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LEGAL NOTICE

This report was prepared os an account of Government sponsored work, Neither the United States,
nor the Commission, nor any perion 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 repert, or that the use of any information,
apparatus, method, or process disclosed in this report moy not infringe privotely 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 disciosed 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-
fractor 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 contracter, -
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BUDGETS AND COSTS

Costs for November were $1, 848, 000, a decrease of $23, 000 from October.
Fiscal year-to-date costs are 41% of the amounts currently authorized to
Hanford lL.aboratories. 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

2000 Program $ 222 $ 6ls 36
4000 Program 2 851 7 052 40
5000 Program 195 541 38
6000 Program 885 2 198 40

Research and Development cosis for the Hanford Product Departments
were in line with amounts authorized except for the New Production Re-
actor. Funds for FY 1959 were 55% spent at the end of November.

RESEARCH AND DEVELOPMENT

1. Reacior 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
CAH-842).

prgy s Foe _
It L
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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 startiup 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 contrel 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" facilily, and a seven-rod cluster
in KER loop 1.

High density 0. 0259 a/o PuOg-U02 mixed crystal oxide pellets irra-
diated to 4. 4 x 1020 nvt had a microstructure very similar to that of
irradiated UOg9. Fission gas release data are being obtained.

The liquidus of the PuO2-UO32 system has been determined; the curve
follows the general form for simple systems of this type, and no de-
viations from uniforrnity were observed. Indications of slight loss
of oxygen of PuOjy at high temperatures were also obtained. PuOy
held for one hour at 2000 C in vacuo formed some PusO3.

Fabrication of cold swaged UQOg 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 sew-
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 UOj 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

a—
1239633
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been observed on the Zircaloy-2 test specimen or the ex-reacior 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 areas.

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 coextruded uranium-Zircaloy fuel rods electrically
heated {30 kw/ft), and in surface contact at one point, did not
rupture after 3. 75 hours in a flow loop at 300 C and 20 fps water
velocity.

The use of HNOg3 vice H3POg4 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 above, 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.
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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 PuQg 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 figsion
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 elementis are progressing satis-
factorily in spite of a large neutron background arising from the (a,n)
reaction of the plutonium on the aluminum matrix. The intermediate
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exposure plutonium containing 20% Pu?40 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 instruments for use around reactors
included the development of a long flexible light pipe for investigat-
ing pigtail contamination and the development 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 ¢ylin-
drical shape in which such experimenis 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
available.

—r e

TR




s xi HW-62899

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

One source of the small amounts of Zn®% detected in people examined
at the Shielded Personnel Monitoring Station, as previously reported,
is now believed 1o 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%o0f the maximum per-
missible concentration for Zn®3 in water.

In the Gas-Cooled Reactor Program measurements were completed
on the effect of a control rod inseried 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
menitoring instrument field. Noteworthy was the decision to prepare -
as-built drawings on the Ajpha~Beta-Gamrmna Scintillation Trans-
istorized Hand and Shoe Monitor which had operated continuously

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

The mass specirometer 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 effecis 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 relation-
ship between dietary calcium and physiclogical turnover of the
substance.

Ce—144—-Pr 144 injected into a ram showed interesting variation in
tissue concentration. The pituitary, for example, had a conceniration

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
particles. Since then, we have noted similar concentrating abilities
of the nodes. Recent work on Pu23902 in lungs of dogs indicate that
somewhere beiween 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 rabbit skin.

Polyvinylpyrrolidone may be a reasonable substance for diagnosing
intestinal radiation injury. Work with the substance, when labelled
with 1131, showed that 750 r whole-body exposure doubled the normal
loss of the substance into the intestine. One thousand r quadrupled it.

Swine were given bone marrow cells after exposure to 800 r, total
body X irradiation (LD/100). One of the 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 on ionium (thorium-230)} for preparation of the potentially
useful radioisotopes U-232 and Th-228 was prepared. Related work
involved a brief 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-230.
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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
ceriain instances; in particular when using plutonium feed with an
artificially high ratio of Pu-240 to Pu-238. Phoenix behavior was also
found to depend strongly on resonant absorption in the fuel, and thus

10 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 year
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 reacior 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 tc other depariments and operations.

Positive findings of Zn®3 in 95% of the subjects examined in the Shielded
Personnel Monitoring Station led to investigation of sources of this
radiocisotope in humans. In addition to previously reported zn%% in
Columbia River water, some Pacific Ocean sea foods were examined ag
possible sources of this radicisotope. Pacific oysters showed the highest
concentration of Zn®3 in the sea foods examined and averaged 4 to 5 x 10=5
pe/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 Zn89.

Angzlyses of Columbia River water ohtained at Vancouver, Washington,
for the past several months indicated Crol, sz39, Zn65 apnd P32, in
that order, to be the most abundant radicisotopes and account for over
90% of the total radioisotopic content of the river at that point. The

e —
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daily quantity (in curies) of these radicactive materials passing a point
near Vancouver was estimated at Crdl - 900, Np<39 - 70, znb9 - 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 Qcean has perhaps not been appreciated
by those observing the river system. It has been clear from dimple decay
arithmetic applied io 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 authorized and two were compleied
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 month was 13, 321
hours. This includes 12, 159 performed in the Technical Shops, 730
assigned to Mineor 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 870 were

radiographic (including x-ray and gamma-ray) and 7, 5895 were supplementary

tests. Out of a total of 3, 066 man-hours, 727 (23. 7%) were in connection
with radiographic tests, and 2, 3392 (76. 3%) were used on supplementary
tests.

The procedure for off-site distribution of uncategorized classified
reports is being reviewed and will be modified. If is expected that the
new procedure will require that HOO-AEC approve all off-gite 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.
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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 "18598 at HAPO" is being prepared. Several
groups have been contacted for pictures and the narrative is being
prepared. Deadline for the first rough draft ig 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 98 Ph. D,

The medical treatment frequency for November was 1. 48 as compared
with 1. 5! 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 gquality to withsiand the
pressure. There were no employees injured although the damage toialled
$3500, ‘

During November, HAPO participated in Ph.D. recruiting at M. 1. T.,
Ohic Siaie, Colorado, Utah, Wisconsin, lowa 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 visiied 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.

1239841
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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
T openings at month's end, for which 4 candidates are in process,

2 4ransfers pending and one yet to be procured.

A onfnter

Manager
Hanford Laboratories

HM Parker:pmg
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REACTCR AND FUELS RESEARCH AND DEVELOPMENT OPERATICN

TECHNICAL ACTIVITIES

“A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion 8tudies

Hydriding of Zircasloy in Simulated NPR Ges Atmosphere. Eight Zircaloy
coupons were exposed in a "high hydrogen” simulated NPR gas stmosphere.
This gas atmosphere was produced by passing hellum at atmospheric
pressure through water undergoing electrolysis. The resulting gas
mixture of helium, oxygen, hydrogen, and weter vapor wes then passed
through a heated (1100 C) one-inch diameter tube packed with graphilte.
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 CCO, 1.25 Np, 0.11 HpeO, and less than 0.0l each
for 02, A, and COz.

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

Vacuum Fusion Analysis

Furnace Surface Bydrogen Found After
Position Alloy Preparstion 21 Days a*t LOO C

g Zr-2 Etched 410 ppm

1 Zr-h Etched 635 ppm

2 Zr-2 Vapor Blast 810 pom

e 2r-2 Yapor Blast + 37 ppm

22 hr preautoclave
kOO C, 1500 psi steam
3 Zr-2 Etched & preauto- 29 ppz
clave 22 hr; LOO C,
1500 psi steam

3 Zr-3 Etched 286 ppm
b 2r-2 Etched 230 ppm
4 Zr-b Etched 340 ppm

The starting hydrogen values were, for the Zircaloy-2, 20 ppm; ths
Zircaloy-4, 25 ppm. The gas from the vacuum fusion anslysis 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

1236843
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it 1s known from previous hydriding studies that if no inhibtition had
occurred, destructive hydriding would bhave resulted. Nevertheless,
the amounts of hydrogen picked up bty the unsuitoclaved samples irndicate
an unacceptable hydriding rate for reactor applicatiors, although the
400 C Zircaloy sample temperature is somewhat higher than the normal
meximum NPR process tube temperature. The fact that the preautoclaved
semples did not hydride indicates that asutoclaving or some other coat-
ing process may glve at least short-term protection against transient
over-temperature conditions. Even in hydriding experiments at $00 G,
preautoclaving has been found protective for a few hours.

Inhibiting Effect of Water om Eydriding of Zircaloy. Etched sampies of
Zircaloy-2 and Zircaloy-4 were exposed seven days at 0O € in a mixture
of 23 mm K20 vapor pressure end 400 mm hydrogen pressure. The samples

were removed and ahplyzed for hydrogen by vacuum fusion anglysis, with

data as follows:

Corrosion Wt. Gain ~ 7 days Hp Found

1. Zp-2 15 ne/dm? 33 pom
2. Zr-2 15 wg/dz® 33 ppm
3. Zr-4 20 n:g,»dm2 80 ppm
. Zr-h 7 mg/dme 30 ppm

With the exception of the No. 3 Zr-U4 sample, none of the samples picked
up any hydrogen from the a<mosphere. The corrosion weight geins for
thls atmosphere are the same as without hydrogen present.

Fuel Element Rupture Studies. The fuel element autoclave-iype rupture
testing facillity has been modified by the addition of & viewing celil.
The cell is four inches long bty one inch inside diamester. It is suit-
able for viewing rupture experiments and corrosion tesis in water at
temperatures up to 300 C. The sample is Trought to test temperature
within three minutes.

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

Reactor Pigtail Corrogion. Two of the pewer rear face conneclors (pig-
tails) that failed in service have been exazined metallographically.
One of these connectors was in service about 10 months on H Reactor,
while the other failed in abou*t six weeks on F Reactor. Both of these
18-8 stainless steel connectors showed cracking similer to the cracks
found on H Reactor pigteils previously. The K Reactor sample had been
badly sensitized and showed some intergranular cracking as well as the
typical transgranular stress corrosion eracks. Similar cracking wes
also observed in gamma sample lines which faiied on the rear face of

H Reactor recently. These lines had heen in service for several years.
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The reason for the apparent increase in the frequency of this cracking
in recent years cannot be stated with certairty at tais %ime. However,
several factors which tend to cause this type of corrosion have changed
in recent years, viz., the wetness of the rear face d;ring cperating,
stresses, temperature, and vibration generated by high filows through
the connectors. The wetress of the rear face is indicazed as a largs "’
contributor te the probiem on the basis of current data. Unfortunately,
thls wetness is nearly icherent in “he newer connector designs; thus,
the need for e material of construction resistant tc this type of crack-
ing is indicated.

o
9“?

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

0.01 M ethylene dismirne teiracetic acid propcsed for use in decontamin-
ating reactors displayed excessive ccorrosion rates on mild steel when
tested in stainless steel loops. A laboratory investigstion of this
corrosion probiem using normelized A-212 carbon steel and 3T4L stainless
steel coupons at 90 € shows alr-ssturated sclutions are more corroszve
than argon-saturated solutions. The corrosiveness of the argon-saturatei
solutlons decreased with time for the first two hours, while *he corro-
siveness o the air-saturated solutions increased during the same perind.
The galvanic current between coupons is sensitive to the pretreatxzen cf
the stainless steel and to the stirring rate, and <his is not reprcduc-
ible with great accuracy. Im these labora“ory-scale sests ths galvanic
currerts between coupcns account for less than half of the gbserved
corrosion on the carben sieel, and usually for only 20 to 30% of the
obgerved corrosion. :

The decreasing corrosion rate chserved in argon-saturated sciuticns
suggests the saturation ¢f the ethylene dlamine fetracevtizc acid wiia
ferrous ions from the corrosion of the steel. However, the possi%iliz
of impurities causing this rate change has not besn elizinzted. If “he
higher initial corrcsion rate is due to the ethylene diarine tetracetic
acid, it might be mitigated »y either charging the complexirg agent or
saturating it with ferrcus ion hefore use.

Radiometallurgy Lavoratsry Studies

Two enriched (1.6%) 7-rod clusters wit: 22 and 30-mil Zirceicy-2 jackets
were received. Examina ion of the ruptured cluster with 20-nil jacke-s
revealed a 3/4-inch long crack near the center of an outside rod. The
Zircaloy Jacketls on both clusters had a uniform black oxide coating a-d
no indicatlon of correcsion or pitiing after irradiation exposure ci

2200 MWD/T (RM-555). :

The examination of cne na%tural uranium, 7-rcd cluster (20-mii Zircaloy-z
jackets) with swaged and welded esnd closures was completed. The ciuster
had been irradisted to 4LOO 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 oz regaired o
evaluate the end closure method comclusively (BM-552;.
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Evaluation continued on the capability of coexiruded, 30-mil thick
Zircaloy-2 cladding to restrain swelling of natural uranium during
irradiation to 2000 MWD/T in the ETR {JEH-3-59). A ruptured sample
exhibited radiasl macrocracks, very large grain size, and many macro-
cracks in the Zircaloy-2-uranium bond. (D measurements reveslied an
expansion of from three to seven percent {RM-275}.

The results and conclusions from these tests will be reported in
connection with the respeciive programs of Fuel Design ard Physicsl
Metallurgy Operations.

Basic Metallurgy Studies

Electron and Optical Microscopy. Thin evaporated films of carbon
supported on 200 mesh copper grids have been irradisted to exposures
as high as 1.5 x 1019 nvt {thermsl), and irradistions tc higher ex-
posures are in progress. These films, after decay of radicactivity,
will be studied by electron diffraction techniques to establish
whether copper can sublime onto the carbon during irradiation. If
sublimation does ocecur, then czopper zontamination of 211 thin films

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

Evaporated films of sluwminum containing pariicles of uranium dioxide

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

3.4 % 1019 nvt (thermal). As the exposure increases, the small particles
of uraniut dioxide bresk away from the aluminum film. The diffraction
patterns of such films show The presence of small crystallites of
uranium dioxide distributed uniformiy over the surface of the filw.

The ursnium dioxide spparently heats up to high temperatures during
fission and redistri®ution of the oxide by subiimation or its eguiv-
alent aoccurs. :

A capsule has been developed for thne irradiastion of thin films or foil
specimens for elec*tron microscopy that will permit the encapsulation of
the specimens in a {1 x 10-5 mr Hg} vacuur woile keeping the temperatures
of the specimen below 175 F(80 C). Tne capsule is of high purity
aluninum, 99.999 plus percent, so the capsules, when reiurned from ex-
posure in the reactor, csn be handied with no shielding after a shert
decay period. Welding of the final assembly is acccrplished in the
electron beam welder in & special cooling block designed 1o keep the
specimen temperature low.

Solid State Reactions. Optimuxm conditions of heat treatment for zir-
conium, Zircaloy-2, and Zircaloy-3 are being studied as & function of
cold work, temperature, time and heat treatment atmosphere. Arnalysis
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 & nucleation and growth mechanism.
This microstructural change is accompanied by further softening and is
characterized by & variable activation energy. The rate of recovery
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can be expressed in terms of percent recovery, £, at ary time, t, by
the equation

df - =
5L w5y, 1y e LB - ol - 5,07 /i

where &; 1s a parameter descriving the density and diszribution of dis-
locations, 03 1is & parameter describing the concentration and spatial
distribution of impurity atoms, T4 is & prarameter descridbing the inter-
nal stress fields between line and point defects, £E = E5 - a Z? - fg7

is the activation erergy for recovery of any given f and kT is the =bszo-
lute temperature multiplied by Boltzmenn's factor. This type of eguation
adequately expresses the complexity of recovery processes in general.

In-Reactor Measurements. A prototype creep capsule hac Deen charged arnd
ls in operation in the KW Reactor. This capsule has hLeen designed to
make continuous messurements of the creep deformation of an annealed
Zircaloy-2 specimen during irrzdiation. A creep test ldenticsl to the
in-reactor test is being run out of the reactor to provide & direct com-
parison with the in-reactor results. No measurable creep occurred in
either test afier incremental increases in temperature to 575 F {302 )
and 600 F (315 C). The specimen temperatures were ther lowered tc 320 F
(260 C) and the stress increased %o 25,600 psi. Tenmperatures will agair
be increased in 25 degree F increments until a measurable creep rate is
obtained in-reactor. The capsule is still operating satisfacterily. No
gas leaks have occurred in the ceramic seals, all thermoccuples are
working, and the heaters are irtavt. Scme limitations have beer cooservel
in this prototype capsule. The heating element power leeds are toc spall
to carry the power necessary to maintain capsule temperature when the re-
actor is shut down. Tae heat transfer characteristics ¢f the capsule
shif{ed markedly when the helium pressure was increased in the capsule
causing a temperature gradient along the specimen which zannot be elim-
inated. Heat transfer under load could not be checked hefore in-reacticr
operation as both pressure and temperature could not be applled simul-
taneously to the cepsule without straining the ¢reep specimen. A scecond
capsule is being procured off-site which will embody deslgn changes to
rectify most of these difficulties.

The +thermoccouple stability capsule, containipg an iron-consiantan, a
chromel-alumel, and a copper-constantan thermccouple, has been irraiiated
6940 hours at approximately 300 C. I+ has been necessary to stop th
flow of cooling air and helium-16% C0» thermoczouple envirommental atmos-
phere to both the in-reactor and an identical ex-reactor capsule, during
the pest month, due to & plugged reactor test-hole vent. The in-reactor
thermocouple temperatures have varied betweer 300 and 325 C due to garma
heeting in the asbsence of the cocling ges. Gas atmosphere and Tempera-
tures in the ex-reactor capsule have been maintained as nearly ildentigal
to those in the in-reactor capsyle as they reassonably could.

Resistance between the in-reactor iron-constantan couple and the botiom
of the thermocouple well has become very erratic, varying between abouat
600 and 1000 omms. Deterioration of this couple is possibly due to the
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setion of HNO3, produced by the effect of irradiation or moist air in the
test hole, during the absence of the heliwn-C0p flow. The resistance
between the in-reactor copper-constentasn couple and the bottom of the
thermocouple well has, as ir the five previous months, remsined high.
This couple has continued %o indicate a tempereture spproximately 15 C
lower than indicasted by the iron-constantan and chromel-aiurel couples.
Under the test conditions, imposed thus far on the in-reactor couples,
only the chromel-alumel couple hes not shown an increase in resistance
between the couple and the botiom 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 Radjometallurgy and
has been visually examined. The cluster has been ldentified as one of

the 20-mil c¢lad elements and not the 30-mil clad element which was In the
charge. No evidence of ecrud film formation was observed on the element
nor was there any evidence of corrosion of the Zircaley-2 cladding. It
was not possible to tell whether or not the uraniym under the spiit in

the cladding was also split.

Tubular Fuel Elemerts. Tubular fuel eleuents for the NPR are being

tested at the Henford KER loops and et the ETR. Zircaloy~2 clad wranium
tube and rod elements ren to 2000 MWD/T at KER Loop 4 without incident.
Two elements from the Loop 4 test are at BMI for hot cell examination.
Both rod components have increased in diameter about C.6 percent. Boh
tubes appear to be oval after irradia*ion to the extent of up to 0.0kC"
difference in di=smeter. A section cut from one tube shows extensive
radiel ¢racks in the uranium which may or may not have existed at the
+ime the element was discharged. The other tube is. free of cracks. The
clad surfaces of the rods showed pitting corrosion attack and heavy crud
formation. Loop 4 operated on pH 4.5 waiter for this test.

Three, 36-inch long tube and tube elemeris were built 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 ingide diameter of all components. This is prab-
ably due to air contamination during welding. All elements were rejected.

The quality of tubular 1.8-inch OD Zircaloy clad uranium fuel elemernt
material 1s being evaluated on four extrusions received from Nuclear
Metals. Metallographic examination shows smell areas, about 0.004-inch
dtlameter, which appear as slag or dirt inclusions randomly distributed

in the uranium. These inclusions are freguent enough to show many of
them at the U-Zr interface. In such instances the Zircaloy 1s pushed
into the inclusion causing an irreguler interface at this point. Positive
identification of these inclusions has not been made, and complete pro-
cessing history of the material is not svailable at this time. These
defects are more pronounced on two of the four extrusions, while the
other two are relatively clean. Ziresloy clad thickness of these sizes
varies fropm 0.019 inch to 0.025 inch in & single sxtrusion. 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 ©.027 inch

in a single extrusion.

Current procedures for making closures on the Zircaloy clad elements
frequently results in tne contamination of +the weld bead with uranium,
This forms a spot of U-Zr alloy in the weld vwhich is less corrosion
resistant than the uncontamineted Zirceloy. It has been found tha*
uranium contaminated spots, even those of low ccncentration, mey te
quickly and simply located by & modification of the electrographic tech-
nique previously reported for copper contamination. Since the organic
reagent used to identify uraniwm {8-Quinolinol) 1s ineffective in the

presence of fluoride ion, the HNO3-HF electrolyte used for copper de-

tection is replaced by a NaNO3-NapCO3 solution.

While the vectorscope with the specisl 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 glven specimen, it dces not appear
pessible to calibrate the instrument to gilve sbsolute wall thickness,
Recent experiments with autoradiograph methods offer some promise for
improved accuracy of thickness messurement; the success of this
approach will depend largely on the possipility of using a suitable
densitometer and of contrelling the variatles other than wall thickness
which affect the darkness of the fiim.

Fuel for Present Reactors. Approval has been given for the irradiatior

of two hot press canned fuel elements in the GEH-4 loop of the MIR.
These elements were placed in a standard MTR basket which wes equipped
with upstream and downstrearm thermocouples for pover generation reasure-
ment. This assembly has been shipped to the MIR and is awaiting irrad-
iation.

Component Fabrication. Four sttempts were made to expand and size the
ID of coextruded KER inner tubes. Two attempts were successful with a
total inerease of 0.018 inch on the internal diameter and 0.009 inch
increase in outside diameter. 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 pileces are being prepared for metallographic
examination. The fracture zone on the plece that split during the
second pess shows & defective area in the ursnium where considerable
oxidation was present. The uranium also exhibits & radial crack
oriented 909 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 jnner
tubes (1.050 inch OD by ©.500 inch ID) have been hot headed with tool-
ing fabricasted 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

1239849 p—



| 2

o

J

G0

50

A-8 ' HW-62899 .

heading and a resistance heasted contaimer mounted ir a 5C-ton vertical
draw press. The end of the tube extending above the grip is induction
heated to 600 ¢ just prior to heading. The tube end preparation for
heading consisted of a thin copper chemical plate on the ture surface
to prevent the Zircaloy clad from seizing to the tube container and
mandrel and a thin grephite lubricant over the copper plate. Slignt
swelling occurs at the junction of grip and the container which is in-
herent in this method of end forming due *¢ the difference in temperature
of the tube conteined within the grip and the container. This swelling
1s 0.010 inch on the OD (the ID 1is not altersd) 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 equipment capable of hot heading KER and NFR cuter tubes.
This eguipment will be of the same nature as the equipment described
above for hot heading KER lnner tubes.

Allied Fuel Studies. Reactor swelling experiments of Zircaloy clad

uranium fuel rods with selected uranium temperasitures, cladding thickness,
and exposure are being conducted. Metallographic exsxinsation of SEH-3-59
vwhich operated to an exposure of 2100 MWD/T at an estimated average
central uranium tempersture of 825 C has started. Very large grains in
the center of the uranium rod and large elonga*ed grainrs oriented radi-
ally confirm the high estimated operating temperature of this rod. Severe
radially oriented macro-crackinrg can be seen. At several locations ithese
cracks proceed into and =long the U-Zr bond Ttut do not propagate 1n*c the
Zirealoy cladding.

Ore of the four swelling capsule assem%lies with thnermocouple leads
charged in the MIR to extend the coverage of tezperature exposure and
cladding restraint was discharged as a suspected rupture. Tne rupture
was later found in the capsule of another sponscr. As the leads were
cut when the GEH capsule was discharged, another identicael capsule will
be charged in its place at the next MIR shutdown. The remairxing three
capsules are still opersting 25-100 C below the temperature desired.
Two capsule experiments to investigate the influence of various carbon
contents and low zirconium additions on the swelling characteristics of
uranium are being designed for irradiation in the MTR. Nineteer capsules
in D Reactor have reached approximstely two-thirds of their 150G MWD/
goal exposure. Uranium center temperatures are still approxirately

100 C below design conditions.

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

made ip an sutoclave 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
Zirealoy {(0.045-2.01 w/o) decreasesmoderately at 300 C and decreasss quite
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 cperated at 30 kw/ft each in a 300 C water
loop while in contact with each other for three hours and forty minutes
without obvious hydriding damage at +the point ¢f contact. The test was
terminated when the rods failed at the power lead fuel rod concection.
Metallographic examination is to be made for jacket hydriding cr heat
effects in the bond.

NFR size coextruded tube and tube speciwmerns are being defect tested irn

& 300 C water loop with varying size coolant annulil tetween the defec*

and adjacent components (Zircaloy-2 process tube or ccextruded fuel tubel.
As was the case in similar type eutoclave tests, as the component-corpcrent
or component~tube separation decreased, the inception of damage at +the
defect was retearded.

A high temperature, high pressure defect testing facility for ¢.6-inch
diameter rods with a sight glass for observing and photographing defect
behavior bas been developed by Coatings and Corrosion Operation. A pin-
hole type defect test conducted in this facility at 300 € and 150C psi
reveaied that after the fuel c¢lad is ripped cpen by the accumulated
corrosion product, U0z is readily released from the corrodirg fuel rod

in a finely divided siate and at a rather continucus rate. This behavicr
indicates that fuel element failure should be firmly established and
readily located because of the steady release of & signifizant quantity
of corroded fuel.

The in-reactor fuel element jacket burst test prograx 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 spplied. Five of
the fifteen capsules burst during the fcllowing ten days of exposure a*
temperature and pressgure. Any conclusions must be tentative until <he
test assemdly is finelly discharged and the specimens examined, but
there appears %0 be no gross departure in-reactor from the behavier pre-
dicted from ex-reactor tests. There appears to be a suttle change In
the burst properties which is protanly not sigrnificant from an sngineer-
ing standpoint. The test has experienced one rescior shutdown and pro-
duced a qualitative indicaticr of the absence of a reoccurrence of
primary creep when irradieation is termina*ed and Then started again.

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

Design Apalyses and Comwputastions. A detalled stress anslysis of the PRTR
process tube was completed. Elastic analyses were made for bending
stresses due to connections to ex-reactor piping, thermal stresses fron
gamnz hesting and transient cooling, and the siresses in the steel
Zircaloy sealing flanges. The flange process tube calculations included
analyses of the bending resistance and circumferentisl expansion re-
sistance of the ring of material attached to the process tube. Shearing
forces resisting selzure and longitudinal 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 determire
the estimated number of c¢ycles to failure.
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REACTOR PROGRAM

Coolant Systems Development

Fuel Element Testing for Present Reactors. A test was started to deter-
mine the corrosion effects of a scratch resistant coating appiied to the
fuel elements to protect them during shipment and charging. The basic
composition of the coating meterial is & cowhination of sodium and potas-
sium silicetes with a2 wetting agent. The materisel 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 NagCrgO7 is about 90%
effective in preventing corrosion of cerben 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% H3P0h 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
nupercus tubercules and rust scale estimated to be 1/4-inch thick. Be-
neath each tubercule was & 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 stazinless steel
but did not remove the tubercules. A-Z12 carbon steel coupons and
sensitized 304 stainless steel coupons placed in s low velocity section
during the descaling exhibited 0.122 and 0.0021k mil average penetrations.

In December 1958, the lower heat exchanger was descaled using inhibited
HoS0,. Of the two solutions tested, the HpSOy sclution was more effectlve
in desealing, but the carbon steel penetration was twice as high as for
the H3PQy descaling run.

Qut-of-Reactor Rupture Tests. Four NPR size tube-in-tube coextruded

uranium and Zircaloy-2 fuel elements with anralus spacings from zero to
0.20 inch were tested in an lsothermal 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 O, 1650 psi, and 16 fps. The
tubes with annulus spacings of 0.120 inch and above exhinited typical
3/8-1inch dismeter 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 fiasttened on top. The zero-annulus pleces had raised slightly
(one or two mils next to the defect) and were flattened on top. None of
the rupture distortion had progressed 1o the inside of the tubes in the
two one-hcur tests. Testing of these fuel tubes will be extended to
longer exposures.

Two coextruded U-Zircaloy-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 belng made.
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KER Fission Product Activity. Abnormal activity developed in KER
Loop 3 subsequent to the rupture of an enriched tube-and-tube element
September 30. For sbout two weeks of operation at low temperature
following the rupture, activity levels were at or below normal. _ne
loop tempersture was raised at this time {s%till wi%h =& dummy charge’
and a high delayed-neutron activity resulted. Weter samples taken at
this time showed high activiiies of Np. On subtsequent reduction of
temperature the activity remeined 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 activiiy was not
affected by raising and lowering the locp temperature, nor by an in-
crease in pH from 6 to 8-9. On October 30, the dummies were discharged,
and seven hot-headed 7-rod clusters were charged. On sibsequent
operation et high temperature, pH 10 LiOH, nc abnormal activity has
been evident.

I”‘""\-_:

NPR Component Testing. " A 3raylok Jumper connection has teen thermaily
cycled 21770 times between 250 and 550 F with no observed leakzge.

This joint appears <o be acceptable for use on cut-of-reactar corrosion
test loops and should save from one-third to ozne-half of the cost of
regular pipe flanges.

A screwed NPR nozzle-to-vube connection using a bell-ring seal was
thermally cycled 862 times betweez 250 and 550 F with no otserved
leakage. An NPR nozzle-cap sealed wiih a flexitaﬂlic gasket using the
manufacturer's recomrendei gaske* compression {e.g., 200-£%-1b bolt
torque) began leaking afier 75 cycles between 25C and 55C F a* 1830 psi,
but testing has continued to a total of 1617 cycles. The same desizn
using a 500 ft-1b belt torque had previously beern cycled 1369 *imes at
the same conditions with no observed leakage.

Decontamination Studies. Two procedures appear scceptalble Zor deczen-
taminating stainless steel systems: APACE and the Turcc W501-4302-ZXC:
processes. Twelve decontamination cycles using the Turct process have
been completed in CEP-~1. After each decontapination the loop was cper-
ated at 300 C for one week. The corrosion rates measured for stainless
steel, sensitized steinless steel, and Zircaloy-2 were all very low,
aversging well under 0.01 mil/cycle. Stellite 6 and Steilite 12 ex-
hibited considerably more corrosion, averaging 0.10 and $.15 mil/cysle,
respectively.

Three procedures which appear mos* promising for decontaminating carton
steel systems consist of two or three steps. If UC2 and fission
products are present, as in the case following a rupture, a hicarbonate-
peroxide solution is employed as the first step, primarily to remove the
U0p. Beveral experiments have been compleied to evaluate variations in
the formula for this sclution. 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 sclutions. The final
step is either smmonium cltrate with EDTA, sodiur bisulfate, oxslic acid,
or phesphoric acid. The smmonium citrate-EDTA mixture is the most
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effective but also the most corrosive. Several corrosion irhibitors are
being avaluated. The Dowell Company manufactures an inhibited citric
acid which will be evaluated. Appreximately eight commercial solutions
usting NaH S0y sre being evaluated; the results do not show any great
advantage of any one formiletion. The bisulfate, oxalic ecid, and
citrate solutions all are effective decontapinants and are ron-corrosive
to Zircaloy-2, steinless steel, stellite, and uncoupled carbon steel.
However, when the carbon steel is galvanically coupled to stalniess steel,
both c¢revice corrosion and galvanic corrosion result in excessively high
metal loss of the carbon steel, up to one mil per cycle. Gtudles are
continuing to determine specific effects of veloclty, temperature, time,
and degree of recircuistior for &l sclutions. The effects of general
corrosion, crevice corrosion, and galvanic corrosion bhave 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 sccounts
for the decrease in corresion rates as flow rates were incressed, for
specimens with both a galvanic couple and a crevice ares. The single
exception is the use of Turco 55-8A, in which case the crevice corrosion
rate appears 10 increase with increasing velocity.

Structursl Materlals Development

Zircaloy Replacement Process Tubes. Three Zircaloy-2 smcoth-bore tubes
for C Reactor are on-site and in inspection. They are expected 1o be
placed in 2 Reactor in December. Trese are the pilot tures for a nom-
inal 50-tube order of ribless *+ubes, beipng fabricated by Bridgeport
Brass Company.

Burst Testing. A Zircaloy-2 wube with 55% cold work was burst at roox
temperature to evaluate a double ring and groove end-sesling method and
to provide an estirate of the pressure reguired to burst a section of
irradiated KER tube (TO% cold work). For the 55% coid worked tube, *“he
hoop stress a%t failure was 124,000 psi (approximately 15,000 psig internal
pressure). Extrapolating from this tes*, it is celculated 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 ¢f irradiated KER tubing. One method
employing & welded plug sesl backed up with a double groove and ring
flange arrangement has been shown to withstand 15,00C psi pressure on

a2 1.5" OD x 0.125" wall Zircaloy-2 tubing in a 55% ccld worked condition.
4 second method employing epoxy adhesives %o cement a plug In the tube
ends has been tested. Toe minimur shear strength developed by the epoxy
adhesive was 1500 psi. There sppears o be soxe hope that shear
strengths of perhaps 3000 psi can be attained with proper Joint design
nd surface preparation. The third method employs & mechanical gripping
method in combination with epoxy adhesives to provide the requisite
strength. This method appears to be mos*t attractive for burst testing
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of 1rradiated tubing since no remwote welding is required, mechanical
manipulation is relatively simple, and the promise of adequate sirength
is favorable. '

Nonmetallic Materials Development

MIR High Temperature Irradistions. Preliminary graphite irradiaticn
data are now available from 3EH-19-2, which was the second experimernt
in the L-48 position in the MTR. Tails capsule contained eight sazples
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 demage. As tarulated below, the pre-
liminate indicetions are that VC is a more stable grapnite for high
temperature use than CSF.

Data Sumrary - GEH-19-2

: Exposure % Length Wt. Loss
Graphite Temp.,°C ¢ > 1 pev{¥i) Change 3rans
Position Type +50 ¢ x 10720 +2.006 +5.0032
1 CSF Loo Moniteor ost +0,006 +C.000h
Ve Ny's) C+3.027 -0.0002
2 CSF 600 0.571 -3.001 +.200%
VC 600 +2.017 -2.0026
3 CSF 800 1.2k -0.C50 +0.,0065
vC 8oc -G.035 -L.Q245
i CSF 800 1.35 -0.Ché -G.o0CL
ve 8oo -0.024 -5.0052

Because the GEH-19 samples, as well as the graphite samples fror scxe
other experiments, have been exposed to water during disassembly of the
capsules, & test was conducted toc determine the effect cf water on Ins
graphite stability. A series of fifteern sampies were measured arnil
weighed before and after soaking for one week in ccld water. XNo length
change in excess of 0.0l percent was observed from this test.

MTR Hot Test Capsule. Samples from twenty-one capsules from JEE-1%

were measured to evaluate length change during irradiation. Fourteen

of the capsules ran in excess of 650 C as evidenced by melting of the
aluminum monitor wires. Sexples of needle coke graphite irradisted a%
high temperature consistently showed less contraction than samplies 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 JEIR,
H-1 and H-2, have now been exposed through three one-month eycles. The
thermocouples in H-2 are now all operating very erratically, and thcse
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in H-1 =sre beginning to drift. H-2 will be removed st the end of this
month.

ETR Irradiations. The first of the GEH-13 capsules to be removed from
the reactor, ZEH-13-2, was cut up 1n 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
be helpful in future dissssemblies of similar capsules, such as the GEIR
capsules.

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

Hot Test Hele Irradistions. Graphite samples were discharged from the
Y Test Hole &t C Reactor with an secumulated exposure of T600 MWD/AT at
450 to 600 C. The contraction rates are about the seme from 3000 <o
5100 as from 5100 to 7600 MWD/AT. However, the contraction rates for
the .1ajority of the semples 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 MTR Graphite Irradiations. An indiecation of a flux in-
tensity dependence of low temperature radiation damage was cobtained from
capsule irradiations of transverse CSF graphite samples :n the MIR.

Capsule 109 Capsule 110 Fetio $£3
Avg. Fast Flux( 1 mev) 2,38 x 1002 nv  4.08 x 1012 nv 1.71
{Ni Activation)
Total Fast Exposure 1.25 x 1019 nv  2.15 x 1019 av 1.71
Length Changg 0.38%% 1.264 3.3
A L per 104V fast nvt 3.04% 5.85% 1.92
Co Change 2.3% T.7% 3.4
A Co per 100 fast nvt 18.4% 35.8% 1.9%

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 chenges for these irradiations is attributed to a flux intensity
effect. In particular, it is seen that the rate of length change and Co
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 irrasdiation temperatures.

DECLASSsics

""t
\r’zv
L ti

>
’]



A-15 HW-62899

Plactics and Elastomers. Tests have been completed to evaluate whether
plastics and elastomers change properties more rapidly after being
irradisted then during normsl (unirradiated) aging.

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

Thermal Hydraulics Studies

Studies Pertaining to Inereaged Power Levels Resulting From lLarger Hy-
draulic Fittings. The feasibility of increasing the size of outlet hy-
draulic connectors con 0ld reacior process tubes to permit significant
inereases 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 +he
K Reactors.

As the first step in determining the degree of lessening of the reli-
akbility of the Panellit protection system arising from the use of larger
discharge fittings, steady state Ttolling curves were experimentally
determined. A K Reactor nozzle barrel, slip Joint ¥ fitting, & 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 eross header conpector is
slightly less ther twice that of the normal connector. Curves were de-
termined &t tube powers of 500, 100C, and 1500 kw. The datae meke evident
thaet increasing the size of the discharge piping significantly reduces
the pressurization due to steam fcrmation at low flows. The boiling
curves obtalned approach those {yplcal of K Reactor geometry. Unsitatle
flow will not occur at tube powers below about 1000 kw. High Panellit .
trip back up to guard against plugging incidents upstream cof the
Panellit tap does not exist at tube powers below about 750 kw. A more
complete determinetion of the degree of protection offered by the Panellit
system reguires further experimentation.

Hydraulle Studiee. Hydraulies Laboratory experiments were performed to
determine flow rateg and front-to-rear flow splits for a reactor process
tube assembly during various conditions of nozzle cap removal, The data
are useful ir analysis of reactor and perscnnel hazards assoclated wirth
certain stages of charge-discnarge 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 IPFD's Plant and Industrial
Engineering Operation to determine the flow characteristics of some
sample J-type rear pigiail assemblies for use on H Reactor. The off-
site vendor of these items wes having difficulty meeting the specified
tolerances, and 1t was desirable to determine the relative flow resist-
ance of two sample assemblies which had different tolerances on the
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concentricity of the inlet and outlet bores of the plgtail-to-header
adapter. The difference in flow characteristics was found to be negli-
gible.

Flow characteristics of process tubes with various increased size cutlet
fitting assemblies were investigated for possible use on the 0ld 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 e
accomrplished by replacing the pigtail, nozzle outlet fitting and reaming
the rear header Parker fitting.

A paper based on the results of some laboratory ecriticel flow experiments
was presented at the Annual Hydraulics Conference at Washington State
University on October 30, 1559. In particular, the paper incliuded data
on eritical discharge from & 1/2 inch pipe and critical flow in a 0.47 x
5.0 inch square-edge entrance nozzle {short tube).

It 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 ocecur.

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

pipe.

Contarct Heat Tranpsfer Coeffiéients. The heat transfer coefficients for

interfaces between uranium coxide, 28 aluminum, and zirconium-2 for
different pressures were calculated from experimenisal data supplied by
the Fuels Development Operaticn. These data, which consisted of the
axial temperature distributions in composite rods, were used both to
campute the temperature drops at the interfaces and as a2 hest meter to
determine the heat flow rate through the rod. Data 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 surfece, the atmosphere and the pressure.
For interfaces with belt ground surfaces, the values cbtained were in

the order of 150 for uraniu oxide-zirconium-2, 500 for 25 aluminum-
uranium oxide, and 1300 for 25 alumipum-zirconium 2. Values in the order
of 1700 were obtained for a uranium oxide-~2S aluminum lapped interface
while interfaces in a helium atmcsphere showed values of about 10,0CC.
These values are in Btu/hr-£t2-F. An increase in pressure fram a 91-1b
load to a 364-1b load spproximaetely doubled the coefficients.

High Pressure Hesmt Transfer Apparatus. The inboard mechanical seal on
the 250 gpm circulating pump in the high pressure heat itransfer apparatus
failed and was replaced after 153 hours of operation. It was felt that
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a possible reason for ihe seal fallure was the presence cof abrasive
particles introduced in the circulating water from the test sections.
Modifications were made “o 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 Gemma Attenuetion. The foils from the as-cured perforated
ferrcphosphorus concrete test have been counted, the data run througn
IEM, and the results are being snalyzed.

A second irradistion of iron-serpentine concrete {265 1b/ft3) was made
after baking at 100 C. The gammae leskage through L8 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 teing counted. The
lower density iron-serpentine concrete s.abs (210 1b ft3) are teing
irradisted for the first time.

Counting of foils from the second loading of the NPR boron steel thermal
shield test assembly was campleted. IBM computetion of results has teen
completed, and analysis of the results is under way. During the C Reactor
ghutdown this month part of the third foill 1lcading of the WPR thermal
shield test assembly was removed. The third loading could not be cor-
pletely removed because of high radiation dose rates and limited avail-
ability of manpower. For the same reascns, the fourth foll loading

could not be placed in the test assem:ly.

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

A calibrated double~mederated neutron dcsimeter was provided for use in
shielding studies at the 105-DR test wells. Two low sensitivity and one
high sensitivity BFy tubes (manufectured by N. Wood Counter Laboratcries)
for use with the dotimeter were calibrated against & PuF) neutron source
(standard socurce #2), supplied by J. DePangher.

A single channel scanning spectrometer for use in folil activation analysis
is Peing mssembled in the instrument shop.

B, WEAPONS - 300C PROGRAM

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

PESL ROy
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c.

REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONTIUM RECYCLE PROGRAM

Plutonium Fuels Develcpment

Bagie Studies. Further date on the time-temperature relationships for
homogeneous solild solution formation between the isostructural compounds
PuOn-UOp has been cbtained. Samples of PuOp containing 40 percent U0y
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 indicetes the degree of s0lid sclution formatlon as a functicen
of temperature. As noted in the x-ray data from samples held for one
hour, the individusl reflections (h k 1) from PuOz and UO» moved together
with increasing tempersture. 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 resclved. After eight hours
at 1500 C, & complete single phase was indicated by the diffraction data.
A plot of interplaner spscing of the Pu0p and U0p corntribution to the
(311) reflection versus temperature gave an intersection at 1500 C with
a 'd' of 1.63% 8 compared to the theoretical value of 1.635 R.

The liquidus for the system Pu0p-"i0p has been obtained from single phase
samples of the two compounds. The curve follows the general forr for
simple systems of this type, and no deviations from uniformity were ok-
served. 411 the data was cobtained in a dried and decxidized helium at-
mosphere. The melting point of pure plutcrnium dioxide appears *o be near
2280 C. The lattice parsmeter of & melted sample of Pulp was 5.417 ]
coppared to 5.396 £ for the as-received pocwder. This indicates & loss cf
oxygen on melting; however, no apparent evidence of a sub-oxide was found
on the diffraction pattern. A sample of PuOp held for one hour at 200 C
in a vacuum of 103 mm of Hg was still predomiransly PuOp, although
evidences of both alpha and beta Pug03 were found. To investigate further
the stability of Puls in hydrogen, a sample of PuQp and carton was heated
to 1500 C for one hour. No trace of Pup0z was present, and excellent
resolution of the PuOz planes was observed. The lattice constant found
by high angle extrepolation was 5.3970 * 0.0003 2.

High density sintered samples of PuQs and UQs have been run ir a high
temperature dilatometer at a heating rate of 25 C/hr to ob*ain more
accureate datz on the thermal expansion. Heating and cooling curves were
coincident and only slightly curvilinear. The coefficlents obtalned for
PuCps are tabulated:

75 - 100 C aipha = 9.0k x 1076/c
75 - 715 alpha = 11.16 x 10'6/0
775 - 950 alpha = 14.38 x 107°/C

These data are in close agreement with that obtained at the 110 ¢/br
hegting rate.

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

The prototype T-rod Pu-A1 cluster is also operating in the 3x3 loop
facility, and it has received about ten days of cperation under full

power and temperature conditions. The 7-rod, 1.8 w/o Pu-Al alloy, PRIR
prototype cluster with Zirealoy-2 cladding, stainless steel end fixtures,
and quick-disconnect erd caps is currently under 1rradistion in KER Loop 1.

The 3-rod Zircaloy-2 clad, 3.1 w/o Pu-Al alloy cluster (3EH-4-46) which

has graphite lubricated cores in swage sized tubing 1s 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 elloy 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. ©8till another 3-rod cluster experimert
(GEH-4-48) which contains the corrosion resistant Pu-Ni-Si-Al alloy core
meterial in graphite lubricated and swege sized tubing is under fabricatiorn.
This element will also be irradisted in the GEH-4 facility.

The fabrication of a Zircaloy-2 cied Pu-Ni-8i-A) slloy 7-rod cluster
(GEH-11-4) using swage sized tubing and & T-rod Zircaloy-2 clad PuOo-i0p
cluster (GEH-11-3) is proceeding for irradiastion testing in the ETR 3x3
loop facility.

Three of the six PuOo impregnated graphite capsules have completed theilr
irradiation in the MTR. The irradistion of all six will be caompleted 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-U02, mixed-crystal-oxide
caggules (GEE-14-19,20) irradiated in the MTR to an exposure of 4.4 x

10<V nvt, was sampled for fission ges release measurements and sectioned
for metallographic examination. Phetomicrographs of the specimen
(GEH-14-19) indicate that the microstructure is very similar to that of
irradiated UO». No central void was formed. Replicatlon ¢f the semple
1s currently under way. No date were received yet on fission gas release.

Fuel Fabrication. An evaluetion is telng 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 nct
proven too effective as 1t seems to detect only the very bad defects and
not even all of these. Ultrasonic testing for defects seems to be more
relisble and is being investigated. Metallography of 90 randomly picked
samples showed that 38 percent had cracks emanating from the inslde thet
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

o 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 1s being swage
sized on & 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 &void thermal cycling difficulties.

One hundred and twenty-three billets of the Pu-Ni-Si-Al corrosion
resistant alloy have been cast. ixty of the billets were extruded,
and about 50 percent of these successfully passed the corrosion test.
Therefore, sixty satisfactory cores have been febricated during the
month.

Fabrication Development. A corrosion-resistant Pu-Al alloy was developed
to replace unalloyed Al-Pu as the PRP fuel materisl. 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 lasrger 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 1in the extruded fuel rods.
Samples of the fuel rods which withstood a 2b-hour, 350 C corrosion test
had a smaller grain size and a smaller and more uniformly Gistributed
second phase than samples of fuel rods which corroded badly in the same
test. Since differences in the solidification rate during casting comtrol
the slloy structure, the effect of casting varlables on the corrosion re-
sistance of the alloy were investigeted. 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 ylelded 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 resistence.

The thermsl cycling of dummy Zircaloy clad rods fabricated by varlous
techniques is continuing in an effort to better understand and scive 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 dismeter
about 0.003 inech by sweging. After swaging, circumferential
depressions were made in the rods about every eight inches
which locked the core and c¢ladding ftogether. Only one rod
of the original six remeined unchanged at the end of 77
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 ZrOg on the inside
surface that was formed ir an sutoclave. The diameter
was then reduced slightly by swaging. Five of the six
rods successfully withstood 2C cycles and the other rod
elongated abcut 0.6 inch, warped, and the cladding split.
At the end of 44 cycles, only one of the original six
rods was unchanged.

¢) Twelve rods were fabricated by slipping alucinum cores
coated with a lubricating layer of graphite into as-
received Zireceloy tubes. A slight reduction in tlhe
diameters wes 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 cn four.

d) 8ix rods were fabricated in whizh both the outside surface
of the cores . :d the inside surfage of the Zircaloy cladding
was coated with a lubricating layer of grapiaite. A siight
reduction of tne diameter was made with the swage. All the
rogds were virtuaslly unchanged at *he end of 2% cyzies even
though the cores were showing sigrns of shortenirg. After
Ll eycles, the elements were begizning tc elongate and ware,
and the cladding was split cn one. Twc were nct alfected.
Only one c¢f these rods was unchanged at fthe erd of 77 cycies,
and all the others were warped and split.

e) Three elements were fabricated by slipping aliminum cores
into as-regeived Zircaloy tubling. ¥o grarhite lubricant
was used on either the cores or cledding, and the rods were
not swage sized. The diametrasl gap on the rods weant from a
minimm of 0.0049 %o a maximum of 0.0067 inch. No dimensional
changes occurresd after 77 thermal cycles.

All of the above elemenis were helically wrapped with & wire under varlous
tensions; all below 25 in-1bt. Some cther rcds with graphite lubricated
cores and swage sizing with nc wire wrap were also thermal cycled 78 +imes,
In general, those rods which were nc% wrapped tehaved better than sinllar
rods which had the wire wrap. Also, fror the results of these experirenis
it appears that grephite lubricant does improve the thermal cycling be-
havior to & certain extent and that the minimum diametrsl gap beilweern the
core and cladding is ss lmportant or more Ilmportant than the maximm gap.
It is felt that by swage sizing the tubirz on a mandrel prior to assemcl
that the diametral gsp can be controlled from a minimum of about 0.0035

to & maximum 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.

UKCLASSIFIED
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One injection cast prototiype with metallurgical and mechanical bonding
between the core and the can has successfully withstood 87 cycles, with
a diesmeter increase of 0.003 inch and a length decrease of Q.070 inch
in 42-1/2 inches. It will be returned to *the autoclave %o be tested to
failure. This simulated fuel elemert has the core cast-bonded to the
Jacket by the fabrication process, end in additicn, the longitudinal ex-
pansion of the slurinum core is res*trained by mechanical keying cbtained
by rolling circumferential grooves (.025 inch deep into the tubing at
six-inch intervals hefore injection casting. This combirstion of metal-
lurgical and mechanical bonding may prove to be adequate to withstand
the severe streszes encountered with thermal ratcheting. Cther cycling
tests have indicated that the mechenical bond alone or the metallurgical
bond alone is not adequate tc overcome the protlem; however, the corbin-
ation of the two together could prove %o e the answer to the problem.

(02 Fuel Development

PRTR Fuel Elements. The densities c¢f swagel PRTR fuel rcds have steadily
Improved since the first red was fabhricated. 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 a*tributable primarily %o a
tighter control of losding and swaging variables. Rods loaded with
sintered and crushed UQo have heer swaged %o an average density of approx-
imately 85.5% of theoretical with a varistion from rod to rod of approx-
imately *1% of the thecretical densi*y. Eigher densities are expected
with *he arc-fused UQp which is rnow reing used.

T~ order %o avoid delay in favricatior of swaged fuel rods for PRIR
iy-rod cluster fuel elsmerts, the off-siie fabrlicetor of Zircaloy-2 end
caps has agreed Yo compleze 200 setg of the current order ahead of
schedule. This partial delivery will allow rod fabrication to contiznue
without interruption until *he remainder of *he end cap order is regeived.

Tne new PRIR fuel rod end cap design providing e continucus one degree
taper on the portion of the end cap tha*t 1s inserted in the fuel rods

has provided excellent welding results. Raiiographs of 418 welds *his
month have shown only two welds with insufficient penetration. These

two welds have been repaired by rewelding.

A speed indicating meter has been attached to the rotating chuck used in
the vacuum purged welding charber. The ;ovement of the fuel rcd 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
escn time the fusl elierents are set up for welding.

Cooperation with the Costings and Corrosion Operation has provided an
alteration of their autoclave fixturing *¢ allow an increase fromw 39 to
65 fuel rods to be sutoclaved at one time. The autoclave cycle reguires
four days, With £5 fuel rods autoclaved at & +ime, the output is
approximately 100 fuel rods per week.
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Detection of defects on the internsl surfaces of swaged fuel elemerts
1s limited because of the surface roughness produced during the swaging
operation. Several specimens giving ultrasonic defect indications were
sectioned and examined metallographically. All proved o have inden-
tations, 0.003"-0.005" deep, resulting from the iImpression of U0p
particles into the Zircaloy-2 tube surface.

Cost data are Peirng assewbled on fabrication of PRTR fuel elemerts.
Although these data are not yet complete, the ccst reductions assoc-
iated with process development are very obvious: the cost per fuel
element todey 1s several times lower than the comparatle cost nine
months ago.

Delivery of six thousand pounds of fused UCp frar the Spencer Chemizal
Company was completed essentially on schedule. TUre of this oxide for
PRTR fuel elements will have the advantages of yielding a higher density,
lower unit cost, and probably improved operating characteristics duie %o
better fission gas retention. Analysis of the fused U0y saows that 14
meets the specifications set up for purity, densi*y, and oxygen-to-
uranium ratio,

Fabrication Development. Projlection welding has been demonstrated as

an economical method of fabricating Zircalcy-2. The results cbiained

in comtract DDR-TO {(projection welding of the 1G-rod clucter fuel elemens
hanger fitting assexblies) indicate “hat 2 substartisl laber savirg can
be realized by projection welding. Additional evaluation is being per-
formed on the sample welds.

Dense UQ2 fuel rods can be fabricated by vibraticnal comraction
followed by a one pass swage reduction of a~15 percent. Densities

as high as 90 percert of the theoretical UOp dexsiiy caxn Te achievad.
Swaging and vibrational compaction used conjunctively shculd help <o
insure uniformly high densities. This technique markedly reduzes ihe
amount of swagling required, thereby reducing the amcunt cof ccld work
introduced into the sheath material. The sample which had the highes®
density after vibration (83% T.D.) also had the bighest swagel dewnsity
(90% T.D.). It contained 60% coarse, 20% medium, and 20% fire, fused
UOp. A sample containing 10% coarse, 10% medium, and 80% fine, fused
UO2 had the lowest density after vibration (67% T.D.), and af*er
swaging (78% T.D.). Results obtained with mixtures of intermediate
compositions are anomalous, and systematic investigetion of mixtures
centering on the composition giving the highest density 1s needed.

Ten PRTR fuel rods, fabricated my vibraticnal compacticn, are ready for
final assembly. The average densities cof the rode are 85-86% of the
theoretical density, with density variations of $1% T.D. along most of
the length of the rods. The particle size distribution of the sintered
and crushed UOo was 40% (-6 +20), 25% (-235 +60), and 35% (-20C). The
swagling characteristics of fused UQs from Spencer Chemical Company were
evaluated to determine the particle size distribution and tap density
associated with the paximum swaged density.
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Further studles evaluating the swaging process have revealed that
internal surface sheath defects are not propegated 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 UOp and swaged. Metallographic examination of cross-sections
of the swaged fuel rod shcwed that the depth of the defect had not
been increased. However, the width of the defect was considerably
reduced. :

Continued development and evalustion 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 Zirceloy-2 tubes which had passed both off-site apd on-
site internal surface fluorescent penetrant inspection.

Fuel Evaluation. Confidence in the structural and cladding integrity
of the swaged U0z 19-rod cluster PRTR fuel element remains high after
sixteen weeks of coperation of one such element in an ex-reactor, high
temperature, high pressure flow loop. The element, which was thermally
cycled through the proposed PRTR pressure and temperature range many
times, exhibits no warping, wire wrap loosening, or corrosion. This
ex-reactor test will continue.

Arrangements Were made to retwrn the purposely defected, irradiated,
swaged UO» fuel rods to Hanford for seciionirg and internsal exazin-
ation to reveal structural changes and potential interaction beiween
high temperature steam and U0z core and Zircaloy sheath. A second
irradiation test of a purposely defected, swaged Zircaloy clad UGz
fuel rod was initiested. The second test will involve greater hea*
generation and in-reactor ¢ycling.

A number of long term irradistions of UOo fuel cepsules are taking
place in various reactors to reveal any prcgressive changes in the

. nature of the fuel. ©Swaged UDp capsules have attained an estimated
maximum exposure of 12,000 MWD/T during irradiation in ETR-MIR. Xo
failures of these capsules, or of any other swaged fuel elemenits have
oceurred.

A four-rod cluster comprising both helium bonded and evacusted, vibrator-
ily packed, arc-fused {Norton) U0, fuel rods was examined after MIR
irradiation. The test element had generated 11.2 kw/ft, or 310,000 BTU/
hr/f‘t2 surfece heat flux. The evacuated fuel rod without a helium
atmosphere developed a central void, with columner grains and grain
growth. The UOp core containing heljum remsired visibly unchanged.

The marked difference between the UDs rods is understandable in light

of the fuel rod gas analysis.

The greater fission ges release from the evacuated fuel rod results

directly from the increased fuel temperature which is caused by the
absence of a good continuous heat conducting medium, i.e., helium.
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The source of hydrogen found in the gases ccrtained within the irrad-
ieted fuel rod has not been defined. The dramatic difference between
the irradiation behavior of evacuated and of helium-filled U0p fuel
rods demonstrates once again the importance of insuring & thermally
conductive gas phase (e.g., helium) in non-sintered UOs fuel elements.
The relatively low fission gas release from are-fused, vibretionally
compacted UQp fuel elements, operated at average PRTR conditions, is
very encouraging. With more recently procured fused UOn, even betier
fisslon gas retention 1s anticipated.

Basic Studies. A Joint HAPO-BMI study revealed, some weeks ago, a ten
percent greater thermsal conductivity of isostatically pressed ani
sintered UDs by comparison with that of extruded, dried, isostatically
pressed, and sintered U0p. The samples were recovered from BMI, where
the conductivity was measured, for microscopic examination to possibly
reveal causes for the apparently fabrication dependent variatiorn of
conductivity. If the generally saccepted Loeb density conductivity
relation were solely true, one would expect specimens having similar
average pore volumes to exhibit nearly the same thermal coanductivity,
vhen correcting to zero porgsity. However, the correcied conduciivities
reveal a greater disparity between such specimens than beilweern specimens
having similar greln sizes. The data reveal only grain size as a prop-
erty which might be responsible for the greater “hermal conductivity of
the isostatically pressed and sintered specimen.

Fquipment was erected which will permit comparative measurements of the
thermal conductivity of a variety of UQp specimens and adjunctively will
provide data on interface and hellum gap conductivities. Several
standard specimens {stairless steel, alurinum, graphite, fusei quartz:
were prepared. A transverse specimen was cut frog 2 sarple of 10C per-
cent dense dendrite of U0p. No grain bourdaries exist transverse to

the direction of the proposed heat flow. Single erystal thermal ccn-
ductivity will be closely approximated in this specimen. The equipment
will also be used to examine the unusuailly high helium beond conductivity
in smell gaps disclosed in recent BAPD irradiation tests.

It is interesting to speculate regarding the effect grain size might
have on heat removal from UQz fuel rods. Results of recent U0z
irradistion tests ere interpreted as demonstrating unexpectedly high
thermal conductivities in regions above 1800 £. These regions char-
acteristically consist of long, radially criented, columnar grains,
which should transmit heat more in the marner of single crystals then
of polycrystalline material. The relative contritution of radiant
transfer through these high temperature regions remains to be resolwved.

Corrosion Studies

Corrogion of Zircaloy-4 in 4LOO C, 1500 psil Steam. Six samples each of
Zircaloy-2 and Zircaloy-i4 have been corrosion etched in Loo ¢, 1500 gsi
steam and show very similar ccrrosion rates and gocd black oxide films.
The weight gains after ten days are:
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Alloy Weight Gein mg/dn?
(Avg. for © samples esach)

"dr-2 27

Zr-§ . 25

Aluminum Alloy Development. There are now ten 8lloys using 99.995%
base aluminum in test in 360 C water. All but one of these have shown
excellent corrosion resistance. The one exception is & 1% Ni, 0.5% Fe
alloy mede at Algoa. The same formulation mede st HAPO does show &
decided improvement. After four months in test, the Alcoa X-8003 allay
{1.4% Ni, 1.5% Fe) shows a penetration of 0.3% 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 Netional Laborstory
that this type of alloy has a higher corrosion rate at 260 C than at

360 ¢. 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-3001 aluminum at 300 C in pH 4.5 water
adjusted with HNO3 is much higher than in pH 4.5 water adjusted with
H3PQ4. After 642 hours of testing, & rate of 0.48 mil/month was observed
in the HNO3 experiment. This contrasts with a rate of 0.06 mil/month
obteined from previous H3POL data. Veloclty effects appear to be limited
to impingement attack at the higher velocities on the alumimum coupons
imrmedintely 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 end pH 4.5 adjusted with HNO3 is compar-
sble to that obtained with H3POy, 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, ope with spirel wire wrapping and one wlithout, have
been thermal cyecled 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 ultresonic, fluorescent dye penetrant and
radiographic testing of the 97 PRIR 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 autcelaved tubes which originally gave immerscope indications of
possible flaws. No defects at the locations of these indicatlions have
been found by visual, fluorescent penetrant, and radiographic testis.
Consequently, it is expected that the smoother surface from pilckling
prior to autoclaving will eliminate most if not all of these indicatlonms.
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All 97 tubes have been pickled and autoclaved. Fifty-one have satis-
factory sutoclave films. Forty-six are being considered for reprocess-
ing because of staining (37) or questionable autoclave £ilm areas (9}.

A trial run on reprocessing is under way on vendor-reject tubes. Press
equipment 1s nearly ready for straightening the tubes that bowed slightly
during autoclaving. '

Radiometallurgy Laboratory Studies

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

300 MWD/T (RM-300). Photogrephs, diameter and length measuremeats, and
Tission-gas collection were completed on a fuel element contairing a
high density UOp-Pulo mixed-crystal oxide (RM-650). Metallography and
fission-gas collection were ccmpleted on a fuel element containing high
density, centerless ground and sintered UQp pellets, after irradiaticn

to 1500 MWD/T (RM-273). Metalliograpnic examination of a swaged UO»
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 UOp L-rod cluster. One wafer from a rod which
had been sealed in & heliun atmosphere appeared unchanged as a result of
the irradiation. A wafer from & rod which was sealed while evacuated,
exhibited a recrystaliization structure and also provided a high fissicn-
gas yield (RM-304).

Metallographic exsmination of gamma phase annealed, irrsdisted uresrnium
continued. Very large criented grains were observed as well as lerge,
rounded, irregularly-shaped fissures (FM-321). Metallographic examination
was conducted on a sample of low irradistion exposure urenium that was
annealed for ten hours &t 800 C (RM-317).

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

Thermal Hydraulics Studies

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

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

The test section used was & 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/nr-£t2 for water qualities ranging from 3%
by weight to 28 F subeooled.

A re-evaluation was mede of emergency cooling characteristics of the
PRTR in consideratiocn of the failure of the flywheels on the PRIR purps
to provide flow for a time as long as had initimlly been expected. It
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was concluded that the pump decay times as experienced on the prototype
purp in the 31k Building were so erratic that it was highly desirable
for personnel from the Mechanicsl Equipment Development Operation to
examine the pump further for possible causes of shortened decay times.

PRTR Project Menzgement and Design

Over-all PRTR Contract. The over-all PRIR contract is 54% complete
versus O4% scheduled, based on the official General Eleetric 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 etrikes, and added work. However, a
completion date of May 20, 1960, has been agreed on pending delivery of
government furnished equipment.

The biological shield inmer liner is nearly complete and the contractor

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

the amount required by his contract (10%), and the remsinder by plant
forces. Review of radiographed films indicates 2 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 70% of the fuel examination cell wall. It appears that placing
of heavy aggregate concrete in the biologicsl shield will be started
about the second week in December, pending successful leak test and weld
repair of the inner liner. Imstalisticon ¢f process cell piping and
equipment is progressing slowly pending completion of the resctor shield.

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

Al]l change orders through 41 have been negotiated except Nos. 10, 2C,
and 4L0. 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 i1s estimated to be 25% complete.
The completion date for the stack is December 27, 1959.

Instrumentation and Control. The electronic portion of the rypture
monitor system is being rebid with the three low bidders, since all bids
contained unrequired items. It 1is 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 mecharnical and sample handling portion of this sys>en was
begun by CE&UQ during the month, with completion of design scheduled

for December 19. This par%t of the system was originally piaced for bid
on & design and fabricate contract, but no acceptable bids were received.
It is expected that procurement of long-lead-vime items in this systex
will be done by Gereral Electric, and such items will b2 furnished *+2
the system fabricator to shorten delivery time.

A design change is being prepared revising the reactor safety and con-
taimment systems to coincidence systems. The safety systen relay cabinet
has been returned to the vendor for modifications to conform to *ae nev
system. The control room panel vendor has been notified to prozeed with
the safety system control and bypass panel.

Core Components. The calandris and top and bottom shields are essentially
completed. Tubing extensions from the calandria down through the bot%orn
shield are now being instalied. Although strict specifications were writtex
t¢ insure that the top and bottom shield were dried completely of wa*er
after the hydrostatic test, when J. A. Jones’ personnel umintentionally
drilled a hcle through the bcitom plate of the bettoz shield, a szall
quantity of water ran ocut. Arother atitempt a* drying the shields will

be made.

Shielding. All of the cas* iron thermal shiell tlocks have beern regeived
on-site. The biclogical shield fors kas been rearly coppleted. Soze
difficulty is being experienced in the qualivy of the welding on pene“ra-
tions through the biclogical shieid. Of Initisl x-rays of +thege welds,
approximately 65% were rejected for not meeting ASME Jodes quality
standards. All liguid carrying penetratisns through the biological
shield will be 100% radiographed.

Heliun Gas Syster. The high and low pressure heliuz conpressors hava
been turned over to the contrastcr for installation. The testing progran
had not been completed when they were requesied by the contractor, so
that satisfactory operating 1ife had nci been achieved fer the check
valves cn the low pressure cozpressors and for the check valves and zox-
pensating pumps on the high pressure compressors. Siteps are Teing taken
to continue testing and development work on the camponents on devices in
the laberatory other than the actual compressors.

One of the high pressure coppressors was demaged to arn undesermined
extent when one of the three suspensicn points by which the compressor
was being lifted broke and allowed the compressor to fall tc the Ilicor.

Fuel Handler. Acceptance tests were completed during the moxnth and the
menufacturer was instructed to disassemble the machine and prepare it
for shipment by November 28. The machine will be accepted with certain
deficlencles in operation which will be corrected or brought within
acceptable performsnce standards during testing at Hanford. The vender
will replasce the exhaust air hose and resize the shroud. These itens
will be delivered separately. The sir cooling system has consideratly
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more pressure drop (without the fuel element, shroud, end seat in place)
than can be accounted for by calculation. Inspection revealed no ob-
struction in the line, 80 the manufescturer was relieved of responsivility
for this jitem. 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 rore pronounced st certain positions of
the carriage. This matter is the manufecturer's repponsibility to correct.

Outlet Nozzle. Some materisl for re-menufacture of the nozzles has been
received by the vendor, end ebrk has begun on new components. Welding
on reassembly of four nozzles was not entirely acceptasble on the first
attempt, and some repeir 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 eliminste
interchangesbility 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 shlelding.

The cracks occurred in access holes in well block No. 3 and in one of the
top blocks. An attempt will be made to repsir the blocks. Due to the
cracking problem, Mosler Safe Compeny will not meet the scheduled shipping
date for all blocks. However, to avoid delaying the Phase III contractor,
a partisl shipment consisting of the filler blocks 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 detalls of the design criteria. The project proposal
is being circulated for approval. Transient analyses of the conirol
gystem are being made.

Sections of the design criteria concerning the primary pump drives and
the mmergency tank were revised. The primary pumps will no longer have
two-speed drives. Instead, two motors, a 30 hp and 10 hp, will drive eack
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 wili
. be separated from the mctor by a magnetic clutch. The pump drive changes
will place high pressure loop eguipment 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 tell enclosure.

The emergency tank will no longer vent to the PRTR building exhaust after
a rupture disk falls. The tank will become pressurized and force water
to the holdup tanks cutside the containment vessel.

PRP Critical Facility (Project CAH-842). The design criteris was pub-
lished for comment during the report pericd. CE&U Operation has been
authorized to proceed with preliminary design of the critical facility
buillding. Detailed instructions have been forwarded to them dellneating
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the portion of the design which the authorization concerns and which will
be included in the PRTR Maintenance and Mockup Additicn contract. Ex-

pegged completion date for detailed design of this portion 1s January 15,
196Q0. '

Fuel Element Rupture Test Facility {Project CAH-867). The scope des-
eription 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 fer
once-through coclant flow or for recirculation. The in-reactor test
section consists of a Zirecaloy pressure tube with a Zirceloy liner ccm-
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 thet the vehicle 1s 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 afier vehicie
shipment for the shroud wes acceptable). The major fabrication problex
remaining is the elimination of excessive vibration in the vehicle during
bridge travel. The following major componenis are not funeticnal, and

it will be necessary to revise the systems when the vehicle 1s received:

(1) Bridge position indiceting 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 compresscr.

PR-10 - Primary Loop Mockup. The primary process pump has operated for
more than 1800 hours. The seal leakage has generslly 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 ccllection tank.

Damage to the low pressure secondary seal is kmown 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 in the secondary

leakage.

The oil seal leakage, which started et approximately 900 hours, has In-
creased from 10 ml/hr st that time to a constant 60 mi/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 protoiype process pump has operated over TOO hours with leakage con-
sistently below 0.1 gph. Flywheel decay tests were perfcrmed with the
small pump to determine the effects of head variation on flow decay rates.

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

PR-40 - Shim Control Mockup. Modification of the second prototype assembly
incorporating changes to agree with %those bheing mede by GE-APED 1s S0 per-
cent complete. All drawings made by CGE-APED have been reviewed and
approved.

Delivery of the hall bearing lead screws has been 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 is supplying the lead screvws and ball rut assemblies.
The thermocouples have heen received and are undergoing tests in the
lavporatory to determine their reliability. It also appears that the AEC
will not he able 1o procure the drive motors by the dates we are required
to furnish them to GE-APED. Delsy 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 571 hours during the month with leakage rates fror- the high
pressure closures as follows: nozzle cap - .67 ml/hr; nozzle to process
tube - 0.18 ml/nr; and process tube inlet - 0.09 ml/hr.

The fuel element was removed and examined by Fuels Development persdnnel
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 wlll be

inspected by Radiographic Testing personnel to determine if any corrosion
was evidenced, :

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

Inlet Piping Eno inlet valve) 5.0 psi

Process Tube (with fuel element % iniet orifice) 22.0

Outlet Orifice : 13.5

Qutiet Piping 5.0

Total System (nc inlet valve) kg .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 wit
indications of a small load loss. The Starrett springs withstood over
600 thermal eycles 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 pas been built and is ready for testing.

PR-64% - Qas Sampling Technigue. Testing of several gas separator designs
has determined that a separator, three inches high and 2-1/2 inches in
diameter, packed with raschig rings, gives satisfectory results. A proto-
type rotameter has been ordered to hetter evaluste the provlem caussi by
condensation in the rotemeter with the passage of helium saturated with
water at 120+ F. Experimental datas are being obtained to correlate gas
flow rates with varied amounts of nelium in solution.

PR-T0 - Helium Compressor Test. The test program with the two compressor
units was halted Qctcber 30, 1959, when the compressors were delivered o
the Phase III contractor for reactor izstallation. A report, EW-62734,

has been prepared sumarizing the findings of the compressar test pregrar.

Additional work is being planned in the development of the oil corpensating
purps for the Hofer high pressure compressor. A test stand is being fab-
ricated and will be ready for operation about Decegber 1, 1959. An air-
craft type positive displacement hydrailic pump has heen received frorm
Vickers Incorporated for evaluation purposes as a replacement for *he
existing Hofer designed oil purps.

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

Additional test work is being performed with the Beach Sta-Dri oil reroval
filter in an attempt to evaluate its performence in the 300 to 40C F range.

PR-80 - Air Cooling Duct Test. Design of the small capacity duct is
complete. Faorication is 40 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 ¢
operate setlsfactorily. 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 immedistely with the full size units filled with

UNCLASSIFIED

1239819



UNCLASSIFIED ' A-3h HW-£2899

representative quantities of electrical and instrument leads. An initial
test showed good sealing characteristics beiween the silicone andé 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 PRTR rupture monitor
photomultiplier 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 purchesed 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 aiso. These 25
defective crystals represert nearly 30% rejection of those furnished by the
manufacturer. All fallures are sttributed to poor workmanship or techniques
on the part of the manufacturer.

The reactor control and radiation monitoring system were received on
November 16. The autcmatic controller portion 0 the system 1is being
evaluated on an analog computer simulation of the reactor. Evaluation
tests will ineclude operation with ranges of the variables of plutonium
concentration, fuel temperature coefficient, and criticel moderator level.
Tests wlll consist of frequency response, response to various steps and
ramps of reactivity, ard a checkout of the period control features. This
work 1s 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 Examination Facility has been countinuing

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

to 63% of & 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 efficiency approximately

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 1t 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 prototypleal cable connectors for use with resilstance temperagure
detectors on the PRTR were examined. These are improved units over the
connectors originally specified. BSeveral 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 shouwid result
in a more rugged unit.
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Design Anslysis’

Physics Analysis. A study of the PRF Critical Facility losding wor<h has
been initiated. The variation of fuel types and lattice piteh and the
inclusion of & Dp0/HoO moderator op+ior in the design ieads to the consid-
eration of sbout 22 cell types. Thrze-group diffusion theory methods will
be applied using the F3 program for the IBM-T709. Results will be ir *he
form of three-group flux and adjoin®t flux distributions in spezific sells
and in various core arrangepents. Also determined is the syster multi-
plication. Hitherto unavailable three-group neutron cross sectlons are
belng calculated with attention to precper spectral weighting, especlaxly
for close-packed, highly erriched, HpO moderated core schemes.

Formulation of the calculations for generating the PRTR xenon tables has
been completed. Flow charting and coding of the problem for the IBM-70G

hes started. To be generally applicable tc all spike loeding configura*ious,
the caleculation has been designed to provide two sets of tebles. The first
table will allow direct calculation of local poisening in terms of tube
power, while the second table will provide weighting functions in terms of
numbers of tubes, tube power, and reactor pover.

Work has started on the design of critical experiments for the Critical
Test phase of the PRTR startup. <Consideration is being given %o cali-
bration of the moderator level and the shim system by uniformly pcoisorirg
the moderator with boron. Calculations indicate that a concerntratior of

20 mg/liter of elemental toron will produce a negative reaztivity of 100 mk.
A preliminary experiment to determire the feasitility of Tboron clearup is
now belng planned. The design of a special fuel element for deterciring
flux distribution and cadszium ratios is also under way.

Steam Loop Transient Analysis. Calzuletions 4o determine a sujitarle su%o-
~matic control system are preseatly in the debug stage. Latest results
indicate the Fortran program is satisfactery. A sei of zoefficients de-
fining the requirements of the control systex is being calculated.

Rupture Disk Calculations for PRTR 14" Cate Valve. In order to insure
egeinst flow restriction during rormal operation and yet prevent flow
folloving a pipe faillure, a rupture disk is to be installed in the IAY
gate valve. In order to properly size the diek, the maximm differential
pressure across the valve following a pilpe failure 1s regquired. The xax-
lovm differential pressure was postulated to cccur following a rupture in
the 14" inlet header and was calculated to be 20 psi. 8ince the dead-
head of the pump is 130 psil, a rupture pressure differential of 7% psi is
recommended to allow for a sujtable factor of safety in ithe 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 shout 3C percent
of normal. At lower flows the calecuwlated rundown times were much greater
than observed. The discrepancy appears to be attributable to mechanizcal
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friction in the pump seals. In the previous calculstions, mechanical
friction had been neglected.

Safeguards Analysis. The PRTR Final Safeguards Analysis was issued. A
review of the final safegusrds anelysis of PRIR was made by the (General
Electric Reactor Safeguards Courcil on November 19.

The hazards survey report for the PRTR 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 231-2 Building on July 31, 1359, has been completed. It was
concluded that the failure was caused by melfunction of the temperature
control instrumentation which allowed extreme overheating by the furnaces.
Steam-metal corrosion reactions supplied the final incremexnt of energy
required to heat the autoclave to 950 €. The autoclave failed by stress-
rupture after a short time at 950 C and 1300 psi. Ko previously un-
recognized chemical or physicel phenomena contributed to the failure. A
report of the investigation of the autoclave failure will be issued early
in December.

lutonium Febrication Pilot Plant.

Phase IIT Construction. The Phase III equipment installation contract
with George A. Grant Company was terminated effective Noverber 15, 165G.
The remainder of the equiprent installation work is being done by

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

The change of contractors became desirable because of the large rnumber of
change orders ersuing from discrepancies between the installeticn drawings
for the sintering furnaces and the furnaces as received. The sintering
furnaces were designed under s DDR contract by Harper Electric Furnace
Company. The design of the furnaces themselves appesrs to be highly com-
petert, with minor modificetions to the main electrical switchgear.
Changes to the 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 Englneering and issued as Design
Change #37 were generally satisfactory but allowed George A. Grant Company
to cleim large sums as contract extras. The furnaces es manufactured by
Selew Fabrieating and Machine Company were rot completed in accordance
with the purchase order and the drawings. Thue, additional extra charges
would have hed to be paid for field completion of the maim power wiring
and the cooling water and drain piping. Such work, entailing much fieid
direction and many changes, 1s most economically and expeditiously done
under a CPFF arrangement,
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The change of contrac*tors was made with 1little loss of time to the
construction schedule. George A. Jrant Company craftsmen worked pro-
ductively until sbout Novemver 12, and by November 18, J. A. Jones :
Construction Company hed deployed a fuli crew to the Jjcb, 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 new and *ransferred equipmext
have been received. Initiation of eguipment inmstallation and procure-
ment are awalting increased project suthorization from the AEC.

Procurement. The small parts for the sintering furnaces were delivered
November 20. The material needed for the power wiring and cooling waier
piping is on order. Most will be delivered before Decerber 3, but no
firm date is available on the sight flow indicators. The main ecntirol
penels for the furnaces were shipped November 17. The new motors for
the cross-push mechenisms were not delivered to the vendor until
November 20, which will probebly held up delivery of these mechanisms
to the project until December 15. With this delivery, attaimment of
the December 23 schedule is still possikle, but if the delivery of the
motors is delayed, completion of the oxide line will be delayed until
December 30.

A11 other project procurement, including the 20-inch rolling miil,
remeins essentially on schedule.

A representative of Clearing Machine Company spent most of the month
on the site correcting minor deficiencies in the 20C-ton hydraullz press.
The press was accepted at month's end.

Ventilation Balancing. After a ruling by the AEC Review Board thet bal-
ancing of tne verntilation systex in 308 Building is Bacon-Davis work, ihe
Cormission issued an order to J. A. Jones Consiruction Company for this
work. The work was completed during the =onth.

In the course of this work, defects vere discovered in several of the W3
filters. Further inspection disclosed that many of the filters furnisned
by the building contractor were defective, sc 123 were removed from Stores
stock as replacemerts. Inspection disclosed that cnly 24 of this number
were free from damage. It was necessary, therefore, toc prepare *he haild-
ing for startup with only two of the three mein filter tanks fitted with
filters. The third bank will be fitted with filters when & new shipment
is received. The defects o»served are those mentioned at an Air Polluilicn
Seminar at Idsho Falls in July, sc +he filter manufecturers are cogrizan®
of the problem.
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PRTR COperations

Pre-Startup Activities. Issuance of the final portions of EW-61500-RD,
TPRTR Design Tests," was completed during the month. Twenty-six of the
total of 45 tests have been reviewed by the FRTR Start-Up Council and
are being revised as necessary. Preliminary sheeduling 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 coolant system nomenclature was completed. Standardized
definitions are being compiled.

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

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

Effort to assemble complete Blue Print Files for all installed equipment
continues. BPP information has heen assembled for all but a few Fhase I
and IT items. Very lit*le BPF data are available as yet for Phase III
eguiprent.

Assistance has been rendered FPD Maintenarce in assembling a complete set
of Instrument Specificaticms. This informa*ion is necessary to assist in
spare parts procurement and in planning for instrument calibration and
desigr testhts.

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

A spare parts procurement schedule hss been developed. It is plarned to
nave all required spare parts in stock before design tesis begin. The
majority of tbis work will be performed by PRIRC personnel. However,

FPD Maintenance apd other groups have been requested to essist when thelr
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 campling and analytical equipment. The second meeting was devoted
to a review of equipment necessary to conduct certain light water analyses
in the 309 Building.

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

a result of this meeting plans were mede for establishing property
accounting procedures for the FRIR.
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Planning for criticsl tests continued. Instrument Research & Develcpment
Operation has been requested to coordinate procurement, installation, ard
testing of the instrumentation required to perform the tests. Prelizinary
contacts were made with outside groups tc obtain manpower assistance
during the performance of these tests.

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

Vendors' prints of Fuel Examinastion Facility shielding and primary =manipu-
lator detalls were reviewed. Also, comments were issued on the following
subjects: storage and handling Do0, breathing air supply. overhaul of
2400 volt switchgear, and back-up chargers for switchgear batieries.

Extra Activities. PRTRO personnel conducted nine tours involving G4 perscns.
The muxber of tours requested by various HAFO groups hes decreased sharply
since access to the containment vessel was limited to 12:20 o 12:37 pr

and 4:30 to 5:00 pm due to increased construc<ion sctivity in the vessel.

2. BASIC SWELLING STUDIES

Irradiation Program

Bench tests are continuing on a swelling capsule containing four natural
uranium spheres (0.7F U-£35) in order to evaluate the capsule corponents
as well as the assoclated instrumentation. The capsile, complete with a
3 kw heater supply and Minnespolis-Honeywell instruments, consisting cf

a temperature controller, proportional voltage controller, a magretic

amplifier, a saturable core reactor sud a 12-point temperature recorder,

is being operated on & continuous vasis to simulate in-resctor operation
as closely as possible. Original difficulties experienced with the ten-
perature controlling instrumentation, due to component miswiring prior tco
shipment to Hanford Labcratories Operation, bhave been correchted, and the
units are now operating sstisfactorily.
Additional development, however, 1s necessary in order to improve the
reliability of the thermocouples. The gold braze between the 304 stain-

. less steel thermocouple shesth and tantalur tip 1s sublect %o failure
during capsule assemtly and subsequent operation. The tantalum %tips were
removed from several falled couples and & two-holed 308 stainless steel
plug was inserted into the end of the sheath. This plug was ther fusicn
welded to incorporate the thermocouple wires and sheath %o form the thernc-
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 besding.
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Additional instrumentation for the in-reactor capsules is 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
{(0.7% U-235) spheres and a capsule containing three enriched uranium
spheres (3.063p U-235) are being essembled for the in-reactor tests. The
Production Test document for the irradiation of these latter two capsules
hes been submitted for spproval.

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 1) may form & second phase which
could sct to precipitate Xe and Kr pores "in situ" as these atoms decay.
During irradistion the concentrstion of radio-iodine, i.e., lodine that
decays to stable Xe, approaches & steady state value of sbout 3 x 1017
atoms per cc of uranium in less than four days. Assuming that no dif-
fusion takes place, the average distance between unstable iodine atoms

1s then 40 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 icdine half-life. For ag%lomerate slzes of
103 atoms and 200 atoms, corresponding D values are 10-17 and 10-+0 em2/sec.
Althgugh the actual D values for iodine are unknown, values greater than
1071 cmZ/sec are highly probavle. It is concluded, therefore, that the
nucleation of e and Kr pores in urarlum by parent stom diffusion, pre-
clpitation and decay is a reelistic possibility.

Pore Size and Distribution

Optical and electron microscopy are being used as & direct means for de-
termining the size and distribution of pores in irrsdiated uwranjium.
Swelling in two types of specimens, one with a burnup of 0.41 &/c ani
the other with a burnup of 0.29 a/o, irradiated at temperatures below
550 €, are being studied zs5 a function of post-irrediastion annesling
treatuents.

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

880 € for 100 hours waes remeasured and found to be 1L.64. This value

is lower than the density wvalues obtained for similer specimens snnealed
at lower {emperatures. The high value of 16.79 reported previously for
this specimen was obtained by intentional uitrascnic impregnation of the
immerslon liguid, water, into the cracks and open porosity present in the
specimen, whereas the lower value, 14.64, is closer t¢ the true dersity
of the sample. The retio of the volume of open porosity to the volume
of closed porosity is equel to 1.26. These results illustrate the neces-
sity for exercising extreme caution in interpreting the measured density
of smsll specimens that have external cracks and internal porosity.

A statistical analysis is being iniltiated on pore volume fractions and
pore densities in uranium with & 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 jirradiation temperature,

350 € versus 550 T, the effect of etching, and the extent of distortirn
due to replication on the measured pore diameters and pore 3istributions
in this sample. Replicas of this specimen sorrespondirg to etching times
of 0, 10, 20, 40, and 80 minutes Guration nave been processed; a peri-
pheral area in each replics has been photographed in the optical and in
the electron microscope. A rinjwum of 40 minutes etching time is reguired
to remove the surface layer and reveal tne porosity. A sirziler study of
the central core region corresponding to an irradiation temperature cf
550 € is in progress.

Fission Product Mobility

& knowledge of the mobilities of rare gas fission products through uranius
is i{wportant in understanding the mechanisms of pore formation. Rare gases
are introduced into uranium by electrical glow discherge {sputtering) and
by ion borberdment. The amount deposited under varicus experimental
conditions, as well as the mode of deposition and depth of penetration, is
presently being determined. Two, one-half inch diameter, C.002 inch <nick
uranium foll disks were sent to C. W, Tucker at ZERL,. These disks were
bombarded with LO kv kryptcn ions at an actusl ion current ¢f one microarp
per cm€ for approximately five hours. The rate of evoluticn of krypton
from the disks was subsequently determined by heating in a second systex
connected to & mass spectrometer. FERveolution of krypton from the urarziu:
vas {irst detected at 170 ©. A peak in the evolution rete versus tempera-
ture curve occurred at 100 T in a disk heated at a rate of 40O C/hour.

The krypton evolution fror a second disk, heated at 20¢ G/hour, showsd ro
such peak. Instead, the evoliution rate graduslly increased with increasing
temperatures. The raw data from this experiment are still being processed,
and absolute amounts of gas deposited and released will be availsble shortly.

The 0.9 inchk diameter x 0.1 inch thick uranium disk, tnet was outgassed for
three days at 620 C and then sputtered at 16 ma/cm2 in twc mm pressure of
xenon for four days et this same tempersture, was machined into four egual
segments. Specimens were submitted for detailed x-ray study, metalilo-
graphic examination, and vecuum fusion analysis. Of the two specizers
submitted for vacuum fusion, one had C.COZ inch removed from the spurtered
surface by abrading under oil. Fusion analysis showed that about 1/6 as
much xenon was contained in the abraded sample as in the unabraded cne.
This would indicate thet at least a fraction of the deposited xenor 4if-
fused into the matrix uranium from the sputtered surface. Eleciren
microscopy, however, could deiect nothing in the microstructure that

would suggest the presence of the gas. BSome large irregular cavities cr
stringers were obgserved with the light zicroscope, which are believed ¢
have been present initially. It is conceivable that these may have alted
to trap the gas which would result in misleading analyses. The metallo-
graphic speclimen will be anslyzed by vacuum fusion to determine whether or
not this result is reproducible.

I+
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3.

GAS COOLED POWER REACTOR PROGRAM

Grephite Studies

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

The transient analysis covered abnormal reactor startups and shutdowns
and normal and reduced COp flow rates. The results of these calculations
indicate that the rate of tempersture 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 rapld rate of temperature change was
estimated to be 216 F per minute in the ex-reactor piping.

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

COp 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 incerease in temperature was found

to occur at the blower where the CO2 temperature 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 1t was down to 800 F.

Fourteen drawings have been partially approved. All material has been
ordered for fabricaftion of the in-reactor section. A stainless steel
nozzle test assembly incorporating a self-energizing sesl was completed
and is being test evaluated. Weldlng procedures are available for
qualifying welders in welding of Inconel 702, Inconel, and Hastelloy "X",
and part of the materisl required has been recelved. 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 approvsl 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.

I+ has been determined from Bristol-Siddeley that the main blowers are -
capable of continuous operation on 60-cycle current. Consequently, the
emergency motor-generstor set will be replaced by two three-phase trans-
formers connected in parallel to the emergency bug, 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
coclant system and a reduction in size of the back~up motors for the
shroud coolant blowers.
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Final drawings of the mein blowers from Bristol-Siddeley have besn re-
celved and approved. However, word has been received from Internstional
General Electric that delivery date will be delayed.

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

All bypass switches have beer 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-resctor struc+ural
materials for the gas-cooled loop. Samples of the candidate materials
will be irradiated in graphite channel in C Reactor. Comparison of mech-
anicel properties of the irradiszted specimen with those of unirrad:isted
control pleces will yield valusble datz on the behavior of these alloys
under anticipated locp operating conditions.

A graphite capsule containing thin washer sarcples of six nickel base
alloys, three low manganese stieels, three iron-chromium-aluminam alloys,
and type 406 stainless steel will be irradisted in the graphite channel
at C Reactor for approximately one month., All of the alloys will be
evaluated for stability in the reactor gas coclant environment. The
graphite capsule for this irradiation i1s now %eing fabricated. Two cr
three specimens of each ¢of the thirteen alloys 4¢ be initially exarmined
have been prepared from strip, pclished, and checked for microstrusiiral
appearance, hardness, and weignht. Dupliceie control samples have s8lso
been prepared. Only four of the nickel base alloys, Inconel, Has*tellcy X,
Inconel 702, and Hasteliloy R-235 will be studied for radiatiorn induced
mechanical property changes. Following evaluation of a*moschere effezts,
two capsules containing tensile specimen of %he selected nickel alloys
will be irradiated in the same facility for three mcothns and six menths,
respectively.

Graphite Oxidation in COo. ince reedle coke graphites seem t0 possess
nore dimensional stability under high temperature irradiation *than con-
ventional graphites, tests have been initiated cn oxidation testing of -
thege new grephites. At 750 C ithe average oxidatiop rate ¢f a needle
coke graphite {GL-10) in flowing COp was 1.35 x 10~* gn/gm-hr, which
compares favorably with 1.47 x 10-4 gm/gm-hr for CSF grepaite. These
samples were oxidized for mbout one percent total weight loss.

Photographic Studies. When graphite samples are placed within microwave
glows established in €O and COp, soot deposits form on the graphite and
on the quartz components of the apparatus. This socot is probably caused
by decomposition of carbon sub-oxides, and therefore it is of interest to
study these deposits to shed light on the mecharism of carbon mass
transport Ipn gas cooled reacter systems.

- , 1™ S8TEFTED
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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 revesl &
dendritic, fern-like structure built up from wltimaie platelets which
appear to be a few hundred angstroms thick and a few hundred thousand
square angstroms 1n area. Length to width ratiocs on individual dendrites
vere 40 to 50 to one, and large bundies of such dendrites were observed
1ying parallel to each other. Another form of soot was found which is
best described as "iily-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 appearsnce of ordinary flame soot.

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

Pyrolytic Graphite. Pyrolytic graphite is of interest for reactor
application because of its high degree of crystel orientation. This
property may cause pyrolytic grepbite to exhibit exireme stabllity
under high temperature irradiation and should make the graphite gquite
resistant to oxidation since s minimum number cf crystallite-edge-plane
atoms are exposed to attack.

The date from the oxidation of a three-inch long pyrolytie graphite tube
in flowing air are compared with CQ graphite below. The greater oxidation
resistance of pyrolytic graphite is evident. The cxidation activation
energy is sbout L0 kecal/mole which is the same as for coke based graphites.

Oxidation Rate (gm/gm-hr)

Tenp. Pyrolytic Graphite CO (Needle Coke)
450 1.24 x 1079 3.5 x 1074
500 9.24 x 1077 1.8 x 1073
550 h.oy x 1078 6.0 x 1073
600 1.70 x 1073 --

One piece of pyrolytic graphite has been charged into a 500 C reactor
test facility 1in 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 pyrolytie graphite using a guartz differential
dislatometer. The extreme anisotropy of this form of graphite is evi-
denced by g negative coefficient of thermal expansion below 375 C.
Hithertc, only natural flake or sketetal graphite has shown this property.

, | UNCLASSIFTED
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Temp. Range Thermal Expansisn Coeffiszient x 106
25 - 125 ¢ -0.23

25 - 275 -0.08

&5 - 375 0.0

25 - 625 +0. 3k

25 - 925 +0.59

Graphite Cement. It is possible that cemented graphite joinis could bs
utilized beneficially irn certain gas cooled reactor designs. Since nc
irradiaticn date are available for graphite cements, samples aave beern
irserted in a hot irradiation test facility for an initisl exposure at
about 500 C. These samples consist of cemeznted join*ts prepared %y Allis-
Chalmers Manufacturing Company using CS-312 graphite stock and Hational
Carbon Company F-cement. Strength and dimensicnal change after irradi-
ation will be determined for these semples. Also included in the irradi-
ation 1s s small sample of graphite bonded with silicon carbtide preparad
by Minnesota Mining and Manufacturing Company.

D. RADJATION EFFECTS ON METALS - 5000 PROZRAM

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

Irradisted and control specimens of wolybdenum and zirconium were given Four,
60-minute iscchronal anneals during the month. The ennealing tempera‘ures
for molybdenum were 175, 200, 225, and 25¢ C, and for zirconium 200, 225, 257,
and 275 C. DPH hardress and electrical resistsnce measuremerts were made
after each anneal.

The electrical resistance data for molybdenum reveal a recovery procesg which
proceeds at a maximum rate at sbout 15C { for ap exposure of 4.4 x 10+¢ nv,
and at about 175 C for an exposure of 1.5 x 1020 avi, Complete resovery in
-this region has not occurred up to 250 C, and the extent cf recovery measired
to this temperature is greater for the lower exposure speciken.

Considerable increases ir DPH hardress for the mclybdenum specimens irradiatel
to 4.4 x 1018 and 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 1027 nvt specimen has in-
creased 23 DPH numbers and 1s still inecreasing, whereas the hardness of %he
L.4 x 1019 nvt specimen hes increased eignt DPH numbers and appears ic be
leveling off. This behavior is ancmalous to the genersl 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 & recovery procesi wrhieh
proceeds at & maximum rate at avout 225 C for an exposure of 4.7 x 10 nvt.
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Significant recovery for the 1.5 x 1020 nvt exposure spec¢imen has occurred
at 275 C, but the process has not reeched a maxipum rate. Completion of
recovery in this region has not occurred up to 275 €, 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

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

CUSTOMER WORK

Radiometallurgical Examinations

PT-IP-150-A Ruptured Doe Elements (RM-4L02). Examination of these self-

supported Doe elements revealed an accelerated corrosion attack in the
aluminum can wall resulting in large blisters of sccumulated corrosion
proeduct. 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 falled in the internal annulus, 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 internazl sluminum sheathing wes displaced into the annuius 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
origirated 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
locatlons 1in the cap end of the slug. Two small channels were seen in the
inner bond layer in the vicinity of the rupture. The guality of the
Jacketing and welds which were metallographically examined wes good, and
ro defects were cbserved in the remainder of the surface, both internal
and externsl, 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 csp end during initial reactor
operation.

30388
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2. As the number of microcracks increased, stiresses in the
sheathing were increased and, wiin continued operation,
the aluminum jacket failled allowing water t¢ enter in the
region of the cap end.

3. The water undercut the can and progressed slong the spire
1o the areasa where the rupture occurred.

Nickel Plated Elements frcm PT-IP-207-A (RM-306). Three non-plated, internalily
and externally cocled, Hanford production fuel elements which were used as
control pleces in PT-IP-207-A, were examined to determine whether hydrogen

gas was being trapped under the pleting of nickel plated fuel elerents. The
gas analyses indicate that hydrogen gas was present, but the limited tests did
not provide conclusive evidence as tc the origin of the hydrogen. ZEither 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 Urarium I & E Fuel Element From
Tuve 1165-C (RM-309). Examination work on a hot spot ruptured natursl aranium
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 ir the hot spot aree re-
vealed uranium corrosion-prodact btuild-up between the can wall and uranius for
315% around the periphery. Photomicrographs showed that a region around the
corrosion-product layer had operated in the uranium Deta-phase temperature Zdne,
gnd that the remaining area toward the spire was in the uranium alpha phase.
Another metallographic sample taken about 3-1/2 inches froxm the cap end iid nct
reveal any beta-phase micrestructure. Snce the aluminum can wail was cracKel
in both of the metallographic samples, an aiuninum sample was taken Irew eath
erack for metallographic work. 7The sarple nearest the cap end showed no inter-
granulsr corrosion, but photomicrographs from tne base-end sazgle revealeld
intergranular corrosion sttack wnish startzd on the cutside and peretrated

into the A1Si. This allowed water tc enter and form uraniuz oxide, waich in
turn enlarged the diameter of the element and caused tke can %o fail ix tensicr.

Metallography Laboratories

A series of baking tests at 220, 350, and LUC © from 1/2 heur tc 12 hours on
normal A.Si capnned fuel elements was ccriucted “y FFD personnel 1o lewermine
the effects on *the intermetallic corpound layer formed during centing. Melal-
lographic examination revealed that a growth of UAL3 type structure (as shown
by its etching characteristics) was diffusing into the uranium. Growth cf
this diffusion product was most rapid from the UA13 structure alresdy Dro-
duced during canning; however, i% also occurred on the uraniur side of thoss
layers associated with brittleress. Extended baking produced pro resgive
degrees of brittleness as determined Ly mechanical tests. Temperatares of

35¢ and 400 ¢ caused an apparent change in <the normal UAlz structire. As
shown by etching tests, this structure approached the brittle layers 1in
appearance. The change in micrcscopic appeavrance was paralleled by a decrease
in tensile strength. Short-term baking produced a slight growth of UAL 3-
appearing diffusion compound and no detrimental mechanical property efiects
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a5 measured by tensile tests. Long-term baking produced more of the dif-
fusion compound and & change in the appearance of the original Intermetallic

compounds. These effects were accompanied by progressive losses in tensile
strength.

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 undulsted surface in comperison.

Samples Processed During the Month.

Total samples processed: 578

Photographs. -

Micrographs 351
Macrographs 113
: jan

AN
For Manager, Reactor and Fuels

Researgh snd Development

FW Alvaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY EEPCRT

NOVEMBER 1959

FISSIONABLE MATERIALE - 2000 FROGRAM

REACTOR

STUDIES RELATED TC PRESENT PRODUCTION REACTORS

Neutron Temperature Study'

Measurements are now belng made to gather the data necessary to correlate the
neutron temperature calibrations of the lutetium foils and Pu23? - U235 foil
pairs. :

Neutron Temperature Coefficients

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 compllation.

A subroutine to calculate exponential integrals has heen 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 ssymptotic series for large arguments.
The errors found thus far have been less then 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 sbout 10 times larger for larger argu-
ments.

A calculation of the thermsl neutron distribution was made for a hot graphite
lattice cell with s thir, room temperature water gap around the fuel rod. Pro-
gram F3 modified to include up-scattering was used, with one fast and two thermal
groups. Although the results are only qualitatlive because of uncertainties In
the transfer cross-sections, they showed & 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
pimilar lasttice cell using age theory lndicated that the slowing down density
should be almost perfectly flat regardless of the power distribution in the fuel.
The discrepancy, which results from describing fest neutrons by a single group,
can be avoided, however, either by using a large fictitious fast diffusion cceffi-
cient in ¥z, or by using ANP program Fy with an external source for the thermal
slowing down density. f,
- gL . - e
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Abéorbing Rod in a Maxwellisn Flux

The effect of an absorbing rod on the thermal neutron flux' in a non-absorbing
infinite medium has been cslculated for a number of cases in which parameters
representing temperature, rod radius, and rod materlal were varied. The digital.
computer program ARMIE was used in these calculations. Both "reaction weighting"
snd "flux weighting” criterla were used to determine the constants in the linear
approximation to reclprocal blackness. These criteria were described lsst month
and refer to distribution functions used to determine a minimal least squares fit
between assumed linear and square-root energy deperndences of reclprocal blackness.
It was found that the results are relatively insensitive to the welghting fumction,
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 (Tyut - Ty4,)/T at the surface of the rod. T, and Tyn are
the average temperatures associated with the currents emerging from and entering
the rod. Therefore, the ratio which was examined messures the fractional spectral-
hardening produced by the rod. This quantity waes found to increase with increasing
rod size and to decreasse with increasing temperatures, & result which was expected
from qualitetive arguments. Quantitatively, a fractional change of around 1/ wes
found at room temperature for a radius about twice the total mean free path in the
rod.

The varistion of the reciprocal blackness with energy has been e ned more
closely. It is found that, for the assumption thet 1/p = Cy +Cy E3, the coeffi-
cient Cp has a simple dependence on the ebsorbing rod radius and material but the
dependence of the coefficient Cy on these quantities is considerably more complex.
These conclusions are hased 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 anelytic solutions to the tempersture discontinuity problem

in a heavy gas moderator in slab and cylindrieal geometry are continuing. Tem-
perature ratlos 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/h % L, vhere a is the slab half width or cylinder radius and A is the relaxation
length. A more thorough enalysis is being made at a/) = 2, where geometrical
effects are evident.

To facilitate the comparison of the exact solution with approximate solutions,
an addition has heen made to the 709 FPORTRAN program SYZYGY. This addition,
which is optional, computes at each spatial position 2) 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 alsc calculated.

Also under way 1s the extension of the analytical solution to slab and cylindri-

cal geometries for the case of a net current flow perpendicular to the discon-
tinuity.

1239882
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Multimaxwellian Group Analysis

Debug runs on FIT-1 were continued. The main program appears to be operating
correctly. The modified version of Fz, which 1s 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
appear 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. Preparstions 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 Lu, Cu, and Au foil counting,
and one for Cu 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
(EW-57226) hae been rewritten for the IBM 709.

Instrimentation 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.

Btudy of the basic reactor kinetic equatlons bas gone as far as practical analyti-
cally. The conclusions are that the solutions are unstable for all values of
amplitude and frequency of a sinuscidal reactivity variation. Practlcally the
oscillations are limited by the presence in a reactor of negative temperature
coefficients. Equations for determining the effects of these have been formulated,
but it will be necessary to use a computer %o 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 sclution for various values of reactivity and
frequency of reactlvity 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 NaIl and anthracene detectors with the
light pipe, that excellent gross heta-gamma counting was possible. Further work
will be done on this technique.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Exponential Measurements of Large Diameter Fuel Elements

Final material buckling values have been determined for several lattices using
tube-in-tube fuel elements and one lattice using a 2.5 x 1.6 I o E fuel element.
The material bucklings gnd cther information of interest are given in Table I.
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"TABLE I
B2
Fuel Lattice 2(side) Volume Retios
Element Spacing (10-6cm~2) (1n) O70 50/ C/U
2.5 x 2.0 7 3/16 wet -123 1.h 493 1.102  14.85
with 1.66x1.1
2.5 x 2.0 8 3/8 wet -61 1.3 493 1.102 21.12
with 1.66x1.1 :
2.5 % 2.0 10 3/8 wet =45 1.4 493 1.102 33,86
with 1.66x1.1 :
2.5 x 1.6 I ¢ E 14 9/16 wet -129 2.1 373 1.291 70. 14

» iz 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 g E fuel elements. The
results are shown in Table IT.

TABLE 1T
Fuel Lattice Bufgling Volume Ratios
Element Spacing (10™°cm~2) AJU  8.0/0 T/U
2.5 x 2.0 7 3/16 ary | =Rg2% 1493 - 14.85
with 1.66x1.1 _
2.5x1.6 Ik 8 3/8 wet -T70 373 1,291 21.47

* To be remeasured because of poor fit.

The preliminary buckling values are based on an estimated side extrapolation
length of 1.66 inches. Final bucklings will be reported after analysis of
horizontal traverse data.

Horizontal Traverses have been taken using the shutter method with & bare counter
and a cadmium covered counter. The results of these traverses are shown In
Table IXI.

TABLE III -
Fuel Lattice »(side)
Element Spacing !in! Counter
1.92 solid 10 3/8 dry 1.7 % 0.1 Cadmium covered
1.92 solid 10 3/8 ary 1.5 £ 0.1  Bare

123684at
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FCTR Measurements of lattice Parameters of Large Diameter Fuel Elements

The preparstion of ejquipment fer the 2.5 x 2.0, 1.66 x 1.12 tube-in-tube experi-
ment is essentially completed. The foils for the water arnull remain to be made.

Two 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 end
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 heen 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 1s expected about January 1, 1960.

¢) Fabrication will be started after January 1, 1360.
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-development work is completed for a prototype, linear, four-decade,
scintillation beta-gamma area monitor. All materials have been ordered and
Pfabrication will start when the materials are received. Fabrication iz con-
tinuing on a prototype, logerithmic, three-decade, scintillation beta-gamma
area monitor. A scintiliation 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, semsitivity, and
replaceability.

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

Some survey work was done on the detailed simiation of the dynamics of the
¥FR heat exchangers. It appears that the amount of non-linear equipment {func~
<thom mencxators and mul?;l.pliers) novw available on the GEDA will be insufficient
LFEG R mien
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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 Demage

A liquid helium cryostat for electron irradiation of graphite was cbtained 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

Plutornium Critical Mass Facility

The construction phase of the Flutonium Critical Msss Facility is proceeding
almost on schedule (perhaps a few percent behind). The interior comstruction

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

Service equipment is being installed in the service room of the service build-
ing. This includes the alr 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 mociup; the preliminary results indicate thet no diffi-
culty will be encountered in using the 40C series stainless steels for electro-
megnet frames. The LOO series stainless steels are highly magnetic and present
no problem in obtaining sufficient holding force. The chief noticeable difference
over sof't 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 actlon.
The release time is very dependent on the supported weight, air gap between
pole faces and srmature (head of safety rod), and current excess over the mini-
mum holding current. However, for an intermediate air gap (~ 0.005 inch) and
currents of about 30 percent over the very minimm holding current, the pre-
liminary measurements give release ftimes of the order of 20 milliseconds. The
accumuiated delays due to other causes (relay actuating time, rod travel time,
etc.) are expected to be somewhat longer than this.

Measuremente are continuing in sn effort to establish the optimum operating con-
ditions for relisble and fas% eafety rod actiom.

123989
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Critical Hazards Specifications

NFF Fuels Processing

Discussions were held with relevent personnel from CPD and HLO whe are con-
cerned with the deslign 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 HL.O, 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.

Caleulations are proceeding for comparing theoretic bucklings and critlical masses
with experiments for enrichments in the. range of 3 percent 1n 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.

NFR Fuels Handling

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

Criticality Studies in Support of Processing Power Reactor Fuels

Critical mass studies were continued with the 3 percent enriched ursnium rele-
vant to the reprocessing of power reactor fuels, The measurements included _
critical approach experiments with heterogenecus systems and exponential experi-
ments with bhomogeneous systems.

Experiments with Heterogeneous Systems

The experiments with the heterogeneous systems yielded information on the
crivical mass, material buckling, extrapolation length, and shape factors for
the water moderated and reflected assemblies. Critical approach experiments
were made with cne 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 variastion on the measured
eritical mass, 2) to obtain date on "shape factors" for the interconversion of
eritical cylinders to other gecmetries, 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 irtroducing a shape deformation which is then successively
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 uranium enrichment was 3.063 percent. These
rods were encesed in 9.025-inch wall lucite tubes and were arranged in a 0.5
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inch trinagular lattice; the resulting HQO/U volume retio was 8.0. The reactor
ssgemblies were both water moderated and fully water reflected.

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
Positioned in 0.5-inch Triangular Lattice

Elliptie Cylinders

Critical Dimensions Critical No. of Critical Mass Material
Eccentricity of Semi-Major and 2%.5-inch Rods in  of Uranium Buckling

of Ellipse Semi -Minor Axis Eliiptic Cylinder (1bs) [}0'6cm‘2
& b
0 (eircular R =15.88 cm 567.3 £ 1 219.0 + 0.4 13,412
eylinder)
0.212 16.07 em 15.71 cm 568.2 £ 1.5 219.3 £ 0.6 1%,315
0.h465 16,92 em 14,98 em 570.3% £ 2.5 220.1 % 1.0 13,041
0.647 ~ 18.34 em 13.99 cm 577.2 & 1.5 222.8 0.6 12,941

Rectangular Parallelopipeds

Critical ¥o. of
23.5-1nch Rods in Critical Mass Materiasl

Critical Dimensions Rectanguler of Uranium Buckling®*
of Rectangle {cm) Parsllelopiped (1bs) (10-6cm~2)
2 b
28.09 29.22 587.7 £ 0.6 226.9 £ 0.2 13,250
25.30 3%.00 597.7 £ 1.5 230.7 £ 0.6 13,262

#* The extrapalation 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 1s T about 0.95 in ‘the
above cases).

The buckling which was previously determined for the cylindrical case was
13,382 1B, Because a different loading technique was used in these measure-
ments, the cylinder was rerun using the new technigue. The difference in buck-
1ling of the two rectangular cases 15 seen to be smaller than that between the
two cylindrical cases. )

1239898
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The calculated bucklings from the elliptic cylinders show & decrease with
increasing eccentricity of the ellipse. Since the material buckling of each
loading must be very nearly a comstant, these differences can be attributed
to a change in the extrapolation length; this change could be caused by the
differences in reactor curveture, shape, ete. The variation in )\ which is re-
quired to give bucklings from the elliptic cylinders equal to that of the cir
cular cylinder ie shown below: '

Eccentricity M
0 6.5 em (assuming this value for the
cylinder)
0.212 6.4 cm
0.465 6.1k em
0.647 5.9 em

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

Experiments with Homogeneous Systems

Exponential experiments were continued with the 3 percent enriched U05-poly-
ethylene systems. These experiments were conducted with homogeneocus Mixtures of
5 percent enriched UOsz and polyethylene contained in a lucite tank twelve inches
in diameter apd 32 inches in height. Measurements have now been completed at
rominal H/U atomic ratios of §, 12, 18, and 26. The results of these measure-
ments are shown in the following table:

BUCKLING OF 3 PERCENT ENRICHED
UO5-POLYETHYLENE MODERATED SYSTEMS

B/U Total Density U0z Density z Buckling
(atomic ratio) (gm/em3) (gm/cml) {(cm) (10-6cm™2)
6.1 1.54 1.33 9.5 £ 1.0 5640
11.9 1.4 1.12 " 4518
18.2 1.28 0.89 " 5876*
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 t+ 1.0 cm)
is a preliminary value measured at an H/U atomic ratio of 18. A horizontal
traverse measurement has been made for determining the extrapolation length at
an H/U atomic ratioc of 12, and these data are now being analyzed.
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Since the maximum buckling has nct been obtained (the buckling is still increas-
ing at an /U ratio of 6) a further measuremernt of the buckling is planned for
an B/U ratio of 4.

Theoretical Critical Mass Studies

The reactor kiretics program and its associated subroutines are still belng
debugged. A test case posscessing an analytical sclution is being prepared for
a check of the entire program.

T™wo simple subroutines have been written to calculate material and geometrical
varameters for smell, bare, homeogenecus reactors. The material parameter sub-
routine calculates £, k,, and v pp fOr & soclution of specified fuel-~to-moderator
ratio and critical bueckling. Tﬁe geometrical parameter subroutine calculstes
koprp 8nd geometrical buckling for a material with glven parameters in a speci-
f?eg geometry. These subrcutines may be used lndependently or in assoclation
with other programs. For exsmple, they are being combined with a covering pro-
gram to calculate the leskage of fast and thermal neutrons from a bare, homo-
geneous suberitical system. This program will be used to check hand calculations
done some months ago.

Relative to criticael mass calecuwlations for Pu systems; & test problem for the

Cz code has been run on the 705 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 feor better utillzation.

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 reliasbility of the ion pulse counting systems of the mese
spectrometers. The electrameter-Brown recorder components of the ion current
measuring system were calibrated for linearity of response to input IC current.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scattering Cross Sectlons

Growth of Single Metal Crystals

One additional 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 sécond melt with
a larger temperature gradient and slower growth rate ylelded an ingot with a
great reduction in lineage structure as determined optieally.

Studies of Monochromsting Crystels

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

12394900
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are particularly useful as neutron monochromators in their present ingot form.
The possidility of improved reflection charvacteristics because of altered

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

i

Siow Neutron Fisslon Cross Bections

A very light deposit of the 96 percent Pu2tl sample was prepared by electro-
deposition by Analytical Leboratories in hopes of obtaining a more uniform
areal density for absolute fission cross section measurements. A fission scan
was made of the areal demsity of the foil using a 1/8 inch diameter neutron
beam. The observed extreme variation in density ecross 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 mechanicsl realignment of the
Van de Grafff and focusing adjustments of the ion beam. In order to facilitate
future alignment the accelerator snd magnet were placed on a definite baseline
egtablished 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 megnet. The + 25 degree beam tube was
streightened and the magnet shims readjusted to obiain the best focus.

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

The mechanicsl aligument thet was achieved was Jjudged to be satisfactory since
the posifion and focus of the beam were the same for protons, molecular hydro-
gen, and deuterons.

The best working resolutjion obtained was ahout 2.2x10~9 seconds compered with
previous work at 1.5x10"7 seconds. A fairly 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 40 degrees
a large synchronous background wes observed which could be identlified as origi~
peting from the horizontal steering plates which were irradiated because of

the horizontal spread of the beam. It was also discovered that the resclution
could not be improved by using a higher beam sweeplng 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 pleces of beam tube and components are being fabricated %o gttempt
to reduce some of the deleterious effects discovered in these measurements.

>
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Iattice Parameters for low Expesure Plutonium

PCTR experiments on the 1.8 w/o Pu-Al 19-rod clusters in & 10 1/2 inch square
graphite lattice with air coolant were completed on November 24, Approximately
five shift-weeks were required tc gather the data. Analysis of the data is
underwvay.

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
(a,n)} reaction in the slumirum matrix (~90%}, snd spontaneous fission in the
vlutonium (~10%). The total source from these reactions has been calculated
t0 be ~ 6 x 107 n/secs from the nine cluster array (~+300 gms Pu). The diffi-
culty was cvercome by going to a higher power level while measuring rising piie
periods (27 watts peak). .

An approach-to-critical waes 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 fis&ion chamber were used to monltor suberitical multi-
plication. The reactor was made critical with twelve drivers, located symmetri-
cally on a 60 cm radius from the core axis.

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

Iattice Parameters for Righ Exposure Plutcnium

Word has been received that the 20% Pu-24C material from Osk Ridge will not be
available. The Division of Military Applications has exercised & prior claim
and taken over the 1.2 kilogram lot that wes being shipped to Hanford for PCIR
experiments. This action has forced suspension of preparatory work by Plutonium
Metallurgy. It may be possible to use some lower exposure material that is
availsble on plant. This alternative is being sctively explored.

Irradiation of the MTR Pu-Al elements is continuing in the ETR. toward the 40%
Pu-2L0 goal.

Reactor Theory

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

¢=K¢'|‘f

where f£ is the externsl 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 et x'. By defining the moments of the
adjoint kernel by

2 = [ Kamx) @,
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the integral equation can be written as the infinite-order differential equation

g(x) = Eo Hb (=) ixn ¢(x) + f(x)

Terminating the summation at some finite index N leads to a 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 deperding
on & single varisble, the amount of information in the system equation, and
therefore its computationsl 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 dlspersion about that
distance, a second order Aifferential equation should give a reasonably accurate
description of most systems.

These considerations were applied to the diffusion of monoenergetic neutrons,
assuming lsotroplc 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 external neutron sources are
replaced by their first collision distributioms. For the case of neutron modera-
tion by elastic scattering in an infinite medium, the first and second moment
approximations to the integral balance equetion result in age theory and the
Greuling-Goertzel equation, respectively. In view of the physical significence
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 obtalned at ANP.

PRTR Startup Experiments

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

In addition planning for the subcritical experiments was begun. These experil-
ments can be d&ivided into five types which utilize a total of seven different
loadings. The five types comprise en all U0p exponential loading, a two-zone,
two three-zone, a quasi-uniform, and iwo all Pu-Al approach-to-critical loadings.

The two zone loeding will have & core of approximately 61 UOs 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 surrcunded
by, U0y elements. For one loading the ring will have a emaller radius of 20
inches a&nd 2 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 belng 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 spacirg.

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

tor. In addition messurements will be made with the height of the moderstor at

1/2 and 3/4 of the full height for all the loadings except the all U0z and all
Pu-Al ones. .
¥
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The Critical Facllity of the PRP

A typical procedure to be foliowed 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 photomuitipliers for the
PRIR Fuel Element Rupture Monitor. The rejection rate is running about 20 to
25 percent. 8imultaneous’ acceptance work for the detector crystals (NeI) has
shown a rather large rejection rate due to internal moisture and glags-crystal
separation.

Further investigation continued on neutron/gamma discrimination by scintilla-
tion pulse shape. For a stilbene phosphor, the totel area under the decay curve
for a neutron-induced scintillation is roughly ten percent greater than for a
gamna-induced scintillatlon of the same initial height. The difference is due
to at least two additional or enhanced longer phosphorescent decay components
with decay times of about 0.3 and 5 mjcroseconds. It has been shown that the
circults 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 gemmas oOr 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 epergy
bias is several Mev different than intended or than was reported by earlier
investigators. Fresh attempts are being made to design a proper and usesble
circuit.

A supplemental work order was received which permlitted work to begin on the
fabrication of the profilometer. Most of the work is being done in offsite
shops. This unit is designed to provide diameter and warp measurements of PRTR
fuel elements as well as permit surface examination at SX magnification. All
optical components have heen 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 Simbson'OPtical
Company was to have completed fabrication of these several weeks ago but has
been on strike pince October 10.

The PRTR controller was received in the analog 1lsb 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 Measuremente

Preliminary results have now been cbtained for the control rod experiment. A
four by four array of seven rod cluster fuel channels with a perallel boron car-
bide control rod in the center of the entire assembly has a k, of 0.9945. This

(236904 |y
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number was calculated from poisoned and unpcisoned thermal utilizations for the
super cell. Now k, = 1.1468 without the control rod in place; so the control rad
worth in the four by four matrix is Ak, = -0.1523,

The %, for the four by four array vith the control rod hes been extrapolated to a
value of k, for a three by three arrsy, alsc with control rod, by two different
calcwlaticonal schemes described below.

In the first method, one assumes that the perturbation caused by the control rod
has diminished sufficiently in the exterior region encloging 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 calculaticn, so that Ak, = -0.270.

The second calcuiation utilizes only the absorptions occurring within the three
by three matrix, and assumes that the worth of copper poisonm within the interior
three by three reglon is 1dentical to the worth in the exterior reglon. The re-
sult for this case is k, = 0.8755, which agrees well with the result from the -
first methed. The control rod worth as cselculated 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 messurements for the EGCR. A work order has been writ-

ten to cover these costs.

Variation of the Doppler Coefficient with S/M Ratio

The IBM-709 program for computlng surfece and volume average temperatures for
& finite cylinder has been tested and run successfully. It is now considered
ready for use.

Rod Replacement Analysis

The calculastion of the change in k., 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, amall source theory formulation in which non-uniformity of the
slowing down density into the eplithermal group was neglected and the U-238
resonances were lumped into a single equivalent resonance. The results are

éf? = ~31.%% and .ég. = 47.7 % which combine to give & &% . 264.
: ks

NONDESTRUCTIVE TESTING RESEARCH

The basic design of the broadband eddy current instrument for use in measuring
zlrconimm Jacket thiclmess and air gap thickness in an unbonded fuel element

is sbout 75 percent complete. The instrument will consists of (1) a sawtooth
generator to supply excltation to (2) a small test probe, (3) an adjustable
broadband balance circuit, (4) a main amplifier furnishing broadband signals

to (5) a zirconium thickness channel and (€) an air gap thickness channel,

and (7) an eutomatic geln control circuit for minimizing the effects of changes
in coupling between probe and fuel element surface.
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Operation of an assenblage of laboratory equipment is giving promising results
although the tests regarding interaction between the jacket thickness end air
gap thickness readings are not complete. The amount of compensation required,
if any, between these channels in addition to that already designed into the
readout channels has not been determined. Alr gap chamnel sensitivity has been
obtained which gives cne-fifth full scale output meter deflection for a ome mil
change in air gap thickness at normal Jacket thickness, Additional measure-
ments are now to be made to determine circuit stebllity and whether additiomal
inter-channel compensation is required. Additional compensation is belleved to
be necessary and the method of handling it is of the essence in the soclution

of the general broadband readout problen.

The instrument design being evolved will be applicable to a wide range of eddy
current test problems. Plug-in type construction can be used and additional
channels can pe added readily. Maximum use 1s made of resistance-capacitance
filters, eliminating the need for speclally 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 elecironie failure and three were due to
faulty bypassing technique,

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

A one and ore-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 closzed position. The moving face tracks were
also realigned. Preliminary tests indicate that reactivity measurement re-

rroducibility 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 pericd measure-
ment, The maximm rate of reactivity sddition ir still less than half that
allowed by the operating standards.

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

There wers 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 three-volume Geophysice
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Research paper, published by the Air Force, but with credlt lines for Gereral
Electric Company and the U. S. Atomic Energy Commission, was agreed upon. Asslgn-
ments for chapter authorships were agreed to. These were made on the basie of
responsibility for various phases of the work.

Reduction of the dispersion data was greatly facilitated by the development of
a new rapid assay techrique by Analyticzal Chemistry Operation. This system
involves the use of the phosphorescent property of ZuS and is capable of pre-
cigse calidbration. The method alsc permits correction for dust loads on the
sampling filters, 2 prime reguisite in the analysis of Project Green Glow data,

A first approximation of the dispersion data for each sampling point was obtained
by combined use of the chemical method and the assay made using the counter devel-
oped by Instrument Research and Develcpment. 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 2ZnS loading. More precise analyses
are required and are being sought through the chemical system. This first approxi-
pation 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 been met without the wholehearted cooperation of Analytical Chemistry
personnel. )

DOSTMETRY

It was found that Zn65 in oysters may possibly have been responsible for many
of the higher body burdens that have been found in people. A subject who had
previously been observed to have a Zn65 body burden higher than average was
counted egain and found to have an increased burden. Conversation revealed
that he had had a geal of oyster stew & day before the last measurement. 1In a
recent paper oo Zn®5 (Seienmce 130 1255-1256 (1959)) oysters (Atlantic Coast)
were reported to contain much more Zn 5 than other foods. Fortunately the sub-
ject still had two cans of the oygters he had eaten. These were counted and
found to coxbain 2 x 102 pc of Znb’. The average specific activity of the
oysters was 4 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 lebeled as Pacific oysters. 4s a -
result of these findings Analytlcal Chemistry QOperation exsmined 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 sim%lar to those
found on the Atlantic Coast. A brief attempt to measure the Zn > retention of
a subject who ate contaminated oysterg was unsuccessful because in the test
period the subject eliminated more Znb5 than he acquired from the oysters.

Encugh data has now accumulated on 2n€5 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 ZnS5 then the
others.

Deta obtained at Argonne were used to show that there is an uncertainty of
about 0.2 myc in our Zn65 measurements due to individual variations in the
corrections that must be made for .
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About cne-half of the difference between our potassium results and those of Los
Alamos was eliminated by omitting data obtained with the plastic phantom in our
potassium calibrations. The evidence indlicates that the potassium in the hody
is less uniformly distributed than the potassium in the phantom,

X-ray calidbrations 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 ddscrepancy reported twe months ago in Naeh measurements ln commection with
neutron exposures of the plastic phantom was eliminated by obtalnling 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 sctivity of the point source were 50% off from the calidbra-
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 Grasff 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. Equip-
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 luclte-zine 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 ares.

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 comtunicated to us. The average neutron energy determined from
these films 18 in fair agreement with our experimental value determined with the
doutle moderator.

A standard 0060 source was received on losn from the National Bureau of Stan-

dards. It is planned to compare this source (with our own Co®C source) and also
with the absolute calibration of our gamme ray calorimeter.

INSTRUMENTATION

After nine months of continuous satisfactory use in the 329 Building, the scin-
tillation tramsistorized; combined alpha.beta-gamma hand and shoe counter has
been gssigned to the Calibrations Operation so that complete plant as-built draw-
ings can be prepared.

1239008
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Complete transistorized circuitry is being develcoped and fabricated for an
experimental alphs alr monitor using colncidence counting techniques to
eliminate radon-thoron background counting effects. Previous tests with the
seme scintillation detector and vacuum-tube circuitry showed that the imstru-
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 vario singlﬁh;adiﬁtsoto sol tions such
a8 Cg s I 31 8r90.y0 Na 5, and Rul
Relationships between coant r&te 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 was used for low-level Pu2l? detection in solution (two normal
ENOz). A relationship was established between count rate and relative concen-
trafion of Pu239 in millimicrccuries per milliliter. 'The background count rate
was only 0.05 c/m. With the probe inserted in e two milliliter solution of 1.28
millimierccuries of Pu239 per ml, & count rate of 1.3 ¢/m was obtained. Using
a scsler, one millimicrocurie of Pusd9 per milliliter of solution can be easily
detected. The ccuniing efficiency can bhe improved by using a thinner mylar
outer cover (for decontamination ease) over the probe tip. The present probe
uses 0.25 mil clear mylar over the standard light shield of 0.9 mg/em@ double-
aluminum-coated mylar.

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

Fabrication work continues on several experimental slpha-detecting scintilla-
tion probes with effective areas of two by four inches. Work has started on
the design of & eimilar 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. Puad?
fdetecting geomeiry is better than 10 percent and is uniform over the complete
probe Tace,

A method of eliminating a battery supply for & transitorized emitter follower
wag investigated and proved satlsfactory. The emitter-follower impedance match-
ing eircuit 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 emitier follower drives power for copera-
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 transmitied over the same cable as used for high voltage input
to the detector. Such a detecting unit should be able to operate for long
periods with no meintenance. Pulse-helght analysis resvlts, using the system,
were quite satisfactory.

A glip-ring assembly was designed to be used witk 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 gamms count work in 200-Area wells.
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A holding-support mechanism was designed for the large Nal crystal and multiple
phototibe assembly for the Biclogy Operation total-body monitor.

A five microcurie Bald? scurce was given to Biology to permit setup of the I13L
Hog Thyroid Monitor. The use of this relatively long-lived (in relation to

the previously used I13l check sources) isotcope will permit ease of setup and
ad justment of the monitor. The photopeak energies and, conseguently, pulse
heights for Bal33 and I 131 are close enough for the accurecies required.

The experimental, completely transistorized Aural Scintillation Transistorized
Alpha-Beta-Gamme 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 inveﬁﬁigative work was done to develop a scin-
tillation detector to have a better C1% 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 1ight pipe. After
a short drying time, the detecting meterisl alheres very well to the tube face
or pipe. TFurther 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 circult
dlagrams. The changing of fifteen date stations to different locations wae also
completed.

Further investigatior into the robot monitor cdometer indicates the desirabllity

of plecing the motion computing elemente at the stationary location and of tele-
nmetering the twrrning and speed dats directly from the moving robot.

WASHINGTON DESIGNATED PROGRAM

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

Two operating days were lost because of the maintenance required followlng an
outage of the building water system.

The electrometer~Brown recorder components of the lon current measuring system
of the mass spectrometer were checked for linesrity of response to changes in
IC 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 pignificantly limited by nonlinearity in these components.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

Type of Forecast Number Made : % Reliability
8-Hour Production 90 84.8
24-Hour General 60 82.53
Special 115 90. k%
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November temperatures averaged 3.5 degrees below normael. A notable feature of
the temperatures was the extremely high variation from a low of 6 on the 13th to
a high of 70 on the 23rd. Daily depertures varied from 23 degrees below normal
to 24 degrees above. On 15 days, the departure was 10 degrees or more and, on
11 of these days, the departure was negative.

Precipitation totaled 0.141 inck, which was less than half the normal amount for
Nevember.

Instrumentation

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

Fabrication was completed on an instrument for the Biology Operation for measur-
ing respiratory activity of animals. The unit measures the rate of air displace-
ment and the eir vclume displaced. Volume changes as low a8 0.03 cc can bde
detected. The unit will be delivered when the recorder is obtained.

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

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

2, Fabrication was completed on one G-M tube detector, transistorized circuitry,
alarming monitor of 110 VAC-operation type. The unit, plus two more, will
be used at Redox. Alarm levels (gamma) of sbout O.1 to 5.0 mr/br will be
available., Calibration and debugging tests are proceeding.

3, Two final model, portable, scintillation, transistorized geamma -energy
analysers were completed and will be debugged and calibrated. The Calibra-
tione Qperation ordered these two unilis.

4, TFabrication continued on three experimental, non-beta-gamms sensitive,
scintillation alpha probes of the latest type. Effective probe area is
eight squere 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 ito the
Redox personnel for generzl 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-rete 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 transistorized, stan-
dardized, printed, modular circuit boards has been rebuilt and & report will be
issued shortly. The report will enable any interested plant maintenance group to
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febricate the device for testing of the plug-in boards. Omly & simple voltmeter
and a good quality triggered oscilloscope will be required in addition to the
tester for complete maintenance and test work.

B-22 Hw-62899

Field tests were completed or the prototype, first model, transistorized, loud-
speaker G-M instruments. Satlsfactory field operation wms obtained except for
some needed mechanical modifications. As-built plant drawings of the instrument
will be made while incorporating the minor mechanical chenges.

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

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 lncreased by using a large NaI crystal in place
of the 5 X 5-inch terphenyl-in-polyvinyltoluene detector presently used. The
Nal substitution can be made directly at any time with no elrcuit changes. 'The
only problem is that of cost of the Nal crystal.

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

Analog Computer

Consultation and ald 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 1e now operadble
and & limited customer work schedule is possible.

' ggtics

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

Scratch Depth Illuminetor for 105-C FEF - Design drawings are being checked.

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

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

Cave Periscope for Purex - Deslgn drawings are in the hends of Tech Shops esti-
mators.

12394912

]



il B-23 HW-62899

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

PRTR fuel elements.

Maneger

PRYSICS AND INSTRUMENT RESEARCH
AND IEVELOPMENT

HANFORD LABORATORIES OFERATION

FI' Gasgt:mes
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Chemical Research and Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS -~ 2000 FROGRAM

IRRADIATICRS FRCCESSES

Deccontamipation of Reactor Components

Veriations in decontamination and corrosion of stainless and carbon steel as s
function of concentration of Wyandotte 75 and Wyandotte 1112, typlcal proprietary
bisulfate-bhased cleaners, were studied. Using coupons contaminated with acti-
vated cerresion products and using the standard caustic-permanganate pretreatment,
the cleaner concentration could be reduced from a normal value of G0 g/l to

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

20 g/l because of the failure of the clesner to descale at the lower concentrations.

Corrosion tests of type A-246 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 Qxidatlicn 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 avallable.

First beneficial use was obtained on November 10 when & meltdown test was performed
on an unirradiated, Y-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 exteut of zirconium-uranlum reaction and mode of melting in a full scale plece.
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 NFR decontamination wastes indicated that the reduction

of potassium permanganate was accompanied by precipitation and that Sr and Co

ions were effectively removed from soclution, presumably by a scavenging action.
Alkeline permanganate is almost certain to be used in the second step of the NFR
decontamination process. Mixing the permanganate waste with solutions from the
other two steps resulted in scavenging decontamination factors between 1 x 102

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-
rent of experiments on s80il reactions with waste solutions.

L
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Analytical Services

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

A medified gravimetrle procedure was used to determine 11.0 per cent silicon in
an ingot of AlSi to confirm & 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 callbration with
the The30 standard. Those data agreed with alpha and total thorium data pre-
viously used to estimate the Th230/Tm232 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, pctassium dichromate and potassium chlorate, caused no compli-
cation. Oxidants were used to take uranium to the hexavalent oxidatlon state and
hoid it there. Many of the so0lid 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-1l in
95 per cent yleld without prior removal of boron or fluoride compounds.

SEPARATION PROCESSES

HA Colummn Studies

The flooding capacity of a 3-inch-diameter HA extraction coluwmn contalning stain-
less steel nozzle plates (3/16-inch holes) was determined using a 27 C, 0.05 M
HNO; agueous 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 f£t.

Analysis of Purex Samples

Continued slightly sub-standard decontamination performance in the Purex plant

has prompted additional analyses of Purex plant streams. The analytlcal 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 acld conditlons employed in the final uranium cycle.

The fission product activity im 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 columms confirm the conclusion reached
when similar analyses were performed in August. By comparison with past experience

& major pertion of the difficulty in securing adequate decontamination of uranium
ariees from the fact that zirconium is tending to follow uranium to a much greater .

————
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extent than formerly. Adjustments which have been made to force neptunium to
fcllow uranium in the partition colurns are in part responsible for this. However,
the presence of organic-favoring sclids is also suspected.

Processivg of Irradiated Neptunium

Preliminary studies of radlolysis effects in plutonium-238 bearing systems
irdicate rno severe protlems in processing irradisted meptunium by TBP sclvent
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 DEP at a rate
of about 0.018 grams hour-l liter~l in 30 per cent TBP contalning 1 g/l plutcnilum-238.

In & system ccantaicirg 1 g/l plutonium-238, 2 M ENO3, 0.1 M ferrous sulfamate, and
30 per cent TBP in Shell E 2342, ferrous ion was oxidized at a rate of about

2.7 x 103 moles hour—t liter-l. In the same system sulfamic acid was hydrolyzed
at a rate of about 1.7 x 10-3 moles hour‘l liter-l. The plutonium distribution
coefficient (organic/mgquecus) increased from 0.06 to 0.125 in a period of 6 hours
but had atteiced a value of 22 at the end of 12.5 hours.

"G values" {mclecules per 100 ev atsorbed) 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 Hyﬁrolysis of Suifamlic Acid - 7.5

QOne precaution pinpointed by these studies is the desirability of using & fairly
high acid reducing strip to recover difficultly stripped_plutonium-238. "Current
proposals for processing irradiated neptunium envision that the conventional low
acid stripping cclumn will be backed up by a second strip column in which & re-
ducing strip will be used to recover "non-strippable" plutonium-238. 1In testing
such & supplementary stripping operation it was found that plutonium stripping is
more efficient at 0.85 and 3 M HNO, than at 0.1 M HNO;. 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 HNO3 but only 0.025 at 0.85 M HNO4, and 0.03 at

3 M BNO3;. Thus it is probable that the back up strip column (%he 1F column) would
have to empley 1 to 3 M HNO3 in order to functlon 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. Activation
analysis was used for the measurements. The 1.12 Mev photopeak of 245-day Zn

was used to determine quantities present.

Controlled potertial coulometry was extended to the determination of uracium in
the 0.025 to 0.1 g/l concentration to provide greater precision (& 3 per cent)
than other conventional applicable methods. Segregation of cells feor high and
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low level U solutions and use of a cell with a botitcm drein and top mounted stirrer
haeving btiades pertially submerged in the mercury electrode gave the stability, re-
producibility and cleaning efficiency required for titration irn the above U con-
centration range. Research personnel are starting investigations to circumvent

the lengthy (30 minutes) titration period.

fé

WASTE TREATMENT

Sexiworks Waste Calciper Prototype

Operatios of the fliuid-bed calciner was continued using simulated ICFP waste. Seven
runs were compieted Jurirg the mornth. In general, equipment performance was sat-
isfactory. Nozzle pluggage and particle agglomerstion were negligible. The major
problems encountered were excessive attrition with resulting excessive fines carry-
cver 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 0.0760-1inch holes in each cap of the previous distributor) was installed and:
improved fiuidization with less slugging. However, for comparable fluidizing gas
flows, the attrition rates were scmewhat incremsed.

Baetch Waste Celcination

Four laboratory-scale runs were completed caleining Purex high-level wastes in &
hested, unagitated, 3-inch-diameter pot at a feed rate sufficient to malintain some
concentrated sclution in the pot. The pot was subsequently fired to a final in-
ternal tempersture of 800 to 9CO C. The simuilated wastes used in the studies
cantalned iron, chromium, nickel aluminum, sodium, and varying amounts of acid,
sulfate, and nitrate.

The behavior during calclpstion and the final appearance of the solids is apparently
dependent upcn the relative acld, nitrate, and sulfate concentrations. At sulfate
to salt nitrate {total nitrate concentration minus mcid concentration) ratios of
1.5, 8 melt formed at about 750 C; although some difficulty was eacountered from
solids coating the pct wall and reducing the effective pot diameter. Witk ratios

of 0.5 and -1.5, no melts were formed at temperatures up to 940 C. At negstive
values of the ratlo, the s0lids remaired moblle, however, a slurry temperature

above 150 C was required to prevent excessive foaming. Also, only S0, fumes were
evclved during firing, and the sclids pulled away from the pot wall udPon cocling.

Pot corrosion was negiigible in all of the studles. Thermsl conductivity
measurements of the various solids are planned.

Waste Sclidification

Because of current interest in posslble neutralized interim storage of Purex
waste, which implies calcinstion of a neutralized slurry, additicnal measurements
have been made of the extent of leaching of cesium and strontium from such a
calcine. Earlier experiments (HW~-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 analytical methods
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used were not sufficlently senslitive to define the behavior of the long-lived, but
biclogleally significant, strontium and cesium. Measurements with cesium-only or
strontium-only spikes were therefore mede. Only 0.5 per cent of the strontium
was leached from neutralized material calciped 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

Aralyses of ground water samples from well 699-50-53, located 0.6 mile north of
200 East Area, showed beta-emitter comcentrations of 1.8 x 10-4 uc/ce. This is
about 10 per cent of the concentration now detected in wells at the 216-BY crib-
slte, the probable source of this contaminstion. The significant movement of
waste to the north is probably due to the ground water overflowinmg 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 %o

5 miles southeast of 200 Bast 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
find positive Rul0O3 concentrations in well water samples rich im Rui9® 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 contaminpation.

Disposal to Ground

Soil column tests were completed on the D-2 waste going to the 216-5-7 crib. 'The
average limiting Sr breakthrough for three columns, as found by extrapolation on
logarithmic probability plots, was found to be 50 column volumes. Limiting break-
through for €s137 was found to be 123 column volumes. The waste to this crib to
date has been about 7 column volumes and averages about 1 column volume per year.
The long life expectancy of this crid 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-299-E33-12, showed a free cyanide ion concentration
greater than the analytical detection limit of 0.4 ppm. The CN~ concentration in
this instaence 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.equipment necessary to determine the effects of operating variables on the
entrainment and velatilization of cesium from the hydrolyzer was installed. The

O Fas L___
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variables which ere 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 injectiocn.

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
& trace of white solids while the noncondensible off-gas ylelded about C.05 per
cent cesium. A material balance will be completed when the cesium analyses of the
condensate are available. Although additiopal efforts will be made to further
reduce entrainment, the s0lid yield obtained in the sabove run 1s 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.

Stroatium Recovery

Purther studies have been made aimed at recovery of strontium from 1IWW via sulfate
precipitation in the Purex head-end equipment. It was reported last month that
precipitation of BO per cent of the strontium can be achieved in the rare earth
double-gulfate strike by increasing the sulifate concentraticn 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 proloaged digestion or ou
stapding. This iron precipitate is a hard crystalline materisl which would
overload the centrifuge, plug pipes, and render the process inoperable. Two
ways have been found to avoid this difficuity. One involves the use of tartrate
t0 complex the 1ron and hold it in solution, the other utilizes carrier to glve
good strontium recovery at low (one molar) sulfate concentrations.

An integreted test was made to determine the effect of the tartrate additiom 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 Pe) was

made 0.25 molar in tartaric acld, adjusted to three molar in total sulfate, neutra-
lized to pH 0.5, and digested at ca. 90 C. RNinety-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 wss found that 0.02 molar lead, barium, cerium, neodymium,
lanthanum, or didymium carrier precipitated about 80 per cent of the gtrontium
from 1WW at one molar sulfate and pE 0. These solutions are stable with respect
%o iron precipitation and do not require tarirate addition. Calcium was 1neffec-
tive as a carrier, and added strontium decreased the fraction precipitated. From
the results toc date, it iz apparent that strontium can be recovered from current
Purex 1WW by several schemes which do not involve precipitating the iron. The
cholce between these is largely dependent on the product mix which is deslired and
on complications which certaln carriers may cause in subsequent processing.
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Seintillating Glasses

Studies of the gamma scintillation properties of special glesses 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-
clencies 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 ZnS(Ag). Despite
this inferiority to ZnS{Ag) the alphs response will be suitable for some applica-
tions. BSince 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, especlally 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-
Pility in the low ranges. In addition, the complete sequence of operations for
Plutonium or uranium titrations bas been programmed to permit automatic operaticn.
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 Hanford
models (+ 0.05 per cent (7 at high levels to t 0.3 per centC~at low levels) has
been retaiped. One instrument is in continuous use at present and two more are
being built.

EQUIFMENT AND MATERTALS

"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 1ts use as & combination pump-agitator
has been further modified to permit it to supply a small side stream for s sampler
or in-line monitor. A 1/h-inch sampling line was connected to a hole drilled in
the impellor housing. With the pump installation employed, = 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, agitator assembly
designed for use in either the Redox or Purex plants. Testing has been success-
fully completed on 3 shaft lengths of interest -- Q feet 2 inches, 10 feet 2 inches,
and 15 feet 5-1/2 inches. Agitation with the various shaft lengths and various
paddle immersion depths has been smooth and steady, and no critical speed
difficulties have been encountered.

1239920



123

G921

s | c-8 EW-62895

Non-Metallic Materials Testing

A glove port ring from the Purex plant was tested by static immersion at room
temperature in the soluticns normally used for transparent sheet glove box mater-
lals. The ring is reported by the vendor to be made from Tennite II, a celiulose
acetate butyrate polymer produced by the Tennessee Eastman Company. This plastic
failed after 28 days in 20 per cent nitric acid, after 7 days in 30 per ceant
nitric acid, and after 7 days in the vapor above 48 per cent HF. PFailure 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 trichlorethyleme, and 5 to 8 per cent in the vapor
sbove 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 material. In only 3 solu-
tions were any effects noted. Recuplex CAX softened the Luclte, trichlorethylene

| dissolved the Lucite but bhoth solutions lef't the Teslar unchanged. Potassium per-

manganate stained both plastics and caused a 2" ight delamination around the edges
of the sample. This effect extended in about ./32-inch from the edge.

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

Samples of 30L-L stainless steel were exposed to synthetic Redox H-4 oxidizer solu-
tion (1.5 M UNE-Q.1 M ENO:-0.1 M NaCrp0vy) at its atmospheric boiling point. Onme
sample was exposed in the bubble stream from an alr sparger, one was exposed in
the bulk solution being air sparged, and two were exposed in unsparged solution.
No significant dlfferences in corrosion rate have been observed throughout a total
exposure of about 670 hours. It appears that the corrosivity of this solution is

- not effected by alr sparging.

Corrosivity of Purex EE-4 Back Cycle Concentrator Solutions

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

{5-10 M HNO3-O.4 M UNH-0.15 M HoS0L-0.22 M Fee(SOh) -0.16 M Cr(VI) - 0.003 M
Ri-C.003 M gi) exhibited corrosion rates ranging from 12 to 18 mils/month. Cor-
rosion rates of 304-I stainless steel in these solutions at 5 snd 10 M HNO3 were
not significantly altered by decreases in the iren{III) sulfate.concentration
from 0.22 to 0.005 molar. It is believed that Cr(VI) is the principal contributor
to the high corrosion rates observed in these solutions.

PROCESS CONTROL DEVELOPMERT

Purex HSP Photometer

Shortly after the light photometer was installed on the Purex HSP sample stream,
aquecus flush solutions of extremely high radiation intensity 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 resistent glass, had
every appearance of being discolored by the radietion. The windows were dark
amber in color, probably accounting for the apparent opagueness of the optical
system. The 1light fllters, which are approximately l-inch from the sample solution
were darkened slightly but otherwise unaffected. A replacement sample cell with
new filters is being assembled and will be installed as soon as scheduling permits.

Purex 2BP Alpha Detector

A Teflon costed zine sulfide phosphor used in the Purex ZBP stream performed
satisfactorily for 22 months. Failure after this 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 satisfactorlly.

Ultra Scnic - 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
cerystal is not subject to ringing at distances greater than 3-inches. The lnstru-
ment has been calibrated for 2 ranges, O to 2 feet and ¢ to 10 feet.

U0z 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 agaln modified so that the shutdown cycle is now approxi-
mately a mirror image in time of the startup cycle. The feed bhowever, is cut off
on shutdown immedistely 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-~-FRODUCTION 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®** gsaw. Thin-wall tubes and rod bundles with springs were
sawed in the tests, to simlate hardware removal operations for the City of Pigua
and Dresden fuels, respectively. Test highllghts 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 piece) 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 is equal for elther saw, the Peerless saw (or
equal) can be used to reduce equipment costs in the cell. Furthermore, pre-
liminery 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 NPFF 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 iln redlographic and dye penetrant tests)
have negligible effect on blade life.

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

In future hacksaw tests, & 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 dissssembly 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 Clerification Studies. Fines generation tests were made whlle shearing
unclad sintered UO, 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
w1lll be thermally cycled prior to shearing to simulate reactor operating effects.

Hydroclone tests were started on a 1-1/2-inch-diameter unit. Removal efficilencies
as high as 50 per cent have been achieved using a fine lead oxide powder slurry

as & stand-in for UO, 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 bhatch 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
a8 constant dissolver solutiom volume was maintained by incremental water addition.
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Ir, the first run, 1.75-inch ID by B-foot long 55 mil Zircaloy tubing was dissolved
in 6 M NE4F - 0.55 M NEyNO3 using & F/Zr mole charge ratio of 7. An average boil-
up rate of 0.132 1b mole/hr/sq £t was maintained throughout the dissolution %o
remove ammoria. A maximum dissolution rate of 60 mils/hour and an integrated
dissolution rate of 15 mils/hour was obtained.

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

A maximum dissolution rate of 63 mils/bour end 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 balacce for the second run described sbove to be about -140 K Cal/mole.
This compares well with a theoretical estimate of -1T78 K Cal/mnle.

Sulfex Process. One Sulfex run made under nonrecirculating conditions resulted

in a 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 dissclver solutlon.

In L M HoS0,, 347 steinless steel dAissolved 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 evelution during
the run varied from 0.05-0.07 scfm/sq ft of stainless steel.

Further studies of electrolytic cathodic depassivation of 30k-L stalnless steel
in dilute sulfuric acid were made with a carbon enode - passive 30L-L cathode
separation of 1.5-inches. Consultation with CPD perscnnel indicates an electrode
spacing ¢f l.5=-inches is feasible in proposed plant-ascsle dissolving equipment.
At this electrode spacing and in nitrate-free boiling L M HQSO , passive 304-1L
stainless steel may be depsssivated by application of a potential of 1.5 volts
Tor about 30 secords. Depassivation may be accomplished in about 30 seconds,
even in the presence of as much as 0.05 M nltrate provided the cathodic potential
is increased to L4-5 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-I stainless steel by meking 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 bolling 4 M HZSOy
when the petential was removed.

Digsclution of U-Mo Alloys. Various cations and anions were tested for their
abllity to complex molybdate ion formed during anitric acid dissolutlon of U-3

w/o Mo-0.2 w/o Al alloy. NKone of the cations tested -- Ma(II), Cr(TII), Ni(II)
and Co(IIl) -- appeared to complex molybdate ion to any extent. Phosphate ior at
0.05 to 0.2 M was found, as expected, t2 be effective in complexing mplyhdate 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 thet the iron councentration 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 uracyl molybdate precipitated when U-Mo alloy solutions
containing 0.05-0.2 M H3PO) or 0.1 M NaoHAsOy 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 ENO3
to yield dissolver sclutions containing 1.0-1.5 M U and 4-8 M HNO3 resulted in
precipitation of about 80-30 per cent of the molybdenum. Under these conditlons
molybdenum is precipitated as & white solid tentatively identified as hydrated
MoO3. Such white solids were not cbtained 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 ENO3 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, 1999, were analyzed for dissoluticn rate data. All were recireulatlon
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) (totel nitrate M)**'. The pene-
tration rates experienced in the recirculating dissolver generally were essentially
identical with those 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 O mesh crushed U0o. Current runs are being made on 8 to 100
mesh crushed UO02. It has been significant that during the current series of
runs on finely divided UO,, no foaming problems have developed. On a previous
series of runs with finely divided UQp, serious foaming was experlenced which
was attributed to oil suspension in the sparge air. Current experience lends
weight to thilis 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 & solution which may be contained ia 304-L
equipment. In other experiments, freshly prepared solutions of the composition
4 M HpS04-25 g/l stainless steel were air sparged at 75 and 108 C (bolling) 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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Corresion rates of 304-1 stainless steel at 70 C in simulated Sulfex process
sclutions of the composition 4 M EySOL - 5-15 g/) stainless steel - 0.5-5 g/l
Fe(III) added as Fep(S04)3 were less than or equal to 1 mil/mo. At boiling
temperature, similar aolu%ions containing 0.5 g/l Fe(IlI)} corroded 30L-L at rates
of about 1 mil/hr; attack was slight at higher Fe(III) concentrations. Corrosioan
rates at the hoiling point and at 70 C were greatly increased when specimens were
activated by contact with mild steel.

Simeiated spent Sulfex decladding solutions containing 0.5-5 g/1 Pe{I11) added
as Fe(NO3); were only mildly corrosive to 304-L stainless steel at both 70 C and
the beiling point. In these solutions 30L-I specimens were not activated by
contact with mild steel. Similar results were obtained with decladding solutions
containing C.1-0.5 M HN03-

One or more Zirfiex-type dissolutions in the 321 Building titanium dissolver are
being considered. Corrosion rates of titanium 1ian 2irflex solutions were markedly
reduced inthe presence of 0.1 M Cr(VI) and 0.1 M citrate ion (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 Memerial
Institute under contract DDR-82 have been received. Corrosion testing of these
glloys as both base and weld metal has been iniltiated.

Criticality Studies - Materials Preparation

The feed materlal for the seventh PCTR experiment to measure Kcr;(H/U atomic
ratio of L&) using 3 per cent U-235 erriched uranium trioxide was prepared and
deiivered. 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 alsgo 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 DEVELOPMENT - 4000 PROGRAM

Preparation of Uls by Electrolytic Reduction

The surface area of typical uranium dioxide prepared by electrolyr:ic reduction
of uranyl chloride in molten NaCl-KCl was reported to be less than 0.0l m?/g, as
determined by the B.E.T. method. This finding, together with particle density
measurements, indicates that UQo prepared by the electrolytic method is virtually
DoR-POTOUs .

Salt Cycle Process

An alternate method concelved for processing of mixed uraniuvm-plutonium oxides
employs anhydrous hydrogen chloride to effect simultanecus dissclution of uranium
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end plutonium. Under these conditions the uranium dissolves in molten Nall-KC1
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 Pulz

and converting U(IV) to soluble UOp**. 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 HC1l sparged
into KC1-NaCl at 750 C. Analysis of the salt phase at this polint indicated
urenium dissolution was 9O 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 eand produced a supernatent with the characteristic reddish
appearance of uranyl chloride. Analysis of the supernatant irdicated no change
in uranium content but showed that 84 per cent of the plutonium had precipitated.

Obviously, comsiderable development work remains on this dpproach but these results
are considered to be guite encouraging as regards the possibility of processing
irradiated urenium dioxide fuels by this technique.

In exploratory studies of potentlal pyrochemical decladding schemes for Zircaloy-
clad UDp it was found that Zircaloy-2 dissolves in molten zinc chloride at 400 to
500 C or in molten ZnClp-KCl-NaCl at 450 C with the formation of zinc metal and

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

When a similar treatment was applied to a sample of Zircaldy-clad uranium.
dioxide both the zirconium and the uranium dissolved, again with formation of a
white solld phase. It 1is suspected that uranium dioxide rescted with dissolved
zirconjum according to the reaction

Zrcly + U0p ——> Zr0o + UCLy.

In any event the possibility of zirconium cladding belng present as a major im-
puarity in the uranium and pluionium 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-Alkall Chlorlde 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 potasslum chloride is replaced by cesium
chloride. Values for 8 of about 150 and 5 were found at aluminum to cesium
mole ratlos 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. PFurther, a second liguid
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phese is formed as the uranium chloride solubillty is exceeded. In preliminary
experiments, the so0lubility 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.

Spectrophotometric Studies

Studies of the effect of compcsition on the visible and ultraviolet absorption
spectra of molten UCLy-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 aml absorption at different wave lengths
changes in relative intensity. With increasing temperature a general shift %o
longer wave lengths is observed for the absorption peaks, the magnitude being
somewhat greater than expected.

In LiCl-KC1 eutectic the urenium{IV) spectrum is entirely different than in the
AlC1+-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 AlCl.-KC1 system little
complex formation occurs if aluminum chloride is in excefs.

Continuous Ion Exchange Contactor Development -~ Jiggler Contactor

A qualitative demonstration run indicates a probebility that a non-pulsed, non-
fixed packed bed elution colurn may be paired with the Jigged bed adsorber for
continuous recycling of ion exchange resin. A simulated feed of 7 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
column, .

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 & means for maintaining a constent gquant-
ity of resin in the adsorption column can be found.

Analytical Services

Dissolution tests showed that the 9 M HC1 + Ni{NO3), method developed for dissolv-
ing Al-Pu alloys was satisfactory for Al-Si-Pu alioys up to at least 12 per cent
Si. The Pu occluded with the insoluble Si represented only £ 0.25 per ceant of
the total Pu--insignificant with respect to accuracy regquirements.

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.

i N -

12394628



| _ c-16 W -62899

WASTE FIXATION

Rediant 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 additiom of sugar for successful calcinatlon in the radlant
heat spray calciner. A run was made this month to determine whether a neutralized
formaldenyde~killed 1WW, such as would be produced if neutrallzed interim storage
were adopted, could be calcined without the use of sugar. The only difflculty
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. Bowever, 1t still
formed a deposit around the nozzle. These &ifficulties 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 & density of 0.75 g/ce. On subsequent heating to 910 C,
the powder contracted to a "climker" but did not appear to become fluid.

Mineral Reactions

Satisfactory samples of Purex belling tank condensate are now being obtained

with a new pump installed on the 417 catch tank. The condensate has & cloudy
appearance which is due to the presence of organic from the NapCOs organic wash.
This organic passed through clinoptilolite colummns at pH 5, T, and 9, but deposited
on the mineral at pH 3, partially plugging the column. Normal pH of the condensate
is about G.

Operation of the clinoptilolite column receiving tap water traced with Csi37 vas
resumed at higher flow rate. Column throughput was increased to 45,600 column
volumes. A decontamination factor of BS was attained at a flow rate of 6.3
gal/ft2/min.

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

Pixation of Radioactive Wastes

The essential rejuvenation of and alterations of the CR In-Farm Scevenging
Facllity were completed. The instsllation of some of the experimental eguipment
was started. 3By the end of December, it 1s expected that a glass column and a
scaled-up steel column will he set up and lnitisl studies wlll be in progress.
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Geology and Hydrclogy

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

Fileld data cbtained by geologlc mapping 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 reglon 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 gquestion in the well but was eroded
during formation of the water gap between Gable Butte and Umtaoum Ridge. The

top of the tormost basalt flow 18 thus not necessarily the top of the Columbisa
River basalt series which includes these Ellensburg interbeds.

The Ellensburg sediments consist generally of finer and more poorly sorted

materials than the recent glaclofluviatile gravels. Thelr 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 theose
used in the past. Assumptions used for deriving one equation include that of
movement in continuous, uniform capillary pores. - For the other equation the assump-
ticn was made that water is moving over the surface of soll 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-
ursted flow and how best to define 1t mathematically.

Soil Chemistry and Geochemigtry

Research on the calcite-fluorite reaction waa 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 tewperature, contrary to_the behavior of ce*3 and Sr+2. It
is postulated that UQ,“ substitutes for CaFﬂa in the resulting fluorite lattice.
The oxygen is furnished by that dissolved in the Iinfluent solution. Dissclved
oxygen varies Inversely with soclution temperature.

Cet3, on the otrher hand, can be included in the fluorite lattice by an omissionm,
2(CeF3) for 3(CaFs). Sr+2 can, of course, be included in & Ca*2 position with
ne lagtice adjustments. Radioisotope removal data for the caleite-fluorite and
calcite-phosphate reactions can be compared by the use of these methods.
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The results of laboratory equilibrium experiments in which 4.2 x 10'6 M cet3 was
equilibrated with various sodium salt sclutions indicated that both cltrate 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 cxalate ion, on the other hand, incressed
the removal of cerium from soluticn, probably by a scavenging action of precipi-
tated calcium oxalate. Removal of cerium from solution was also Ilncreased by
phosphate ions, apparently due to cerium phesphate preciplitation.

Ground Waste Investigations

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

The small experiwmental crib near Gable Mountain hes now received 2900 gallons of
calcium nitrate solution traced with Sr®>. All but one of the wells show nitrate
breakthrough. Two of the wells show a small, erratic amount of S 5, but no
slgnificant breakxthrough of Sr has been obtained.

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

Laboratory soil column experimente 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 wilth Mg. However, the degree
of influence of column length on slope of 8r breakthrough curves was about the
same as with the Mg-3r system. These findings ald in understanding soil column
relatlonships and in their mathematical description.

Field Apparatus Development

Measurement of moisture in soil using replaceable screen-wall thimbles showed
that equilibrium was achleved in the thimble at virtually the same rate as in the
soll. The presence of a second supporting screen, however, materially slows the
approach to equilibrium. The application of the single-wall thimhle is limited
to moisture contents which allow the soll 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 aguifer pumping tests were completed at the Gable Mountain test
site. In 2 teste,; each lasting 2 hours, the drawdown and recovery of water in
all 13 wells in the pattern were measured. Subsequent 8-hour tests gave addi
tional dats oo other wells in the pettern. Preliminary data evaluation indicated
an aquifer transmissibility of about 4 x 105 3al/day/ft and a storage coefficient
of about 0.06. - 13 Fi*é o
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Micromeritica

Several runs were completed, making s total of ten in the current serles to
measure particle depositlon 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.

Radiocactivity in Foods

As a result of the finding by the Radiological Physics Operation shielded personnel
counter than Zn%5 was more commonly found in personnel thao 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 amounts of Zn®5 from 0.16 to 35 &/m/g. Only two contained greater
than 0.7 d/m/g, and these were both oysters canped in the Pacific Northwest. This
confirms previous data of Radiological Physics Operation which had counted oysters
as the suspected source of Znb3,

Pu2ul Biloassay Procedure

The-li%uid scintillation bloassay procedure for Puc*l on samples already counted
for Pu239 wms tested and found to be capable of measuring as little as 5 d/m/sample
with an overnight count.

sr90 Apalytical Procedure

An improved procedure for separating strontium from calclum wes developed which
1s shorter and simpler and eliminates the fuming nitric acid usually used. In
this procedure strontium and calcium are precipitated with ammonium carbonate
which gives s more tractable precipitate than that produced using sodium carbon-
ate. The precipitate ie 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 sclution in water the strontium is reprecipitated as the carbonate.
The radiochemical yileld 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

.
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acetate-ethanol, exposed to a fluorescent light source for two minutes and the
resulting emitted light from the ZnS counted 30 seconds later for 30 seconds by
photomultiplier tube as in liquid scintillation counting. Although no effort gas
been made to optimize the sensitivity, samples containing as little as 3 x 107% g
Zn3 can be counted by this procedure which is adequate for the present problem.
By counting a second time after adding a& known amount of ZnS, correction can be

made for any effect of dirt material present.

Manager,
Chemical Research & Development
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A.

BICLOGY OPZRATION
ORGANTIZATION AND PERSOHNEL
No significant changes occurred during October.

TECHHICAL ACTIVITIES

FISSIONABLE MATTRIALS - 2000 PROGRAM

BTIOLOGICAL MONITORLNG

Racdiolodine Contamination

Concentrations of I3} in thyroid glands of jack rabbits were slightly lower
than those cobserved one year ago. Values follow:

xrc/g Wet Wi, Trend
Location Average Maximum Factor
L, M*les S.W. Redox 2 X 10'3 L x 10"3 -
Prosser Barricade 1lx 10'3 2 x 10'3 -
Walluke Slope 1 x 1073 L x 10° + 5

Columbia River Contamination

Concentrations of gross beta emitters in whitefish from F-1 averaged about the
same as observed one year ago. The annual upstream migration of whitefish
brought fish fram the Hanford Reservation into the Friest 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 year.

nc/g Wet Wte

Sarmple Tyre Location Average FMaximm
Whitefish Flesh Priest Rapids 7x 107 L x 107
-itefish Flesh F-1 1x 1073 I x m“ﬁ
Whitefish Flesh Ringold 2 x 1075 2 x 10°
Shorebird Flest Hanford Reservation S x 107> 6 x 1073
Coots Flesh Hanford Reservation 2 x 10° I % 103
Gull Flesh Hanford Reservation 1 x 10~3 3 x 1073
Grebe Flesh Hanford Reservation 1x 1o'i b ox 103
Herganser Flesh Hanford Reservation 7 x 10 1 x 1073
Heron Flesh . Nanford Reservation 6x 10“h 9 x 10”h
River Tuck Flesh Hanford Reservation 1l1x 10'h Tx 10'h

C. columnaris held in Columbia River water showed a decrease of only 11% in

L8 hours.

was noted between the death rate 1n river water and in sanitary water.

1239034

A somewhat faster rate of death was noted during the succeeding

three days with only 10 to 15% viable after 123 hours exposure. No difference

UNCLASSIFIED
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Fallout Contaminaticn

Fission rroducts occurred in rabbits from Hanford Reservation in the following
amounts:

pc/g Wet Material Trend
Sample EXEG Average Factor
Feces 2 x 10_5 -
Bone lx 10:2 -6
Muscle 9 x 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:

ne/eg Wet Material

SEEEle Type Average
River Juck : =3
Bone 1lx 10 L
Soft Farts 3 x 107
Grebe -l
Bone 1 x 10 g
Soft Parts 3x 10
Coot L
Bone 3 x 107
_Soft Parts 3x 10'h

Effect of Reactor £ffluent on Aguatic Organisms

Fall chinook salmon spawning observations were completed. 4 total of 281 nests
were observed in the section of the Columbia River from Richland to Midway. This
mmber 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 utilising 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, & new monitoring test was started with chinook salmon which will
simlate present and predicted concentrations in the Columbia as these fluctuate
with scasonal changzes 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 aluminum turnings but gross beta counts suggest
that the technigue is effective in reducing contamination in fish.

BICLOCY AND MEDICINE - 6000 PROGRAM

| METABOLISM, TOXICITY, AND TRAWSFER OF RADICACTIVE MATERIALS

PhosEhorus

Exposure of cichlids (tropical fish) to P32 added to the water was contimied 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}ufg. The fish have not yet
reached maturity.

Strontium

Soils previously reported to have been surface contaminated with Sr90, treated with
phosphgte, and cropped, were thoroughly mixed and recropped after mixing. Uptake
of Sr?U from Cinebar soil was greater after mixing than before mixing the Srd0

with all the soil, but in neither case was there a significant effect from phosphate
treatment. Uptake from Eghrata soil was reduced after mixing and there was better
than 50% reduction of Sr? uptake when very large amounts of phospnate were added.
The ratio of Sr°0 in stems vs. leaves was greater in plants grown on Ephrata soil.

This suggests that Sr’o is less readily translocated in plants grown on alkaline
as compared to acid soils.

Results from a number of experiments comparing the metabolism of 5r70 and Call in
rats are accumulating., While still incomplete, certain interesting indications can
be drawn from the data. If appears that the mature animal's fecal excretion of
intraperitoneally administered radioisctope is essentially the same for strontium
ang calclum and is not influenced by the caleium level in the diet. Urinary
excretion of both elements, on the other hand, is infiunenced 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.

Discrimination 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 blochemical or cellular changes in the blood have been observed in
the adult miniature swine after seven months of feeding up to 25 mc/day of Sr”C,
Six~week-0ld offspring from these swine, however, show a trend toward lower
platelets, packed cell volume, hamoglobin and red-tlood cell caunts,

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.

UNCLASSTFIED
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Todine

Four young adult ewes were given a single oral dose of 1.25 me of 1131 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 radiciodine on the thyroid in sheep
as a functicn 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-Praseodymium

Preliminary to a few oral administration studies, the distribution of Celhh-Prlhh

in the tissues of a ram 1é days after a single intravenous administration of 2 me
was cetermined. Tt appeared that the cerium was tightly bound in the tissues; since
less than one per cent of the administered dose was eliminated in the urine during
the experimental period.

Bone, liver, bulbourethral glands and spleen showed the highest concentration

(5 to 10 x 102 per cent of administered dose per gram). Somewhat lower concentrat§0n3
were observed in the skin, kidney, adrenals, lymph nodes and pituitary (1to5 x 10

per cent of administered dose per gram). Although these data are very preliminary,

1t 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 l6-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 if there is any benefit or harm in the current practice

of using tourniguets and snake-bite suction cups for contaminated wounds, a
preliminary study was initiated in two pigs. Subcutaneous injections of Pul3?
nitrate were made in the fromt limbs and the sites treated 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
site may be gained.

Radicactive Particles

Current data on the accummlation of plutonium in the tracheobronchial lymph nodes
in dogs after inhalation of plutonium oxide is given in Table 1.

UNCLASSIFIED
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Table 1
Time after exposure Ratio of the concentration of plutonium

in trachecbronchial lymph nodes to that
in lung

Immediately 0.001, 0.0001, ©.0003

One day 0.2, 0.0002

One week 0.16, 0.008

Two weeks 0.004, 0.1h, 0.15

Ten weeks 5

Sixteen wecks 5, 3, 0.3, 11

Forty weeks 9, 88

Two and one-half years - 2

{after I.T. administration)

The observed increase in the ratio of the plutonium concentratien 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-eight beagle dogs have been exposed to plutonium oxide for translocation
and toxicity studies of up to three years duration., 4 total of 75 dogs will be
exposed within the next three months.

Apparatus has been designed and assembled to study the effect of respiratory
variables on deposition of plutonium oxide. Tests to find methods of hastening
the clearance of Pu239 from lung will be continued after exposure equipment has
been fabricated.

3kin Stodies

A rapidly-growing mass wis observed subcutaneously on a rabbit at a site exposed
1o 16,000 rads {from a F-¢ plaque) four years ago. A tumor is suspected and the
mass has been biopsied. If this proves to be a tumor, it will be the first one
(to our knowledge? described in a rabbit following irradiation of the skin.
{Caution must be exercised in drawing amy conclusions from one case.)

Gastrointestinal Radiation Injury

The radiomimetic drug, nitrogen mustard (MN»2), 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 produecing
the effect. '

Continued studies with T131 labelled polyvinylpyrrolidone (PVP) suggests the possible

usefulness of this material as a diagnostic aid in the estimation of intestinal
radiation injury. Tais synthetic serum albumin substitute is lost from the blood

UNCLASSIFIED
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Strean into the lumen of the intestine amnd is not hydrolyzed by enzymes there present.
It has been used as a diagnostic teol 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 inveolved.

Tissue Transplantation for Radiation Therapy

An acditional six Pitman-Moore miniature swine were exposed to $00 r of total-body
X irradiation (LD/100). 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 post-irradiation. Careful handling and
supportive ireatment was extended all animals and included the furnishing of clean,
dry quarters, admirnistration of antibiotics and an inereased teed ration. At 25 days
after irradiation one of the two animals given fetzl tissue is the only survivor.
Although the animal is losing its hair,; it appears otherwise ouite normal and its
tlood picture is approaching normal, This; {to our krowledge, is the first time

a lethally irradiated pig has survived beyond two weeks following tissue transplant
therapy. :

Froject Chariot

Avproximately 100 samples of different Einds of plants, biras, and mammals from the
site of the proposed harbor of Project Chariot have b a ved for ganmpa emitiers
Ragjoelerents measured include celﬂl Ce -Prlﬁﬁ, ZrSﬂNbgg:,LycSlB?s Ru 03, Rul06_anl06,
n%2, Bal -Lalho, and K40, Significantly different levels of contamination which

are atiriouted to ecological factors occurred in different species of organisms,

Birds with highest values were the small longspurs amnd sparrows which feed upon

insects and seeds and lowest values occurred in the aguatic forms. Among the plants
highest values were in sedge, lichen and sphagnum mess; lowest values were in

emergent weeds from ponds.

BIOLOGY OPERATICN

A4 Kornberg:es

MCLASSIFIED
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D, Lectures
a, Pmpers presented at Meetings
- J. J. Davis, "The effects of environmental factors upon the accummlation of
radioisotopes by ecolegical systems,” Lovember 13, 1959, Second Anmal Texas
Conference on the Utilizatlon of Atomic Energy;, Texas A & M, College Station,
Texas. :
b, Off-Site Seminars
W. J. Clarke, "Efficacy of tissue iransplants in radiation therapy,"
exchange seminar, Washington 3tate University, Pullman, Washington, 11/2L/56.
R. F. Foster, "uiscussion cn Columnaris," Columbia River Advisory Group,
Portland, Oregon, November 20, 1555.
# See below.
c¢. Seminars (Biology)
Ir. C. Biddulph, Department of Botany, Washington State University, Puliman,
Wash., "Translocation in Plants,!" November 3, 1959.
2. J. Coleman, "Quantitative Autoradiography,” November L, 1559.
G. 3. Vogt, "Methods of Tissue 3taining for Flectron Microscopy," November L, 195¢
G. R. Yesberger, "Incinerstion of Radioactive Wastes," Noverber 18, 1955.
or. Sidney Marks,."A Summary of Data Relative to the Induction of Thyroid
Tumors by Radiation," Kovember 18, 1955.
d. Seminars (Local)
D. E. Warner, 10/9, 16, 23 and 30 to Hanford Laboratories Non-Exempt
Orientaticn Program. "Radio dolegy at Hanforg®
D. E. Warner, "Radiobiology at Hanford," Central Stores persomnel,11/17/59.
F. P. Hungate, "Genetic effects of radiation," 11/6, 13 and 20, IPD Information
Meetings.
E. Publications
a. HW Publications (external distribution)
None : -
b, HW Publications (internal distributicn).
None .
¢. OUpen Literature
Schiffman, R. H., "Method for repeated sampling of trout blood," The Progressive
Fish-Culturist 21 (4): 151-153, October 1559.
¥ R. C. Pendieton, 11/18/56, Ptcological Aspects of the Accurmilation of 0513?,"

Sigma ¥i Society, Washington 3tate University, Pullman, Washington.
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COPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REFORT

Kovember, 1959

ORCZANTIZATION AND FPERSONNEL

Trere were no changes in perscnnel during the month of November.

OPERATIONS RESEARCE ACTIVIIIES

Input-Qutput Simulation Model

A check of the multivariate analysis computing progrem was completed. Wcrk wag
nontinued on the development of GCL estimation prograr with specisl sttentizn
o the spplied phases.

Other

Further work was done in evaluating fair cost estimates in relationship to bids
received for HAPO projects. BSeveral important characteristics have been formu-
lated and communicated to the Estimating Operation, CE&U. Work along this line
is econtinuing.

Further work was done in analyzing Redox plant operating models and in communi-
cating the results of the studies to Redox plant personnel.

OPERATIONS AWALYSIS STUDIES

Z Plant Information Study

A tentative computer logic structure bhased on best estimates of future 2 Plant
process reguirements has been defined. This materiel is to be used to assist

in determining to what extent the G. E. 312 computer system can provide process,
cperations, and accountability control. The object of this work is to evaluate
the regquirements currently specified by the team in terms of 312 computer inter-
nal program instructions such thet the determination as tc the feasibility of
312 camputer use can he mede. The use of IBM-APR equirment has been officially
cancelled by CPD.

FPD Procese Control and Experimentation

Further wcrk was done in relating dimensiopal distortion experienced by co-extruded
tubes during heat tresting tc the reduction ratio employed in the co-extrusion
process. Thelk lengths and.ﬁx wall thicknesses were found to be quadratic fune-
tions of the reduction ratioc, and it was shown theoretically that thezﬁ diameters
should be guartic functions. The measured.ﬁ&diameters are consistent with the
theoretically predicted values.

Growth indices, as measured by X-rey technigues, are indicative of the tendency
t2 grow dimensionally. These had been determined for several co-extruded tubes
as was mentioned in an earlier report. The results of this previcus analysis
were difficult to irnterpret from a metallurgical viewpoint. It has since been
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noted that the physical technigue used in determining the growih indices was
faulty. Measurements were again taken and the resulting data analyzed, giving
results consistent with what was expected.

An evegluation is being made of the effects on fuel element quality of increased
nickel content in the duplex end canning baths. The experiment was conducted,
on the process line, and it is impossible to separate the effects of nickel con-
zentration from possible time effeets. The analysis of total bond count data
was completed. Additional data perteining to other gualiiy characteristics are
being gathered. :

Data were analyzed from several experiments conducted in the pilot plant. One

was concerned with evaluating the effeet of hoiling 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 varled; substitute cleaning agents were epmployed; and sgitation by ultrasonices
was evaluated.

Grality Certification Program

As indicated previously, & 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 guarter
point measurements are now being routinely used to compute warp as recommended.
Although the reduction in measurement error is not extreme, it requires litcle
extra effort to caleculate warp in this way. It does not involve taking more
messurements, since the guarter point measurements are routinely taken for ﬁgdia-
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 eveluated. Recomuendations for further evaluations were made based
o the results of this analysis. Also, assistance was glven in assessing the
magritude of errcrs associated with weasel data. Data are heing collected to
accomplish this. A device for measuring fuel element length is also being cali-
brated, and iis precision will be evasluated.

Fuel Element Failures

Several analyses were made to determine if rupture experience is indicative of a

real change in metal gquality based on several months' experience. Allowences had
to be made for changes in reactor operating conditions using the accepted rupture
model.

Preliminary analyses indicate that messurement of post-irradiation porosity may
be a good indication of rupture potential. Although only a limited oumber of
post-irradiation porosity measurements have been taken, results found thus far
are encouraging. An sazcelerated investigation is being made of this.

Optimization of Reaztor Opersticns

The investigetion of "fixed" costs in the net return equation is continuing. The
first aspect being studied is concerned with manpower reguirements under different

\23@‘%‘42 go—
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operating conditions. This inecludes overtime costs and possible loss of
efflelency in performing downtime work when several reactors are down simul-
taneously.

Closely related to this program is a specific prdblem desling with the assign-
ment of supplemental crew personnel for charge-discharge work when more than

one reector is down. A simple methed 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 rupture
experience is essentially lgnored, and in the other case, each small piece of
rupture information dictates cperating 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 lesk problem. It was agreed that the potentially most fruitful ap-
proach will inveolve a more detalled breakdown of the location of leaks contri-
buting to subseguent external corrosion attack. Discussions were also held with
personnel supplying the probolog data in order to resolve some questions that had
arisen in the previcous analysis.

inal Product Speclfications

Considerable work was done in computing the consumer's and producer's risks for
several combinations 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 procedure 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 demonstrate the usefulness of
this estimating procedure in better assessing the true situation, and can be use-
ful in better establishing operating goals and limits.

Radiation Protection Studies

Analysis of data from the experiment to investigete the effect of exposure angle
upon gemma £ilm 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 celibrations were reanalyzed over several different
ranges of exposure.

Work continued on the statistical study for the Bicassay Operation to estimate

the precision and accuraecy of bloassay plutonium deposition estimates from spilke
samples.

1239943
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STATISTICAT, AND MATHEMATICAL ACTIVITIES WITHIN HAPO

2000 Program - Zirconium Corrcgion

Statistical anslysis was initimsted on datz for an autoclave calibration study

being sonducted by the Corrosion and Coatings Operation. The study will investi-
gate the corrosion of zirconium in the autoclave ss a funetion of several variables,
ineluding pressure and tempersture. :

Analysis ig being continued on deta from a pilot study investigating effects of
sample position in. the autoclave on corrosion.

2000 Program - Zhemical Frocess Development

Data from several Sulfex dissclver runs were processed by multiple regression
tezhniques on the IBM-T709. Knowledge of the mein controlling variebles should
iead to planned experiments which are amenable to statistical analysis, and
possibly to the determination of a realistic causal model of the dissclution
Process.

4000 Program - Swelling Studles

Work continued on the development of the functional representation of pore radii
distributions from mierographs of uranium samples.

k000 Program - Matrema+ical Analyses

Assistance was given in studying the properties of the sclutione of a particular
second order linear differentisl equation with pericdic coefficients which ex-
presses the transient behavior of & reactor during a period of variable reactivity.

A mathematicel model is being zonstructed to aid Fission Produet Lhemistry Opera-
tion in the study of the keat and mass transport characteristics of a fixed cata-
lyst bid during its regenerstion phase.

600C Program - Biolcgy and Medizine

Work continued on statistical anelysis end construction of = mathematical model of
excretion in an experiment involving Pu inhalation by dogs.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTEER HAPC COMPONENTS

Contract and Aceounting Operation

A discussion was held with Data Processing personnel in conmection with the utili-
zetion of IBM equipment. A clearer definition was made of the problem, and steps
were taken to acguire dats necesssry to answer some of the guestions posed.

Relations Operation

Psychological test score data obtained from plant personnel who particlpated in
the "Understanding People' course during the past three years were analyzed.
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FROGRAMMING OPERATION
NOVEMEER 19509

A. FISSIONAPLE MATERZALS - 200CC PROGRAM

Special Radiolsctopes

A draft of a report on "“Ionium (Thorium-230) For Radiolsotcpe Preparation’

was completed. This report presente & detailed review of study thus far on
this subject. Although tke survey of the uranjium ore procecsing industry is
not regarded as comprehensive, it bas beer sufficient to shcw that a large
fraction of the industry has a pctential for reccvering thorium concentrates
ranging from 2 to 5.3 per cent lonjum. These figures are interesting, in view
of the accepted values of eleven parts of therium per million in the average
rocks of the earth's crust. This latter figure ie about six to sixteen times
the amount allowable to provide the ionium contente reported above assuming
complete dissplution ¢f thorium and ionium.

B. REACTCR DEVELOPMENT - 400G PROZRAM

PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development, The RBU ercss section library was completed during
the month with the exception of key punching and checking whick will require
sn additional two weeks. An errcr in the Mente Carlo code was detected, which
is now being corrected., Work was continued on tke input cods; in particular
a method was developed for carrying out & transformaticn of differential
anisotropic scattering cross sectisps from the laborstory to the center-
of-mass ccordinaste system, which permits opticnal use of likrary data glven
in laboratory coordinates.

A Meleager library tape was prepared for survey of mixed tiorium-uranium-
plutonium fuel cycles. A series of Meleager burnup cases were run irn order
to complete the check out of the code in comparison wit: earlier work. The
Yankee reactor lattice analyzed last year was repeated, giving spproximately
the same results for botk uranium and reactor-grade plutonium loadings. The
long-burning (Phoenix) cheracteristic was observed for particular values of
the parameters, as before, and was fcund to be streongly influenzed by the fuel
geometry and total scattering cross section, which determine the rescnance
sbsorption characteristice of the fuel. Much more spectaculsr "Phoenix"
characteristics were as before obialned with plutonium feed kaving an arti-
ficislly high ratio of Pu-2L0 to Pu-239.

Debugging 1s incomplete on the intégrated IBM-709 program which employs 18

original IBM-650 codes for the initisl evaluastion of self-sustalning plutonium
recycle in enriched thermal reactcrs. The integrated program operates but does

1234945 ONCLASSTFTED
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not produce correct answers for every varighle., The vagarities are being
cleared up with successive debug "shots" but the number of successive shots
reguired to finisgk the code is mos* uncertsain.

FRTR Plans and Schedules

Notice was received that 1.2 kg of high expesure plutonium originally'éssigned
te Hanford by the Division of Militsry Application has been withdrawn.

A report supporting a request for sbout forty kilograms of higk Pu-240 plutonium
for PRP was ccmpleted. It was propesed in this report that this special type
of plutonium be produced by irradiation of production grade material in the
Savennah Biver 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-24C material, the
route via Savannah Eiver is more attractive because of minimum loss of pro-
duction grade plutonium and top product materiais; Savannak River irradiation
is also faveored because of the satisfactory progress and experience being
galned with the trans-plutonium irradiation program and the minimum involve-
ment of efforts at other sitez., Thes shortening of the FRTR opersting time
by about iwo years tc achieve certain program cbjectives is & major Justifi-
cation for the increased expenditures required by this high Pu-2hk0 procure-
ment program.

& detailed schedule cf critical startup tests for the FRTR was drawn up in
cooperation with the members of the startup council's committee on critleal
tests. The description of the individual tests iz now under way.

‘Twenty-seven PRTR design tests were revieved. as part of the FRTR Startup
Council activities.

PRTR Hazards Evalaation

An outline was prepared of the calculationasl methods used in evaluating the
consequences of a reactor accident. This outline includes the data tables
vhich are available as well as the ejuaticas and general metheds of calculs-
tion. The cutline was utilized in estimating the consequences of a reactor
accident in the FRTR if the containment vessel were not present. At month
end; this series of calculations was in preocess.

PLUTONIUM VALUE STUDY

The Combustion Engineering Pressurized Water Reactor design was studied to
farm the basis for determining the types ¢f plutonium Fuel cycles te be
examined in detail., Preliminary wirk was also done on the development of an
improved, high-speed econcmics code,

C. BICLOGY AND MEDICINE - 6000 PROGRAM

‘Radinicgizal Consultation

Consultation was rendered concerning Washington State needs 1in the field of
radiation pritection, the need for limitaticn of rate at which dese is

12360144
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received, the techniques used with detackable ionization chambers for measuring
the background gamma doses 1ln the vicinity of the plant, and calculation of the
dosage rates from Kr-85 liberated during the dissclving of irradiated fuel.

Advice was also provided on waste disposal problems in the nuclear industry,
emergency dose, radlological hazards of plutcnium, standards on survey ani
release of contaminated vehicles, and on the degree cf leak tightness needed
for reactor buildings and the effect of keeping the ventilaticn fans running.

A report was prepared covering the third quarter, 1959, activitles at Fanfcrd
related to the Radiological Sclences.

D. OTHER ACTIVITIES

Hanford requirements for test reactor space were compiled and transmitted to

the AEC at their reguest. The estimated space requirements {excluding those

in Eanford production reactors) result from seven existing or planned in-reasior
locpe, plus approximately 500 capsule irradiestions,

Dr. Joseph Kaplan, hesd of the Internaticnal Geophysical Year Program for the
United Btates, has accepted an invitation to addresz the Hanford Scienze
Colloquium. His visit 1s tentatively scheduled for March 22, 1960.

Irafts were prepared of the program decuments for the four plant improvement
rrograms for which HLO is responsible., These are:; Bilclogy and Medicine
Program; Plutonium Recycle Program; Other LC00-5000 Programs; and Labeorator
Facilities,

Assistance was rendered in arranging for four tours {involving 89 pecple)
through HLO and BAPO facilities.

Agsistance was rendered the AEC Division of Rea~tor Development in formulating
tte plutonium recycle portion of their 10 year plan for civilian reactor

development.

Manager, Frogramming
LE McBwen:dl

1238847
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RADTATICN PROTECTION OFERATICN
MONTELY REPORT - NOVEMEER 1959

A. ORGANIZATION AND FPERSONNEL

L. G. Paust, R. C. Henle, R. C. lawrence, and J. E. Atterberry were added to
the rolle of the Radiation Protection Operation., T. B, Ludlow was deactivated
to enter military service on November 6, 1959, The force of the Radiation
Protection Operatlon 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 HAFO 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 4,000 é&/m (0.02 pe/Pu) from his thumb, a pre-
cautionary check was made in the Whole Body Counter (WBC), About 5,000 d/m Pu

was 8till remaining, apparently just under the skin. Skin scraping by an Industrial
Physician reduced this amcunt to 4,000 &/m. No further action was planned. A
total of 16 pecple was examined in the WBC during the month. One of these was a
nonemployee, 12 were routine examinations, and three were involved in radiastion
Incidents.

Positive findings of Zn65 in 95 per cent of the subjects examlned in the Whole Body
Counter led to investigation of sources of this radioisctope in humans. In addl-
tion to previously reported Zn 5 in Columbia River water, scame Pacific Ocean sea
foxds were examined as possible sourceg of this radiolsctope. Pacific oysters
showed the highest concentration of Zn 5 in the ses foods examined and averaged

4 x 1077 pc/gm 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

Zn®5 "for persons in the meighborhood of controlled areas' '

Data accumulated in the WBC during the past several monthsappears t¢ indicate that
emglcyeea working in the 100 Areas have a statistically different body burden of
Zu®? 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 scurge of this difference in body burden can probably be attributed to the
small Zn®5 content in the drinking water in the 100 Areas. Although it is possible
to measureég difference between these two groups of employees, the maximum measure-
ment of Zrn°? in the body to date in the WBC represents only C.l% of the maximum
permissible body burden {occupational). . :

On November 16, the WBC was taken out of operation for installation of 1/8-1inch
lead lining on the interior walls of the iron 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 cantrols on the door
to the iron cell for safety reasons. This work is expected tc be campleted in
January. The Plant-wide brochure for the Wholé Body Counter was campleted for
distribution next month.

UNCLASSIFIED
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Anelyses of Columbis River water obtaine% at Vancouver, Washington, for the past
several months indicated Crb5l, N 2 and P32, in that order, to be the most
abundant radioisotopes and account for over 90% of the total radicisoctopic content
of the river at that point. A series of large volume (ten gallon) samples was
obtained to substantiate previocus estimates of downstream radiocisotopic concentra-
tions in the river. These estimates have been based on extrapolaticn of measure-
ments obtalned 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 terials passigg 8 point near Vancouver
was estimated at Crol - 900, Np239 - 70, Zn® - 20, amd P 20. These radio-
isoctopes in the Columbia River water at Vancouver represent O. 2% - 0. 5% of the
drinking water MPC"for persons in the reighborhood of controlied areas.

A program to exchange film badges and their calibration and thelr interpretation
was initiated between HAPO and the Dow Chemical Company Flant at Rocly Flats and
the University of California at Los Alamos. The cblective of this program is to
assess the uniformity of calibration and interpretation techniques between the
various AEC sites.

The automatic film processor was placed into routine operation. The use of air
agitation in the stop bath and in the flxer polution resulted in a 60% savings

in the amount of nitrogen gas required. The processing solutions were used for three
weeks -with no apparent decrease in strength. Microflex timers were added in the wash
water time c¢ycle 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 toc the autamatic
film processor so that it will actuate whenever the power to the machine is inter-
rupted.

Lucite frames and cover windows for five prototype eye dosimeters were ordered.
Delivery, which 1s proamised for Decemder, will provide the materials for assembly
of prototype eye dosimeters for field tests.

The first ionization chamber finger ring was received from Product Engineering
Company. Initial performance studies are in progress. The use of an "induction"
reading plan whereby direct contact with the electrodes of the ring is not
reqguired has shown some promise in preliminary studies. The advancement of
"induction" reading to & wide variety of ionizatian chambers is being considered.
Thies system may also be used for charging ionization chambers and circumvents the
problems encountered in making positive reproducible contacts with ioniration
chamber electrodes.

A tritium air sample chamber, interpreted through the application of pulse resder
principles, was tested during the month and indicated that ome MEC (2 x 1072 pc/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 PRIR program.

Data collection with the lodine sdscorption sampler was contirmued at the 327
Building location. Favorable performance of this systen continued. .

UNCLASSIFIED
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One employee Of Radilological Development assisted Programming Operation in the
calculation of the expected radlological consequences of an accident involving
the rupture of the FRTR contalnment vessel.

Construction of the Columbia River continucus monitoring facility neared comple-
tion. Copper cled steel ordered for fabrication of the main water tank has not
been delivered. Action was initiated to expedite shipment of this material or
to utilirze a sultable substitute.

The annual report of all plutonium deposition cages on record was prepared for
distribution fto pertinent supervision.

At the request of RPO studiles were initilated 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 s former employee
of J. A. Jones Coampany whose private attorney has Alleged radiastion injury
resulting frar Hanford exposure. The total exposure of this employee as measured
by persomnel meters was less than ¢.5 r.

The Manager, Calibrations, was designated as the redium custodian for HAPO (as

it was several years ago)}. Other departments were asked tO report their radium
holdings so0 that central control snd accountability can be re-established.

Minor plotting room procedural changes were tested in a radiclogical emergency
exercise in the 703 Building. .

Contributions were made to preparation of & report for presentation at the Governor'
Advisory Councll on Atamlc Energy.

C. EMPLOYEE RELATICNS

There was a& total of one minor injury for a frequency of 0.52. One security
violation cccurred during the month.

The Rediatien Protection exhibit was displayed and well received at the Governor's
Tenth Anpual Industrisl Safety Conference at Olymplas, Washington, on November 12
and 13, 1959,

Radiclogical training included: A two-hour lecture on "Basic Aspects of Radia-
tion" to 30 PEDO persomnel; three information and crientation talks were presented
to Plutonium Metallurgy and Biology Research persomnnel; a one and ane-helf hour
lecture on plutonium hazards to 308 Building persomnel; & one hour talk on "Use

of Portable Instruments” to 325 Building personnel; a 15-minute talk on "Thorium
Hazards" as part of the 321 Building Safety Meeting; and 16 hours of lectures and
fileld training to 25 employees assigned to PRTR.

There were no suggestions received for evaluation. There are no outstanding sugges-
tions at month end.

1239950 | UNCLASSIFTED
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D. BSIGNIFICANT REPQRTS

HW-62699 "Analysis of Radiological Data for the Manth of Octaober, 1959" by
R. L. Junkins. .

EW-62873 "Monthly Report - November 1959, Radiation Monitoring Operation” by
A, J. Stevens.

EW-62724k "Shielding Efficlency of Heavy Element Neoprene Gloves at Low X-ray
Energies" by T. C. Mehas. .

UNCLASSIF IED
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Sexple Type and ILocaticn

Drinking Water

10C-F Ares
Separations Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-B Area
100-F Ares

Hanford Perry

Pasco

MeNary Dam

Vancouver, Washington

Ground Weter

Outlying Test Wells

Atmosphere

1-131 Separations Areas
I1-131 Separstions Stacks
Active Particles - Project

“Active Particles - Environs

Vegetation

Separations

Residential

Eastern Washington and

- Qregon

Fission Products less
I«131 - Wasgh. and Ore.

* The % MPCqy is the percent of the maximum permissible limit for continuous

Activity
Type

Isotopic
Gross Beta
Isctopic
Isotopic
Gross Beta

Gross Bets
Isotopic
Gross Beta
Isotopic
Gross Bets
Gross Beta

Gross Beta

1-131
I-131

I-131
Ganma,

Emitters

G-3

Monthly
Average

L
*
L]

<

Ww oo

1.7

L7
< 1.5

< 1.5

l.o

5
3
L
.08
o

x 10-7

X lO'8

X 10'8
x 10-5

X 10‘6
x 10-7T

x 10-% (Max.)

x 10-13

x 10'6
X .'LO'6

X 10'6

x 10-7

HW-62899G

ENVIROMMENTAL MONITORING - RESULTS (October 26, 1959 - November 22, 1959)

Units*

% MPCq1
uc/ce
% MPCaT
% MPCo1
uc/c:

ucfee
% MPCGT
uc/ec
% MPCo1
pc/cc
uc/ec

pe/ce

pefce

curies/week
ptle/100 w3
ptle/100 m3

ue/em
we/gn

pe/gm

we/gm

Trend**
Factor

occupational exposure to the gestrointestinal trect 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. :

UNCLASSIFIED
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EXPOSURE EVALUATICN AND REC ORDS

- Exposure Incidents Above Permissible Limits

Whole Body Localized
November 0 0
1959 tc Date 7 9
Gamma Pencills
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Qver 280 mr Readings
November 21,328 105 . L o}
1959 to Date 273,027 1,131 48 ik
Beta-Gamms Film Badges
Badges Readings Readlings Readings Lost Average Dose
Processed 100~300 mrads 300-500 mrads Over S00 mrads Readings Per Film Packet
mrad(ov) mris)
November 9,803 831 Sk 29 25  10.53 12.63
1359 to '
Date 116,677 9,318 907 227 L35 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 o 0 7
1959 to Date 13,634 20 2 0 Th
Fast Neutron
November 301 13 1 o 6
1959 to Date 1,911 50 - 18 0 1
Bicassay - November 1959 to Date
Plutonium: Samples Assayed .8 808 8,293
Results above 2.2 x 10 uc/sample 21 3%
Fission Products: Semples Assayed 807 8,240
Results above 3.1 x 1072 we Fp/sample 1 3k
Uranium: Samples Assayed 229 2,935

Confirmed FPlutonium Deposition Cases 0 13%

*This brings the total number of plutonium deposition cases which have occurred
at Hanford to 237.

UNCLASSIFIED
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Uranium Analyses

Following osure Following Period 8f No Exposure

Unite of 10°7 pe Ufcc Units of 1077 uc U/cc

Number - Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation L8 4.7 50 11 2.3 50
Hanford laboratories 35 5.7 22 el h,1 65
Chemical Processing 115 8.8 24 36 3.8 43
Chemical Processing* 18 11 2 - - -
Special Incidents 13 £.2 5 ~ - -
Random 1.2 5.2 5 - - -

* Samples taken prior to and a&fter & specific job during work week.

Thyroid Checks . Novenmber 1959 to Date
Checks Taken 0 Q
Checks Above Detectlon Limit 0 0
Hand Checks
Checks Taken - Alpha 33,243 386,283

- Beta-gammea L9, 30k 369,169

Skin Contamination

Plutonium 15 272
Fission Products ... 23 L15
Uranium: . 7 116
CALIBRATICNS
Number of Units Calibrated
Hovember 1959 to Date
Portable Instruments
CP Meter 935 10,630
Juno 270 3,306
e 823 14,831
Cther 160 2,186
Total 21 l% 303953
Fersonnel Meters
Badge Film 1,800 11,435
Pencils 836 13,119
Other 439 4,579
Total _ 3,075 29,133
Miscellaneous Specisl Services 295 4,183
Total Number of Calibrations 5,558 - 64,269

Radiation Protection

AR Keene:ke 172319 a5y UNCLASSIFIED
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LABOCRATORY AUXTLIARIES OPERATION
MONTHLY REPORT - NOVEMEER, 1958

GENERAL

Safety performance of the operatlon vas considered marginal. There were no
major injuries; the minor injury frequency rate was 2.53 which is below.
average experience.  However, two minor injuries could have resulted in
serious injuries.

There were no security viclations charged to the Operation.

TECHNICAL SHOPS OPERATION

Totzl productive time for the month was 13,321 hours., This inzludes 12,1%9
performed in the Technical Shops, 730 assigned to Minor Construction, 158

to other project shops, and 27k hours to off-site vendors. The total shop
backlog is 25,547 hours of whish 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:

Mzn-Hours ﬁ of Totzl

Fuels Prepeoration Department 15962 15.0
Irradiation Processing Department S56e 4.2
Chemiczal Processing Department 321 2.4
Hanford Lzboratories Operation 9187 69.0
Construction Engineering & Utilities 933 7.0
Miscellaneous 326 2.

Emergency service requests again declined rermitting a reduction in the
cvertlime work required. Other factors indicating the shops may be entering
a period of relative normalcy are the reduction in total backleg and the
lesser amount of work being subcontrasted to J. A. Jones Co., and off-cite
shope. The excepticn to this statement is the Glass Shop where backlog is
high and the situstion 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 belng subcontracted to off-site
vendors., This work consists of pipettes, stirrers, etc. where multiple
nuzbers were required and specifications could be formulated.

One open requisition is on file tc replace the glass techniczian who resigned.

Security performance was considered satisfactory with no violstions. Safety
performznce was considered marginal with 8 medical treatment injuries,

tws of which could have resulted in serious injury to persomnel involved.
Disregard of safety instructions and procedures was the main csuse in both
accidents.

1239655 | UNCLASSIFIED
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RADIOGRAPHIC TESTING OPERATION

A total of 8,565 tests were made, of which 370 were radiogrephic
{irncluding X-razy 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
messurement {(micrometric), eddy current, magnetic particle, penetrant
(fluorescent 0.D. aznd I.D.), stress analysis (statlic and dynamic electric
strain gages), surfazce treatment (pickling and alkzline cleaning), and
ultragsonic (flaw detection and thickness messurements).

' The number of pieces handled this month totzled 6,864 items. The feet
of material represented by these ltems 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 wzs done for 23 different organizational components representing
st of the operating departments and service organizations. A total
of U7 reports were issued detailing test findings with conclusicns and
recommended action. Radiographic Testing Operation was consulted on 25
different cecasions for zdvice and information on generzal testing theory
and =pplicaticns for other than the jobs tabulated in Part II1 - Testing
Statistics.

The status of the testing and treatment of the PRIR process tubes is as
follows:

1. Ready for shipmen% to the contructor - 18 tubes completely
tested, pickled, zsuboclaved and straightened.

3

Reudy for straightening - 28 tubes completely tested, pickled,
and sutoclaved.

3. For ultrasonic évaluation - 4 tubes preliminzry tests, plckled,
and autoclaved.

4. For reprocessing:

20 tubes having heavy corrosion product and/or scid
staining.

27 tubes having moderate to heavy corrosion product
andf/or acid staining.

NPR work has not yet progressed beyond some design items, although con-
siderable planning has been completed. Principsl effort is currently
beirg expended upon building modifications and some equipment items. The
building work includes; installation of a sprinkler system, additional
hezt, and structurzl modifications. The equipment items recelving first
sttention are the sutoclave, alkaline cleuning, bath extension, -nd the
recircul=ting hot air dryer extension.
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Zirconium sheath tubing testing for voth Ceramic Fuels and Piutonium
Metullurgy continued at a high level. During the past month ultrasonic
testing of the tubing has been firmly established using 2  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 teeted and
represented another large area of testing. Radlographic facilities in
Building 325, were completed and will allow better and more expeditious
testing.

An extensive field job was undertaken at the PRTR site invelving the ccoling
coll in the biclogical field. Numerous small dizmeter pipe welds were
examined under difficult field conditions. A1l of the work was done on an
expedited basis to allow placing of concrete.

Testing Statistics
No.of Ft.of Weld No.of

Componrent Tests or Materisl Pieces Descripticn

CE&U 253 129 253  Weld qualification coupons, PRIR

CPD 140 108 71 X~ray welds on vessel; X-riy
welds on multi purpose dis-
golver; x-ray welds on szuto-
clave, '

FPD 136 ilels) 136h XFR Fuel Elements,

283 X-ray doge for tumor in lungs;

HLO £,450 59, ka7 B
: X-ray saw blades for weld in-
tegrity; 9/1f" C.D., zr-2 clad,
swaged ceramiz fuel rcds; ABQO"
I.D. x .035" wall x 3" long zr-2
tubes; x-~ray fuel rods for core
location for therme tips; PRIR
Calandria, x~ray rcds for therme
eyeling project; 9/15" 0.D. zre2
elad; 505" I.D. x Q30" wall x G'
long; 687" I.D. % .057" wall x
10" long; .505" I.D. x .030" wzll
®x §' long zr-2 tubes; autoclave
container vessels; 1/LW" 0.D. s.s.
tubes, 12' long; build up film on
17' 3" tube; L-1/L" 0.D. e.2.;
pickling preparation; fluoresczent
penetrant test; 2 s5.s5. diagrams
.020% x 30" diameter; check flawe
magnetic particles, helium sterage
vessels; acid etch zirconiuwr tubes
2udigage thickness meas. scot fla
hask lines on 18L - H beilers.
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No.of Ft.of Weld No.of
Component Tests or Material ©Pieeces Descripticon

IPD 1,586 368 121 Radiograph two horizontal control
rods; radiograph four blocks to
determine quaelity casting; fluor-
escent penetrant test, pigtails to
detect surface irregularities.
Magnetic particle on helium storage
tank; procedure for the verifi-
cation of bulk temperature surges
at the DR reactor; audigage thick-
ness readings on (2) s.s. acid
storage vessels.

Total 8,565 60,126 6,860

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
& total remsining unexpended balance of $us, 380.

There were a total of twenty-three old CE&U orders active at the beginning of the
month and eix 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 1s included in the aforemerntioned

figure.

J. A. Jones Company expenditures on Hanford Laboratories work during Novenber
were $84,088.

Summary
HL CE&Y
Unexpended Unexpended
No. Balance No. Balance
Orders outstanding beginning of
Month Ly § be,380 23 $ 221,108
Issued during the Month (Inc.
Supplements) LY 123,301 -- 5,125
J.4. Jones Expenditures during
Month -~ 30, 509 -- 53,359
Balance at Month End L $ 139,172 17 $ 172,874
Orders Closed out during the Month 41 2L, 521% 6 51,103%
¥ TFace vzlue of orders closed.
UGCLASSTFIED
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J. A. Jones Expenditures - $ &4,088
HL Orders Issued - 128, 42h
HL Orders Closed 75,624
Total Backlog 312,046

Authorizations to Jones Company during tne montn exceeded expenditures
during the menth by 50%. The work backlog is reasonable and monthiy
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-877 Pyrochemiczl Testing Facility - 321-A
Building - HW-503.
CAH-B78 Additional Facilities for Isotope Study on
Animals - 141-C Building.

Projects completed 3uring month: 2
CGH-82% Building 325 Basement Improvements.
CGH~B38 Fission Product Volatilization Studies
Testing Facility - 292-T Building.

Project proposals submitted to the ARC during month: 2
CGH-879 High Temperature, High Pressure Autoclave
Facility - 306 Building.
CGH-882 5000 Ton Hydraulie Press.

Projects awaiting AEC approval: 3
CGH-879 High Temperature, High Pressure Autoclave
Facility - 306 Building.
CGH-882 5000 Ton Hydraulic Press.
CGH-874 Consolidation of Plutonium Metallurgy Facilities.

Project proposals in preparation: 5
Rattlesnake Springs Rad{oecology Research Ares.
Geological & Hydrological Wells - FY-1960.
327 Bullding Modifications.
Physical Constants Test Reactor.
Critical Mass Lstoratory ~ Stage II.

The attached project report details the status of individual prejects.

UNCLASSIFIED
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Engineering Services

Title

324 Building Retention Waste
Surp Modificaticns

Addition=]1 Lab Hoods & Air
Exhaust Modifications - 1L&-FR

Glycol Heat Exchangers - 325-A
Improve Process Ventilation, Labs
20b & 2056 - 3706 Building

329 Building Cooling Protlem
Compressed Air 8ystem, 231-2
Building

Revised Electrical Service

1705-F Building

Air Conditioning Room 4 141-H
Building

Ventilation -~ 314 Building
Fire Detection System - 1L44-FR
Electrical Modifigations -
Room 2h-A - 326 Building

Modifications, 3707-C Building

Lead Lining, Shielded Personnel
Monitoring Cell - 7h47-A Building

Winterize 306 Building Heating
& Ventilating System

Space Rearrangement - 3705 Building

Animal Farm Disposal System 1lhl-M
Building

1239900

H-6 HW-62899

Status

Fileld work in progress.
Field work in progress.
Field work essentially complete on

firast of four units.

Field work complete.

Detail design is progressing.

Existing compressor relocated. New
unit one=site. Work is complete except
fer control eircuits.

Work complete.

Installation work pending delivery

of equipment.

Estimates have been completed.

Design work complete. Work order
igsned for installation.

Work crder has bheen {ssued for field
work.

Computer section modifications essentially
complete. 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.

UNCLASSTFIED
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Title Status

108-F Building Solvent, Acid & Cost estimate being prepared.

Cylinder Storage

Electric Hoist - Graphite Shop - Design complete. Estimate to be re-

3730-C Building _ ceived on alternate proposal.

Refrigerated Air Conditioning Design complete. Awaiting cost estimate

Room 130 - 1L&-FR Building for equipment from vendors.

Reactor Room Exhaust Ventilation Design in progress for exhasust dampers

Control 326 Building Bzsement to be controclled by alpha air samplimg
device.

Revision to Cell Door Mechanism Design completed.

TH7-A Building

Pressure Vessel Study All vessels are marked for audigaging
and the sazfety valve inspection is in
progress.

Drafiing & Design Services

The drafting work load is normal with a heavy backlog in electronies. The
branch offices have sufficient work to keep all personnel busy. The Kirk
Contrzct personnel (2 in 3706 and 1 each in 308 and 325 Building) will leave
during December. Their contrict expires December 31, 1959. One important
Job which is difficult to fill is that of electronics designer presently
being filled by a Kirk employee. CE&U cannot continue this work (estimated
at 96 man weeks) because of shortage of personnel.

Design and drafting work in progress includes the following:

PRTR prototype loop - "As-Built"” - 314 Building.

Manipulator Model II "As~Built" - 327 Building.

Calandria revisions during fsbrication - PRIR.

Miscellaneous equipment for high level radiochemistry cell - 325 Rldg.
PRTR Puel Examination Ducts.

PRIR Gas Loop ~ In-Reactor.

Post Heat Treat Roller.

Shielding for Tensile Machine - 326 Building.

Autoelave 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.

ool ol
FWPHFOW®EAOW Fwh
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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 projects
CGH-834 - Modifications and Additions to High Pressure Loop, 189-D Buillding;
ani CGH-838, Fission Product Volatilization Studies Test Facility - 292-T
Building.

Maintenence & Building Engineering - Landlord Functions

Costs: October - $126,783
September - $118,607
FY thru October - $427,807

Analysis of Costs: The $427,807 expenditure through October represents 29.3%
of the budget. The expenditure pattern was revised %0 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 s substantial activity in
improvement work. Painting has started to taper off with major repainting being
postponed.

Unsusual Mzintenance:

Ttem Qctober FY Thria October
Heating & Ventilating Correction $ 2,250 $ 4,643
Relocation & Alteration 5,804 10,798
Move Furniture O 237
Paint 1,359. 3,763
Electrical Improvements k20 1,382
Lighting 24 392
Refilter 0 7oL
Miscellaneous 49L 765

$ 10,651 $ 22,551

*Cherged in general.

Miscellaneous

Approximately 245 drawings including sketches, work sheets, and foymal
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 tctal estimated value of the 27 requisitions issued during the month was
$1u1,000C.

UNCLASSIFIED
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TECHNICAL INFORMATION OPERATION

The procedure for off-site distribution of uncategorized classified
reports is being reviewed and will be medified. 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 %0 our present practices, if distributed at all. Official in-
structicns 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
authors. One document, HW-627T4, "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
appreved 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 EAPO
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 NFR activities. The number of HAPQO documents involved is roughly
estimated to be 230. Since it will take some time to complete the review, the
Specialist, Clussiflcation-Declassificztion advised the NPR Pro jeet Operation
that documents of current interest and usefulness will be given priority
attention at their request.

Plsons 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 recelve a routine review and cleasrance 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 tc evaluate the
need for locating microcard readers at strategic spots throughout the plant.
A growing number of AEC reporis 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 ezch) until the need for them has been firmly
estzblished.

UNCLASSTIFIED
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As indicated in an earlier report, we are nc longer preparing a receiving
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 0
periodic audits. During the month, Accounts Payable made a sample audit cf
publications ordered by the Library gince June. OCf the forty items checked,
21l bu* 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 finanecial control.

The annual membership lists huve been sent to Department Manzgers for approval
of 1960 renewals. Three managers have already returned their lists. Chances
are fivorable that the composite list of 211 HAPO memberships can be submitred
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 Spesialist, for
a suggestion that glossy photoe used in papers submitted for clearance e
replaced by inexpensive copies prepared by the A, B. Dick photo-transfer
procese. If the suggestion is widely accepted on the plont, worthwhile
gavings can be achieved.

Work Volume Statistics

October November
Document Distribution =nd Files
Documents routed and sischarged {(copies) 17,780 17,305
Documents issued (coples) 12,522 9,501
Documente sent off-site {copies) 3,941 L, 545
Document reserves filled (copies) 793 672
Documents picked up and delivered 19,662 18,u65
Document Accountability
Holders of classified documents vhose files
were inventoried 657 316
Documents inventoried in Files (ecpies) 7,963 23,822
Documents destroyed or retired (copies) 3,912 7,968
Documente revised {copies) 827 958
Do xuments pulled and dozuments filed (copiesg) 13,280 11,765
Documents reclassified ' 171 435
Accountable coples of SECRET and DCCUMENTED
CONFIDENTIAL documents on-site 212,961 12,719
Reference and Publication
Books cataloged (new titles) 103 14z
Books added to the collection (volumes) 228 35C
Ready reference gquestions answered by pro-
fessional staff o8 95
Literature searches by professional staff 111 93
Reports abstracted {titles) 268 323
Formal reports prep:red {titles) 8 7
Off-gite requests for HAPO reports (copies) 242 29k
Reports rele:sed to CAP (titles) 23 2l
UNCLASSTFTIED
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Library Acquisitione and Circulation
Books ordered (volumes)
Periodiczls ordered
Books circulited (volumes)
Periocdicals circulated (issues)
Inter-Library loans
Films beorrowed or rented
Industrizl film showings
Bound pericdicals adled to the collection

Library Collection:

Main Library W-10 Library Ai80-F Library

No.of Books 28,048 &,285 1,515

No.of bound
periodiczls 12,800 1 1,434
Lo, 848 8,286 2,946

lasgification znd Declassification

Documents, including drawings =and photographe
~ reviewed for downgrading or declissifizaztion

Documents and puapers {(intended for orzl pre-
sentation or publicaticn) reviewed for sppropriate
classificaition

Documents submitted to Declassificztion
Branch, Oak Ridge

JL Boyd: jew

123499b5

Lzbors

HW-452899 -

October November
235 260
398 765
2,120 1,578
3,780 3,254
65 95

L7 13

50 38

ol 140

Ind. Med. Totz1l

1,990 39,038
95 1k, 328
2,086 S Lok
Qctober November
2 5
Ly 11
& i

tory Auxiliaries
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UNCLASSIFIED I-1 HEW-62899-

FROFTESSIONAL PLACEMENT AND
RELATIORS PRACTICES OPERATLON

MONTHLY REPCRT

GENERAL

As of November 30th, the staff of the Eanford laboratories totalled 1320 em-
ployees, ircluding 634 exempt and 686 ronexempt. There were 547 employees
possessing technical degrees, including 336 E.S., 112 M.S. and 99 Ph.D.

HEALTH, SAFETY AND SECURITY

The medical treatment frequency for November was 1.48 as compared with 1.51
last month. There were L security violations during November, bringing the
total for the year to date to L2,

During the montk, & pressure accumulator in 314 Building basement fsiled wkile
under pressure of 18,000 psi. The end plug was ejlected as & result of an in-
adequate number of threads of the proper guaiity to withstand the pressure.
There were no employees injured although the damage totalled $3500.

A machinist accidently becked s mobile crane into the shop door with irjury
to his hand and $100 damege to tke door.

PROFESSIONAL FLACEMENT

During November, BAPC participated in Ph.D. recruiting st M.I.T., Qkio State.
Coloredo, Utah, Wisconsin, Zows State, Iowa, Oregon State, Oregon, snd Cslifornis.,
Referrals from these gnd schools previously visited this year are being re-
ceived in increasing numbers for HAPO consziderction. Trree Pr.D. cardidazes
visited for interviews during Novembsr and one offer was extended to & Fh.D.
candidate, :

Mid-year campus vieitations have been completed except for four southwestern
schools scheduled early in December, No mid-year offers have basn extended
to date; however, an apprecieble mumber of June gradustes heve teen developed
as candidates. Seven offers were extended to BS/MS experienced personnel
durirg the month and five offer scceptances were received,

Two Techrical Graduates were added to the Program during the month and four
were placed on permsnent assignment. On November 30th there were 67 Technical
Graduates and 7 Technicien Tralnees on the Programs.

TRATNING

One Laboratories manager participated in the leaders training course for
"Business Operations in the Changing BEnvirorment”. The Information and Ori-
entation Series continued during November with presentations by memberg of
the Opsrations Research and Synthesis component.

EMPLCYMENT

Eleven requisitions were filled during November. With the receipt of & requi-
sitions lf cancellatione and 5 placed or a hold basis, there were 7 openings

123697
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at morth's end, for which 4 candidates are in process, 2 transfers pending and
one yet to e procured,

COMMUNICATIONS

According to information from the Relations Operstion, distribution of the G.E.
Monogram &t Hanford will soonm te extended to 21l ron-unit; ponexempt employsees
as well as the current distritution list to exempt employees. A new dbulk
distribution for HID printed communications material hes been approved and

is in the procese of implementation. Extensive efforte have gone into the
preparation of & half-hour televigion show, "Radlation Protection at Hanford",
which will te brosdcasted on KEPR TV on December 17th, H. M. Parker will
discuss f1lm sequences on HIO radiation protection, environmental monitoring
and radiological sciences programs.

Marager,
Frofessional Placement
ard Relstiona Practices

T3 Marshall:tr
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TARLE T NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Oct. Nov.

Requisitions
At end of month 15 7
Cancelled . 3 5%
Peceived C 12 8
Filled 23 11

% Includes 2 requisitions placed on hold.

1239918

AW 52899,

Nonexempt_Transfer Request Oct, Fov.

Transfers

Aetive cgses ot end of mo. 80 80

Cancelled
New

Transfers effacted

4 4
4 5
4 1
UNCLASSIFIED
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C - Technical Graduate and Techniclan Training Program
Month ending November 30, 1959

TG Program

Number of Personnel cn Asgignment 67
(BHAPO Tech Grad Progralies.....59
(Western District Ev Pevesevas 8

Distribution of Assignwents by Departments

HLO 2l
CE&UD 3
FPD O
IPD 34

CPD 9
Distribution of Assignments by Function

R&D or Engineering 48
Qther 9

1239980
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FINANCIAL OPERATION MONTHLY REPORT
NOVEMBER 1959

Personnel
There were no personnel changes during Novambar.
Activities

GENERAL ACCOUNTZNG OFERATION

A report of results wes issued for the physical inventory of mevable cataloged
equirment in the custody of Laboratory Auxilisries 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 inventcry. One item valued st $180 was not located this physical
inventory whereas all equipment was located in the FY 1359 inventory. The fact
that only one item was miseing, indicates close control over equipment and the
use of proper procedures, particulariy in view of the relocation of Radlographics
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 fleld reconciliation is
in progress. A listing of unlocated items was forwarded to the Section Manager
requesting that the equipment be lczated or a missing property report be prepared.

Preparations were compieted and & procedurs distributed for the Inventory of mov-
able cataloged equipment in the custody of Physics and Instrument R&D Operation.
Thie inventory will begin Dezember 1k, 1959 witk an antic*pated completion date
of December 3C; 1959.

All Reactor and Special Material custodians were advised of the forthcoming :
annual physical inventcry at the end of December 1959. Custodlans were requested
to submit inventory information tc be compiled and forwarded to Contract and
Accounting for use in prepering a detailed inventory schedule for the AEC,

The laboratcry ejuipment pocl (Building 3718) is ready for operation. No equip-
ment to date has been recelved, however, numercus requests have been received
for Laboratory Equipment Pocl Tags *o affix to equipment being transferred to
the storage ares. :

A 1isting of equipment determined to be excess to the needs of HLO Custodians was
¢lrculated throughout HLO prior to proceszsing a Declarstion ¢f Excess. Equipment
-.valued at $6,186 was reassigned to new custcdians.

In response tc a reguest of 5SS Accountabllity meterlal custodlans were requested
to submit forecasts for outside diversions of SS Material covering the fourtk
quarter fiscal year 1960 and the entire fiscal year 1961. Upon receirt of the
information & consolidated report will be prepared and forwarded to 8S
Accountability.

1239681 UNCLASSIFIED
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Comparison of equipment expenditures for FY 194C with FY 1959 st November 30,
1959 is shown beliow:

Program FY 1959 FY 196C
2000 $3i7 0Bk $376 731
3000 60 558 9 3k
4000 72 162 12C kLo
2000 _ 6 466
6000 7 784 _ 26 295

Totals $h?7 =08 $2§9 285

We are currently running substantially shead of 19%9 on expenditures and commit-
nents.

At the request of Contract Accounting a quick survey was made tc determine
amounts that migh%t be mede availeble from eguipment funds allocated Hanford
Laborateries for yossibis transfer to cperating funds. 4s a resullt of this
survey and action talken by Contract Accounting funds avallabie to Hanford
Leboratories for 2000 Preogram egjulipment were reduced $233,002.

A review cof the Authorizaiion and Perfeormenze of Work Manusal is nearing comple-
tion and the revisicns will be published during the month of December., The
revisions upda®e the Mapusl 4o inccrporate & number of changes in policy and
procedurs. :

COST ACCOUNTING OFERATTON

Information has bsen rezeived from Washingtor-AEC that additional 4000 Program
funds will be irclivdzd in their next Financial Plan for HO0-AEC., Hanford
Laboratories will receive the entire increase for the activities listed below:

Budget Activity #£:U420 - Reactor Fuels and Materials Development

UC, Fuels Research $300 000
Plutonium Ceremics Research 150 OCO
FPhysical Froperties Research 225 000

$575 oo

Budget Activity #411h - Plutonium Bacycls Program '
Prozurement of High Exposure Plutonium $200 0OC

Chemistry - Pyrochemical Systems 129 000
Neutron Cross Seastiorn Meagsursmernts Q 00
$370 00O

In eddition, we have formally received funds ia the amount cf $95,00C for the
Plutonium Fuel Value Study and $30,000 additional funde from the U.3. Air Force
tc comntince the Afmoepheric Diffusion Studies throagh June 30, 1960.

Analyses were preparsd during the month showing the status of funds allocated
t¢ HLO Sections as of October 31, 1959 fur several cf the research and develop-
ment programs. The analyses tock Inte corsideration the actusl program :ostis
through October, the cuistanding commitments for materials arnd services ani a
provision tc fiaance celaries ard relatsi irniirsct costs of perzonnel assigned
to programs on November 1 for the remainier of the fiscal yees. Thesa analyse:s
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were submitied to the appropriate Section Managers along witk a request for
thelr review of the programs and to advise the Manager - Finance of their cor-
rective action planned for those programs which the analyses indicated finan-ial
difficulty.

Arrangements were maie, th the coneurrence of preject menagsment, lendlord
representative, bulldirg ozcupants and Finarcial representatives, which resolved
the several problems of partial cccupancy by ELO personnel of new faciliiies.
It was asgreed that (1) all costs of this nature associated with the 308
Building (PFPP) be billed to the HLO Buildings and Utilities account, {2) cos%
of steam associated with the 309 Bullding (PRTR) be billed to CWIP as project
cost until beneficial ccecupancy, with the exception of $150 per month to cover
occupancy by RFRDO perscomnnel in one of the PRTR bulldings whieh will be billed
to the HLO Buildings and Utilities account and (3} a monthly billing of $300
for 309 Bullding ocrupancy from the HLO Euildlng and Utilities account to
Flutonium Recycle Test Remctor Operation (Code T7570) until beneficial occugpancy
of PRTR. .

The conversion of Hanford Lebcratories' work order servicing organizations “o
separate time distribution has been deferred until sometime &fter January 1,
1960, due %o a delay in programming by Data Processing.

Twe new work ldentification zodes were establiished during the meonth:

Code Title
.17 Plutonium Fuel Vaiue Study (4000 Program - Research and lievelopment)
.53 IPD - NPE Rupture Detesztion (2000 Frogram - Research and Development )

Action as indizated occurrsd on the following projects and informal requests
during the month.

Fhysizal
New Compietion Fina=zcfal Transgferred
Authorizasion  Notlces Closing To Plant

Project Description To HLC Tssued Issued In Service
CGH-87T Pyrochemicai Test Fac.,

321-A Building $70 OGO $
CAH-878 Add. Fac. Isctope Study :

on Animals 9 800*
C3-681 Hanford Equipmert in the

ETR x
IR-242 Modify 303-J Bldg. for

Interim Test Fac. for _

Fuel Elements x L 2u7
TR-2L3 Relocation of 200«E

Testing Equipment X 7 585
IR-246  Alteraticns Positive Ion

Acceleration Facility 18 839
IR-247  Electrical Service Exper-

imental Animal Farm 9 552
CG-779 A3d. to Separsations Devel-

opmen® Facilities 26 535

% $61,00C aunthorized to FOO-AEC.
12366853 | UNCLASSIFIED




UNCLASSIFIED J-4 _ HW-62899 .

Issuance of wWeekly project cost reperts by HLO Cost Accounting started with the
week ending November 8, 1959.

There were 33 new authorizatione for $120,179 and supplements for $18,2h7

issued to J. A. Jones Construction Company by ELO during the month. At month-
end, there were 68 authorizations still active and work was physicelly completed
on 35 authorizations during the month.

GENERAL

Work cn the audlt of maintenance continued. The review's value will be somevwhsat
limited becsuse of the general lack of maintenance stendards and of the dlffi-
culty in identifying maintenance costs with specific ltems of property.

The aid of the HAPQO Procedures Specilalists has been enlisted in attempting to
simplify reporting of offsite trips and visits to EAPO, A proposal to limit
routine reporting to weekly trip and vislt forecasts plus a single monthly
report of offsite trips has been submitted for their comment and action.

The 100-F Ares badge house change and its probable effects on HLO (Biology)
timekeeping were evaluated. The only apparent effect of significance will be
a slight increasse In Bilology's avallable productive time.

The HLO contribution for "1959 at HAPC" iz being prepared. Several groups have
been contazted for piletures and the narrative; 15 being drafted. Deadline for
first rough draft is January 8.

Further work has been done to analyze technical contributions from Henford
Laboratoriss. Confirmation of 1957 figures is still needed.

W . Maneger -~ Finance
. Sale:bk

1239984 UNCLASSIFIED



UNCLASSIFIED K-1 HW-62899

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

UNCLASSIFIED
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