unaffected. A replacement sample cell with
new filters is belng assembled and will be installed as soon as scheduling permits.

Purex 2BP Alpha Detector

A Teflon coated zinc sulfide phosphor used in the Purex 2BP stream performed
satisfactorily for 22 months. Failure after thls length of service was due to
ruptures in the 1/4 mil Teflon protective film. A new phosphor of similar design
was installed and is operating satisfactorily.

Ultra Sonic - Resin Level Detector

An uncanned zirconate crystal operating at a frequency of 2.25 megacycles has
performed satisfactorily in measuring resin level in a laboratory column. This
crystal is not subject to ringing at distances greater than 3-inches. The instru-
ment has been calibrated for 2 ranges, O to 2 feet and 0 to 10 feet.

U023 Plant Calciner Automation

The intermediate step in power level incorporated in the shutdown cycle of the
calciner programmer did not give a satisfactory rate of shell temperature decrease.
Thus, the programmer was again modified so that the .shutdown cycle is now approxi-
mately a mirror image in time of the startup cycle. The feed however, is cut off
on shutdown immediately after the power decreases to 50 per cent of full load,
whereas on startup the feed comes on at 15 per cent of full power level.

NON-PRODUCTLON FUELS REPROCESSING

Mechanical Head-End Studies

Hacksaw Testing. Hacksaw testing to demonstrate fuels hardware cutoff continued
with the operation of 2 types of saws: the "dual-feed" Marvel* saw and the simpler,
less costly Peerless** saw. Thin-wall tubes and rod bundles with springs were
sawed .in the tests, to simulate hardware removal operations for the City of Piqua
and Dresden fuels, respectively. Test highlights include the following:

*Armstrong-Blum Company, Chicago, Illinois
**Peerless Machine Company, Racine, Wisconsin
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1. Using either saw one rugged "weld-edge" (two pilece) blade may be expected to
remove the end hardware from fuel elements containing at least a ton of uranium.
This estimate assumes that rod bundles will be sawed through at massive end
plate sections rather than through unsupported rod sections. Blade cost is
approximately $3.

2. Since "weld-edge" blade life 1s equal for either saw, the Peerless saw (or
equal) can be used to reduce equipment costs in the cell. Furthermore, pre-
liminary results show that both median cutting speeds (100 strokes/min) and
feed pressures (100 to 200 pounds) are suitable for hardware cutoff. Hence,
control accessories for the NPF saw may be reduced to the bare minimum: on-off
pushbutton and blade tension devices.

3. "Weld-edge" blade imperfections in "as-received" blades (indicated by porosity,
cracks, and poor weld bonds revealed in radiographic and dye penetrant tests)
have negligible effect on blade life.

4. Blade life and cladding-wall integrity cannot be guaranteed when cutting
unsupported rods. Hence, cutting through end plates on both Yankee and Dresden
(or similar) fuels is recommended. Potting techniques or shims are required
for successful rod bundle cuts. - '

In future hacksaw tests, a third type of saw, the Racine hydraulic-feed hacksaw
will be compared with the two types previously tested: '

Yankee Fuel Element Disassembly. Knife and sabre-saw cutting of thin stainless
steel bands, such as those used to hold the subassemblies of the Yankee ' fuel to-
gether, was attempted in scouting studies of Yankee bundle disassembly methods.
Some knife jamming-occurred because of band movement during the cutting operation. -
A "weld-edge" sabre-saw was successful in band cutting, but excessive blade vi-
bration occurred with cuts made deep within a bundle (i.e., 6 to 7 inches). Damage
to cladding walls and exposure of rod core materials could be caused by the
vibration. Slitting saws and hacksaws will be used in future band-cutting tests.

Shear Basin Clarification Studies. Fires generation tests were made while shearing
unclaed sintered U0, pellets under water. Slurried fines generated in each test
amounted to less than 1 per cent of the material processed. All these fines were
less than 200 mesh. Similar testing is contemplated for clad pellets, some of which
will be thermally cycled prior to shearing to simulate reactor operating effects.

Hydroclone tests were started on a l-l/2-inch-diameter unit. Removal efficiencies
as high as 50 per cent have been achieved using a fine lead oxide powder slurry
as a stand-in for UC, slurries. A concentration factor (underflow concentration/
overflow concentration) of 25 has been achieved at an overflow to underflow volume
ratio of 80 and a 25 per cent removal efficiency.

Feed Preparation

Zirflex Process. Two batch Zirflex dissolutions were made this month in the
blanked off reservoir of the recirculating tube dissolver. In both runs, conden-
sate from the dissolver off-gases was routed to another vessel for metering, and
a constant dissolver solution volume was maintained by incremental water addition.
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In the first run, 1.75-inch ID by 8-foot long 55 mil Zircaloy tubing was dissolved
in 6 M NH4F - 0.55 M NHyNO3 using a F/Zr mole charge ratio of 7. An average boil-
up rate of 0.132 lb-mole/hr/sq £t was maintained throughout the dissolution to
remove ammonia. A i:ximum dissolution rate of 60 mils/hour and an integrated
dissolution rate of L ulls/hour was obtained.

In the second run, metal was dissolved from the annuli of simulated NFR elements,
using a 5.5 M NH4F - 0.5 M NHYNO, solution with an F/Zr mole charge ratio of 7.
The 3-foot-long.elements consistéd of l.l-inch OD, Zircaloy-2 clad, uranium rod
encircled by a l.62-inch ID, Zircaloy-2 tube coated on the outside with a PVA-PVC
plastic. Thusi=only the surfaces of the 0.26-inch cylindrical annuli were exposed
to the dissolvent. An average boil-up rate of 0.528 1b mole/hr/sq ft was used.

A maximum dissolution rate of 63 mils/hour and an integrated dissolution rate of
>15 mils/hour was obtained.

The heat of reaction for the Zirflex dissolution.of Zircaloy-2 was determined by
a heat balance for the second run described above to be about -140 K cal/mole.
This compares well with a theoretical estimate of -178 K Cal/mole.

Sulfex Process. One Sulfex run made under nonrecirculating conditions resulted

1o & penetration rate of 304-L stainless steel of 3 to 4 mils/hour with 2.5 M HpSOL.
Average hydrogen evolution as measured by the off-gas monitor was 0.03 scfm/sq £t
of stainless steel exposed to the dissolver solution.

In 4 M HoSC), » 347 stairless steel dissolved uniformly with an average penetration
rate of 12 mils/hour. Under similar conditions, comparable penetration rates have
been experienced previously with 304-L stainless steel. Hydrogen evolution during
the run varied from 0.05-0.07 scfm/sq ft of stainless steel.

Further studies of electrolytic cathodic depassivation of 304-L stainless steel
in dilute sulfuric acid were made with a carbon anode - passive 30L-L cathode
separation of l.5-inches. Consultation with CPD personnel indicates an electrode
spacing of l.5-inches is feasible in proposed plant-scale dissolving equipment.
At this electrode spacing ard in nitrate-free boiling L4 M HoS0),, passive 304-L
stainless steel may be depassivated by application of a potential of 1.5 volts
for about 30 secords. Depassivation may be accomplished in about 30 seconds,
even in the presence of as much as 0.05 M nitrate provided the cathodic potential
is increased to 4-5 volts. At 0.1 M nitrate, however, the steel repassivated
within a few minutes when the applied 4-5 volt potential was removed.

Attempts to depassivate 304-L stainless steel by making it the anode (anodic
depassivation) in an electrolytic cell met with failure. The steel dissolved
rapidly as long as potential was applied but was passive in boiling 4 M HoSO),
when the potential was removed.

Dissclution of U-Mo Alloys. Various cations and anions were tested for their
ability to complex molybdate ion formed during nitric acid dissolution of U-3

w/o Mo-0.2 w/o Al alloy. None of the cations tested -- Mn(II), Cr(III), Ni(II)
and Co(II) -- appeared to complex molybdate ion to any extent. Phosphate ion at
0.05 to 0.2 M was found, as expected, to be effective in complexing molybdate ion.
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At 0.2 M H3POL stable solutions of the composition 1.1 MU - 1.1 M HNO; can be
prepared from U-3 w/o Mo alloy. In comparison dissolution to the same terminal
uranium and acid concentrations with iron(III) as the molybdate ion complexant
requires that the iron concentration be about 0.75 molar. Arsenate ion was also
found to complex molybdate ion but not as effectively as phosphate ion. Yellow
solids presumed to be uranyl molybdate precipitated when U-Mo alloy solutions
containing 0.05-0.2 M H3PO) or 0.1 M NapHAsOL were neutralized to acidities
below cne .molar with either DIBAN or caustic.

Dissolution of U-3 w/o Mo-0.2 w/o Al alloy in solutions initially 12-15.5 M HNO
to yield dissolver solutions containing 1.0-1.5 M U and 4-8 M HNO3 resulted in
precipitation of about 80-90 per cent of the molybdenum. Under these conditions
molybdenum is precipitated as a white solid tentatively identified as hydrated
MoO3. Such white solids were not obtained when the dissolvent was initially

=11 M HNO3. The white solids, after washing with water and 1 M HNO3 and drying,
contained about 57 w/o Mo and only 0.07 w/o U. These results are in agreement
with results obtained at ORNL in dissolution of U-10 w/o Mo alloy.

Further studies on the re-dissolution of solids formed through use of off-standard
procedures in iron(III) nitrate-nitric acid dissolution of U-Mo alloys were made.
In all cases it was necessary to increase the dissolver solution acidity to
3.5-4.5 M HNO3 to obtain complete re-dissolution of solids in 10 to 60 minutes.
These results are in agreement with findings reported last month.

Flooded Tray Dissolver. Fourteen runs made in the period from July through
October, 1959, were analyzed for dissolution rate data. All were recirculation
runs in which uranium slugs were dissolved in nitric acid-uranyl nitrate. Over

the range 2.5 to 13 M total nitrate, the data are correlated by thg $xpression:
Penetration rate (mils per hour) = (0.03 * 0.01) (total nitrate M)<° The pene-
tration rates experienced in the recirculating dissolver generally were essentially
identical with trLose that would be predicted for a single tank batch system.

Glass Column Hydraulic Studies. Hydraulic runs have been completed using UOp
pellets and 3 to © mesh crushed UOp. Current runs are being made on 8 to 100
mesh crushed UO2. It has been significant that during the current series of
runs on finely divided UOp, no foaming problems have developed. On a previous
series of runs with finely divided UOp, serious foaming was experienced which
was attributed to oil suspension in the sparge air. Current experience lends
weight to this conclusion.

Materials of Construction

The corrosivity of spent Sulfex decladding solution to 304-L stainless steel was
investigated. It was established that simple boiling of Sulfex decladding solu-
tion is not sufficient to assure a solution which may be contained in 304-L
equipment. In other experiments, freshly prepared solutions of the composition
4 M HpSOL4-25 g/l stainless steel were air sparged at 75 and 108 C (boiling) for
20, 40, and 90 minutes. Corrosion rates of 304-L in the resulting solutions were
less than or equal to one mil/mo at 70 C. However, corrosion rates in these
solutions increased to about one mil/hr when 304-L specimens were activated by
contact with mild steel.
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Corrosion rates of 304-L stainless steel at 70 C in simulated Sulfex process
solutions of the composition 4 M HoSOy - 5-15 g/l stalnless steel - 0.5-5 8/1
Fe(ITI) added as Fep(SO)4)3 were less than or equal to 1 mil/mo. At boiling
temperature, similar solu%ions containing 0.5 g/l Fe(III) corroded 304-L at rates
of about 1 mil/hr, attack was slight at higher Fe(III) concentrations. Corrosion
rates at the boiling point and at 70 C were greatly increased when specimens were
activated by contact with mild steel.

Simulated spent Sulfex decladding solutions containing 0.5-5 g/l Fe(III) added
as Fe(NO3)3 were only mildly corrosive to 30k-L stainless steel at both 70 C and
the boiling point. In these solutions 30L-L specimens were not activated by
contact with mild steel. Similar results were obtained with decladding solutions
containing 0.1-0.5 M HNO3.

One or more Zirflex-type dissolutions in the 321 Building titanium dissolver are
being considered. Corrosion rates of titanium in Zirflex solutions were markedly
reduced inthe presence of 0.1 M Cr(VI) and 0.1 M citrate ilon (as suggested by ORNL
personnel). However, corrosion rates were still high in the inhibited solutions,
and some preferential attack occurred at the solution- vapor interface. Weldments
have not been evaluated.

One pound samples of the 12 heats of nickel base alloys made at Battelle Memorial
Institute under contract DDR-82 have been received. Corrosion testing of these
alloys as both base and weld metal has been initiated.

Criticality Studies - Materials Preparation

The feed material for the seventh PCTR experiment to measure Kpop (H/U atomic
ratio of 44) using 3 per cent U-235 enriched uranium trioxide was prepared and
delivered. The shipment consisted of approximately 200 pounds of polyethylene-
moderated uranium trioxide.

The feed materials for 3 exponential experiments were also prepared and delivered.
These 3 shipments also consisted of polyethylene-moderated 3 per cent U-235 enrich-
ed uranium trioxide of approximately 125 pounds each at H/U atomic ratios of 4,

6, and 12, respectively.

REACTOR DEVELCPMENT - 4000 PROGRAM

Preparation of UOo by Electrolytic Reduction

The surface area of typical uranium dioxide prepared by electrolytic reduction

of uranyl chloride in molten NaCl-KCl was reported to be less than 0.0l m2/g, as
determined by the B.E.T. method. This finding, together with particle density
measurements, indicates that UOp prepared by the electrolytic method is virtually
non-porous .

Salt Cycle Process

An alternate method conceived for processing of mixed uranium-plutonium oxides
employs anhydrous hydroger chloride to effect simultaneous dissolution of uranium
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and plutonium. Under these conditions the uranium dissolves in molten NaCl-KCl
as U(IV), the plutonium presumably as Pu(III). Separation of uranium and plu-
tonium would be effected by sparging with air, precipitating plutonium as PuO2
and converting U(IV) to soluble UOs**. Uranium dioxide would then be recovered
from the uranyl-bearing melt by electrolytic reduction. :

A preliminary experiment indicated this approach is probably feasible. A sample
of mixed oxide (prepared by calcination of an ammonium diuranate-plutonium
hydroxide precipitate) was partially dissolved after 2 hours with HCl sparged
into KC1l-NaCl at 750 C. Analysis of the salt phase at this point indicated
uranium dissolution was 90 per cent complete but only about 1/3 of the plutonium
had dissolved. Sparging the salt solution with air for 30 minutes caused a pre-
cipitate to form and produced a supernatant with the characteristic reddish
appearance of uranyl chloride. Analysis of the supernatant indicated no change .
in uranium content but showed that 84 per cent of the plutonium had precipitated.

Obviously, considerable development work remains on this approach but these results
are considered to be quite encouraging as regards the possibility of processing
irradiated uranium dioxide fuels by this technique.

In exploratory studies of potential pyrochemical decladding schemes for Zircaloy-
clad UOp it was found that Zircaloy-2 dissolves in molten zinc chloride at 40O to
500 C or in molten ZnClo-KCl-NaCl at 450 C with the formation of zinc metal and

a white solid phase. 1In the case of pure ZnClp solvent the formation of a zircon-
ium chloride-zinc chloride compound is suggested by the fact that dissolution of
zirconium increased the melting point of the salt to greater than 450 C.

When a similar treatment was applied. “o0.a sample of Zircaldysclad uranium.
dioxide both the zirconium and the uranium dissolved, again with formation of a
white so0olid phase. It is suspected that uranium diloxide reacted with dissolved
zirconium according to the reaction

ZrCly + U0p ——> Zr0p + UCLy.

In any event the possibility of zirconium cladding being present as a major im-
purity in the uranium and plutonium bearing salt phase in the Salt Cycle Process
renders the decladding approach presently unattractive. Further work on declad-
ding will emphasize that massive uranium dioxide can be converted to powdered
U308 which hopefully can be separated from the cladding by mechanical means.

Aluminum Chloride-Alkali Chloride System

Distribution Studies.. A continuation of the study of the distribution of uranium
between aluminum and an aluminum-potassium chloride melt showed an increased ex-
traction into the metal phase when potassium chloride is replaced by cesium
chloride. Values for Dff/ ® of about 150 and 5 were found at aluminum to cesium
mole ratios of about 1 and 0.55, respectively.

The solubility of uranium appears to be very low in the cesium chloride system
as compared to the lighter alkali metal halide systems. Further, a second liquid
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phase is formed as the uranium chloride solubility is exceeded. In preliminary
experiments, the solubility of uranium trichloride in aluminum chloride-cesium
chloride melts at 725 C is less than five grams of uranium per kilogram of salt
where the aluminum to cesium mole ratio varies from 0.6 to 1.0.

L HW-62899

Spectrophotometric Studies

Studies of the effect of composition on the visible and ultraviolet absorption
spectra of molten UClu-AlCl3-KCl have shown that with excess potassium chloride
present, the spectrum is that of the hexa coordinated uranium ion, but as aluminum
chloride is added, solubility drops eml absorption at different wave lengths
changes in relative intensity. With increasing temperature a general shift to
longer wave lengths 1s observed for the absorption peaks, the magnitude being
somewhat greater than expected.

In LiC1l-KCl eutectic the uranium(IV) spectrum is entiraly different than in the
A1C1l,-KCl system, perhaps due to the strong competition for chloride ions exercised
by the lithium ion.

It is concluded from these observations that in the A1C1l,-KCl system little
complex formation occurs if aluminum chloride is in exceBs.

Continuous Ion Exchange Contactor Development - Jiggler Contactor

A qualitative demonstration run indicates a probability that a non-pulsed, non-
fixed packed bed elution column may be paired with the Jigged bed adsorber for
continuous recycling of ion exchange resin. A simulated feed of T M HNO3 was
pumped through the adsorption section at 160 gal/hr/sq ft. Resin, with some feed,
was moved from the bottom of the latter to the packed bed by pulsation. Resin
from the elution section was returned by gravity flow to the top of the adsorption
colvmn.

Attempts to use a thorium-spiked simulated Recuplex feed and a 0.5 M HNO3 eluant
were erratic owing to difficulty in controlling the rate at which the resin was
recycled. This may be explained on the basis of a changing ratio of resin to feed
(slip liquid) which could be overcome if a means for maintaining a constant - quant-
ity of resin In the adsorption column can be found.

Analytical Services

Dissolution tests showed that the 9 M HCl + Ni(NO )2 method developed for dissolv-
ing Al-Pu alloys was satisfactory for Al-Si-Pu alloys up to at least 12 per cent
Si. The Pu occluded with the insoluble Si represented only £ 0.25 per cent of
the total Pu--insignificant with respect to accuracy requiremernts.

X-ray spectrometry was used to identify cadmium as a major constituent on the
surface of a "pip" pin, a holder for PRTR fuel rods.

Lt e g
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WASTE FIXATION

Radiant Heat Spray Calciner

The calcination of a neutralized waste simulating that in the Purex tank farm has
been reported earlier. This waste contained a high concentration of sodium ni-
trate and required addition of sugar for successful calcination in the radiant
heat spray calciner. A run was made this month to determine whether a neutralized
formaldehyde-killed 1WW, such as would be produced if neutralized interim storage
were adopted, could be calcined without the use of sugar. The only difficulty
encountered was in atomizing the feed, which had been concentrated to 20 gal/ton
and was a very thick slurry. This feed tended to plug an "interior mix"™ type
nozzle but could be atomized with an aspirating-type nozzle. However, it still
formed a deposit around the nozzle. These difficulties might well be alleviated.
by dilution. The product appears to be very low in nitrate and is probably a
mixture of metal sulfates. It was relatively free from dust, had a particle

size of seven microns (which compares favorably with powder produced from acid-
side wastes), and had a density of 0.75 g/cc. On subsequent heating to 910 C,
the powder contracted to a "clinker" but did not appear to become fluid.

Mineral Reactions

Satisfactory samples of Purex bolling tank condensate are now being obtained

with a new pump installed on the 417 catch tank. The condensate has a cloudy
appearance which is due to the presence of organic from the NapCO; organic wash.
This organic passed through clinoptilolite columns at pH 5, 7, and 9, but deposited

on the mineral at pH 3, partially plugging the column. Normal pH of the condensate
is about 9.

Operation of the clinoptilolite column receiving tap water traced with csl37 vas .
resumed at higher flow rate. Column throughput was increased to 45,600 column
volumes. A decontamination factor of 85 was attained at a flow rate of 6.3
gal/ft2/min.

A literature survey was carried out on radiation effects on minerals and various
materials. Much information is available on radiation damage to metals and ionic
crystals, but little work has been reported on minerals and other materials of
interest in waste fixation.

Fixation of Radioactive Wastes

The essential rejuvenation of and alterations of the CR In-Farm Scavenging
Facility were completed. The installation of some of the experimental equipment
was started. By the end of December, it is expected that a glass column and a
scaled-up steel column will be set up and initial studies will be in progress.

L___ |

DECLASSIFIER



s so oo e DEGLASSIRED

Geology and Hydrology
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Scientific papers titled, "Desirable New Geologic Research in Support of Radioactive
Waste Disposal as Indicated by Hanford Experience," by R. E. Brown and "Movement

of Radioactive Effluents in Natural Waters at Hanford," by J. F. Honstead, R. F.
Foster, and W. H. Bierschenk were presented at the International Atomic Energy
Agency Conference on Disposal of Radioactive Wastes, Monaco, November 16 - 21.

Field data obtained by geologic mepping in the Umtanum Ridge area were compared
to those obtained from drilled wells near that ridge. Sediments directly over-
lying basalt in well 699-63-90 are probably correlative with the Ellensburg forma-
tion west of the Hanford region rather than with the Ringold formation. In this
location sands and gravels of the Ringold formation are similar in appearance to
presumed Ellensburg gravels. Additionally, a thin, now discontinuous basalt flow
evidently once lay above the sediments in question in the well but was eroded
during formation of the water gap between Gable Butte and Umtanum Ridge. The

top of the topmost basalt flow is thus not necessarily the top of the Columbia
River basalt series which includes these Ellensburg interbeds.

The Ellensburg sediments consist generally of finer and more poorly sorted
materials than the recent glaciofluviatile gravels. Their effect on ground water
movement and radioisotope behavior will differ from that of both the Ringold and
glaciofluviatile sediments.

Two new equations for the rate of unsaturated moisture flow through soils were
derived and tested with four soils. The equations are less empirical than those
used in the past. Assumptions used for deriving one equation include that of
movement in cuntinuous, uniform capillary rores. - For the other equation the assump-
tion was made *hat water is moving over the surface of soill particles or that the
pores are much wider in one direction. Results of experiments with four soils
indicated that the actual conditions are somewhere between those assumed in the

two equations. These studies will aid in understanding the mechanism of unsat-
urated flow and how best to define it mathematically.

Soil Chemistry and Geochemistry

Research on the calcite-fluorite reaction was continued with studies of the
removal of U+6, Ce+3, and Sr+2 from solution. Uranyl ion removal was found to
vary inversely with temperature, contrary to_the behavio: of ce*3 and Srt2, It
is postulated that UOEQ substitutes for Ca.Ff‘_2 in the resulting fluorite lattice.
The oxygen is furnished by that dissolved in the influent solution. Dissolved
oxygen varies inversely with solution temperature.

Ce+3, on the other hand, can be included in ‘the fluorite lattice by an omission,
2(CeF3) for 3(CaFz). Srt2 can, of course, be included in a Ca*2 position with

no lattice adjustments. Radioisotope removal data for the calcite-fluorite and
calcite-phosphate reactions can be compared by the us< of these methods.

—————
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The results of laboratory equilibrium experiments in which 4.2 x 10'6 M Ce+3 was
equilibrated with various sodium salt solutions indicated that both citrate and
acetate anions complex with cerium and inhibit its removal from solution by a
calcareous subsoil. The order of inhibition or complexing strength is 2 N
citrate >2 N acetate. The presence of oxalate ion, on the other hand, increased
the removal of cerium from solution, probably by a scavenging action of precipi-
tated calcium oxalate. Removal of cerium from solution was also increased by
phosphate ions, apparently due to cerium phosphate precipitation.

Ground Waste Investigations

A technical paper titled, "A Review of Radiocactive Waste Disposal to the Ground
at Hanford," by D. W. Pearce, C. E. Linderoth, J. L. Nelson, and L. L. Ames, Jr.
was presented at the International Atomic Energy Agency Conference on Disposal
of Radioactive Wastes, Monaco, November 16 - 21.

The small experimental crib near Gable Mountain has now received 2900 gallons of
calcium nitrate solution traced with Sr°5. All but one of the wells show nitrate
breakthrough. Two of the wells show & small, erratic. amount of S 5, but no
significant breakthrough of Sr has been obtained. ’

Fifteen more wells have been driven for the purpose of obtaining a better definition
of the shape of the liquid plume between the crib and ground water. The new neutron
soil moisture probe was used in the study.

Laboratory soil column experiments indicated that the effect of column length on
the slope of Sr breakthrough curves was greater where Mg was the complementary
ion than where faster Sr breakthrough was obtained in the presence of Ca ions.

A further series of column studies with Na as the accompanying ion was completed.
Sr breakthrough was even slower in this case than with Mg. However, the degree
of influence of column length on slope of Sr breakthrough curves was about the
same as with the Mg-Sr system. These - -findings aid in understanding soil column
relationships and in their mathematical description.

Field Apparatus Development

Measurement of moisture in soil using replaceable screen-wall thimbles showed
that equilibrium was achieved in the thimble at virtually the same rate as in the
soill. The presence of a second supporting screen, however, materially slows the
approach to equilibrium. The. application of the single-wall thimble is limited
to moisture contents which allow the soil to be self-supporting when the thimble
is removed.

Possible schemes which will permit more accurate neptunium monitoring were studied.
Chelation with TTA and extraction on an anion exchange resin appear to be the
simplest methods for possible application to an in-line system.

Ground water aquifer pumping tests were completed at the Gable Mountain test

site. In 2 tests; each lasting 24 hours, the drawdown and recovery of water in

all 13 wells in the pattern were measured. Subsequent 8-hour tests gave addi-

ticnal data on other wells in the pattern. Preliminary data evaluation indicated

an aquifer transmissibility of about 4 x 105%f554§§y/ft and a storage coefficient
l

of about 0.06. “E“m %
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Micromeritics :

Several runs were completed, making a total of ten in the current series to
measure: particle deposition constants. Deposition on the walls of a l-inch
aluminum pipe, sectioned to permit direct examination of retained particles

was measured. The deposition constant (deposition velocity) was found to be
highly dependent on Reynolds number. At low Reynolds numbers (less than 6000)
the deposition constant was markedly affected by surface roughness. Methods
for characterizing surface roughness were examined. A stylus-~type profilometer
proved to be unsatisfactory due to scratches produced by the stylus in the
aluminum.

Radioactivity in Foods

As a.result of the findipg by the Radiological :Physics Operation shielded personnel
counter than Zn 5 was more commonly found in persounel than could be accounted

for from local drinking water derived from the Columbia River, a survey of canned
sea foods from local stores was undertaken. Of the 16 samples counted to date,
nine contained smounts of Zn®5 from 0.16 to 35 d/m/g. Only two contained greater
than 0.7 d/m/g, and these were both oysters canned in the Pacific Northwest. This
confirms previous data of Radiologicel Physics Operation which had counted oysters
as the suspected source of Zn65.

Puahl Bioassay ?roeedure

The~li%uid scintillation biocassuy procedure for Pu24l on samples already counted
for Pu239 was tested and four. ro be capable of measuring as little as 5 d/m/sample
with an overnight count.

sr90 Analytical Procedure

An. improved procedure for separating strontium from calcium was developed which
is shorter and simpler and eliminates the fuming nitric acid usually used. In
this procedure strontium and calcium are precipitated with ammonium carbonate
which gives a more tractable precipitate than that produced using sodium carbon-
ate. The precipitate is washed with water, then with acetone, and dried. Con-
centrated nitric acid is then added which metathesizes the calcium and strontium
carbonates and precipitates the strontium as the nitrate. After washing with
acetone and solution in water the strontium is reprecipitated as the carbonate.:
The radiochemical yield is greater than 82 per cent even in the presence of 100
times as much calcium as strontium.

ZnS Analytical Procedure

A program in support of the Meteorology Operation has resulted in an analytical
procedure for ZnS particles on membrane filters containing other previously
airborne particulate material. The membrane filter is dissolved in 3:1 ethyl

kS
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acetate-ethanol, exposed to a fluorescent light source for two minutes and the
resulting emitted light from the ZnS countedl 30 seconds later for 30 seconds by
photomultiplier tube as in liquid scintillation counting. Although no effort has
been made to optimize the sensitivity, samples containing as little as 3 x 107 g
ZnS can be counted by this procedure which is adequate for the present problem.
By counting & second time after adding a known amount of ZaS, correction can be

made for any effect of dirt material present.

Manager,
Chemical. Resiearch & Developrment
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A.

BIOLOGY OPERATION
ORGANIZATION AND PERSONNEL
No significant changes occurred during October.

TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM
' - BIOLOGICAL MONITORING

Radioiodine Contamination

Concentfétioné of T31 i thyroid glands of jack rabbits were slightly lower
than those observed one year ago. Values follow: .

ac/g Wet Wt irend
TLocation Average Maximm Factor
L Miles S.W. Redox 2 x 107 L x 1073 -
Prosser Barricade 1lx 10"'3 2x 10"% -
Wahluke Slope 1 x 1073 4 x 107 + 5

Columbia River Contcmination

Concentrations of yross beta emitters in whitefish from F-1 averaged about the
same as observed one year ago. Ihe annual upstream migration of whitefish
brought fish from the Hanford Reservation into ‘he Priest Rapids Area. The
average radioactive contamination in flesh was about 3 1/2 times those reported
one year ago. Concentrations of beta emitters in waterfowl were about the same
as those recorded last yeare.

ue/g Wet Wto

Sample Type Location Average Maximum
Whitefish Flesh Priest Rapids 7 10"13‘ L x 107
Viitefish Flesh F-1 1x 10” L x 1073
Whitefish Flesh Ringold 2 x 107U 2 x 107%
Shorebird Flesr Hanford Reservation g x 1073 6 x 10~
Coots Flesh Hanford Reservation 2 x 10-3 L x 107
Gull Flesh Hanford Reservation lx 10"3 3 x 10'3
Grebe .Flesh Hanford Reservation 1x 1o'i L x 1073
Merganser Flesh Hanford Reservation 7 x 10 1 x 10"
Heron Flesh Hanford Reservation 6 x 10"1‘ 9 x 10"1‘
River Duck Flesh Hanford Reservation 1 x 1074 7 x 107b

C. columnaris held in Columbia River water showed a decrease of only 11% in
L8 hours. A somewhat faster rate of death was noted during the succeeding

three days with only 10 to 15% viable after 123 hours exposure.

was noted between “he death rate in river water and in sanitary water.

No difference
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Fallout Contamination

Fission f:réducts occurred in rabbits from Hanford Reservation in the following
amounts:

pc/g Wet Material Trend
Sample Type Average Factor
Feces 2 x ZI.O'5 -
Bone lx 10:2 -6
Muscle 9x 10 6 -
Liver 6 x 107 -

Swamp Contamination

Waterfowl collected at 221-U and Redox swamps contained slightly greater amounts of
beta emitters in bone samples than those observed one year ago. Concentrations of
fission products were as follow:

nc/g Wet Material

Sgngle TzEe Average
River Duck - -3
Bone . ' 1x 1o_h
Soft Parts 3x 10
Grebe -l
Bone 1 x10 ;
Soft Parts 3x 10
Coot L
Bone 3 x 107
Soft Parts 3 x 1074

Effect of Reactor EZffluent on Aquatic Organisms

Fall chinook salmon spawning observations were completed. A total of 28l nests
were observed in the section of the Columbia River from Richland to Midway. This
rumber is markedly lower than the count of 1485 for 1958 but appreciably more than

the brood year (1955) count of 64. High and turbid water seriously impaired the
enumeration of nests,

The routine monitoring test of effluent from the 100-KE reactor utilizing rainbow
trout was concluded after a run of 22 weeks. Mortality was slightly increased
even at an effluent concentration of 1 per cent although the sensitivity of the
test was somewhat impaired by unusually high (30%) mortality among the controls.

Owing to the indications of adverse effects at the comparatively low effluent

concentrations, a new monitoring test was started with chinook salmon which wiil
simulate present and predicted concentrations in the Columbia as these fluctuate
with seasonal changes in river flow and the migratory habits of the young salmon.

UNCLASSIFIED
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Radiochemical analysis is not yet available on small suckers exposed to reactor
effluent passed through a bed of alaminum turnings but gross beta counts suggest
that the technique is effective in reducing contamination in fish.

BIOLOGY AND MEDICINE - 6000 PROCRAM

| METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Pho sghorus

Exposure of cichlids (tropical fish) to P32 added to the water was continued through
the month. No adverse effects are yet evident even in the highest level where the
concentration in the fish amounts to about 3 x 10-2 n¢/g. The fish have not yet
reached maturity.

Strontium

Soils previously reported to have been surface contaminated with Sr90, treated with
phosplélste, and cropped, were thoroughly mixed and recropped after mixing. Uptake
of Sr99 from Cinebar soil was greater after mixing than before mixing the srf0

with all the soil, but in neither case was there a significant effect from phosphate
treatment. Uptake from Ephrata soil was reduced after mixing and there was better
than 50% reduction of Sro0 uptake when very large amounts of phosphate were added.
The ratio of S in stems vs. leaves was rreater in plants grown on Ephrata soil.

This suggests that Sr9 0 j¢ less readily translocated in plants grown on alkaline
as compared to acid soils.

Results from a number of experiments comparing the metabolism of Sr?0 and Ca’-‘s in
rats are sccummlating. While still incomplete, certain interesting indications can
be drawn from the data. It appears that the mature animal's fecal excretion of
intraperitoneally administered radioisotope is essentially.the same for stroptium
a.m;l calcium and is not influenced by the calcium level in the dlet. Urinary
exeretion of both elements, on the other hand, is influenced by the calcium level
in the diet. The increment in urinary excretion occasioned by increased dietary
calcium is about the same for both strontium and calcium; however, strontium
excretion is high (approximately 1/3 of the injected dose) on the lowest calcium
diets, while calcium excretion is negligible on very low calcium diets.

Piscerimination between strontium and calcium is effected primarily in the process
of absorption from the gastrointestinal tract. With increasing age (lowered
calcium demand) and increasing calcium level in diets, the discrimination effected
in the process.of excretion via the kidneys becomes of increasing importance.

No significant biochemical or cellular changes in the blood have been observed in
the adult miniature swine after seven months of feeding up to 25 nc/day of sr0,
Six-week-0ld offspring from these swine, however, show a trend toward lower
platelets, packed cell volume, hemoglobin and red-blood cell counts.

In addition, there is an indication that the pigs born to swine fed 25 nc/day weigh
less both at birth and weaning and that there were fewer pigs per litter.
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Todine

Four young adult ewes were given a single oral dose of 1,25 mc of 3 and they will
be sacrificed at 7, 15, 30 and 60 days after administration. With the sacrifice

of these animals, the study on acute effects of radioiodine on the thyroid in sheep
as a function of age will be completed,

Cesium

Plants grown in varying ratios of K/Cs showed little evidence of cesium toxicity,
cesium carrier appeared to enhance slightly the uptake of Csl37 into bean plants,

Cerium-Prassodymium

Preliminary to a few oral administration studies, the distribution of Cell‘h—Prlw-* :
in the tissues of a ram 16 days after a single intravenous administration of 2 mc
was determined. It appeared that the cerium was tightly bound in the tissueg, since
less than one per cent of the administered dose was eliminated in the urine during
the experimental period.

Bone, liver, bourethral glands and spleen showed the highest concentration

(5 to 10 x 10” per cent of aiministered dose per gram). Somewhat lower concentrations
were observed in the skin, kidney, adrenals, lymph nodes and pituitary (1to5 x 1

per cent of administered dose per gren). Although these data are very preliminary,

it was interesting to note the great variation in tissue concentration. The pituitary,
for example, showed a concentration more than twenty times greater than the plasma

and brain. During the 16-day period of the experiment, the white blood cell count

of the ram dropped to one~half of the pre-exposure value.

Plutonium

In order to determine f there is any benefit or harm in the current practice

of using tourniquets -l snake-bite suction cups for contaminated wounds, a
preliminary study was ivi'iated in two pigs. Subcutaneous injections nof pu239
nitrate were made in the front limbs and the sites trezc.ed differently as to

use of tourniquets and/or suction. Although difficulty was experienced in getting
comparable concentrations at each injection site, some data as to transfer from the
siie may be gained.

Radioa'ctiv'e Particles

Current data on the accumulation of plutonium in the tracheobronchial lymph nodes
in dogs after inhalation of plutonium oxide is given in Table 1.
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Table 1
Time after exposure Ratio of the concentration of plutonium

in trachecbronchial lymph nodes to that
in Jung

Immediately 0.001, 0.0001, 0.0003

One day 0.2, 0.0002

One week 0.16, 0.008

Two weeks 0.004, 0.1k, 0.15

Ten weeks 3

Sixteen weeks 5, 3, 0.3, 11

Forty weeks 9, 88

Two and one-half years - 21

.(after I.T. administration)

The observed increase in the ratio of the plutonium concentration in lymph node to
that in lung may result from several processes which include translocation of
plutonium from lung to lymph node and more rapid clearance of plutonium from lung
than from lymph node. The relative importance of these are under study to aid in
the evaluation of the hazards from inhaled plutonium oxide,

Twenty—eighﬁ beagle dogs have been exposed to plutonium oxide for translocation
and toxicity studies of up to three years duration. A total of 76 dogs will be
exposed within the next three months.

Apparatus has been designed and assembled to study the effect of respiratory
variables on depesition of plutonium oxide. Tests to find methods of hastening

the clearance of Pu239 from lung will be continued after exposure equipment has
bgen fa.bricated. -

Skin Studies

A rapidly-growing mass wgg observed subcutaneously on a rabbit at a site exposed
to 16,000 rads (from a F°¢ playue) four years ago. A tumor is suspected and the
mass has been biopsied. Ii this proves to be a tumor, it will be the first one
(to our knowledge) described in a rabbit following irradiation of the skin.
(Cantion must be exercised in drawing any conclusions from one case.)

Gastrointestinal Radiation Injury

The radiomimetic drug, nitrogen mustard (WN2), which is known to cause gastrointestinal
lesions similar to those seen following X-irradiation, was studied for its effect on
glucose absorption from the gut. Results after a sub-lethal dose of 1 mgm/kg

and after a lethal dose of 2 mgm/kg were similar to those seen following lethal

and sub-lethal X-ray doses, suggesting a similarity in the mechanisms for producing

the effect.

Contimued studies with I131 labelled polyvinylpyrrolidone (PVP) suggests the possible
usefulness of this material as a diagnostic aid in the estimation of intestinal
radiation injury. This synthetic serum albumin substitute is lost from the blood
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stream into the lumen of the intestine and is not hydrolyzed by enzymes there present.
It has been used as a diagnostic tool for studying human gastrointestinal lesions.

Our experiments with rats indicate that the normal loss of PVP into the intestinal
tract is doubled after a 750 r whole-body exposure and quadrupled after exposure of
the exteriorized intestine to 1,000 r. These results also suggest that the effect of
radiation on serum protein levels may be.explained by loss of these proteins into the
intestinal tract, and that loss of synthesizing ability in the liver is not
necessarily involved.

Tissue Transplantation for Radiation Therapy

An additional six Pitman-Moore miniature swine were exposed to 900 r of total-body
X irradiation (LD/lOO) Two animals served as controls; the other irradiated
animals were given either homologous adult marrow cells or fetal (110~day old)
fetal spleen and liver cells at 72 hours posteirradiation. Careful handling and
supportive treatment was extended all animals and included the furnishing of clean,
dry quarters, administration c¢f antibiotics and an increased feed ration. At 25 days
after irradiation one of the two animals given fetal tissue is the only survivor.
Although the animal is losing its hairy; it appears otherwise quite normal and its
blood picture is approachlng normal, This,; to our knowledge, is the first time

a lethally irradiated pig has survived beyond two weeks following tissue transplant
therapy.

Project Chariot

Approximately 100 samples of different k1nds of plantss blrds, and mammals from the
31te of the proposed harbor of Pro ect lot ve b yzed _for gamma emitiers

goele nts measured ipclude Cel ﬂ rlﬁﬁ , 0137, Rul®3, RulOO. I06,
Zn O_p,all0, ang x40, Signlficantly dlfferent levels of contamlnatlon which
are attrlbuued to ecological factors occurred in different species of organisms.
Birds with highest values were the small longspurs and sparrows which feed upon
insects and seeds and lowest values cccurred in the aquatic forms. Among the plants
highest values were in sedge, lichen and sphagnum moss; lowest values were in
emergent weeds from ponds,

BIOLOGY OPERATION

HA Kornhergees
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D.

E.

Lectures

Qe

Co

d.

Pgpers presented at Meetings

J. J. Davis, "The effects of environmental factors upon the accumulation of
radioisotopes.by ecological systems,” November 13, 1959, Second Anmal Texas
Conference on the Utilization of Atomic Energy, Texas A & M, College Station,
Texas.

bff-Site Seminars

W. J. Clarke, "Efficacy of tissue transplants in radiation therapy,"
exchange seminar, Washington State University, Pullman, Washington, 11/2L/59.

R. F. Foster, "iscussion on Columnaris," Columbia River Advisory Group,
Portland, Oregon, November 20, 1959.

# See below.

Seminars (Biology)

Dr. O, Biddulph, bepartment of Botany, Washington State University, Pullman,
Wash., "Translocation in Plants," November 3, 1959.

E. J. Coleman, "Quantitative Antéradiography,“ November L, 1959,
G. S. Vogt, "Methods of Tissue Staining for Electron Microscopy," November L, 1959
G. R. Yesberéer, "Incineration of Radioactive Wastes," November 18, 1959.

Dr. Sidney Marks,-"A Summary of Data Relative to the Induction of Thyroid
Tumors by Radiation," November 18, 1959.

Seminars (Local)

D. E. Warnér, 10/9, 16, 23 and 30 to Hanford Laboratories Non-Exempt
Orientation Program. “Radio tdology at Hanford"

D. E. Warner, "Radiobioiogy at Hanford,” Central Stores personnel,11/17/59,

F. P. Hungate, "Genetic effects of radiation,® 11/6, 13 and 20, IPD Information
Meetings.

Publications

a.

b.

Ceo

HW Publications (external distribution)
None : :

HW Publications (internal distribution)
None .

Open Literature

Schiffman, R. H., "Method for repeated sampling of trout blood," The Progressive
Fish~Culturist 21 (4): 151-153, October 1959.

R. C. Pendleton, 11/18/55, "Ecological Aspects of the Accumulation of Csl37,"
Sigma Xi Society, Washington 3tate University, Pullman, Washington.
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY FEPORT

November, 1959

ORGANTZATION AND PERSONNEL

There were no changes in personnel during the month of November.

OPETATIONS RESEARCH ACTIVITIES

Input=-Output Simulation Model

A check of the multivariate analysis computing program was completed. Work was
continued on the development of GCL estimation program with specizl attention
to the applied phases.

Other

Further work was done in evaluating fair cost estimates in relationship to bids
received for HAPO projects. Several important characteristics have been formu-
lated and communicated to the Estimating Operation, CE&U. Work along this line
is continuing.

Further wcrk was done in analyzing Redox plant operating models and in communi-
cating the results of the studies to Redox plant personnel.

OPERATIONS ANALYSIS STUDIES

Z Plant Information Study

A tentative computer logic structure based on best estimates of future Z Plant
process requirements has been defined. This material is to be used to assist

in determining to what extent the G. E. 312 computer system can provide process,
operations, and accountability control. The object of this work is to evaluate
the requirements currently specified by the team in terms of 312 computer inter-
nal program instructions such that the determination as to the feasibility of

312 computer use can be made. The use of IBM-APR equipment has been officially
cancelled by CFD.

FPD Process Control and Experimentation

Further wcrk was done in relating dimensional distortion experienced by co-extruded
tubes during heat treating to the reductioa ratio employsd in the co-extrusion
process. Thezx lengths and.[& wall thicknesses were found to be quadratic func-
tions of the reduction ratio, and it was shown theoretically that the /\ diameters
should be gquartic functions. The measured.[X:iiameters are consistent with the
theoretically predicted values.

Growth indices, as measured by X-ray techniques, are indicative of the tendency
to grow dimensionally. These had been determined for several co-extruded tubes
as was mentioned in an earlier report. The results of this previous analysis

were difficult to interpret from a metallurgical viewpoint. It has since been
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noted that the physical technique used in determining the growth indices was
faulty. Measurements were again taken and the resulting data analyzed, giving
results consistent with what was expected.

An evaluation is being made of the effects on fuel element qual’*+y of increased
nickel content in the duplex and canning baths. The experiment was conducted,
on the process line, and it is impossible to separate the effects of nickel con-
centration from possible time effects. The unalysis of total bond count data
was completed. Additional data pertaining to other guality characteristics are
being gathered.

Data were analyzed from several experiments conducted in the pilot plant. One

was concerned with evaluating the effect of boiling-in caustic-nitrate on fuel
element porosity as measured by total count. The others were designed to evaluate
various steps in the cleaning process. The concentrations of altrex and diversey
were varied; substitute cleaning agents were employed; and agitation by ultrasonics
was evaluated.

Quality Certification Program

As indicated previously, a recommendation had been made that the feasibility of
using quarter point measurements to compute the warp of a post-irradiated fuel
element be investigated. This investigation has been concluded, and the quarter
point measurements are now being routinely used to compute warp as recommended.
Although the reduction in measurement error is not extreme, it requires little
extra effort to calculate warp in this way. It does not involve taking more
measurements, since the quarter point measurements are routinely taken for Z&dia-
meter calculations. '

Several other investigations are being made in order to improve the reliability

of the post-irradiation fuel element data. The accuracy and precision of the
weigher was evaluated. Recommendations for further evaluations were made hased

on the results of this analysis. Also, assistance was given in assessing the =
magnitude of errcrs associlated with weasel data. Data are being collected to
accomplish this. A device for measuring fuel element length is also being cali-
brated, and its precision will be evaluated.

Fuel Element Failures

Several analyses were made to determine if rupture experience is indicative of a

real change iu metal quality based on several months' experience. Allowances had
to be made for changes in reactor operating conditions using the accepted rupture
model.

Preliminary analyses indicate that measurement of post-irradiation porosity may
be a good indication of rupture potential. Although only a limited number of
post-irradiation porosity measurements have been taken, results found thus far
are encouraging. An accelerated investigation is being made of this.

Optimization of Reactor Operations

The investigation of "fixed" costs in the net return equation is continuing. The
first aspect being studied 1s concerned with manpower requirements under different
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operating conditions. This includes overtime costs and possible loss of
efficiency in performing downtime work when several reactors are down simul-
taneously.

Closely related to this program is a specific problem dealing with the assign-
ment of supplemental crew personnel for charge-discharge work when more than

one reactor is down. A simple method was developed of assigning these personnel
which minimizes the total charge-discharge time for the reactor complex.

The problem concerned with evaluating decision rules for changing reactor oper-
ating conditions on the basis of rupture performance was completed. In addition
to others, the two extreme rules were evaluated, where in one case the ruptur:
experience is essentially ignored, and in the other case, each small piece of
rupture information dictates operating conditions. The general method for eva-
luating other rules was also given.

Process Tube Leaks

Discussions were held relative to the status report on the statistical approach
to the tube leak problem. It was agreed that the potentially most fruitful ap-
proach will involve a more detailed breakdown of the location of leaks contri-
buting to subsequent external corrosion attack. Discussions were also held with
personnel supplying the probolog data in order to resolve some guestions that had
arisen in the previous analysis.

Final Product Specifications

Considerable work was done in computing the consumer's and producer's risks for
several combination. of values of the pertinent parameters. The results will be
included in the proposal for part by part acceptance currently being prepared.
An investigation is now being made of a sequential acceptance prccedure to reduce
the risks involved.

CPD Control

Over-all plant B-PID's for fiscal year 1959 were computed using the minimum vari-
ance estimate of B-PID. This was done in order to demons . rate the usefulness of
this estimating procedure in better assessing the true s’tuation, and can be use-
ful in better establishing operating goals and limits.

Radiation Protection Studies

Analysis of data from the experiment to investigate the effect of exposure angle
upon gamma film badge response is continuing. A report will be issued in the near
future. -

Experimental data to test the validity of the inverse square law as it applies
to radium gamma film badge calibrations were reanalyzed over several different
ranges of exposure.

Work continued on the statistical study for the Bioassay Operation to estimate
the precision and accuracy of bioassay plutonium deposition estimates from spike
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STATISTICAT AND MATHEMATICAL ACTIVITIES WITHIN HAPO

2000 Program - Zirconium Corrosion

Statistical analysis was initiated on data for an autoclave calibration study
being conducted by the Corrosion and Coatings Operation. The study will investi-
gate the corrosion of zirconium in the autoclave as a function of several variables
including pressure and temperature.

Analysis is being continued on data from a pilici study investigating effects of
sample position in.the autoclave on corrosion.

2000 Program - Chemical Procegs Development

Data from several Sulfex dissolver runs were processed by multiple regression
techniques on the IBM-709. Knowledze of the main controlling variables should
lead to planned experiments which are smenable to statistical analysis, and
possibly to the determinetion of a realistic causal model of the dissolution
process.

4000 Progrem - Swelling Studies

Work continued on the development of the functional representation of pore radii
distributions from micrographs of uranium samples.

4000 Program - Mathematical Analyses

Assistance was given in studying the properties of the solutions of a particular
second order linear differential equation with periodic coefficients whbich ex-
presses ihe transient behavior of a reactor during a period of variable reactivity.

A mathematical model is beirg constructed to aid Fission Product Chemistry Opera-
tion in the study of the her+t and mass transport characteristics of a fixed cata-
lyst bid during its regerncration phase.

600C Program - Biology and Medicine

Work continued on statistical analysis and construction of a mathematical model of
excretion in an experiment involving Pu inhalation by dogs.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Contract and Accounting Operation

A discussion was held with Data Processing personnel in connection with the utili-
zation of IBM equipment. A clearer definition was made of the problem, and steps
were taken to acquire data necessary to answer some of the questions posed.

Relations Operation

Psychological test score data obtained from plant personnel who participated in
the "Understanding People" course during the past three years were analyzed.

DECLASSIRED  wide
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PROGRAMMING OPERATION
NOVEMEER 1959

A. FISSIONABLE MATERTALS - 200C FROGRAM

Special Radicisotbpes

A draft of a report on "Ionium (Thorium-230) For Radioisotope Preparation"

was completed. This report presents a detailed review of study thus far on
this subject. Although the survey of the uranium ore processing industry is
not regarded as comprehensive, it has been sufficlent to show that a large
fraction of the industry has a potential for recovering thorium concentrates
ranging from 2 to 5.3 per cent ionium. These figures are interesting, in view
of the accepted values of eleven parts of thorium per million in the average
rocks of the earth's crust. This latter figure is about six to sixteen times
the amount allowable to provide the ionium contents reported above assuming
complete dissolution of thorium and ionium.

B. REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. The RBU cross section library was completed during
the month with the exceptlon of key punching and checking which will require
an additional two weeks. An error in the Monte Carlo code was detected, which
is now being corrected. Work was continued on the input code; in particular

a method was developed for carrying out a transformation of differential
anisotropic scattering cross sections from the laboratory to the center-
of-mass coordinate system, which permits optional use of library data given
in laboratory coordinates.

A Meleager library tape was prepared for survey of mixed thorium-uranium-
plutonium fuel cycles. A series of Meleager burnup cases were run in order
to complete the check out of the code in comparison with earlier work. The
Yankee reactor lattice analyzed last year was repeated, giving approximately
the same results for both uranium and reactor-grade plutcnium loadings. The
long-burning (Phoenix) characteristic was observed for particular values of
the parameters, as before, and was found to be strongly influenczed by the fuel
geometry and total scattering cross section, which determine the resonance
absorption characteristics of the fuel. Much more spectacular "Phoenix"
characteristics were as before obtained with plutonium feed kaving an arti-
ficially high ratio of Pu-240 to Pu-239.

Debugging is incomplete on the integrated IBM-TO9 program which employs 18

original IBM-650 codes for the initial evaluation of self-sustaining plutonium
recycle in enriched thermal reactors. The integrated program operates but does
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not produce correct answers for every variable. The vagarities are being
cleared up with successive debug "shots" but the number of successive shots
required to finish the code is most uncertain.

PRTR Plans and Schedules

Notice was received that 1.2 kg of high exposure plutonium originally assigned
tc Hanford by th~ Division of Military Application has been withdrawn.

A report supporting a request for about forty kilograms of higu Pu-240 plutonium
for PRP was completed. It was proposed in this report that this special type
of plutonium be produced by irradiation of production grade material in the
Savannah River reactors. Although the net amount of new funds needed to be
budgeted was greater for a case involving Hanford irradiation of depleted
uranium as an alternate production scheme for the high Pu-240 material, the
route via Savannah River is more attractive because of minimum loss of pro-
duction grade plutonium and top product materials; Savannah River irradiation
is also favored because of the satisfactory progress and experience being
gained with the trans-plutonium irradiation program and the minimum involve-
ment of efforts at other sites. The shortening of the PRTR operating time
by about two years to achieve certain program objectives is a major justifi-
cation for the increased expenditures required by this high Pu-240 procure-
ment program.

A detailed schedule of critical startup tests for the FRTR was drawn up in
cooperation with the members of the startup council's committee on critical
tests The description of the individual tests is now under way.

Twenty-seven PRTR design tests were reviewed, as part of the PRTR Startup
Council activities.

PRTR Hazards Evaluation

An outline was prepared of the calculational methods used in evaluating the
consequences of a reactor accident. This outline includes the data tables
which are available as well as the ejuaticns and general methods of calcula-
tion. The outline was utilized in estimating the consequences of a reactor
accident in the PRTR if the containment vessel were not present. At month
end, this series of calculations was in process.

PLUTONIUM VALUE STUDY

The Combustion Engineering Pressurized Water Reacztor design was studied to
form the Pasis for determining the types of plutonium fuel cycles to be
examined in detail. Preliminary work was also done on the development of an
improved, high-speed econcmics cecde,

C. BIOLOGY AND MEDICINE - 6000 PROGRAM

Radiological Consultation

Consultation was rendered concerning Washington State needs in the field of
radiation prctection, the need for limitation of rate a% which dose is
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received, the techniques used with detackable ionization chambers for measuring
the background gamma doses in the vicinity of the plant, and calculation of the
dosage rates from Kr-85 liberated during the dissolving of irradiated fuel.

Advice was also provided on waste disposal problems in the nuclear industry,
emergency dose, radiological hazards of plutonium, standards on survey and
release of contaminated vehicles, and on the degree of leak tightness needed
for reactor buildings and the effect of keeping the ventilation fans running.

A report was prepared covering the third quarter, 1959, activities at Hanford
related to the Radiological Sciences.

OTHER ACTIVITIES

Hanford requirements for test reactor space were compiled and transmitted to

the AEC st their request. The estimated space requirements (excluding those

in Hanford production reactors) result from seven existing or planned in-reactor
loops, plus approximately 500 capsule irradiations.

Dr. Joseph Kaplan, head of the International Geophysical Year Program for the
United States, has accepted an invitation to address the Hanford Science
Colloquium. His visit is tentatively scheduled for Maxrch 22, 1960.

Drafts were prepared of the program documents for the four plant improvement
programs for which HLO is responsible. These are: Bilology and Medicine
Program; Plutonium Recycle Program; Other 4C00-5000 Programs; and Laboratory
Facilities.

Assistance was rendered in arranging for four tours (involving 89 people)
through HLO and HAPQO facilities.

Assistance was rendered the AEC Division of Reactor Development in formulating
the plutonium recycle portion of their 10 year plan for civilian reactor

development.
e 2.

Manager, Programming

ILH McEwen:dl
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - . NOVEMBER 1959

A. ORGANIZATION AND PERSONNEL.'.

L. G. Faust, R. C. Henle, R. C. Lawrence, and J. E. Atterberry were added to
the rolls of the Radiation Protection Operation. T. E. Ludlow was deactivated
to enter military service on November 6, 1959. The force of the Radiation
Protection Operation now totals 133. :

B. ACTIVITIES

There were no new plutonium deposition cases confirmed during the month. The
total number of deposition cases that have occurred at HAPO is 237 and 170 are
currently employed.

A potentially contaminated skin break occurred to an operator at the Purex plant.
After superficial removal of about 40,000 d/m (0.02 uc/Pu) from his thumb, & pre-
cautionary check was made in the Whole Body Counter (WEC), About 5,000 d/m Pu

was still remaining, apparently just under the skin.. Skin scraping by an Industrial
Physician reduced this amount to 4,000 d/m. No further action was planned. A

total of 16 people was examined in the WBC during the month. One of these was a
nonemployee, 12 were routine examinations, and three were involved in radiation
incidents.

Positive findings of Zn65 in 95 per cent of the subjects examined in the Whole Body
Counter led to investigation og gsources of this radioisotope in humans. In addi-
tion to previously reported Zn ? in Columbia River water, scme Pacific Ocean sea
foods were examined as possible Bourceg of this radioisotope. Pacific oysters
showed the highest concentration of Zn > in the sea foods examined and averaged

4 x 10-5 pc/egm oysters. A steady dietary habit of ome pound of such oysters per
week would result in less than five per cent of the permissible body burden for

7n°5 "for persons in the meighborhood of controlled areas:

Data accumulated in the WBC during the past several monthsappears: to indicate that
emgloyees working in the 100 Areas have a statistically different body burden of
Zn®> than the balance of the people examined. to date. On the average the body
burden of Zn°> in 100 Area employees is 70 per cent greater than other employees.
The source of this difference in body burden can probably be attributed to the
small Znb5 content in the drinking water in the 100 Areas. Although it is possible
to measure6a difference between these two groups of employees, the maximum measure-
ment of Zn 2 in the body to date in the WBC represents only 0.1% of the maximum
permissible body burden (occupational).

On November 16, the WBC was taken out of operation for installation of l/8-inch
lead lining on the interior walls of the irom cell. This work which will result
in a desired reduction in the counting background will be completed early in
December. A work order was issued to modify the hydraulic comtrols on the door
to the iron cell for safety reasons. This work is expected to be completed in
January. The Plant-wide brochure for the Wholé Body Counter was canpleted for
distribution next month. .
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Analyses of Columbia River water obtaine% at Vancouver, Washington, for the past
several months indicated Cr5l, N 72n% and P32 , 1n that order, to be the most
abundant radioisotopes and account for over 90% of the total radioisotopic content
~of the river at that point. A series of large volume (ten gallon) samples was
obtained to substantiate previous estimates of downstream radioisctopic concentra-
tions in the river. These estimates -have been based on extrapolation of measure-
ments obtained at Pasco and tended to overestimate the actual downstream conditions
due to such things as uptake by living organisms and silting out. The daily
quantity (in curiesg of these radicactive mgterials passing a point near Vancouver
was estimated at Crol - 900, Np239 - 70, Znb5 - 20, and P3¢ - 20. These radio-
isotopes in the Columbia River water at Vancouver represent 0.2% - O. 5% of the
drinking water MEC"for persona in the neighborhood of controlled areas'

A program to exchange film badges and their calibration and their interpretation
was Initiated between HAPO and the Dow Chemical Campany Plant at Rocky Flats and
the University of California at Los_Alamos. The objective of this program is to
assess the uniformity of calibration and interpretation techniques between the
various AEC sites.

The autamatic film processor was placed into routine operation. The use of air
agitation in the stop bath and in the fixer solution resulted in a 60% savings

in the amount of nitrogen gas required. . The processing solutions were used for threc
weeks -with no apparent decrease in strength. . Microflex timers were added in the wast
water time cycle so that delays of 30 or 60 minutes in the wash water can be selected
An alarm was mounted in series with the main electrical power line to the autamatic
film processor so that it will actuate whenever the pouer to the machine is inter-
rupted.

Lucite frames and cover windows for five prototype eye dosimeters were ordered.
Delivery, which is promised for December, will .providé the materials for assembly
of prototype eye dosimeters for field tests.

The first ionization chamber finger ring was received fram Product Engineering
Company. Initial performance studies are in progress. The use of an "inducticn"
reading plan whereby direct contact with the electrodes of the ring is not
required has shown some promise in preliminary studies. The advancement of

"induction" reading to a wide variety of icnization chambers is being considered.
This system may also be used for charging ionization chambers and circumvents the
problems encountered in making positive reproducible contacts with ionization
chamber electrodes.

A tritium air sample chamber, interpreted through the application of pulse reader
principles, was tested during the month and indicated that one MEC (2 x 10-5 pe/cc)
of tritium gas could be detected in a few minutes. Two chambers of an improved
design are now being fabricated for final performance evaluation. These chambers
have been designed primarily for use in the PRTR progranm.

Data collection with the iodine adsorption édampler was contimued at the 327
Building location. Favorable performance of this system continued : e
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One employee 6f Radiological Development assisted Programming Operation in the
calculation of the expected radiological comsequences of an accident involving
the rupture of the PRTR containment vessel.

Construction of the Columbia River continuous monitoring facility neared comple-
tion. Copper clad steel ordered for fabrication of the main water tank has not
been delivered. Action was initiated to. expedite shipment of this material or
to utilize a suitable substitute.

The annuai report -of all plutonium deposition cases on record was prepared for
distribution to pertinent supervision.

At the request of RPO studies were initiated by Biology to determine the effective-
ness of tourniquets and/or suction cups for limiting the movement of plutonium in
the skin following skin punctures.

At the request of AEC-HOO an exposure summary was prepared on a former employee
of J. A. Jones Campany whose private attorney has : Alléeged radiation injury
resulting fran Hanford exposure. The total exposure of this employee as-measured
by personnel meters was less than 0.5 r.

The Manager, Calibrations, was designated as the radium custodian for HAPO (as
it was several years ago). Other departments were asked to report their radium
holdings so that central_control and accountability can be re-established.

Minor plotting room procedural changes were tested in a radiological emergency
exercise in the 703 Building.

Contributions were made to preparation of a report for presentation at the Governor’'s
Advisory Council on Atamic Energy.

C. EMPLOYEE RELATIONS

There was a total 6f one minor injury for a frequency of 0.52. One security
violation occurred during the month.

The Radiation Protection exhibit was displayed and well received at the Governor's
Tenth Annual Industrial Safety Conference at Olympia, Washington, on November 12
and 13, 1959.

Radiological training included: A two-hour lecture on "Basic Aspects of Radia-
tion" to 30 PEDO persomnel; three information and orientation talks were presented
to Plutonium Metallurgy and Biology Research persomnel; a one and one-half hour
lecture on plutonium hazards to 308 Building persomnel; a one hour talk on "Use

of Portable Instruments" to 325 Building personnel; a l5-minute talk on "Thorium
Hazards" as part of the 321 Building Safety Meeting; and 16 hours of lectures and
field training to 25 employees assigned to PRTR.

There were no suggestions received for evaluation. There are no ocutstanding sugges-
tions at month end.
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D. SIGNIFICANT REPORTS

HW-62699 "Analysis of Radiological Data.for the Manth of October, 1959" by
R. L. Junkins. .

"Monthly Report - November 1959, Radiation Monitoring Operation" by
A. J. Stevens.

HW-62873

HW-62724 "Shielding Efficiency of Heavy Element Neoprene Gloves at Low X-ray
Energies" by T. C. Mehas. . '
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ENVIRONMENTAL MONITORING - RESULTS (October 26, 1959 - November 22, 1959)

Activity Monthly Trend*¥
Sample Type and Location Type Average Units* Factor
Drinking Water
100-F Area. Isotopic 1.5 % MPCq --
Separations Areas Gross Beta 1.3 x 10-7 uc/ce --
Pasco Isotopic 0.4 % MPCgI --
Kennewick Isotopic 0.08 % MPCa1 --
Richland Gross Beta < 3.0 x 10-8 uc/cc S -
Columbia River Water
Above 100-B Ares Gross Beta 1.2 x 10-8 uc/ce -
100-F Area Isotopic 3.7 % MPCGT --
Hanford Ferry Gross Beta 5.2 x 10-9 uc/ce -
Pasco Isotopic 1.0 % MPCGI --
McNary Dam Gross Beta 1.2 x 10-6 uc/ce --
Vancouver, Washington Gross Beta b x 1077 uc/ce -
Ground Water
Outlying Test Wells Gross Beta 1.7 x 10°% (Max.) ue/ce --
Atmosphere
I-131 Separations Areas I-131 3.1 x 10-13 pc/cc -
I-131 Separations Stacks I-131 3.6 curies/week --
Active Particles - Project -- 1.6 ptle/100 m3 --
‘Active Particles - Environs -- 0.3 ptle/100 m3 --

Vegetation
Separations I-131 4.7 x 1076 uc/gm +2
Residential I-131 < 1.5 x 106 uc/gm --
Eastern Washington and
- Oregon I-131 < ls5 x 10'6 pc/gm -
Fission Products less Gamma

I-131 - wWash. and Ore. Emitters 1.0 x 10-5 uc/gm -

* The % MPCzy is the percent of the maximum permissible limit for continuous
occupational exposure to the gastrointestinal tract calculated from drinking
water limits.

¥¥% The trend factor shows the n-fold increase (+) or decrease (-) from last month,
where values of n less than 2 will not be noted.
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents Above Permissible Limits

Whole Body Localized
November 0 0
1959 to Date" T 9
Gamma Pencils
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings
November 21,328 105 L o)
1959 to Date 273,027 1,131 48 ik
Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad(ow) mr(s)
November 9,803 831 oL 29 25 10.53 12.63
1959 to . oL .
Date 116,677 9,318 907 227 439 7.33 15.39

Neutron Film Badges
Film Readings Readings Readings Lost
Processed 50-100 mrem  100-300 mrem Over 300 mrem Readings

Slow Neutron

November 1,193 0 0 0 T
1959 to Date 13,634 20 2 0 s
Fast Neutron .
November 301 13 1 0 6
1959 to Date 1,911 50 18 0 71
Biocassay November 1959 to Date
Plutonium: Samples Assayed -8 808 8,293
Results above 2.2 x 10 pc/sample 21 392
Fission Products: Samples Assayed 807 8,240
Results above 3.1 x 1077 uc FP/sample 1 3L
Uranium: Samples Assayed 229 2,935
Confirmed Plutonium Deposition Cases 0 13%

*This brings the total number of plutonium deposition cases which have occurred
at Hanford to 237.
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Uranium Analyses

Following Exposure Following Pericd 8f No Exposure

Units of 1077 pc U/ce Units of 1077 ue U/ce

Number + Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 48 h.7 50 11 2.3 50
Hanford Laboratories 35 5.7 22 2y 4.1 65
Chemical Processing 115 8.8 2L 36 3.8 43
Chemical Processing¥.. 18 11 2 - - -
Special Incidents - 13 5.2 5 - - -
Random l.2 5.2 5 - - -

* Samples taken prior to and after a specific job during work week.

Thyroid Checks November 1959 to Da.te
Checks Taken o] 0

Checks Above Detection Limit 0 0
Hand Checks

Checks Taken - Alpha 33,243 386,283
- Beta-gamma 49,304 369,169

Skin Contamination

Plutonium 19 272
Fission Products...s 23 415
Uraniums 7 116
CALIBRATIONS
Number of Units Calib:ated
November 1959 to Date
Portable Instruments
CP Meter 935 10,630
Juno 270 3,306
M 823 14,831
. Other L 2,186
Total 2, 188 30,953
Personnel Meters
Badge Film 1,800 11,435
Pencils 836 13,119
Other 439 4,579
Total 3,075 29,133
Miscellaneous Special Services 295 4,183
Total Number of Calibrations 5,558 64,269

Gane_

Radiation Protection
AR Keene:kc UNCLASSIFIED
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - NOVEMBER, 1959

GENERAL

Safety performance of the operation was considered marginal. There were no
major injuries; the minor- injury frequenﬂy rate was 2. 53 which is below -
average. experienpe.- However, two .minor injuries: could have resilted in
serious injuries.

There were no security violations charged to the Operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 13,321 hours. This includes 12,159
performed in the Technical Shops, 730 assigned to Minor Construction, 158

to other project shops, and 274 hours to off-site vendors. The total shop
backlog is 25,547 hours of which 50% is required in the current month, with
the remainder distributed over a three-month period. Overtime worked during
the month was 3.8% (599 hours) of the total available hours.

Distribution of time was as follows:

Man-Hours % of Total
Fuels Preparation Department 1992 15.0
Irradiation Processing Department 562 .2
Chemical Processing Department 321 2.4
Hanford Laboratories Operation 9187 69.0
Construction Engineering & Utilities 933 7.0
Miscellaneous 326 2.4

Emergency service requests again declined permitting a reduction in the
overtime work required. Other factors indicating the shops may be entering
a period of relative normalcy are the reduction in tot»i backlog and the
lesser amount of work being subcontracted to J. A. Jones Co. and off-site
shops. The exception to this statement is the Glass Shop where backlog is
high and the situation complicated by the working force being temporarily
depleted by the resignation of a glass technician. For the first time in
recent history certain glass work is being subcontracted to off-site
vendors. This work consists of pipettes, stirrers, etc. where multiple
numbers were required and specifications could be formulated.

One open requisition is on file to replace the glass technician who resigned.

Security performance was considered satisfactory with no violations. Safety
performance was considered marginal with 8 medical treatment injuries,

two of which could have resulted in serious injury to personnel involved.
Disregard of safety instructions and procedures was the main cause in both
accidents.
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RADIOGRAPHIC TESTING OPERATION

A total of 8,565 tests were made, of which 970 were radiographic
(including x-ray and gamma-ray) and 7,595 were supplementary tests.

Out of a total of 3,066 man-hours, 727 (23.7%) were in connection with
radiographic tests, and 2,339 (76.3%) were used on supplementary tests.
The supplementary test work included: autoclave, borescope, dimensional
measurement (micrometric), eddy current, magnetic particle, penetrant
(fluorescent 0.D. and I.D.), stress analysis (static and dynamic electric
strain gages), surface treatment (pickling and alkaline cleaning), and
ultrasonic (flaw detection and thickness measurements).

The number of pieces handled this month totaled 6,864 items. The feet
of material represented by these items amounted to 60,126 feet. The
large number of pieces handled and the corresponding high footage
achieved is only possible with the tubular products currently being
tested.

Work was done for 23 different organizational components representing
most of the operating departments and service organizations. A total

of 47 reports were issued detailing test findings with conclusions and
recommended action. Radiographic Testing Operation was consulted on 25
different occasions for advice and information on general testing theory
and applications for other than the jobs tabulated in Part II - Testing
Statisties.

The status of the testing and treatment of the PRIR process tubes is as
follows:

1. Ready for shipment to the contractor - 18 tubes completely
tested, pickled, autoclaved and straightened.

2. Ready for straightening - 28 tubes completely tested, pickled,
and autoclaved.

3. For ultrasonic evaluation - U4 tubes preliminary tests, pickled,
and autoclaved.

4. Por reprocessing:

20 tubes having heavy corrosion product and/or acid
staining.

27 tubes having moderate to heavy corrosion product
and/or acid staining.

NPR work has not yet progressed beyond some design items, although con-
siderable planning has been completed. Principal effort is currently
being expended upon building modifications and some equipment items. The
building work includes; installation of a sprinkler system, additional
heat, and structural modifications. The equipment items receiving first
attention are the autoclave, alkaline cleaning, bath extension, and the
recirculating hot air iryer extension.

UNCLASSIFIED




UNCLASSIFIED H-3 HW-62899 .

Zirconium sheath tubing testing for both Ceramic Fuels and Plutonium
Metallurgy continued at a high level. During the past month ultrasonic
testing of the tubing has been firmly established using a U4 mil sensitivity
limit. Also, continued evaluation of eddy current testing has allowed
placing more value on this test as a screening procedure. Finished fuel
element examinations continued to keep place with the tubing tested and
represented another large area of testing. Radiographic facilities in
Building 325, were completed and will allow better and more eixpeditious
testing.

An extensive field job was undertaken at the PRIR site involving the cooling
coil in the biological field. Numerous small diameter pipe welds were
examined under difficult field conditions. All of the work was done on an
expedited basis to allow placing of concrete.

Testing Statistics

No.of Ft.of Weld No.of

Component Tests or Material Pieces Description

CE&U 253 129 253 Weld qualification coupons, PRTR

CPD 140 102 71 X-ray welds on vessel; x-ray
welds on multi purpose dis-
solver; x~-ray welds on auto-
clave.

FPD 136 100 136 NPR Fuel Elements.

HLO 6,450 59, 427 6,283 X-ray dogs for tumor in lungs;

X-ray saw blades for weld in-
tegrity; 9/16" 0.D., zr-2 clad,
swaged ceramic fuel rods; 680"
I.D. x .035" wall x 8' long zr-2
tubes; x~ray fuel rods for core
location for thermo tips; PRTR
Calandria, x-ray rods for thermo
cyeling project; 9/16" 0.D. zr-2
clad; 505" I.D. x .030" wall x &'
long; 687" I.D. x .057" wall x

10' long; .505" I.D. x .030" wall
x 9' long zr-2 tubes; autoclave
container vessels; 1/4" 0.D. s.s.
tubes, 12' long; build up film on
17' 3" tube; 1-1/4" 0.D. s.s.;
pickling preparation; fluorescent
penetrant test; 2 s.s. diagrams
.020" x 30" diameter; check flaws;
magnetic particles, helium storage
vessels; acid etch zirconium tubec
audigage thickness meas. soot flav
back lines on 184 - H boilers.
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No.of Ft.of Weld No.of
Component Tests or Material Pieces Description

IPD 1,586 368 121 Radiograph two horizontal control
: rods; radiograph four blocks to

determine quality casting; fluor-
escent penetrant test, pigtails to
detect surface irregularities.
Magnetic particle on helium storage
tank; procedure for the verifi-
cation of tulk temperature surges
at the DR reactor; audigage thick-
ness readings on (2) s.s. acid
storage vessels.

Total 8,565 60,126 6,864

CONSTRUCTION OPERATION

During the month forty-three CPFF work orders were issued to J. A. Jones
Company amounting to $103,679 and one fixed-price order amounting to $16,500.
Six supplements to HL orders were issued amounting to $3,122. Total authori-
zations issued is $123,301.

There were forty-three existing HL orders at the beginning of the month with
a total remaining unexpended balance of $u46,380.

There were a total of twenty-three old CE&U orders active at the beginning of the
month and ‘€ix of these were closed out during the month. Total remaining:unex-
pended balance of the seventeen orders is $172,874. Two supplements were

issued in the amount of $5,125 which is included in the aforementioned

figure.

J. A. Jones Company expenditures on Hanford Laboratories work during November
were $84,088.

Summary
HL CE&U
Une¥pended Unexpended
No. Balance No. Balance
Orders outstanding beginning of
Month 43 $ 46,380 23 $ 221,108
Issued during the Month (Inc.
Supplements) uh 123,301 -- 5,125
J.A. Jones Expenditures during
Month -- 30,509 -- 53,359
Balance at Month End Lo $ 139,172 17 $ 172,874
Orders Closed out during the Month 41 2k, 521% 6 51,103%

* Face value of orders closed.
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J. A. Jones Expenditures - $ 84,088
HL Orders Issued - 128,426
HL Orders Closed 75,624
Total Backlog 312,046

Authorizations to Jones Company during the month exceeded expenditures
during the month by 50%. The work backlog is reasonable and monthly
expenditures are close to forecast.

FACILITIES ENGINEERING OPERATION

Projects
The following summarizes the status of HLO project activity.

Number of authorized projects at month end: 23

Number of proje¢ts authorized during month: 2
CGH-8TT Pyrochemical Testing Facility - 321-A
Building - HW-503.
CAH-878 Additional Facilities for Isotope Study on
Animals - 141-C Building.

Projects completed during month: 2
CGH-829 Building 325 Basement Improvements.
CGH-838 Fission Product Volatilization Studies
Testing Facility - 292-T Building.

Project proposals submitted to the AEC during month: 2
CGH-879 High Temperature, High Pressure Autoclave
Facility - 306 Building.
CGH-882 5000 Ton Hydraulic Press.

Projects awaiting AEC approval: 3
CGH-879 High Temperature, High Pressure Autoclave
Facility - 306 Building.
CGH-882 5000 Ton Hydraulic Press.
CGH-8TL Consolidation of Plutonium Metallurgy Facilities.

Project proposals in preparation: 5
Rattlesnake Springs Radioecology Research Area.
Geological & Hydrological Wells - FY-1960.
327 Building Modifications.
Physical Constants Test Reactor.
Critical Mass Laboratory - Stage II.

The attached project report details the status of individual projects.
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Engineering Services

Title

326 Building Retention Waste
Sump Modifications

Additional Lab Hoods & Air
Exhaust Modifications - 146-FR

Glycol Heat Exchangers - 325-A
Improve Process Ventilation, Labs
204 & 206 - 3706 Building

329 Building Cooling Problem
Compresged Air System, 231-Z
Building

Revised Electrical Service
1705-F Building

Air Conditioning Room 4 1lu4l-H
Building

Ventilation - 314 Building
Fire Detection System - 1L6-FR
Electrical Modifications -
Room 24-A - 326 Building

Modifications, 3707-C Building

Lead Lining, Shielded Personnel
Monitoring Cell - 747-A Building

Winterize 306 Building Heating
& Ventilating System

Space Rearrangement - 3706 Building

Animal Farm Disposal System 1u41-M
Building

H-6 HW-62899 -

Status

Field work in progress.
Field work in progress.
Field work essentially complete on

first of four units.

Field work complete.

Detail design is progressing.

Existing compressor relocated. New
unit onesite. Work is complete except
for control circuits.

Work complete.

Installation work pending delivery

of equipment.

Estimates have been completed.

Design work complete. Work order
issued for installation.

Work order has been issued for field
work.

Computer section modifications essentially
:omplete. Conversion of offices in lunch
room not started.

Field work 25% complete.

Field work complete.

Field work in progress. Work scheduled
for completion in December.

Design complete. Estimate is being

prepared.
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Title

108-F Building Solvent, Acid &
Cylinder Storage

Electric Hoist - Graphite Shop -
3730-C Building

Refrigerated Air Conditioning
Room 130 - 146-FR Building

React~r Room Exhaust Ventilation
Controli 326 Building Basement

Revision to Cell Door Mechanism
T4LT-A Building

Pressure Vessel Study

Drafting & Design Services

-7 HW-62899 !

Status

Cost estimate being prepared.

Design complete. Estimate to be re-
ceived on alternate proposal.

Design complete. Awailting cost estimate
for equipment from vendors.

Design in progress for exhaust dampers
to be controlled by alpha air samplimg
device.

Design completed.
All vessels are marked for audigaging

and the safety valve inspection is in
progress.

The drafting work load is normal with a heavy backlog ir electronics. The
hranch offices have sufficient work to keep all personnel busy. The Kirk
Contract personnel (2 in 3706 and 1 each in 308 ani 325 Building) will leave
during December. Their contract expi es December 31, 1959. One important
Job which is difficult to fil1l is that of electronics designer presently

being filled by a Kirk employee.

CE&U cannct continue this work (estimated

at 96 man weeks) because of shortage of personnel.

Design and drafting work in progress ii.cludes the following.

Post Heat Treat Roller.

el o
FWROHOW®ICW FWM

PRTR prototype loop - "As-Built" - 314 Building.

Manipulazor Model II "As-Puilt" - 327 Building.

Calandria revisions during fabricacion - PRTR.

Miscellaneous equipment for high level radiochemistry cell - 32% Bldg.
PRTR Fuel Examination Ducts.

PRTR Gas Loop - In-Reactor.

Shielding for Tensile Machine - 326 Building.

Autoclave installation, 306 Building.

Transfer Hood with Conveyor - to Transfer Pu Oxide - 308 Building.
Fuel Rod Wire Machine - 308 Building.

Vacuum Box for Welding of Fuel Elements.

Modifications to Billet Lathe and Hood.

Transistorizing of Radiation Monitoring Circuits.
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In addition to the above work, miscellaneous small design-drafting Jobs are
in progress. . -

Design and drafting work is being performed on layout and details of pro jects
CGH-834 - Modifications and Additions to High Pressure Loop, 189-D Building;
and CGH-838, Fission Product Volatilization Studies Test Facility - 292-T
Building.

Méiﬁtenance & Building Engineering - Landlord Functions

Costs: October - $126,783
September - $118,607
FY thru October - $u27,807

Analysis of Costs: The $427,807 expenditure through October represents 29.3%
of the budget. The expenditure pattern was revised to accommodate a budget cut.
The component costs are still being revised in an attempt to provide a realistic
picture. Cost continued to rise this month as was expected with the high level
of maintenance in preparation for winter, and with a substantial activity in

im rovement work. Painting has started to taper off with major i1zpainting being
pustponed.

Unusual Maintenance:

Item QOctober FY Thru October
Heating & Ventilating Correction $ 2,250 $ 4,643
Relocation & Alteration 5,884 10,798
Move Furniture O 237
Paint 1,359. 3,763
Electrical Improvements 420 1,342
Lighting ol 392
Refilter 0 701
Miscellaneous Lol 765

$ .0,651 $ 22,551

*Charged in general.

Miscellaneous

Approximately 245 drawings including sketches, work sheets, and formal
drawings were completed during the month of November by the Drafting Component.

Approximately 19,000 square feet of prints were reproduced during the month.

The total estimated value of the 27 requisitions issued during the month was
$141,000.
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TECHNICAL INFORMATION OPERATTION

The procedure for off-site distribution of uncategorized classified

reports is being reviewed and will be modified. It is expected that

the new procedure will require that HOO-AEC approve all off-site dis-
tribution of such reports. The report distribution will be delayed,
compared to our present practices, if distributed at all. Official in-
structions from HOO setting up the new procedure have not been received but
changes in File practices are being readied, new forms are being drafted,
and instructions to the field are being prepared.

The new requirement has already caused considerable inconvenience to HAPO
suthors. One document, HW-6277Lk, "Eighth High Temperature Fuel Meeting --
Preliminary Data Only", should have been mailed off-site on 11-20-59 to the
individuals who were to attend the meeting. At month's end HOO had not
approved off-site mailing of the documents. The author has indicated that
the copies cannot be received now in time for the meeting and that HAPO may
have to drop out of the program.

A letter was received from the HOO Classification Officer encouraging HAPO
review of NPR documents classified SECRET - RESTRICTED DATA for possible
downgrading in accordance with the NPR Classification Guide. The Specialist,
Classification-Declassification will undertake a review of all Secret documents
related to NPR activities. The number of HAPO documents involved is roughly
estimated to be 230. Since it will take some time to complete the review, the
Specialist, Classification-Declassification advised the NPR Pro ject Operation
that documents of current interest and usefulness will be given priority
attention at their request.

Plans are being made to insert a notice in Management Newsletters of all
Departments reminding employees that unclassified papers prepared for pre-
sentation at classified or "secured" meetings, must be processed through the
same clearance procedure as papers presented at an "open" meeting. At the
present time unclassified papers prepared for presentation at "secured" meetings
do not receive a routine review and clearance on the mistaken assumption that
the proceedings of a "secured" meeting will be published as classified documents
and that the unclassified papers are protected from broad public distribution by
the overall classification of the proceedings. Experience has shown this
assumption to be incorrect and the review procedures will be tightened to close
this loophole.

A letter has also been distributed to the field in an attempt to evaluate the
need for locating microcard readers at strategic spots throughout the plant.
A growing number of AEC reports are now obtainable only in microcard form and
the only available readers are in the 3760 Building. Seven readers were bud-
geted for in the Operation's FY-1960 Office Equipment Budget but these will
not be procured (Cost - $350 each) until the need for them has been firmly
established.
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As indicated in an earlier report, we are no longer preparing a recelving
report for Accounts Payable on periodical subscriptions. Accounts Payable
has agreed that the Library's check-in records could be used in lieu of the
receiving report but that these records (the Library's) shall be subject to
periodic audits. During the month, Accounts Payable made a sample audit of
publications ordered by the Library since June. Of the forty items checked,
all but one had been received or claimed. The single exception was an over=-
sight on the Library's part. The result satisfied the condition that the
Library's records of receipt are considered adequate for financial control.

The annual membership lists have been sent to Department Managers for approval
of 1960 renewals. Three managers have already returned their lists. Chances
are favorable that the composite list of all HAPO memberships can be submitted
to the AEC in ample time to get their final approval before the end of 1959.

An award of $100 was won by J. E. Brown, Writer & Clearance Specialist, for
a suggestion that glossy photos used in papers submitted for clearance be
replaced by inexpensive copies prepared by the A. B. Dick photo-transfer
process. If the suggestion is widely accepted on the plant, worthwhile
savings can be achieved.

Work Volume Statistics

October November
Document Distribution and Files .
Documents routed and discharged (copies) 17,780 17,305
Documents issued (copies) 12,522 9,501
Documents sent off-site (copies) 3,941 4,549
Document reserves filled (copies) 798 672
Documents picked up and delivered 19,662 18,465
Document Accountability
Holders of clagsified documents whose files
were inventoried 667 310
Documents inventoried in Files (copies) 7,963 23,822
Documents destroyed or retired (copies) 3,912 7,968
Documents revised (copies) 827 958
Documents pulled and documents filed (copies) 13,280 11,765
Documents reclassified 171 k39
Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site 212,961 212,719
Reference and Publication
Books cataloged (new titles) 103 142
Books added to the collection (volumes) 228 350
Ready reference questions answered by pro-
fessional staff 98 95
Literature searches by professional staff 111 93
Reports abstracted (titles) 268 323
Formal reports prepared (titles) 8 7
Off-site requests for HAPO reports (copies) 242 29k
Reports released to CAP (titles) 23 21
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Qctober November
Library Acquisitions and Circulation
Books ordered (volumes) 235 260
Periodicals ordered 398 765
Books circulated (volumes) 2,120 1,578
Periodicals circulated (issues) 3,780 3,254
Inter-Library loans 65 96
Films borrowed or rented 17 19
Industrial film showings 60 3B
Bound periodicals added to the collection 8L 140
Library Collection:
Main Library W-10 Library 180-F Library Ind. Med. Total
No.of Books 28,048 8,285 1,515 1,990 39,835
No.of bound
periodicals 12,800 1 1,431 96 14,328
Lo, 848 8,286 2,946 2,086 5,166
Classification and Declassification
Qctober November
Documents, including drawings and photographs
reviewed for downgrading or declassification 2 5
Documents and papers (intended for oral pre-
sentation or publication) reviewed for appropriate
classification Ly 11
Documents submitted to Declassification 6 1k

Branch, Oak Ridge

Manager,

Levworatory Auxiliaries

JL Boyd: jow



Emmﬁows- . ‘ . (95=5 ) S10-980L~Y

cuoTqyaod J4dD ke *UOTHIod §,;1030BIFUOY w3 °P0sfoxd TTBISAQ 3

sgyquoW I9qUIM 9y3 Sutanp ssaafoad o3 IoM JOTI9qUT JTwred -TTTM STYL °paTTe3s

-uT aq ueyz TTTM SurqudTT Aserodwseq pue sqrTuted JoYjJESM SB UOOS S® pajoTdwod aq TTIM Jool pue Zulpls 8yl °odsadep awos 03

JI0M UOT3ONIQSuUoco paredurey SeY JBYjRSM pTOd TRUOSEAsUn 8yl °ATTIojoejsTqes Surpesooxd ssTMIsyqo ST jusweandoxd quaud ynbgy

* (), aoqueos([ 03 popuslxXe aIsM SpIq quey) 6961 nm.m Jaquaao) uo syue} Furssedcsoxd TeoTWAYD J0F SPTq UTE}qO O3 dINTTEI OF anp

SBM UOTSUS9X® 9YJ °4$6T ‘T Xoqueos( 03 PIPULIXS SeM ‘uorqerTeisut ueq Surpniout:.‘sfeyded prq Jursssdoxd TeSTWSYD.AYZ, JO
Butuado eyl “*6G6T €L Idqueosq uo spTq Jueld Fursseooxd TeoTwayd Jo Futusdo aogye paaedead aq TTIM BTNPaYdS MU Y .l:l(lur

pLoTT °L °r d?® Yy syeng ® J0308aY
VABMISNE O14 , ANENCENOD DHISA : SutpTing 90€
09-T-6 [09-T-6 65F0C—€ sauelf e £l 00T . 85-5-TL [000°099°2% - £a71TT0Rd qusudoToas( TeOTSINTTRISH ML=¥D
65-06-6 - - 8GF0E—9 =97 #3496 #8¢] 00T 000 589 <% | .
) L —
.uowowuvcoo

23 Aq Teuuosxed Jo Sutatysa pue Jyo-LeT Jo £3T1Trqissod ayj Surpnlout ‘aqep uoTq3oTdwoo 308I3UCD BY3 F08FJe PTNOD WA3T STYL
' suayy £q PaIoATTSp oq jou Taued ayj prnoys TTsMAsuoH-sTTodesuut 4SuTese usyeq 8q PInNOM UoT30® T1e8sT a1qresod TTe pue
57aRI0703UT 8q PTNoM 96T ‘Qf Aqenuep puokeq juaudinbe sTig Jo £12aATTOP Jo ABTSp 9BY} WOY] PSWIOFUT ssargejussaexdax Luedwo)
i OTI00TH Telsuen ayy ‘oaTjejussaadad J0TILSTP TBOOT IOyl pue- Fremésucq-stTodesuuty JoF Sutasautdus Jo 93IBYO UT FUIP’
-tsa1d-20TA 9Y] Y3TM SUOTSSTOSTP Ul °Q96T “Uodel a3eT TTaun peddrys sq jou pinom Taued ay3 g=yl Luedwo) oTIFOSTH Telauddh
27 peuloyul £TquUe0dX JOPUSA dU] °6G6T ‘€ IoqUOAON UO palaAlTep Udaq aAey 03 pasoddns sem TToMAauoH-sTTodesuuTy £q poqed

~7aqey Suteq Toued queumageut oyl °goofoxd ayj Jo uorqrod 98Tdwod quecasd oyj pre LT3e8dF TIIM STY] °JI9qusds( UT L1xea
pwiddiys eq PInOYS pooy J03oedal 8Yyj fqueuTumry §T pooy JulxTw ayj jo jusudiyS °FOE PITNPSYOS ® 0% paxedwos 9qaTdwod g ATuo
1 nssfoad eyg Jo uoratod STyl °83ep o3 Jood Lr1oa ueaq sey jusudrnbe paxesurdus Jo AIaATTaQ °FEY PITNPLYSS LITeTOTIJO U®
=} psaeduod 9397dwod ¥zQ ST 3IOM STY JI8A3MOY foTnpayos uMmo STY JUT}osw WOIJ JI030BIQUOD dYq pajussdxd sary Jeak sTy3 Arxes

izddoqs dIoM 9yj pUB STBTJIS1BW TETJUSESd dyq Jo amwos Jo 4d1soax ur sfefeq -uor3aTdwod Sulaesu ST SUTPTING TOIJUOd 3y3} UT

5

-1

]
o

TUTITM TROTIQ09TH *ponutiuod Sutdid eoTatss pue 3Tun A7ddns UOTFBTTIUSA SY] UC ¥IOM TEOTUBYOSW pue SurpTIing 99TAJISS aYg
1D POTTe3SUT SBM SuINo9p Jood 8yJ, °>TTeM aYyj UT swelJ pue J00p 8Yyj jo quouugtTe Jedoxd aansse xa33aq o3 L1ajeaedss psanod
aq TTIM 2T °*9nN0 Pa3o0Tq SBM Joop FUTPTaTys 98JBT 9Yy3 J0J SueIJ aYyj punoie LTeqeTpaumt uorjgod 8yl °STTEM UWOOX J030T3aX

ay3 JO JSPUTBWAX 3Yq JOF 93910U0d -8Yyj painod pue Suloj pajoede ‘19938 ‘SUTOIOJUTAL SYj PIT[BISUT JOFOBIJUOD UL  semuwmmu

i uosyoef °S °d d ® ¥ squaumurlsul » mo..nmhnm
UIINIONI 024 ANINCENOD OINISN :
09-0£-9 09-0€-9 65-1-9 ™ 00T 65-€2-¢ | 000°000" 19 - f£xojex0qe] SSBH TBOTITI) T€L-D90
6522 - = -] 8§-22z-¢ 9¢ 00T 000°000" T$
*18NOD *ASNGD *ASNOD TYNLOY | TVALDV 3iva 1809
e B B s - R et ey wsemon
HWWM&% FALLDINIGl OWNILMVLS uuuﬂﬁﬂﬂuuﬂuu..dml INOILVZ INOHANY TvioLtasa . LI%roue
6561 a.Hmn,Em\roz SLLNOW NOILVEIdO SIAITUNOLVYHNOEBVYT ANOANVH —-q-8¢ — SuoTjleT(e3lsu]l sutjsoddng L
" 66079 -mu | L3043 103rodd ATHINOW UOTHONPOId 0% SFUSUBACIAUT 10y 1vordisevad 130GRe

2T-8 , QIIAISSYIONN




sgeanqeuSTS J0F pajnol SuTleq ST SpUNJ UOTFONIFSUOD J10F Tesodoad qoafoad ¥

- 1SHUVYNIY
uosaaged °f °f a® ¥ Teotwsy)
HMIINIONT ORd ANINOINOD DNISN : B3Iy Q0¢ -
19-1-¢ - - = 09-1-6 0 00T 8¢~T2-T1L G9L CoTE seTqTTIORd 935eM LI0jBIOqET PasEatdul 6TR-HDO
09-T-% -~ -] 65-0¢-¢ 0 001 000°0c$ .

IT ST SJI00p SUeId JO UOTFBTTEISUL

e fTaadoad uotjouny weyj 8Xewl o3 paxtnbax JIoMax awos Yj3TM sgax8oad
° ‘0€ Jaquenol AI1030®F WOLT quaudTys JOJ POTNPaYDS }odp JOox pue SUTpTg
656T O q gl

ISMNBNVYWNIY
uosaonad °f P d % 4 s[end ® J030®ad
uIINIONZ O34 ANINOINOD ONISN SutpTing L2€ — UOTITPPY 938101
09-1-¢ 09-1-2 | 85-6—0T Ll 00T 65-¢2-1 000 05e$ | pue SuraTeosy 9AT10BOTPEY TOAST USTH  |06L~HID
a5-TE2T - - -] 89-t2-9 L6 00T 000 &7ed |

UO pauTe}3e SBM quauodwoo Jursn aYy3l £q esn TRTOTFaUSg
csSuoq JojerndTueu oFeI0}S 38M
are suotlqeaado dn—-3Jaels puR qusudtnbs ssedoxd-ur 103 000¢LT$ £1eqeurtxoxddy

8Tyl

*000°056% PuB 000°026$ uesMiaq o3uea few 9S00 TEBN]O® UB 93BITPUT SWeqT £ousSuTqUOd YJTM 93P 93EBp 03 £380) (1)

°90TM] UsloIq Sey UYdTyMm
—0D S®Y JO03OBIUOD 9] pue 6S6T ‘Y2 IequeAoN Uuo Furqesu ® UT PIT}1es SJI9M suoT3dooXe §;1030BIFUOD Y]

c4G6T ST Xequeos( Fnoqe 3no pasoTd °q TTTM q08foad feqep asn TRTOTFOUSH
fIo0p MonuIj} 9yj uo Jojoul Y3} Qutatedaa 1oy 3dedxd qo9Coad sTy3 uo MIoM STY pe3aTd
*666T ‘¢ I2qUSAON

pue uorqe}s SutaojTuou Y3Tesy ® JIOJ St STY3 Jo 000°0T$ K1eqeurTxoaddy

*6G6T “GT Xaqueos( noge gsuotqdeoxa Y3TM 43N0 DISOTD 3q TITM q09foad

> guTpue}sino

>096T ‘T Arenuep £q UOTHRTTRISUT I0J PITNPAUSS

5J8 SWSTUBYDSW 9S38Y], sgqaed syoBT TTIIS ‘guisTURyOOW JBFSUBI] AU ‘poTTeISUT 8q 03 Suturewad quaudtnba 38T 9Y] R
ozuaoseq °M "4 aQ® Y TedTwayd
ATINIONT O ANINOGENOD ONISN )
#65—£-TT 09-1-T1] 89-%1-8 66 00T 85~¢-01 J(1)000" 0563 | £qTTTOoRd A13STWRYOOTPEY 99T YSTH 6%1L-Y0
{6-Te-1L - = =] 89519 86 00T 000 096%
*A1SNOD *ASNOD *A1SNOD VN1V TIYNLODY 3iva 1802
ND1S3a NDI1S2a NDIS3a "C3AHOS *G3IHOS ANNONY 1o3rcud 311 L HITWNAN
H@& w“MI SLVa dNOoD Fiva TASNOD | NSISAA | youivweodNT | ooy Loarondg
3L 1S53 N>-FONI-G ONILMVYLS amm.-mmwuanvﬂuu.ﬂ-ou._duﬂl OLLVYZINOHANY
666T .hm@ﬁm;oz HLNOW NOILVHNILO €IAIHOLVHNOGAVYI ANOANVH -q-8¢ — suotrjere3sul FutriIoddng ¥
66829  ~ mu J1AO04dTN LO3rodd ATHINOW uoT40NpoId 0% SFUSUBACIAUT  yoiivoraissvID L3vang
ATITSSY 10NN

¢T-H



TITJISSVIANN . . . (s5=5 ) 610-005L—WV
- . , “SUOTTAS0XS 00 978D U039 (dWoo [en3oV

] sneoang Suryey uolIUTYUSEM
ayq £q weqshs xaTutads 8yj JO UOTFEITITIISN 03 n08fqns pejdsdd® useq Se'Y pue oqoTdwoo ST 308foxd sTYL

. N SSHUVYNIY
Trosxadul °*J Y TG 9 g srond % 1030esy
HIAINIONT O34 ;NZQI’B ONISN ’ .
#65-06-TT| 65-T1E=2T 65-2-¢ 00T 00T . 65-¢1-< 000" 0L% squamenoxdu] queweseq ¢g¢ SuTPTINd | 628-HOD
6£5-11-8 - = -} 66-€1-2 00T °S°N 000° 0L$ .

~uwgqsfs xoTuTIds uUO BIEP FTUQNS PU® ‘g)o0T TTBISUT pue YsTuIng ‘saaT000 0% Sutrdrd 80TAISS aq97dwo)
:suotqdeoxs SUTMOTTOJ 98U} UITM 6961 f¢z JaqueAoN uo 9sSn TeTOTFdUsq JI0F peqdeocoe sem JurpTing afeao0qs 9yl

ISHNVYNIN
Trosxe3ul *9 °Y4 } eoueUTd
HIINIONI O34 ANINOdINROD ONISN }
| A5-C2-TT| 65-Te—2l 65-91-L G* 66 00T 69-0¢-L 000" 0%§ voxy 00f - £31TToRd °8eIolg TeXqus) | 8Z8~HVD
56-8-9 - - = 65-2-1 00T °S°N 000" 07§ |

e £TUO JOFOBIJUOD 33+
TV 3¢

+ST2TI09RW TOSSoA UT d5ueyo e 83e3TSSI03U few yueq SurgojTuow JOJ T89S PETO zaddoo Sutureqqo ul LJTOTIFTA  °HIOM

sTy pejeTdwod Sey J030BIjU0d dY} JI33J® peqae3s eq TIM qoefoad ay3 Jo uotjtod S80103 quetd oyJ, °JIOTIS3UT JUTPTING dY}

Zutqured pue 4TNOJTO WIBTE dY} ‘1oTooo ayj ‘aejesy oyjz ‘90TAIIS TBOTIFOSTS U3 JO UOTQBTTEISUT S$9pNTOUT JOJOBIFUOD 3Y] £q

pemioyrad aq 0% SUTUTBWSI IOM epaTessuT dumd 8y3 pue Pa3OMIFSUOD seMm JuTpTTng JurIojTuowW BY] cpajeTdwoo usaq SBY Sutdtd
punoJgJIopun pue duTT BJUT JISATI dY3 U0 MIOM TTY °6G6T G JIOqUOAON U0 3318 qof ayj 3e dIom uedeq JIO0JOBIFUOD BUL  ssyuvwan

uosyoep °*S °d uoT209301J UOT3eTpey
MIINIONT 04 ANINOANOD ONISA : UoT3elS
09-1-¢€ 09-Te-€] 65-6-T1 16308 00T 65-0£-9 0007 65% | SUTIO]TUOW JOATYH BTqUMTO) dTjewolny | .28~-HYD
#66-81-9 - - - #65-¢-Y 31469 001 000" 6&%
*1SNOD *ASNOD *LSNOD —wvniov | Ivniov 3iva 1809
N9IS3IQ NDIsS32a NDIS3a “aaINOS *G3IHOS ANNONY
._WTNMM%LW%U 3Lva Mmoo Fiva ....m...-“.ouuw ¢uHm”.mun NOILVINMOANI JMMMHOM“ a ALt .”.ow um...““H
wvNILS3 u>-_h.uul-ﬂ ONILNVYLS SSIAUDIONL LIIroud INOLLVYZINOH LNV
6G6T uhvﬂsmboz HLNOW NOILVHIdO SIATHOLVNOEVY ANOANVH mmo.m i - mPow.ﬂO.HnH quetd Texausd
66R2Y - mu ) 1043 1O3rodd ATHINOW . NO!LVDI4[SSVID 139ang

#T-H . QITITISSYIONN



058°T @3ep o] °STToM Sul3sTXa Inoy Jo quoudoTanspaa suTd ‘pedoTaAasp ueaq 9ABY STTOM MAU USSIXTS dY} JO SATSM]

*poqoTdwod ussq Sey 8oy Mau JO 3837

ISHUVYWIN
ydteqd *¥ °H d % 4 TedTway)
HIINIONT OI4 ANINOIMOD ONISN 6G6T Xd
09-02—¢ 09-Te-¢ | 65914 £9 00T 65-T1C—9 009°95% - STToM TeoTSoToIpdH pue Ted150To2D  (g%8~HVD
65=9=L | - - =] 65-21-§ £9 “S°N 009°9%% _

Zo3 ooeds JuTplIng oYj JO asn MOTTe 03 UoT3oTdwoo paTnpayds o3 Jotad suotqesado 03 JI8A0 pauang SeM Jurpling Syl

equauodwod Sutsn £q Louednodo Jo a3 ¢

curexdoad SutusqydreIls aqny ysedo e

ISHNNVYWIN
Uosaared °f "[ goTieT XNy AX03edoqe]
— UAINIONI O34 ANINOdWOD ONISA ButprIng
| _thnTRl 09~-1-6 | 66-52-9 98 00T 65-819 000 0§ | gz€ - uoT3TppY dous Te3el 329us  {078-HDD
| 0516 ] = = —] 657229 00T "N 000° 078 |

“ievcrg Kq e¢uad mau ayj ut paderd oq 0% pejoadxs aue sTop aYJ
SuWOOJ UT SIOO0TJ 918J0U0d fpaysTUTy 3ou ST PTSTF STT} Y3
3I0M TBOTJI709T9 SNOSUEBT[2STW PUB PAT[RISUT USsq SBY JRUIOFSURIY

pue POTTEISUT 30U BJE SaINIXTJ Futqumtd 2yy,

awwyaﬂdm usaq ey 91T} ‘pezeld aJIB SMOPUTM
»93ep STYZF 393U q0U PIP J030BIJUOD 3YJ, °oSN TeToTJeuaq J0J 93eTdwod sued Jop a3
¥i[7 POMOTTE PeY Pu® 4G6T f¢1 xequade] 03 6G6T ‘62 19GOIO0 WOIT uotqoTdwod §;JI030BI3UO0D dY} papuaixXs €ey DIV 1A

“656T 1 Tequeosq

°PaYSTUTJ USaq 30U dABY 8an3onays Sd-THT quesaad syj jusdelpe
>pajoeTduor Sureq

“gqeTdwos Surtooo pue yoox usd ‘pejardwod Sutd1d ureaqs

s3IoM 8yj JO evueTBq 9Yj} UO J030BIGUOD 9} £q SpPU U8sq STY J0JF8 pajaeduod ¥
SATY 07 6G6T “0f JoqU2AON 0% JO}OBJIJUOD

ISHHYWIYN
pfoTT °L °C £doT101g
BIINIONT OFd ALNINOJAWOD ONISN . SaT4TITO®RY
65-12-21 09-1~-% 65-0T~L €6 00T 6G-LT-¢ 000 ZL% | uoTyruTWRXy pu® UOTRTOST suUed Teurtuy  |LE€G-HYD
65-69 | - - -~ 65-0t-¢ 00T 00T 000" 08§
*1SNOD *1SNOD *1SNO3 wNiov | vniov Iiva 105
NDIS3a ND183a NO1S3a *a3IHOS | *aIMIS LNOOWY Loaroud - N
va 2| 3ivaawoo I1va “LSNOD | NOISAA | yorivinMO4NE .
M.NMMO_&HMW 3A11D3u1a0| ONILHYLS S INSoud To3tond [NOILVZINOHLNY TwioLies Loarond
666T “aoqueno) HLNOW NOlLvdNIdO S31HOLVdOEBV1 OGHOANVYH 656T xd - s310elfoag jueld T[etaus)
GORIS = mu 130438 1O3rodd ATHINOW NOILVD14i1SSV1D 139dngd
QAIATISSYIONN

G1-§



(86=S ) 610-00SL—-NV

IHTATSSYTINNA

SO[ puR uUOSIaqsdy ‘uosae) £q psurojyaed Furaq IT STITL

»9qa1duwod go¢ Arejeurrxoxdde ST
*096T ‘T Lel uo 29eTdwod aq 03-Pue 0961 ‘1 youaeq jae3s o3 IIT 9TITL
1, 0TNPaYDS SOUBILIOFIS] PejewTqsdy St ZutmoTIoF 2y3 paystiqnd sey AV Sul

*096T ‘0T Lxenuep uo 93a7dmoo IT 3THIL
ISMNNVYNIN
pAOTT *L °P £LFot1o1g
H¥IINIONG OAd .r..‘uzo.-lou oNISn 4-00T
09-T-Y% 09-T-Y% *S°N 0 0t 69-9-38 000" 97§ | — uoT3e3s FUTIOITUON TBUTUY PAPTSTUS  |798-HVD
09-T-1 - - -1 - - = 0 *S°N 000" 97§ .

jo poyzsu ut o8ueyo ® Jurjsenbaa Tesodoad qo9foad Y

°cUOTSSTUNIO) 9Yy3 03 vmpwﬂapﬁm ueaq SeY J030BIFUC) B0TAISG 444D 0F Wng dumy woxjy >a1om Sutuwroyaad
*3utssaafoad ST TBINIONIYS pue TBINFOSFTYIIR UO ustsaQ

— IS VYWIU
uosxaged °f °P d % 4 stond % 103083y
HIINIONI O34 ANINOdIWOD ONISN sutpring
o CE- | 09-51-8 *S°N 0 e 65-8-0T 000" 8% L2€ — squeweTd Tend Y¥YI¥d I0F SS2800Y  |098-HDD
o09st-t| - - -] 65-6T-0T °8°N °S°N 000" 18%
096T - s393foxd jueld Telaua)h
epoureqqo Suleq 8IR S8INFBUTTS ooueqdeooe pue pajeTduod useq sey uoTidadxe Sututewad ay],
- ] ISHNVWIN
mopey °H saTIRTTTXNY £I0qBIOqE] syynTd @31TuM
M3INIONI 033 LNINOLWOD ONISN ‘SutpTing -0 - soqul umtuodarZ | (L9T-03Y)
65-GT-0T - = =1 6§-0T-¢ 00T 00T 65-62-4 0000218 | o3 LaTTTO®d SutaeToO3NY pue BUuTTHOTd %800
£5—CT-6| - - -1 65-2¢ 00T 00T 000"02T$
*ALSNOD *1LSNOD *ASNO2 AIVYNALOY IVYNLOY 3iva 1809
NOI1Ss3a NDisS3a N921S3a *a3aNODS *QIHOS ANNONY
I1va *dMOD | ILvasdwos ILva "ASNOD | NSISAA | 4opLvmMO4N] J”MM“J”“N Inatd .”.Mum_“““
a3LlvWwils3 N>__FOW¢_Q ONILNMVY.LS mmu.ﬂvm—uuowuu.nuu_-nuﬂl NOILVYZINGCHANY
6G6T I8qUBAON HLNOW NOILVNIdO SIIHOLVMNOBVT THOLNVYH 6661 kd - S3osloxd jueld Tedsus)
GHAY = MK ‘ 13043y 103rodd ATHLNOW NOILVDI4ISSVYD 1394an8
QUTATSSVIONN

ST-H



6G6T ‘G2 ToqueaoN pejep A4TIoUIny HIOM PuB 6G6T ‘9T I9qWAAON P9}BP 2AT
S3{eoM 991yq JO 9TNPAIYDS 9ATHRUS] B fsxedurdugy JFuryInsuod ¢ogp “Lenod 4
*656T ‘9T JaquasoN uo OV dyj 03 pdjjTusuelyl SBM (s30efoad padeuey D@V I0JF paarnbax) spuny jo uotqedeadss ayg

*6G6T ‘Gz JaquenoN peqep Aqtaoyqny oM £q ALueduwon 9TXF09TH TeILUSYH dY3} 0} PIZTIOYINE® SIaM 008°6%

° fuedwo) OTIR09TH TeBIsUs) 9aYyj £q POATSOSI US3aq SABY
qoe1T(@ 04V 8yl °*uodn psside SeM swl} UITSSp I0J
*H pue udTsag O ‘Odd Y3T™M PTaY sem Jurqesm ¥

*UOTONIFSUOd Jo odf3 STU3 J0F JUSTOTIJNS PAISPISUOD MOU 3I8M SPUNF JBUY PIJBIS SEBM 3]
4fuedwo) 9TI700TH TeJIousn oyl £q OV 9Y3 03 US33TJIM SBM
poqsaggns Aayy ‘sTqeTTeA® oIoM spuny JT ‘3ey3 DY 2U3

ISNUVYNIY
pLoTT °L °r A £3oTotd TOTTIPDY
¥IINIDNI O ANINOLIMNOD ONISN SutpTIng O-THT — STewtuy uo £pnis
09-$1-6 09-¢T-% | 09-5T1—7¢ 0 0 65—8T-1L 000" 19% | adoqosT J0F S9T3TTTORJ TRUOTITPPY  |8L8-HVD
65-1€-2T1 | ~ - -1 65-4=21 0 0 %000 198 | .
*saqep Tesodoxd qosfoad i
66T ‘€2 hunsm>oz panssT §eM 9¢ °ON uoTjezTIOYINY 2S®BaT9Y MIOM °*6G6T QT xaquanoN
UO DPOATS08I SBM 4G6T ‘LT JI9quoAoN pejep ‘€OS-MH °ON 2AT73001TQ JdY pue pasoxdde sem Tesodoad gqo8foad ayj,
ISNUVYNNIN
TrosJI8sul *) °Y ad ® Y TedTwsyy
MIINIONI O34 ANINOINOD ONISN gurpiing
09-0£=6 | 09-0€-6 | %09~4T2 Q 0 65-LT-T1 000°0L$ Y-Tz€ - £3TTToRd 3891 TeoTweyoorhd  |LL8-HOD
| wo=lI- - - - B6G-LTRT | SN °S°N 000°0L$
*UOT]BZTJIOYINE JI93Je SYUJUOKW 3¢
. *8utprIng wldmw syq ut eoeds JoF aaey £Lsyjz suerd 3eyM (J0 WOIF UIBST TTIM
o ayl °6$6T ‘0T I9queos( TT3un palasjop SeM q0efoxd STY3 UO UOTIOR GAT ‘G2 I8qUAON JO Surqesw paeod MaTASY DAV 8y3 Uul

suoT3s983ns ITOY3 Y3TM FUTIINOUOD
199397 V¥ *UOT3ONIFSUOD 0oOTq 932I0U0D JO 9q S3INJONIYS MdU Y30q
£q pestape ATTewrojur sem Luedwo) OTIFOSTH TeLSUS] dYJ

SSHEVYWIN
pLoTI °L °P d® Yy sTend R J030e3Yy
MIINIONT O34 . ANINOAWMOD ONISN SaT3TTTo®ed
e TT - - - 3 2 o ! 0 SuON 000°5828 | £8anTTessW umtuojnid JO UOTFEPITOSUC)  |%7A8-HDD
s G - = - * T 0 0 SUON
*ASNOD *LSNOD *ASNOD TIVALOY AvNLOY 3iva 180D
NOIsS3Aa NDI1s3Ia N91S3a “AQAHIS *Q3HOS ANNOWY
R R “iSNOD NOI1S3a L1I33roud = [ S S N 8 NIBWNN
G| il e [ et tous portermonio ™A%
\ 6G6T ..Hmo,wbo\/oz HINOW NOllLva3Ido SIATHOLVHOHY1 AQHOANVYH 096T X4 ~ s31oeloxg jueld TBI{us)
COO0T9 2 mm LU0 1O3rodd ATHINOW NOILVDI4ISSYD 139ang
QITJITISSVIONN

LT-4



QIIAISOVIONN

s90Tq0u uoTpaTdwod uo suotT}dedxs S® PoISTT SWSIT TBNI0D

usaq eary swaTqoad MOTJ swos ‘JIaA8MOH

(es=5 ) 610-00SL-NY

e Surpnyout ‘4soo 1o09foxd pajeoTPUT Hmpoa.*.

*q891 9yj LeTap Lew PaATOSaL 9sayy Surq1e8 pue parsiunodus

c6$6T ‘g IequedsQ JIOJ paTnpayds ST 3593 aanjdna TeUOT3ULqUT 3SJITF AY]

sanqexadweq 9yl SATOAUT saTornbapeUT 8SaY],
owre0aq YoTym saToenbapeUul 8Yj3 3081100 0% ST UOTSU9Xo

equoudtnbs uorjeIsUsld JBIY TBUOTY
sTYq JoFy uoseax Lxeuwtad ayj

ISNUVYHIAY
mopey °H d % 4 STond B I03088Y
MIIANIONT O34 ) ININOENOD DNISN ’
65-0£-0T 09-1-¢ 8511 00T 00T 65-1-1 J000 770" 1% ¥4I oy3 ut juewdTnby proFueH 89-Y0
g¢-¢t-oT | - - -1 96-L1-6 00T 00T [ 000 o%T T¢ | .

SoToeNDapeUT JO UOT308II00 JOF AIBSE§808U UOTSUIPS JO 37€p o1qeqoId su¢

+pauTB]qe SBM 9Sn TeToTjousq TeTIed

°890TASD SUTPIOOSI puB UOTFO333D

1ppe ayj3 Jo dn-jae3s Jajje quaxedde
*usqq4TIM Sureq ST dWT3 JO UOTSUIIXD

ue Sutqsenbeax Tesodoad q09foad pestaal ¥ sguoTqeoTJToads 9yj Jurloauw Se paqdaooe u9aq Ssey quawdinbas ayg
ISMNUVYWNIM
uosaled L °f 0@ % 4§ srond % J030edy
I ¥IINIONT O34 ANINOEINOD ONISN BurpTtng (-68T
: (09-0£-9 | 66-TE-8 | 85-€2T 66 00T TC—51-6 | 000°W9WE | — A3TTTORJ UOTJBISUS) JBSH TPUOTRTPPY | 19900
9 =¢1-0T - - -] 99-9-21 00T 00T 000°1799%

°qo8foad ayj SutrjenTea
%uTqS97 UOTSOXIOD JUrpnyout 3ou €400 308ITP 000°LGES Mou ST no09lox
no ugtsep Axeutwrread FOOT U3} SSTOSTP Pue ISATT
s6G6T *67 10qo300 uo F-Y 9y3 £q pejjTuqns 5L

op 03 pueTUOTH 0%

a-ox ST DIV-O0H 000°00€¢ pojoedxe oyjy aAoqe ST STU3 sy
d sty3z JoJ ojeurtyse I-Y Ol

dtaq e apew Luedwo) euyoqd °d "€ IO JoydeTTed) °T "M °IW
odex pue usStTeep LreutwrTead %06 PY3 UO pIUINIaAJI aJI8M SqUSUO)

0062 sserd uexfoxd - s3oaloxd
UOT4ONIFSUO) UT papnToul 7ON quoud tnby

vHOOPm mmmHEH.mu,m ayq uo
*4G6T G2 Pue #Z JIaqueroN

130438 1D03rodd ATHINOW

ISHUVWIY
ozuooseq °M °Y d % 4 reotwayd
MIINIONI O34 ANINCIWOD ONISN SutpTing Gz€ — UMTIS)
09-T-6 - - - °S°N 0 #00T 65-2-6 000" 06%7§ | @aTI0®OTPEY JO Lrsn009Y J0F S8T3TTTO€d  |OL8~HVD
09-¢t<l - - ~| 65816 0 #¥00T 000 5£8
-1SNOD *1SNOD “1SNOD vniov | vaLov 3iva 1809
e e e s e e
a3Lveiis3 | 3ALd3uIGl ONILNVLS e TUS N Lo3roNd [NOLLVZINMOH.LAV TvioL LS Loaroud
@mm_q n.HOQE@\rOz HLNOW NOIlLVHIJHdO SATHOLVNOEY1T CHNOANVYH -8-09 ~ SaT3TTToR] MCHPHOQQA.—W )

.uotTqonpoad 0% gqualloA0IdU] NoiivOlI4ISSVYTID 139and

T R6RZY  ~ mu

QT-H

qETJIISSVION]




spaTTooueo sem sSnTd SuTMaTA TT90 J0J UOT3TISTnDaI ayf
uoqSuTyseM yaTM Jopxo aseyoand ATquesse TT20 aY]

*S99®p UOT1ST

posSTASX ¥ °yjuow STY3 309foxd sTy3 uo ssaafoxd ou seM aI8U3 €5TquRTTRA® SpunJ pPajBOOTIER 30U dI8M aI9yj SY

‘ofr° umbama 01 Surqunowre so3IBYO Y3ITM DITTEOUBD SBM SHIOM UOIT
duoo pesTaax Surisenbaa panssT oq TTIM Tesodoxd qo98foad

ISRUVNIN
ozuaoseq *M °H 0 % § 81ond % 4030894
UIIANIODNI O34 . -—.v.guzgss ONISN . ) : . MQHUHH.D.@ N;Nm -
T9-1-5 09-T-€ | 09-T-¢ 0 00T &i5z—c | 000°0L1§ | TT20 Burgsal oTrsus] aamjetedusy YSTH  1S08-UDD
65=¢191 - - -1 85-92-8 0 00T 0007 051§ :

pasTAdI ® 3By} SJaeadde 3T

Jo uoTjenTeas-al © JI81Je 1nq “656T ¢/ I8qUSAON UO qo09foad sTYl U0 pajIe3s

eponssT aq 0% aarYy [TTM ‘sagep uor3aTdwod q09foad ayj mQHWﬂ>®h fresodoad qosfoad

*656T ‘2z IaqueaoN uo paddois oq 3T 3eY% peqsenbax Layq qusuodwod Jursn £q spuny quaudinbs
—ax seMm qoafoad sTY} uo IoM udTsae(

$SNB VYW IM
ozusoseq "M *Y d 3 4 Steng % JI030EBaY
HIINIONI O3d ANINOdAWNOD ONISN :
T9-T-¢€ 09-T£-0T | 09-T-0T 0 o 65-T-0T 000 OLTE | Surpritnd L2E€ — TTR) uoTIdRIIITd £ey-X |TO8-HDD
05-1-¢ - - -] 85-01-9 0 o7 ooo.ouawL

epassaooxd aq TTTM £3TTTORJ STY3 Jo jusweandoxd Joj suoTqTSTNbax
‘paATOSSI aJ® 9S8Yj} SE UOOS SY °PajnqrJIISIp usaq oABY L3TTTOBJ TeAOWSI aTnsdeo oyjq J0J SSUTMEBIpP JUSWWO) .

SSNUVMNIN
mopey °*H d® ¥ sTend R J030®s8L
HZINTONI O34 ANINOJWOD ONISN : SutpTing
09-1e—2T| 09-TE—=2T *S°N 0 G6 65-8-2T 000°922% | MY-GOT ~ FueudTnby saTpnig 1030e8y-ul ¢8L-90
65-8-CT - - = 65-9-1 0] 86 000" 9.2%
*ASNOD *ALSNOD *LSNOD “IYALOY “IVNLOY 34iva 109
o | | s | o e e | e
a3ivwiisa 3A1103u1a| ONIiNviS mmmﬂﬁﬂﬂum&um_..omm NOILVZINOHINY] TvioLtis3a Lo3aroud
bl 6G6T ..Hmpﬁm>02 HINOW NCi. . v83cd0O SIIHOLYHOHY] CQUOANVH 0062 SS®Td ueJsord - €990 aloxd uoOT3ONIFSUO)
H6RZG - mu 1¥0d3¥ 1093rodd ATTHLNOW uT pspnroul 30N JuaudInbd mnorivorsissvio Lasans
61-H QITJTISSVIONN



QATAISSYIONN

(89S~ ) 810 -00SL—-NV

paxapTsuod Sutaq sT Tesodoxd qoefoxd ay3 03 UOTSTASL ¥

°qoafoad sTYq JI0F

»qo9foxd STY3 UO SUOP SEBM 3JIOM JI9YJ0 OU Spuny pajedoTTe sTqeTTeA®
ugtsep Jopusa Joj paredexd ussq SBY uotqeoTIyToads aseyoand Y

quaA3 oyq utr Sulrpuey dseo JoJ pauueld s
sqeTdwoo ALTTETJUSSSS ST 3IOM UOCTIONILRSUO)
doq eyq aaeaT pue Sund TETATUT 8Y3 UT SJUSWSTS 30®VIY Sursn SeTTTTOR]

T wooq-qtl patyTpou Y
spojedToTjue ode SUTPTOTYS oY3} UTY3FTM SUOTFROTITpOW JOUTW SUOF
ayq oqexado o7 opeul uddq SBY UOTSTI®D ¥V

ou axe axsyy Sy caqusudrinbs pajexsdo AT19j0wex JO
. . SSHMVYIIIN
ozusoseq °M °Y Q® Y sTend B J090®83Y
¥IINIONT 0o ANINCHAWOD ONISN SutpTIng L2e — TI90 Surys?a]
29-1-1] - - -1 °S°N 0 0 65—1-0T | 000 0078 | sor3aadord TBOTUBYOSH pue TBOTSAUd  |LG8-HDD
To-1-% 1 - - - ]69-02-0T 0 0 000° 5% .
esuoTqdaoxs y3TM 9907dwod s
*3yppoeys 9l oy3 Sursn £q pepTaoad ussq SBY WOOL a5ueyo
fLrexoduay ¥ °£ATTTORF oy3 punode pedoeTd oq OF SUTEBWAL 3DUSF UTBYD pu® aye]s MG uy °osTJae plnoys swatqoxd Sutnpayos

*20TASD SuTTpuBy S®O JOTJIIIXS Ue JO uotrqydsoxe 8yl yiTM
*33o ZuTpTeTys

R L ISNUVYWNIA
08kT *W 0 % g [eotudy)
M33INIONE O34 ANINOINOD ONISN SutpTing L-262 — £3TTToBd 3S3]
| 5-62-TT | 69-06-TT | 65-9T1-% | 3+ 00T 00T 65-92-¢ 000°0L§ | soTpn3§ uoT3BZTTTIRTOA 30NPOId UOTSSTA  [8€8-HDD
fisT-6 | - = =1 65-5% 00T 00T 000° 5%

4

5T UOTFONIYS
5y3 JO UOT3BOTIqRd

uoo 3TROS-TINJ JO 31B18
»gpTq JO UIN}aI JOJ PSMOTTE SEBM S)99M OM] JBYjOoue pue SpPIq

-paleTop usaq SeY SaATea poeds yITy aug IO uoTqeoTIToads ayj ur £9TTToey dn-spou 3593 8Yyjl 0%

eqTS®RQ STY3 UO POTNPSYds Juteq

gutrqerax uotqrod oyl

*Joqueoa( LTIeS ul pestwoxd Mou ST quewdtys pue ATqetoae] Surssasfoxd ST saaqeayaxd
aAT3T3eduod UTB}qO 07 SUOP SBM STY]

SSNUVY NI
moped *H @ 3 Y sTend ¥ I1030®8Y sutptind (-o8l
¥IINIONT 034 1NINCANOD ONISN ~ sngeseddy gsjsued], 38d9H oJInssald
09-6T-0T | 09-6T-0T | 65-22—% 8¢ 08 65-8-1 000" 00L$ ySTH 03 SUOTITPPY pue SUOTIBOTITPOW |7¢8—-HDD
09-62| - - -] 65-02-" 82 2L 000" 00Z$
TASNOD CASNOD *ASNOD IVYNLOV TIVYNLODVY 3ILiva 1802
e e Bl e e o
a3llvmiisi N)-m-.nvuﬂ-n- ONILMVYLS WWN.-M--MNOUI“N.“UM--‘QRE INOILVYZFNOHLNYV TvioLties . Loaroud
’ 6661 € IaquanoN HLNOW NOILVNIdO S$ITHNOLVYMNOHVT GQHOANVH 0062 SS®eT) wedsodd - S303l0dd UOTFONIISUO)
66Q29 = mH 13043y 103rodd ATHLINOW uT popnToul 30N uaudinbd yoiivotdissvo 1aoana
QT JISSYTONN

0z~H




*99Ep 0] POATE0SX USAq JOU SBY SATFOSITD 9U3 f6G6T f¢z JaquaAoN uo preod

MaTASY OFY 9y3 £q paaoxdde sem qoefoad oyl °*6G6T ‘2T IequeroN uo JHY 8u%

07 payjTuqns sem Tesodoxd go8foad ¥

1saMy3nos ayj o3 Surpling £xo
SuTpTINg YJTM POJRTOOSSE §9S00 9Y3} SUTMOTASI I993Y

SuTpungy JoJ ua}3TaIM @q TTTM spung UOT30NI4SUOD .pue uTsep paTre3ep J
78 suo ® 23eJT3S8AUT O} PIpTOSp SEM 3T

ISNUVHIY
uosyoEr *S @ 0 % § S{ond ¥ 10%0%ad
MIINIDNI O3d , ANINOJNOD SNISN SuTpTIng 90¢ - £9TTTOR 2ABTOOINY
09-$1-€ - = = 165-61-2T 0 Sl ~duoN 00T 98 sanssoxd YITH ‘eangexsdws] uSTH  [648-HOD
-T2 | = -~ —1 AG-£-R 0 *S°N SuoN .

*£Tuo uStsep Axeurwiraad

*spunjy T-B-09 WOIJ

oy Tesodoad 3oefoad ¥ .mcﬂvﬁﬂsm GZE€ 9yj3 JO JIaUIO0D
‘SuTpTTng G2f oU3 Jo jusweseq ayj utr L9TTTORY STYY
*4G6T ‘aoquedsg uTr pejaTdwod aq TTTM ustsep AxeutwrtTaxd

LAOdTY 103rodid A THINOW

ISNUVYNIN
ozuaose(] "M Y . @ % Y TeoTuwsyp
MIINIBNIT O34 . ANINOINOD ONISN : urpTTnd
| 19-19 - - - *S°N 0 #* 06 69218 000°0%L8 | $2¢ - ALrojesoqe] TeOTATRUY PIPTITUS  |998-HOD
L 65612t | - - -] 6956 0 ¥ 06 000" 0T
sqoofoxd styj Jo3 jusudrnba pajexado ATej0wax JOF uotqeoTJToeds sseyoand B UO pPINUTIUOD SBM IOM .
) SENUY WM
ozuadse(d °M °Y q % 4 sTand R J030®9Y
HUIAINIONT OR4 ANINCCENCD INISN
T9-1-TT - - = *S°N 0 0 65-T-01 000" 0058 | SutpTIng L2€ ~ TT20 £3TTTN T2AST USTH  |8958-HDD
T9-1-1 - = =165-02-01 0 0 000 0L§
CILBNOD *ASNOO *ASNOD <TYNLDY “IWNLOY 3iva 1802
91S3C D S ‘a3Mds ® oS ANNOMN
u.“‘d..LIOO N”MM“EIOO ...Nu..-k“n ~ASNGD HM.GND zo....iu“...z. ...uu..o.ul anLrs mImpnN
ANID ¥3d NI IVLOL "1S8S3 A4A93rcud
O3LVvNILSH u>-u-bu‘-n_ ONILNVYLS SSIUD0Nd LDIroNd INOILYZINOH.LNY )
o7 656T € aoquanoN HANOW NOILvHIdO SITHOLVNOEBV CGUHOANVH 0062 SS®T) ureddodd - sq09fo1d UOT3ONIFEUO)

. ut pepufloul 30N quaudIrbT molLvotsissvd sasans

66929 = mu

12-H

QYIIJISSYIONN




UNCLASSIFIED I-1 HH-62899-

PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

GENERAL

As of November 30th, the staff of the Hanford laboratories totalled 1320 em-
ployees, including 634 exempt and 686 nonexempt. There were 547 employees
possessing technical degrees, including 336 B.S., 112 M.S, and 99 Ph.D.

HEALTH, SAFBETY AND SECURITY

The medical treatment frequency for November was 1.48 as compared with 1.51
last month. There were 4 security violations during November, bringing the
total for the year to date to 42.

During the month, & pressure accumulator in 314 Building basement failed while
under pressure of 18,000 psi. The end plug was ejected as & result of an in-
adequate number of threads of the proper quality to withstand the pressure.
There were no employees injured although the damage totalled $3500.

A machinist accidently backed a moblle crane into the shop door with injury
to his hand and $100 damage to the door.

PROFESSIONAL PLACEMENT

During November, HAPO participated in Ph.D. recruiting at M.I.T., Ohio State,
Colorado, Utah, Wisconsin, Iowa State, Iowa, Oregon State, Oregon, and California.
Referrals from these and schools previously visited this year are being re-
ceived in increasing numbers for HAPO considersetion. Three Ph.D. candidstes
visited for interviews during November and one offer was extended to a Ph.D.
candidate.

Mid-year campus visitations have been completed except for four southwestern
schools scheduled early in December. No mid-year offers have been extended
to date; however, an appreciable number of June graduates have been developed
as candidates. Seven offers were extended to BS/MB experienced personnel
durirg the month snd five offer acceptznces were received.

Two Technical Gradustes were added to the Program during the month and four
were placed on permanent assignment.On November 30th there were 67 Technical
Graduates and 7 Technician Trainees on the Programs.

TRAINING

One Iaboratories manager participated in the leaders training course for
"Business Operations in the Changing Environment". The Information and Ori-
entation Series continued during November with presentations by members of
the Operations Res®arch and Synthesis component.

EMPLOYMENT

Eleven requisitions were filled during November. With the receipt of 8 requi-
sitions, 2 cancellations and 5 placed on a hold basis, there were 7 openings

UNCLASSIFIED
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at month's end, for which L4 candidates are in process, 2 transfers pending and
one yet to be procured.

COMMUNICATIONS

According to information from the Relations Operation, distribution of the G.E.
Monogram at Hanford will soon be extended to all non-unit, nonexempt employees
as well as the current distritution list to exempt employees. A new bulk
distribution for HIO printed communications material has been approved and

is in the process of implementation. BExtensive efforts have gone into the
preparation of a half-hour television show, 'Radiation Protection at Hanford",
which will be broadcasted on KEPR TV on December 17th. H. M. Parker will
discuss film sequences on HIO radiation protection, environmental monitoring
and radiological sclences programs.

At 2000 lnn_

Manager,
Professional Placement
and Relations Practices

T3 Marshall:tr
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TABLE IT NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Oct. Nov. Nonexempt Transfer Request Oct, Nov.
Requisitions Transfers
At end of month 15 7 . Active cases at end of mo. 80 80
Cancelled 3 5% ' Cancelled L4
Peceived 12 8 | New A 5
Filled | é3 11 Transfers effected 4 1

% Includes 2 requisitions placed on hold.
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C - Technical Graduate and Technician Training Program
Month ending November 30, 1959

IG_Program TT Program
Number of Personnel on Assignment 67 7

(HAPO Tech Grad Program.......59
(Western District E. Peveeoses 8

Distribution of Assignments by Departments

HL.O 21 2
CE&UO 3 0
FPD 0 0
IPD 34 5
CPD 9 0
Distribution of Assignments by Function
R&D or Engineering 48 7
Other 19 0
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FINANCIAL CPERATION MONTHLY REPORT
NOVEMBER 1959

Personnel
There were no personnel changes during November.
Activities

GENERAI, ACCOUNTING OPERATION

A report of results was issued for the physical inventory of movable cataloged
equipment in the custody of Laboratory Auxiliaries Operation. Eight hundred and
thirty four items were physically counted valued at $1,531,480. Three items
valued at $630 were added to record as compared to three items valued at $1,850
in the FY 1959 inventory. One item valued at $180 was not located this physical
inventory whereas all equipment was located in the FY 1959 inventory. The fact
that only one item was missing, indicates close control over equipment and the
use of proper procedures, particularly in view of the relocation of Radiographics
Testing equipment from the 200 East Area to White Bluffs.

All field work in connection with the physical inventory of movable cataloged
equipment in the custody of Biology is complete and the field reconciliation is
in progress. A listing of unlocated items was forwarded to the Section Manager
requesting that' the equipment be located or a missing property report be prepared.

Preparations were completed and a proceduze distributed for the inventory of mov-
able cataloged equipment in the custody of Physics and Instrument R&D Operation.
This inventory will begin December 1k, 1959 with an anticipated completion date
of December 30, 1959.

A1l Reactor and Special Material custodians were advised of the forthcoming
annual physical inventory at the end of December 1959, Custodians vere requested
to submit inventory information to be compiled and forwarded to Contract and
Accounting for use in preparing a detalled inventory schedule for the AEC.

The laboratcry eguipment pool (Building 3718) is ready for operation. No equlp-
ment to date has been received, however, numerous requests have been received
for Laboratory Equipment Pocl Tags to affix to equipment being transferred to
the storage area.

A listing of equipment determined to be excess to the needs of HI0 Custodians was
circulated throughout HLO prior to processing a Declaration of Excess. Equipment
. valued at $6,186 was reassigned to new custodians.

In response to a request of SS Accountability material custodians were requestad
to submit forecasts for outside diversions of SS Material covering the fourth
quarter fiscal year 1960 and the entire fiscal year 1961. Upon receipt of the
information a consolidated report will be prepared and forwarded to SS
Accountability.

UNCLASSIFIED
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Comparison of equipment expenditures for FY 1960 with FY 1959 at November 30,
1959 is shown below:

Program FY 1959 FY 1960
2000. $317 084 $376 731
3000 60 558 9 3hb
%000 T2 162 120 4ho
5000 6 466
6000 7 794 _26 295

Totals $457 598 $539 285

We are currently running substantially ahead of 1959 on expenditures and commit-
ments.

At the request of Contract Accounting a quick survey was made to determine
amounts that might be made available from equipment funds allocated Hanford
Laboratories for possible transfer to operating funds. As a result of this
survey and action taken by Contract Accounting funds available to Hanford
Laboratories for 2000 Program equipment were reduced $233,00C.

A review of the Authorization and Performance of Work Manual is nearing comple-
tion and the revisions will be published during the month of December. The
revisions update the Marual to incorporate a number of changes in policy and
procedure. .

COST ACCOUNTING OFERATION

Information has been received from Washington-AEC that additional LOOO Program
funds will be ircludsd in their next Financial Plan for HOO-AEC. Hanford
Laboratories wil;_feceive the entire increase for the activities listed below:

Budget Activity #4420 - Reactor Fuels and Materials Development

U0, Fuels Research $300 000
Plutonium Ceramlcs Research 150 0CO
Physical Froperties Reasearch 225 000

$675 00C

Budget Activity #4114 - Plutonium Recycle Program

Procurement of High Exposure Plutonium $200 00C
Chemiztry - Pyrochemical Systems 120 000
Neutron Cross Sectlon Measursments 50 500

$370 000

In addition, w2 have formally received funds ia the amount of $95,000 for the
Plutonium Fuel Value Study and $30,000 additional funds from the U.S. Air Force
to coatinue the Atmosphsric Diffusion Studies through Juna 3C, 1960,

Analyses were prepared during the month showing the status of funds allocated
tc HLO Sections as of October 31, 1959 far several cf the research and develop-
ment programs. The analyses took into consideration the actual program :zosts
through Ociocber, the cutstanding commitments for materials and services and a
provision %o finance salaries and related indirect costs of psrsounel assigned
to programs on November 1 for the remainder of the fiscal year. These analyseés
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were submitted to the appropriate Section Managers along with a request for
their review of the programs and to advise the Manager - Finance of their cor-
rective action planned for those programs which the analyses indicated financial
difficulty.

Arrangements were made,; with the concurrence of project management; landlord
representative, building occupants and Financial representatives, which resolved
the several problems of partlal occupancy by HLO personnel of new facilities.
It was agreed that (1) all costs of this nature associated with the 308
Building (PFPP) be billed to the HLO Buildings and Utilitles account, (2) cost
of steam associated with the 309 Building (PRTR) be billed to CWIP as project
cost until beneficial cccupancy, with the exception of $150 per month to cover
occupancy by RFRDO personnel in one of the PRTIR bulldings which will be billed
to the HLO Buildings and Utilities account and (3) a monthly billing of $300
for 309 Building occupancy from the HLO Building and Utilities account to
Plutonium Recycle Test Reactor Operation (Code 7570) until beneficial occupancy
of FRTR.

The conversion of Hanford Laboratories' work order servicing organizations +o
separate time distribution has been deferred until sometime &fter January 1,
1960, due to a delay in programming by Data Processing.

Two new wcrk identification codes were established during the month:

Code Title
.17 Plutonium Fuel Value Study (%000 Program - Research and Iievelopment)
.53 IFD - NPR Rupture Detection (2000 Program - Research and Development)

Action as indicated occurrsd on the following projects and informal requests
duriang the month.

Physical
New Completion Financial Transferred
Authorization  Notices lusing To Plant

Project Descripiion To HIC Issued Issued In Service
CGH-8T7 Pyrochemlcal Tzst Fac.,

321-A Building $70 0CO $
CAH-878 Add. Fac. Isctope Study

on Animals 9 800*
C3-681 Eanford Equipment in thse

ETR b'4
IR-242 Modify 203-J Bldg. for

Interim Test Fac. for

Fuel Elements X L 247
IR-243 Relocation of 200-E

Testing Equirment x T 585
IR-246  Alteraticns Positive Ion

Acceleration Facility 18 839
IR-247  Electrical Service Exper-

imental Animal Farm 9 552
CG-T779 Add. to Separations Devel-

opment Facilities 26 535

* $61,000 authorized to ROO-AEC.
UNCLASSIFIED




UNCLASSIFIED J-U4 HW-62899 .

Issuance of weekly project cost reports by HLO Cost Accounting started with the
week ending November 8, 1959.

There were 33 new authorizations for $120,179 and supplements for $18,247
issued to J. A. Jones Construction Company by HLO during the month. At month-
end, there were 68 authorizations still active and work was physically completed
on 35 authorizations during the month.

GENERAL

Work on the sudlt of maintenance continued. The review's value will be somewhat
limited because of the general lack of maintenance standards and of the diffi-
culty in identifying maintenance.costs with specific items of property.

The aid of the HAPO Procedures Specialists has been enlisted in attempting to
simplify reporting of offsite trips and visits to HAPO. A proposal to limit
routine reporting to weekly trip and visit forecasts plus a single monthly
report of offsite trips has been submitted for thelr comment and action.

The 100-F Areea badge house change and its probable effects on HLO (Biology)
timekeeping were evaluated. The only apparent effect of significance will be
a slight increase in Blology's avallable productive time.

The HLO contribution for "1959 at HAPO" is being prepared. Several groups have
been contacted for pictures and the narrative; is being drafted. Deadline for
first rough draft is January 8.

Turther work has been done to analyze technical contributions from Hanford
Laboratories. Confirmation of 1957 figures is still needed.

p}‘w Manager - Finance

Sale:bk
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

L. E. Mills Magnetic Force Resistance Butt Welding of
Fuel Elements

oot
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