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LEGAL NOTICE

This raport was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any parson acting on behelf of the Commission:

A. Makes any warrenty or representation, expressed or implied, with respect to the accurocy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, mathod, or process disclased in thiz report may net infringe privately owned rights; or

B. Assumes any liohilities with respect to the yse of, or for damages resulting from the use of
any information, apparctus, mathod, or process disclosed in this report.

As used in the above, “person acting cn behalf of the Commission” includes any smpioyee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contructor prepares, disseminates, or provides access to,
any infarmation pursuant to his employment or contract with the Commission, or his employment with
such contracter,
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BUDGETS AND COSTS

October operating costs totaled $2,116,000; fiscal year-to-date costs are $8, 209,000
or 31 percent of the $26,244,000 control budget.

Hanford Lsboratories research and development costs for Cctober compared with last
month and control budget follow:

Cost

Current Last ) 4 _ %

(Dollars in Thousands) Month Month To Date Budget-a) Spent
HLO Prograns

02 Progran $ (11) $ & $ 198 $ 597 33%

Ok Program 763 888 2 941 g 622 1

g & 2 B R

Progran -

rir I IR on A

' IFD Sponsored 28] 300 1 066 3 100 3

CPFD Sponsored 218 158 650 1 658 39
Total $1 520 31 693 35 915 $18 243 3%

RESEARCH AND IEVELOPMENT

1l

Reactor and Fuels

The Phase III-A portion of the FRITR (remaining construction items not completed
by the Phase III contractor or not included in his contract) belng completed by
the J.A+ Jones Construction Company, CPFPF contractor to the AEC, is estimated

to be RO parcent complete. Work was delayed because of a two-week Jurisdicticnal
striks by pipefitters. Pre-startup tests have been performed on the communica-
tions and alarms system, the raw water and efflusnt systems, the heating and
vertilation system, unit motion installation, alr sampling and bullding radiation
system, and portions of the electirical snd annunciator systems.

Dasign completion of the PRP Critical Facility is estimated at 95 percent versus
100 parcent scheduled. Design completion of the PRTR Rupture Loop 1s about 47
percent versus 63 parcent scheduled.

The spare PRTR primary process pump haas operated for 2710 hours with no iandication
of ssal trouble following vendor revisions of several months ago. This per-
formance reapresents over one-half of the 5000-hour goal.

All Process Bpecifications required for the initial startup and oritical testing
of the FRTR have heen approved by the Startup Council.

Additional calculations for the FRTR safsguards snalysis are proceeding i
respect 10 the Critical FPacility and the Gas Loop. It was found that containment
within the Critical FPacility can be preserved for the case of complete caalant
loss t0 a fusl element if the heat gensration rate of the fusl element is limited
to six kilowatts,

1234193 | -
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Satisfactory welds of beryllium caps to tube stock have been achleved using
the magnetic force welder.

Remote fabrication of a fuel element behind shielding was succesafully accomp-
lished. Vibratory compaction and electrolytically produced UQ, were emplocyed.

Swaged UQp capsules have achieved an estimated exposure of approximately 19,000
MWD/T in the MTR/ETR without failure.

Little activity was released to the coolant stream by a seven-rod swaged cluster @
element defected with six holes. Two rods were of Zr-4 and five were of Zr-2.
Prolonged RTR 1rradiation at high heat rates, at high and low temperatures, and
with reactor cycling was satisfactorily achieved. The loop did not require :
decontamination after the test. The irradiation in a Hapford reactor of defected:
Zr-2 and Zr-4-clad sintered UO2 continued with little or no evidence of activity |
release to the coolant.

Gamna radiation at 2-1/2 inches from a Pu-Al fuel core containing plutonium with
29 w/o Pu-240 was measured as eight to ten times that from a similar core con-
taining plutonium with five percent Pu-240. At ten inches, the gamma radiation
from the high Pu-240 content material was the same as that of low Pu-240 material
at 2-1/2 inches.

A seven-rod PRTR prototype Pu-Al cluster which operated five months in a high
pressure, high temperature KER loop has been disassembled, examlined, and found
to be in good condition.

A three-rod cluster of three w/o Pu-Al successfully completed 34 effective full
power days in the ETR at a surface heat flux of 576,000 Btu/hr-ftZ.

It is believed that new %echniques have minimized demnsity variations previously
found in pre-welded cold swage compacted UOp-PuOp fuel rods. Rods of greater
than 90 percent density are being analyzed to precisely define the distribution
of the plutonium content.

PuO, produced from oxalate calcined at various temperatures remained as Pulsp
after sintering in hydrogen at 110C C for one hour. Similar material sintered
at 1500 C for one hour showed partial reduction cf Pu0, to alpha and beta PupOg
at the pellet surface.

Pu02 pellets heated in dry hydrogen for 75 hours at 1750 C comple tely vanished.
U0, and U0,-20 w/o and 40 w/o PuOp. pellets flowed plastically while U0-60 w/o
and B0 w/oaPuoe pellets did not deform.

Two sections of irradiated Zircaloy-2 pressure tubing removed from KER-1 were
burst at room temperature at 16,500 psi and 17,000 psli internal pressure, which
compares with approximately 14,200 psi for comparable unirradiated tubes.

The first few NFR Zircaloy-2 process tubes fabricated by Harvey Aluminum are of
excellent quality, based on nondestructive tests made at the vendor's plaant. !

Stored energy in CSF graphite irradiated at 30 C teo 10,500 HHD/AT has apparently
saturated at 647 calories/gram.

1234194 , DEMHEB



m vii HW-67254

NPFR inner eiements prepared with an iron bearing braze material have been readied
for MR irradiation. This test is part of a program searching for a braze
material which melits at a lower temperature than Be-Zr.

A KER tube/tube fuel element successfully withatood 1790 MHD/T irradiation in
the ETR. The heat flux was 1,300,000 Btu/hr-ftz, and the maximum fuel tempera-
ture was S80 C. The test conditions were considerably more severe than those
contemplated in NFR.

Technology for crimping steel wear shoes to NPR Zircaloy fuel supports has been
perfected. Attachment of supports by weldlng Zircaloy studs to the Jjacket
followed by attachment of all-steel supports is alsc fully developed.

It has been shown that under very nominal stress (750 psi) that uranium metal
will permanently strain approximately 0.07 percent with each temperature cycle
between room temperature and 300 C.

A new technique for studying the strain distribution in fuel cladding bhas been
developed. Mwenty-two thousand five hundred (22,500) squares per square inch
are photo-engraved on the Zircaley jacket furnishing a reference grid for
measurement of straln after reactor testing.

Succeasful coextrusion of dusl enrichment fuel stock was accomplished. The
specimens, however, did show excesslve Zircaloy-uranium interfdce roughness
which can be corrected by the proper adjustment of heat treatment variables.

Additional data were obtained in the heat transfer laboratory which show that
eccentric positioning of I&E fuel elements withlin reactor process tubes can
reduce significantly the heat generation rates at which boiling burnout occurs.

Testing work on the shielding properties of iron-serpentine concrete of two
dengities as a function of baking ftemperature is complete. On an overall basis,
considering cost as well as shielding effectiveness, the lower density material
appears to be superior, confirming previous predlctions. The first known
application of this conerete will be in the NPR front and rear biclogical shilelds.

EGCR graphite samples were in excellent conditlon after irradiation at abeut TCO
C for four cycles in the GETR, and will be re-inserted for additlonal exposure.
Length contraction in the direction perpendicular to the extrusion axis waz about
one-third that of CSF graphite control samples.

SiC-coated graphite samples which had been irradiated tc 3000 MWD/AT at 500 C,
ware exposed in air for approximately 500 hours at 1000 C without indication
of fallure.

Chemical Research and Development

Study of fission product release from heate 1rradi ted ursnium now includes
specimens with a range of exposure from 1014 to 101° nvt. Evolution of noble
gases 1s virtually 100 percent complete when uranium having higher exposure is
completely oxidized at the high ambient temperatures. This extends and mpdifies
earlier work with low exposure uranium (n-lol nvt) where it was found that some
large fraction of the noble gases remained with the transformed uranium oxide.

DECLASSIFiE ™=
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Bigh level waste fixation work continues on simulated feeds in batch, fluid
bed, and radiant heat spray calciner tests. Overall de-entrainment for the
fluid bed unit utilizing steam was determined to be greater than 10,000. Van
de Graaff irradiation of calcined products showed sulfate and phosphate matrix
solids to be reasonably stable. Nitrate salts, as expected, evolved large
volumea of gas. '

Both research and development activity on strontium-90 recovery was intensive
during the month. Analysis of Purex strontium-50 rich crude solution showed
barium concentration to be gratifyingly low and the calclum to stroatium ratioc
to be favorable. Although the absolute sircontium-9¢ concentration in the plant
solution 1s low, the isotopic anslysls was 57 percent strontium-90 compared to
the theoretical 62 percent for pure fission product material. To concentrate
and purify the plant crude solution, the A-Cell in the High Level Radlochemistry
Pacility was outfitted with ion exchange columms and accessory equipment %o
allow shakedown tests before purification runs begin in December. Paralleiing
this effort, the Hot Semiworks is being prepared for solvent extraction recovery
and purification of strontium to begin early in the Spring. The solvent,

di-2 ethyl-hexyl phosphoric acid (D2EHPA) was utilized in pilot mini-mixer
settler studies to establish optimum chemistry for feeds typlcal of the Purex
crude solutions. Some study 1s reported also on filtration of strontium pre-
cipitates likely to be used as purified products for shipment offsite.

A precise analytical method was developed to determlne strontlum at very low
concentrations in the presence of lead and zirconium. The scheme uses X-ray
emigsion technique and is capable of determining strontium within * 5 percent
at concentration ranges down to 10 ppm.

Salt Cycle research and development continues and work during the month was

done to explore lower melting salt medis which might be applicable to the sys®t-a
chemistry. Potassium chloride-lead chloride eutectic mixtures are adequately
fluid in the range 450-500 ¢ and satisfactory U0, electrodeposition was demon-
strated in this temperature range. A pilot-scale Salt Cycle system was sei up
and several batches of UO, were produced. Oxygen to uranium ratios for the
pilot scale material were encouragingly low with one 25 pound batch at 2.015.
Electrodeposition in the larger scale equipment proceeded well.

Arrangenents were made and soil samples shipped to the University of Califorumia
where tests are in progress to determine the capillary conductivity and relat-
ionship between molsture content and capillary pressure. This work relates to
& better fundamental understanding of waste disposal to greound.

A method of abaorbiang ruthenium on a mineral bed was reported, The system
involves the generstion of hematite (re203) on a calclte bed and may present an
effective way of decontaminating aqueous solutions containing radioruthenium.

A cooperative program with the Fharmacology Operation to further examine erlo-
glaucine as a chemical protective agent was scaled to ilnclude dogs as test
animals. This work will extend resulis beyond earlier tests utillzing rats.
The persistence of bliue coloration in dogs injected with erioglaucine lasts
for several days compared with rats wherein the coloration disappeared in a
few hours.

1234190




3.

Physics and Instrument Research and Development

In the NPR program, apparent disagreements between various measurements of the
physics parameters have been reconciled and a memorandum recording the results
was sent to IPD. Possible eventual need for additicnal enrichment to achieve
the full producticn capabllity of the reactor is being evaluasted by them. Mean-
while, technical planning progressed on an experiment to determine the effect

of moderator itemperature on the reactlvity. Also, assistance was provided

in the design of the primary loop by simulation of temperature and flow behavior
on one snalog computer. Planning was started for simulation of the entire
system as a training aid for NFR Operatlons.

Other work in support of production reactors included collectlon of data and
initiation of analog studies for the development of automatic control and the
contingued effort at adapting existing computer codes for loecal application.

The cask for transfer of irradiated NPR fuel elements will be safe from the
nuclear standpoint because ite dimensions limit the maximum number of elements
that 1t can contain, according to application of critical mass data reported

last month. Other work in the nuclear safety field included continued experiments
on 3 percent enriched sclutions and on improved correlation of calculation
methods with previous plutonium solution experiments. While unreflected agsem-
blies can be satisfactorily hendled by the methods tried, reflected cases

contigue to give trouble.

In the Plutonium Recycle Program, planning for PRTR startup continued with the
issue of a revised schedule of critical tests, completion of detailed procedures
for three of them, and final checkouts of instrumentation and foils for use in
the tests. Work on computer code development continued with RBU and the cycle
analysis code, LOLA, being in the final debugging stages. Satisfactory progress
was alsc mede cn the last ditch safety system for the FPRCF.

Downwind dosage from a ground level source of contamination can be estimated
up to sixteen miles with 50 percent accuracy from knowledge of wind speed and
atmospheric stability alone according to analysis of atomospheric diffusion
data previously obtained. These conclusions apply only for stable atmospheric
conditions.

The cases of Na-2ik deposition previously reported are part of the regular
pattern in which most 100 Area people show traces of the isotope, according to
further results cbtained at the Whole Body Counter.

Improvements in the convenience of alpha monitoring in the 234-5 Building are
promised by the use of minilature monitors, one of which ia currently performing
satlisfactorily in field tests. Satisfactory progress was also made in other
radiation instrument development including & miniature dose rate monitor and a
high sensitivity alpha air monitor.

In the basic data field, information continues to be obtained on the scattering
of low energy aneutrons from water and on the rate at which thermal neutrons
achieve equilibrium while migrating through moderators at different temperatures.
HLO data on the flssicning of "non-fissionable" isotepes by low energy neutrons
has been reviewed and organized for presentation at a forthecoming American
Physical Society meeting.

DECLASS Fifmem
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4. Biology

Biological monitoring activities markedly increased {c improve assessment of
the safety of Hanford effluents, especially reactor effluent. Twelve percent
of 200 samples of waterfowl were slightly above background contamination.

Aerial salmon surveys showed dams upstresm from Hanford caused water level
fluctuation that destroyed two salmon-nesting areas.

Columparis infected fish have been found in large numbers in an artificial
salmon spawning channel just below McNary Dam, adding to the evidence that
Banford is not contributing tc the disease.

The GI absorption coefficieat for Np-237 was found to be 0.35 percent, which
is greater than that for plutonium, and significantly greater than the 0.0l
percent used by the ICRP.

5. Programming

The first draft of the APWR study results was prepared and orally presented to
ARC Division of Reactor Development personnel on Cctober 19, 1960.

In order to provide a basis for more accurate control of decontamination in
the separations processes, factors which influence total gamma activity of the
feed were reviewed. It was shown that more complete information on production
efficiency would assist in achleving improved separations process control since
the study showed that a 40 percent variation in gamma activity could result: for
ranges of production efficilency normally emncountered.

A laboratory course in Nuclear Engineering involving the use of an cperable
reactor 1s planned during 1961 at the Center for Graduate Study. Preliminary
analysis of the course requirements indicates the suitability of HLO's Thermal
Test Reactor. Administrative arrangements and lntegration of a similar course
to be conducted at the University of Washington are under study in cooperation
with university representatives.

Assistance was provided in making arrangements for 31 visits involving 200
persons including 18 persons from foreign countries. Of special interest was
the visit of Dr. V.K. Moorthy of the Indlan Atomic Energy Establishment, Mr.
I. Ishikawa, Commissgioner of the Japanese AEC, and the US- UK Conference on
Uranium Dioxide.

TECHNICAL AND OTHER SERVICES

Initial analyses performed on data from spproximately 2000 fuel elements measured
urder the Quality Certification Program have yielded some very significant results.
One report has been issued dealing with the relationship between warp and hot spots
and pointing out distincet variations in "metal quality.” It is alsc evident that
significant relaticnships will be found when dimensional instabdlity 1s expressed
as a function of reactor operating varisbles.

A new and lmproved dose density relationshi. has been obtained to relate film
badge density readings to dose. The use of this relatiocnship will simplify

1234196  DECLASS Fiiem
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calibration procedures and will enable the establishment of a "standard curve" which,
with some decrease in preclsion, can be used for all film badges in order to allow

mere rapid interpretation of results.

A new method of completing a contour deseription so as to satisfy certain "smooth-
ness” criteria has been developed. The method is based on the theory of the elastic
behavior of an idealized spline. Since 1t' invelves the generous use of elliptic
integrals it presents computaticnal difficulties.

Work was begun on the construction of a simple linear kinetlc model to describe

the behavior of radicicdine within the blologicsl system. The differential equations
of the system have been written and the feasibility of an analogue computer system

is being explored.

For the two-week period beginning September 26, R.L. Junkins served as a consultant
for the International Atomic Energy Agency (IAEBA) in Vienna, Austria. While on

this assignment, he assisted in preparing papers for the Panel on "Radiocactive Waste
Disposal into Fresh Waters.”

There was one new case of plutonium deposition confirmed in October. The total
number of deposition cases that have occurred at HAPC is 260, of which 190 are
currently employed.

There are curreantly active projects having combined authorized funds in the amount
of $17,576,000. The total estimated cost of these projects is $21,133,000. All
but aix (6) of these projects are on or ahead of schedule and five (5) are more
than 3 percent behind schedule.

Project CA-Tik, Metallurgical Development Facility, 306 Building Addition, was
completed during the month. The final cost will be within one percent of the
authorized funds of $2,685,000. Total elapsed time for design and construction was
26 months. Completion was on the schedule established in the basic directive.

Two full length NPR process tubes were pickled and one was autoclaved as a prelimin-
ary evaluation of the plckling and autoclave process. Unflortunately, erratic
autoclave operation 41d not permit final conclusions as to the success of the
procedure.

Microfilming of the Classified Files document holdings began on October 3. To date,
1,521 documents have been microfilmed, which is satisfactory progress. Fireproeof
cabinets for storing the completed " jackets" have been received in 300 Area as has
the Minnesots Mining Reader-Printer. Trial runs on the latter are preducing
excellent reproductions from the microfilm. :

SUPPORTING PUNCTIONS

Approvals received during the month from EOC-AEC included (1) 0.J. Wick to serve
as a member of the Review Committee for Metallurgical Engineering at ANL, and

(2) W.L. Nicholson to teach at the University of Idaho during the period g/1/60
through 1/31/61.

Personnel forecasted for the Mid-Year Budget Review indicate the same level at ’
year-end that is currently on the roll. Some reduction due to atirition may have k
to take place if certain funding problems are not resolved.
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The general increase of 3 percent, effective October 3, 1960, to non-vargaining
employees will increase our annual rate of payroll by approximately $96,000.

The inventory of moveable cataloged equipment in the custody of Radiation
Protection Operation is complete. All of the equipment on record at the time
of the inventory was physically located.

As of October 31, 1960, the staff of the Hanford Laboratories totaled 1380 employees,
including 662 exempt and 718 weekly salaried. Of the total, 568 possess technical
degrees, including 341 B.S., 123 M.S., and 104 Ph.D. :

The medical treatment frequency for October was 1.80 as compared with 1.21 for the
preceding month. There were no disabling injuries or seriocus accidents during

the month. There were 4 security vioclations, bringing the total for the year %o
date to 28, compared with 40 for the corresponding period last year.

Hanford Laboratories gqualified for the Manager's Safety Award cn October 19, in
recognlition of 321 accident-free days.

During October there were two visits by Ph.D. candidates seeking employment, and
an inexperienced Ph.D. theoretical physicist reported for work in Hanford Laboratories.
Hanford Laboratories extended an offer to an experienced Ph.D. chemist.

Comments from four BAPO scilentiets and engineers who participated in Ph.D. recruit-
ing at four midwestern universities indicate that greatly increased competition for
top Ph.D. graduates can be expected from academic institutions this year.

Fall campus recruiting at the BS/MS level at 15 colleges and universities in the
West and Southwest has been completed. Offers are belng extended to select mid-year
graduates for the HAPO Program, while direct placement candldates contacted are
being invited for HAPQ interviews.

Three Technical Graduates were added to the rolls including two members of the
Company Engineering and Science Program, seven accepted permanent assignments includ-
ing one Engineering and Science Program member, and one terminated for military
gervice. .

The Company's starting rate structure for inexperlenced Technical Graduates willl be
increased 2-1/2 percent over last year's rates.

The recrulting bocklet, "Genersal Electric at Banford," was turned over to the
Commercial Artist for layout following completion of photography, copy and captions.

Ray Watts spent several days in Schenectady reviewlng the Creative Approach Seminar
with Engineering Services people. The course notes have been updated in preparation
for a c¢class to be conducted for Laboratories engineers and acientists starting the
latter part of November.

There were 17 weekly salaried vacanciles filled during the month and 15 requisitions
for additional weekly salaried personnel received. As of Qctober 31, 21 weekly
salaried vacancies existed. :

' Haggge£
1235200 Hanford Laboratories
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REACTOR AND FVZLS RESEARCH AND DEVELOPMENT COPERATION

TECIINICAL ACTIVITIES

A. FISSICNAELE MATERIALS - 200C PROGRAM

1.

1234201

METALLURGY FROGRAM

Qorresicr Studies

Rydriding of Zircaloy in Simitated NPR Ges. A group of vapor-blasted,
vacuum-acnealed Zirsalcy-2 coupons were exposed at 400 C to a gas whose
analysis indicated 99.4% He, 0.4% Hp and 0.2% CO. The HoO partial
pressure started at about 0.02 mm, but rose to about one mm twice Auring
the exposure duz 5o equipmert failure. Thus, the exposure was in gas
thought to be kydriding part of the time and protective part of the time.
The experimen® 1s ic be rsopeatad; however, the data are of interest be-
cause protection was achisved and 1ittle hydriding, other than corrosion
bydrogen, was chserved. -

Time, hours 2 24 78 12¢ 170
Hydrogen Pickup, ppm 35 35 hs 100 . 115
% Theorstical Corrcsion H 148 2 19 30 30

Wear of Zirealoy-2 by Grarhite., The wear resistance of the oxide film
on autoclaved Zircaicy-2 to graphite under conditions of sliding frickion
wasg determired in & 3tirring autoclave. A stationary reactor-grade
graphite rod was &llowed %2 wear oc & rotating pre-autoclzved Zircaloy-2
disc with a cortac* prsssure of 45 psi. The temperature was msintained
at 300 £, ard the atmosprers was commercial-purity argon. The rotational
speed of the lizc was 7C rpu; acd the duration of the run was 24 hours.
Tha autoclaved iisc appearsd to be in perfect condition at the erd of

the run. Ths grapkite rod showed no appreciable wear.

Autcclavirg of Beryllium-Erazed Fuel Elements. Two batches of fifteen
frel elemertes with bderyilium-brazed end closures have been autoclave-
tested for Fuels Developrent COperation. These elements were etched end
autoclaved for 40 hours inm 30C ¢, 1500 psi water. After inspection,
they were fursher autcelaved in 400 C, 1500 psi superheated steam.

Approximately G0% of the weld areas were visibly gray after the water
cycle and tusmed whi%te after the superheated steam cycle. Tre white

cxide did seem quite adzerent; however, gsome white cxide was removed

by wiping the thickeat depcsits. :

Autoclaving Conditicms. Measurements of weight gain and hydrogen pickup
heve been made oz 1" x 1" x 0.030" Zircaloy-2 coupons autoclaved for

72 hours in LOG C ghatic superheated steam. These tests were made in
steam gererated from water originelly adjusted to pH 7, 8, 9, and 10
with NaeOH. Thkey have shown a slight increase in weight gsin and a
smail decrease in Ho pickup with increasing pH, up to pH §. No stains
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were noted with pH's of from six to rnine. The samples autoclaved at
PH 10 were stained, but weight data are not yet available.

Zircaloy-2 - Sheffield Steel Galvanic Couples. Following three months
of exposure in 300 C, pH 10 water, 2ircaloy-2 - Sheffield steel rods
threaded together appear to show 2 smsll galvanic corrosion effact.
Although the effect cammot be detected visually, a definite difference
in weight gains is detactable between the Zircaloy-2 and Sheffield
gsteel couples and the uncoupled control samples. The weight gains for
the galvanlic couples are 22,7 mg/dm? for the Sheffield steel and

21.6 mg/dme for the Zircaloy as compared to 1L4.6 mg/dm? and 18.5 mg/dm?
for the respective control samples.

Radiometallurgy Laboratory Studies

A few volds were found in the uranium under the nickel diffusicn barrier
of a hot pressed IXE aluminum clad element. Ths condition of the bond-
ing of this element was much better than the previous element examined
(RM-705).

No positive indication of a leak was found in examination of the end
cap of the second thermocouple fuel element. Further examination is
in progress {RM-571).

High exposure uranium from the Swelling Program cracked severely during
an 880 ¢ annesl and disintegrated during subsequen® handiing. Tke low
exposure material, also annealed, is being replicated for electron
microscopy studies (RM-265).

Technigues for etching and replicating small apecial shaped ursnium
specimens for metallography studies have Teen developed {RM-284).

Metallography revealed that core metal in the inner 4ube of an enriched
KER tube-in-tube element was badly fragmented arnd that additional crack-
ing had probably occurred in the uranium after discharge. However, the
core to clad bond was excellent (RM-5£9).

Room temperature tensile tests were conducted and densltles determined
on four out of five thorium-urarium samples. The fifth sample had been
completely oxidized during irradiation (RM-508).

Results and interpretations of these examiﬁations will be repcrted in
more detall ir connertion with the respective development programs
served.

Bagic l\hta.'l.lurg Studies.

Mechanical and Physical Prcperties of Meterials. The evaluation of
zircenium - 2 a/o nickium - 2 af¢ tin alloy for fuel elemeni cladding
applications has continuved. Heat treatments designed to simulate the
material condition expected in the cladding of beta treated fuel
elements have been given to 2Zr - 2 afo §b - 2 a/o Sn alloy specimens.
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The heat treatments consisted of oil quenching from 660 C, 700 C, T4O C,
and 780 C after a suitable holding time at temperature. Tensile strengths
attained at room temperature range from 86,700 psi to 110,500 psi; at

300 C tensile strengths range from 57,000 to 75,600 psi. The highest
gstrengths correspond to highest temperature of quenching.

The study of the mechanisms of strengthening during heat treatment of

Zr - 2 afo Nb - 2 a/o St is being carried out. Metallographic exsmin-
ation has revealed a two-phase microstructure consisting of primary alpha
and transformed beta in alloy specimens quenched from 800 C and 925 C.
Transformed beta exists alone at quenching temperatures above 950 C,
vhile quenching temperaturea below 775 ¢ revesl an optically single phase
structure. X-ray diffraction studies show that all specimens contain two
phases. The conbinations of tensile strength and ductility attainable in
this alloy depend upon the character and distribution of primary alpha,
trensformed beta and intermetallic compounds.

Corrosion studies are being carried out in 630 F water and 750 F stean
cn alloy specimens in the above conditions of heat trestment. Ten-day
weight gains in 680 F water range from 30.0 mg/dm® for material gquenched
from 660 C to 50.1 mg/dw® for material quenched from 780 C.

Electron and Optical Microscopy. A prototype capsule contalning flux and
temperature monitors has been irradiated jin a Snout Pacility. No charg-
ing or discharging problems were experienced. The flux 1n the facillty
has been determined, and the maximum temperature of specimens cantained
in a capsule has been established to be less than 100 ¢. Eighteen addi-
ticnal capsules have been submitted for charging In the facility. The
capsules contain bulk and pre-thinned foils end electron microscopy
tensile specimens of annealed and cold worked, high purity aluminum.

They will be irradiated to various exposures to establish rediation
damage mechanisms in aluminum. The preparation of Zircaloy-2, nickel
and steel foils thirn encugh for transmission electrom microscopy hes
continued. Reasonable success has been achieved. PFoils of Ziresloy-2
rapldiy oxidize during examination in the Philips 100 B electron micro-
scope. From observations on only & relatively few folls of Zircaloy-2,
it would appear that a finely dispersed second phase or precipitate 1s
present. The particles are rod shaped with a dismeter of approximately
40O A and & length of approximately 1000 A. The validity of this ob-
servation will be checked in zdditional foils of zirconmium and Zircaloy-2.

Attempts to prepare metallic films of uranium by electron beam evapora-
tion techniques have not been successful. A 10 w/o U-Pd allcy has been
used as a source material, and the svaporated layer has been collected
on a carbon substrate as a free surface and has also been sandwiched
between carbon and WO3. Qther metallic sandwich layers will be used
with the evaporated 10 w/o U-P4 alloy. The applicability of these tech-
niques to the preparation of thin metallic uwranium £iilms will be eval-
uated.

Experiments on the collection of material from a UOz film onto carbon
films small distances from the UQp during irradiation are being
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performed. After exposures up to & x 1048 nvt in either a vacuum or
air envircnment, the meterial deposited on the collector is in the form
of smmll particles, approximately LOO A in diameter. Although insuf-
ficlent material 1s present for conducting electron diffraction amalysis,
gamma ray spectrometry indicates that typical fission products arg
preseat. It should be recalled that after an exposure of % x 101° nvt
{thermal ), particles on the collector were identified in evacuated cap-
sules as being UOn, and large rosettes in air filled capsules were
ldentified by electron diffraction as U308. A higher exposure,

b x 1089 nvt (thermsl), converts the material on the collector iato
dense, rounded particles and filaments which do not yleld an electron
diffraction pattern. Since the amount of fission product activity on
the collector increases with increassing exposure and the sctivity on
the colliector is independert of the environment, air or vacuum, it mist
be concluded that (1) sublimetion of UOz from UQp films occurs during
thermel neutron bombardment in vacuum, and (2) similar sublimetion
occurs during irradiation in an air environment, but the species is
converted to U308 prior to, during, or after the sublimation. Since
the vapor pressure of UQp and U308 are not identical, the sublimation
ratzs should differ and yielid different amounts of deposits during
equivalent exposures. Since this is apparently not the case, and since
the source U0z £ilm is not cooverted to U308 during air environment
irradiatiors, it can be concluded that a major mechanism for transport
of material iz sublimation of UOp, and that the energy required to
sublime U0z molecules is supplied by the Individual fission events.
During air irradiations, oxidation of the UQp sublimaste occurs during
and/or sfter sublimation has occurred.
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Irrediation and subsequent electron microscope examination of multiple
films containing figsiomable U0 has contirued. Since fission fragment
trajectcries are seen by virtue of a depletion of scettering material
in the vicinity of & fission path, experiments were conducted in which
the flssionable msterial had no free surface. Evaporated films of the
form C-U02-X were irradiated to exposures of 2 x 1040 nvt (thermal},
vhere X was Al, Ag, Ge, C, and WO3. In all inatances, fission fragment
tracks could be seen, but their contrast, shapes, and wniformity varied
markedly. The platinum layer appears to have suffered the greatest
damage, and ir an irregular way. Along the path of tbe fission freg-
ment large isolated areas, four times the normal area associated with the
damage region of a fisslion fragment, form in the Pt mlti-layered films.
Many tracks which appeared in the multiple layered films show discrete
circular regions depleted in material (partial holes), and many tracks
exhibit a short length of high depletion of materisl {possible origin
of the fission fragments). A general conclusion covering the useful-
ness of free surface UOp films versus intermal free surface U0z £1ilm
irrediations is premature. )

X-Ray Diffraction Studies. Orientation of extruded wranium rods and tubes
with various fabrication and heat treatment histories is being determined
by various methods. Small uranium tullets 0.2 inch in diameter have been
machined from & porticn of uranium tubing (FPD extrusion No. 7). Com-
plete pole figure determinations of (110), (111), {021}, and (020) were
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made using only one bullet. These pole figures determined from one
sample provide a complete descripticon of orientation in extruded uranium.
When sccurate texture information is needed, this method is to be pre-
ferred over the method of growth indices. A duplex texture with strong
110 orientation perpendicuiar to the extrusion direction is indicated

by the pole figures. A strong c-axis texture exlsts in the tangential
direction, a b-axis texture in the radial direction, and an a-axis is
approximately 20° to the extrusion direction. A 130 recrystallization
texture parallel to the tube surface is inferred from the data.

Line broadening data for cold worked molybdenum have been collected for
the 110, 200, 112, 220, 400, and 224 diffraction peaks of samples cold
rolled 10%, 20%, 30%, and 40%. Some data have also been gethered for a
partially annesled sample, and for samples rolled to 60% and 90% re-
duction. Fourier coefficients have been computed for the 110, 200, and
40O lines. These coefficients are being separated inte particle size
and strain broadening ccefficients. The strains appear to be uniform
over distances of 20 to 60 A for the rolled specimens. Strains in the
partielly ammealed sample extend over approximately 40 A.

The strain behavior at smaller distances cannct be satisfactorily mea-
sured since it depends upon coefficients which, because of termination
errors, are least relisble. These errors are due mainly to the diffi.
culty in separating the long "tsils" of the peaks from the background.

Metallic Fuel Development

Tubular Fuel Elements. Tubular compeonents for Production Test IP-364A
wvere given a dual cycle autoclave test to establish clad and end closure
integrity. The dual cycle consisted of first a T2-hour, 300 C water test
followed by a 48-hour, 400 C - 1500 psig steam test. Both cycles were
under static conditions and a visual inspection was made between cycles.
The primary purpose of the water cycle is to detect swrface contamina-
tion such as iren or copper inclusions. The steam cycle tests weld
integrity and provides the necessary protective oxide film. The oxide
£ilm produced by the dual cycle is equivalent to that formed by the
standard 72-hour, %00 C - 1500 psig steam test. During the testing the
following observaticns were mede:

1. Secratches made in the thin water cycle film did not heal
during the steam cycle, resulting in white oxide formation.

2. White oxide formed around the hase of the Zircaloy studs
used for pinning of iron support rails. The oxide forma-
tion was attributed to the inability to completely rinse
the etch solution from beneath the metal flashing formed
during projection welding. '

3. O(ne outer tube was autoclaved with the iron -supports
attached. The supports were attached using a "white glove"
technique after the studded tube was etched. The plece
autoclaved satisfactorily with the iron supports developing
a dull black oxide film.
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Production Test IP-364%A covers the irradiation of KER size tube-in-tube
elements witk 12% Fe - 4% Be - 8B4 Zr-2 alloy brazed end closures. Core
material is -.6% enriched 2 w/o Zr alloyed uranium.

A-6 : HW-67254

The two NPR innar tubular fuel elements to test the effect of radiation
on the brazed closure have been shipped to the MIR. These elements,
desigrated as GEE-L4-57, 58, were brazed with the 12 Fe + 4 Be + Zry-2
braze alloy and were electron beam welded. Specific power was calcu~
lated at 105 kw/ft with a swrface tempersture of 93 C and a core tem-
perature of 375 C. These elements will be examined after one cycle of
irradiation in the MIR.

Two KER unalloyed normal tube-tube elements are being prepared for
irrediation in the 6x9 facility of the ETR. This will be & very severe
test due to the high specific power of 300 kw/ft and the high temperature.

Two enriched KER 1.6% Zr tube-tube elements have been prepared for ir-
radiation in the 3x3 facility of the ETR. Calculations have not been
completed. These elements are closed with the 12 Fe + L Be + Zry-2
braze alloy and electron beam weld.

Thirty samples of NFR inner tube, extrusion 34 {20-mil inner and outer
clad, 1.420" 0D, 0.513" ID), have been cbtalned for studies on the
effects of varisus teta heat treatments on grain size and uniformity,
grain orientation, and external dimenaions.

Metallography shows that in the as-extruded condition, the uranium has
a thick band of large grains arcund the inner wall. The grain size
decreases with increasing distance from the inner wall until a very
fine grain structure is found halfway between the inner wall and the
outer wall. This fine grain size extends almoat to the outer wall,
vhere a very parrcw band of slightly larger grains eppesrs. In order
to produce a fuel element suitable for irradiation, a heat treatment
rmist be found which will bresk up this structurs to give a wniform
grain size and a random orientation. Toward this end, thirty differ-
ent hea* treaiments have been performed by using combinations of the
following variables:

1. Beta temperature - 10 minutes at 675° (Houghton 980 salt bath),
705 and 730 C (NuSal salt bath}.

2. Alr delay before quenching - 10, 20, and 30 seconds.

3. Quench media - oil (Houghton Quench "G") at room temperature,
hot water (75-80 C), and low temperature salt bath (Houghton
Draw Temp 275) at 250, 325, and 400 C.

Heating and cooling curves have been obtained by recording temperatures
from thermocouples embedded in the midwall of the aamples. Cooling
rates for the various heat ireatments have been calculated. Metallog-
raphy is in progress to determine the effect of the various heat
treatments on the grain size and uniformity, and samples are being
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secticned foo x-ray 4iffreciion stuiies to fetermine the degree of
preferred o:.*i::n*‘a"cim rzaaining after head urea.,:aen“

The fabricatice of fael elemen:s from two FPD coextrusions of 1.6%
enriched KER size single zcomponent fuel tubes has baen completed.

A selected rnumber of the finished elements, the cperating conditions
of which will be prosotypical of NPR tube-tube geometry, are to be
loaded in-reactor early in November. These elements are closed with
Be~Zr susectic brazs waterial and are supportsd by mild steel rails
fastened tc *he fuel tube with Zlrcaloy-2 studs. el tubes which have
been rejected at varicus steps Iln the processing arz being exasmined
both destructively and acndestractively t¢ chavacterize the material
and the e lements as mic: as pessible. Norndestructive testing will
inglude exposure in ex-reactcr ELMO-T locp to high temperature, high
preasure water for the determination of long term corrosion behavior.

The apecific power of an WFPR isner Sube irradiated in a XER loop is
appreximstely S0% of “aah predicted for the NPR. Nirne NPR inner tube
elemerts were complesaed iz Ocsober. These slements are 16 inches long
and weme prepared from FPD exiision #36. The outer clad 1s 0.035 inch
and the inmer clad 0.022 iInca thick Zircaloy-2. The suppeort ralls are
made of low carbon steel and are held in place by studs of Zircaloy-2
which are welded %o the fuel clad. A1l of the elemsnats passed 300 C
water and LOO C steam avtsclave cor—osics testing.

A KER T/T coextruied fuel e"‘ame_*' i bei::g irradiated in the ETR 6x9
loop. The 34-inck lopg fusl elemen® is ureninm - 2 w/o zirconium clad
in 0.020-inck Zircaloy-2. The power output of The elemert is approx-
Imately 80C kw, with the power of the central e..emen*‘ vary close te the
predicted 354 kw/f%. The mexizmm deat flux is 1,300,000 BTU/hr-£+2 and
the mexi:mm fusl temperature iz 380 €. The eiement will be removed from
the reactor after a maximim sxpcsure of 1790 MAD/T.

Further work was don: ty Radicemetallurgy on the ruptured inner tube
from a KER teet which Pailed at 3200 MWD/T. A metallographic section
aear the olad split establisked localized thinmaing of the Zirceloy-2
clad was responsivie for the failure. In 2]l cgaes where cracks in
the uranium core propagated into the clsd, the cracks contained
uranium oxids; c::acka whick failed to propagate intc the clad contained
no uvranium oxide. Thesz cbservatiopa estadlish the fact that frag-
menting of the el core cccurred after water hiad peretrated the clad.

Component Febricationm. Toollng hus been set up in the 70C-ton vertical
press in the 300 Bulliding to forward-extrude 3-1/2 ard b-inch billets.
Six billets were successfully extruded, consisting of four solid copper
billets ard two campesite urenium-Zircaloy-2 billets,

The two composite biilets were extruded into NFR inner tube size
(1.330 O by 0.520 ID) at an extrusion ratio of 9.1 to 1 to test the
equipment for coextrusion work sand to determine the feasibility of
coextruding at low extrusion retica. The rew NPR inrer tube size
could he extruded at an extrusion retic of approximately 12 to 1.

DECLASSIFIED
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The billets were preheated to 625 C and were extruded at a ram speed of
30 inches per minute. Subseguent metallographic examinations showed a
very rough uranium/Zircaloy interface, especially at the inner wall.

The clad thickness varied from 0.011 to 0.029 with en average of 0.020
inch. Although the uranium core had been given a triple beta heat treat-
ment before finish machining, it apparently did not erase the a2ffect of
the large grains.
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Peel tests following the extrusion indicate that the Zircaloy-2/uranium
bond was of fair to poor quality, although the interface appeared
reasonably clean.

The Mark II tongs for crimping steel wear choes to 1/4" wide Zircaloy-2
supports have been fabricated, and the tooling for ferming the ©.930"
x 1/4" x 2" Zirealoy supports is also ready. The blanking and forming
dies for the steel shoe pre-forms are about 85% complete and should be
finished by October 28, 1960. The steel-coversd supports are to be
tested to determine: (l) load cerrying capacity, (2) collapsed height,
(3) forces required to dislodge shoes, {4) scratching characteristics.

Coextruded rods 0.600" diameter, having a 0.020" Zirealoy-2 cladding
with a 0.026" simulated enriched layer of uranium directly beneath the
cladding, have been made. These rods were fabricated by casting the
billets and cecextruding the triple beta quenched castings. Zirconium-
uranium interface roughness measurements taken on three of the four
extrusionsa, using two samples and ten readings from each sample, show
8 total variation from peak to valley of 0.004k" tc 0.008". It is be-
lieved that improvements may be made in correcting the zirconium-
uranium interface roughness through changes in melting and fabricating
techniques. These changes incorporate the use of arc melted uranium
billets to be heat-treated and extruded into components for final co-
extrusion. The grain refining effect of the additional working should
reduce the roughness cbserved on the cast, heat treated, and coextruded
rods reported above.

Test elements of NPR inner tube stock 1.430 D x 0.520 ID with 0.040
inch outer clad and 0.025 inch inner clad were processed for & variable
heat treatment test to be irradiated in the KER loops: Twelve 18-inch
long sections of FPD extrusion T-7l were processed through inspection,
copper removal, and heat treatments in which heating and cooling curves
were obtained. At this polnt it was determined that excessively dirty
clad-uranium interfaces had led elther to spotty diffusion during heat
treatment or to physical separation of the outer clad during cooling.
Nondestrnetive bond tests of the elements indicated unbond condition
for all the test sections. Although the elements will not be used for
irrediation tests, the heat treatment date cbtained can be used to
advantage. Additional stock was obtained and is being processed to
replace these elements. FFD extrusions T-6C and T-61, KPR inner tube
1.263 @ x 0.433 ID with 0.035 to 0.CkO OD clad and 0.030 ID clad, are
being used. Secticns of the material have been examined in the as-
extruded and heat-treated condition and appear satisfactory for reactor
use.
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Closure and Joining. The brazed KER tube-tube 1.6% enriched, 2 w/o zir-
conium production test has been completed. These fuel elements were
brazed with an alloy composed of 12 Fe + 4 Be + 8k Zry-2. A total of
seven acceptable tube-tube elements were completed plus an additional
four cuter tubes which will be used as heater elements in another test.
Scme difficulty was encountered in brazing the outer tubes due to non-
vetting of the uranium surface. This was overcome by heating to 950 C
and holding for 90 seconds. After 45 seconds at tempersture the cap was
mechanically forced down onto the uranium and the vacuum valve closed.
After 60 seconds the chamber was back-filled with helium to atmospheric
preasure. This operation insured seating of the cap and complete filling
of all voids with braze metal. All of the elements were welded by the
electron beam process. A 1/32" x 1/32" groove was machined arcund the
braze zone and a single pass weld made in this groove. After welding,
the supports were welded onto the inner tubular elements and the pro-
Jectiona for fastening the iron rails were welded onto the outer tubular
elements. The elements were then dual cycle autoclaved for T2 hours in
300 C water, then 48 hours in OO C steam. All of the elements passed
the autoclave test. The iron-beryllium-Zircaloy braze develops & very
dark autoclave film, slightly duller than that obtained on Zircaloy-2,
but much darker than that of the beryllium-zirconium braze alloy.

Iwo new brazing chambers are being designed. These chambers will allow.
complete investigation of all forms of braze closure that are now kndwm.
Also, & clrcuit has been designed to control the temperature of the

. brazing cycle. Several of the alternate brazing alloys have been ob-
taired from Oregon Metallurgicel Corporation. Thege alloys all melt
below 1000 C, most of them below 900 C. These alloys include the following:

81.5 Zr + 17 Pe + 1.5 Sn
8t 2Zr + 16 Fe

8 Zr +10Fe +5 Sn
84 Zr + 8 ¢Cr + 8 Ki.

Molds have been fabricated which will allow the direct shape casting of
the varicus braze alloys. Feasibility of this process will be determined
as soon as the effect of carbon in the braze alloy is determined.

Two uranium electrodes for the arc melt furnace are in the process of
being fabricated from bar stock and from rod stock. The rod stock has
been tack-welded by the TIC process in air into a 7-rod cluster. The

bar stock has been laid brick fashion and welded full length by the
electron beam vacuum process. Threaded adapters remsin to be attached

to both electrcdes. These electrodes are intended for use both in setting
up the arc melt furnace for operation and in the development of the weld-
ing processes involved in fabricating and compesiting electrodes of en-
riched or special materials.

Use of steel supports on Zircaloy-clad fuel elements necessitates the

development of joining methods for these dissimilar materials. One such
method, employing the resistance welded Zircaloy stud, has been applied
to several lots of elements. The equipment has been modified to attach
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hoth studs at once, thus reducing placement problems, and at the same
time speeding up the process. The same modified equipment is being
used to atfach Zircaloy supports. '

Another type of steel support consists of a Zircaloy member with a
crimped-on steel shoe. These are attached in the same manner as
2ircaloy supports.

A corrosion test is in progress in ELMO-T7 loop on a simmlated element
having four of each type of support.

An inert stmosphere bottle, now under construction in Technical Shops,
is designed to eliminate the problem of atmosphere contamination of the
fuel element closure welds when welded by the metallic inert gas process.
The bottle will replace the present vacuum chamber, thus permitting more
rapld welding of the fuel elements. The metellic inert gas process is
now under investigation as a method by which the final closure of the
fuel elements can be made. ’

It had been experimentally determined previously that under the conditlicns
used in forming the "Extrusion Closure" (715-730 C, ~ 70 tsi, ~20 sec),
copper bonds well to both urenium and Zircaloy; iron bonds well to uranium;
and nickel bonds well to zirconium. Thus, it appears that.a thin copper
layer interposed between the uranium core and the Zircaloy casp, and ex-
tending a short distance outward between the annular cap and the jacket
walls would effect a sound bond between all components. Similarly, a
nickel-clad iron shim placed between cap and core, with the nickel extend-
ing outward between cap and Jacket walls should bond all components soundly.
Toole and techniques were developed for meking copper cap faces, and ten
copper-faced caps were prepared. These caps have been welded into the
chemically milled ends of test specimens and the assemblies are to be put
through the remainder of the extrusion-closure process during the coming
week. These specimens are to be evaluated for bond integrity by meftallo-
graephic study and by high-temperature autoclaving of intenticmelly de-
fected primary closures. Work has been started on the preparation of
nickel-clad iron facings for more of the Zircaloy caps, to make a similar
test lot of specimens with iron-nickel interfaces for evaluation.

Allied Fuel Studies. Localized straining in Zircaloy-clad wanium has
resulted in fuel element failures. The localized plastic straining
occurred with very little associated uniform elongation of the cladding
material. A model for the fuel element has been formulated which should
predict the abllity of various cladding thicknesses to resist fuel
material expensions in tubular fuel elements. The necessary mathematical
relations, method of analysis, and computer program have been obtained.

The computer program is being debugged.

Constant load tests are in progress on uranium samples undergoing large
temperature cycles {~~ 300 C). A test on a specimen loaded to T50 psi
and cycled between 155-435 C has been completed. After 19 cycles, 1.55%
strain occurred. The mean strain per cycle was approximately 0.0T%. A
test on a specimen loaded to 100C psi and cycled between 150-435 C 1s in

P e )



- A-11 aW-67254

progress. The initial data indicate that the mean strain per cycle 1s
approximately 0.08%.

Several types of material have been brazed with the 12 Fe + 4 Be + 84 zry-2
braze alloy for exposure to decontamination sclutions. This materisl In-
cludes both KER size mockup tube-tube elements with brazed and welded end
clogures and brazed Zircaloy-2 corrosion coupcns. It has acw been steam
sutoclaved for 48 hours st 400 C. The specimens will be exposed to up to
four decontamination cycles to determine the effect of the decontamination
sclutions on the brazing alloy.

Two NFR inner tubular elements brazed with the 5 w/o Be + 95 w/o Zr-2
braze alloy were placed in the ELMO-7 thermal cycling facllity. Theze
pleces have operated successfully through several cycles from 300 C te 20 C.

The radiometallurgy examination of the second thermocoupled fuel element
has been completed. The stainless steel-to-Zlrealoy-2 braze joints were
examined and the braze layer in each joint was found to be free of cracks
or volds which could have admitted water. Some voids were found in the
braze layer of one of the three joints, but the voids ended In sound braze
material and did not penetrate into the interior of the Jjoint. A third
thermocoupled fuel rod has been completed end is ready to be shipped to
the reactor. ' '

Ductile cladding failures of Zirealoy-2 clad uranium rods and tubes have
occurred in high exposure NaK capsule and high temperature recirculating
water loop irrediations. From the appearance of the fallures, the same
mechanism wes apparently operating in all the cladding fallures.

Exsmination of three additional Zr-2 clad fuel rods irradiated in NakK
capsule to 1100 MID/T has been started in the Radiometallurgy Operation.
Tt is of interest to know if any evidence of the clad thinning or necking,
ag observed in the previously meantioned higher exposure lrradiations, can
be seen in these elements.

To establish Pfurther the effects of cladding thickness variaticns on the
susceptibility to failure, a series of NaK capsule irradiations of Zry-2
clad fuel rods is planned for the Hanford reactors. This experiment
will use fuel rods with cladding thicknesses of 0.030 end 0.CkO-inch
with striations machined in the outer surface of the cladding. Cledding
surface temperatures of 240, 280, and 320 C are to be investigated. The
cladding surfaces and thicknesses will be carefully pre-characterized
before irradiation. Calculations and designs for the experimental
assermblies is complete. Melting and casting of the fuel billets for the
extrusions has been started. The other components for the fuel rod ex-
trusicn are now complete.

Two improvements in steel self-supports were mede during the report period.
The first was series welding of two Zircaloy-2 attachment studs instead

of one-at-s-time welding. The advantage in the new method is that one
operation attaches two studs and the necessary accurate stud spacing is
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buillt into the welding head. The second improvement was use of a flat
faced carbide tool rotating at 5000 rpm to upset the studs over the
supports. The friction heat and the rotary motion causes the studs to
upset at loads of 100 teo 200 pounds.

(ne of the problems in the study of the effect of biaxiality of stresses
on the necking and fracture of Zircaloy-2 cladding is measurement of
strain. A checkerboard pattern, 150 aquares to the inch, was photo-
engraved on a plece of Zircaloy tubing, and the tubing was strained under
a tangential to longitudinal stress ratio of 1/2 (internal pressure only
would have been a ratio of two)}. The resulting strain ratio was easily
determined from the spacing of interference fringes produced when the
original screen was placed over the strained specimen. The engraved
pattern on enother specimen withstood autoclave treatment, thus indicating
that this technique could also be used to study cladding strain in fuel
elements caused by swelling of the wranium.

Facilities and Equipment. Measuring equipment has heen developed to cher-
acterize the external surface of cylindrical fuel elements. Radlal dis-
placement and diameter readings are continuously recorded while the fuel
element is rotated. KER test fuel elements are being characterized using
this messurement gystem.

2. RBEACTOR PROGRAM

Coolant Systems Development

Effect of Surface Treatment on Aluminum Corrosion. Initial corrosion of
aluminum is greater for samples either etched in HF-HNO3 or cleaned in
H3POy-NaaCrzQ7-HCpH302. Samples employed in these ex-reactor mockup tiube
tests were solid dummy fuel elements with C-64 alloy Jjackets. After 200
hours of exposure to 130 C process water at 20 gpm in a full scale p.o. 18
tube, penetrations were 0.71 mil for the etched sample and 0.27 mil for the
cleaned sample, compared with onmly 0.12 mil for the autoclaved sample.

Aluminum Alloy Development. Aluminum alloy C-810 {(Al, 1.0 Ni, 0.5 Fe,
0.1 Ti) showed slightly less corrcsion than X-8001 alloy after one month
of exposure in 120 C process water at 35 gpm flow in a full-scale ex-
reactor process tube. Samples employed were sections of fuel-element
Jackets mounted so that only outside surfaces were exposed. Total.pene-
trg.tion.s after cne month were 2.7 mils for C-810 alloy and 3.1 mils for
X-8001.

Caugtic Stress Cracking. Examination waes completed on & Zr-2 stress-
crevice coupon exposed for four weeks at 200 C in concentrated LiOH solu-
tion (150 g/1). Extensive hydriding had occcurred and was estimated at

200 to 400 ppm from photomicrographs. A weight gain of 230 mg/dm2 was
cbtained, and the coupon was cbserved to be covered with a heavy £ilm of
white oxide. The test was repeated and similar data were obtained after
two weeks. No untoward corrosion occurred on stressed 304 stainless steel.

Another test 1s being performed using 1 g/l LiOH to determine the concen-
trations at which LiOH solutions become corrosive to Zr-2.
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Fuel Element Rupture Tests in ELMO-4. A variety of pre-defected fuel rods
were rupture tested ex-reactor in hot water at 300 C, 15 fpa, and 1700 psi.
The rods were all coextruded U-Zr-2 with an 0D of 0.590 inch and 6-1/h
inches long. Four of the rods were used to determine the effect of carbon
content in the uranium core: two rods with 62 ppm C, and the other two
with 1675 ppm C. The 62 ppm C rods developed several ruptured mounds after
one hour, and by the end of four hours, the rods were completely ruptured
over the entire surface and almest all the urenium core had rescted with
the water. The 1675 ppm rods developed only one initial rupture mound
after one hour, and after four hours each rod had only four small rupture
mounds. The high carbon content rods were superior in rupture performence
to the low carbon content rods. '

Four rods containing 1.0 w/o Zr and 1.8 w/o Zr in the uranium core vere
tested at 300 C. The 1.0 w/o Zr alloy core pieces exhibited only a single
1/4 inch diameter raised and torn mound-after four hours. The 1.8 w/o Zr
alloy core pieces had only a 1/8 inch raised area after two tours, but
after four hours one of the rods had ruptured quite sewarly with & 1-3/k-
inch long torn area. The other rod had a 1/2-inch raised mound which was
torn open &t the top rather than around the base of the mound.

Four fusl rods were rupture-tested affer being subjected to various beta
heat treatments as faollows: (1) oil quenched, {2) 350 C lead-bath guench,
(3) water quenched 1/2 hour, (4) ennealed at 500 C. After rupture testing
for four hours, the rods all appeared the same. Each had a single raised
and torn mound which originally developed during the first hour. Weight
loss after four hours for each rod was about 59 grams.

Four other rods had Zr-2 clad thicknesses as follows: (1) 0.010 inch,

(2) 0.015 inch, (3) 0.020 inch, and (k) 0.025 inch. After rupture testing
for one hour all four rods exhibited s single ruptured mound which de-
veloped into sbout five to eight mounds after four hours. Although there
was not muich visible difference, the 0.020 inch clad was slightly better
than the other thiree.

Two KER inner tubes of coextruded U-Zr-2 with hot-headed end closures were
tested at 300 C, 15 fps, and 1700 psi. After cne hour the end caps were
off each tube, and after two hours the tubes were very severely ruptured.
They were stuck in a KER-size ocuter tube and had to be pounded before they
could be removed. Each was ruptured and swollen over the entire surface
for about 3-1/2 inches in length. The raised areas were large and typichl
of the ALS1 bonded ruptures.

Single Pass Decontemination Studies. Seversl single-pass decontamination
tests have been made in the 242-B Single Pass Deconteminstion Facility

during the past month. A new decontaminant, Turco-4306 C, was tested at

three and gix oz/gal. When employed at 66 C, six oz/gal concentration for

2k minutes, the material was moderately effective, but not nearly as

effective as Turco-4306-B. However, the corrosion rates were lower by a
factor of approximately 100. The most satlsfactory decontaminant sppears

to be the inhibdited sulfuric-oxalic mixture (0.3M HpSOL, 0.1M HpCp0h, 0.0025 M
phenyl thicures). :
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Dissolution of Uranium Dioxide. Further laboratory tests were made using
8 solution of 4O gm/liter XKMnOkh, 27 gm/liter NagCO3, to dissolve UOz.
Dissclution is pH dependent, 9.5 to 10 being the most effective range for
the carbonate complex which is asssumed to be formed. These additiconal
tests show the uranium concentration in soluticn was in excess of 10 gm/
liter, which 18 about three times higher than attained with the usual
3202-0'03 solution.

The feasibility of using this EMnQy-csrbonate solution to dissolve the UO2 -
and then adding NaOH directly to this solution for the film conditioning
step was investigated. The NaOH precipitated ocut about 99% of the uranium
probably as NagUpQOy. The use of Versene (EDTA) to prevent this precipita-
tion was unsuccessful. However, it was determined that this precipitate
remains well suspended in solution, e.g., there was no significant setiling
after 30 minutes and less than 10% after GO minutes. Thus, draining and
flushing the system should remove the suspended uranium nearly as effec-
tively as if it were in solution. Consequently, the combining of the UO2
dissolutlion step and the film-conditioning step during decontaminaticn may
prove feasible.

The solubility of this precipitate in the final acid step of a decontamin-
ation process was also investigated. Solutions (5%) of Turco 4518, Wyan-
dotte 112, and Ammoniuwm citrate at 60 C dissolved all the precipitate
(maximum U concentration tried was 7 gm/liter). However, Turco 4512 even
at a 10% solution dissolved less than 1% of the precipitate. A carbonate~
bicarbonate sclution at pH 9.5 dissolved about 30% of the precipitate.

Cyclic Decontamination Tests. The CEP:4 Loop has completed the fifth de-
contamination cycle. Kach cycle consisted of a chemical cleaning or de-
contamination with Turco 4502 and Wyandotte 1112 followed by normal oper-
ation at 300 C for one week. The corrosion rates of the Zircaloy and 30k
stainless steel gamples were all low. However, the carbon steel corrosion
was rather high. For the mechanically coupled (carbon steel to stainless
steel) samples, the carbon steel corrosion after four cycles was 0.79 mil.

There was no apparent corrosive attack on stainless steel whether it was
coupled to carbon steel, Zircaloy-2, or uncoupled. The Zirceloy-2 appears
to be corroded only by the water at 300 C and is unaffected by these
chemicals. The Stellite alloys 6 and 12 and Haynes alloy 4l exhibited
the characteristic pitting which cccurs in the alkaline permanganste pre-
treatment.

Carbon steel samples in both the normalized and non-hest-treated forms

‘have shown some pitting (galvanic with the stalnless steel holder) and
have a very roughened general surface appearance from the chemical corre-
sion. The welded samples non-heat-treated have shown indications of pitting
in the heat-sffected zone near the weld, but this pitting is not extremely
deep. Undercutting of the weld is questionable at this time. However,

- the heat-treated samples (stress relieved at 1250 F for 2 hours, air at-
mosphere ) have shown no gross pitting hear the weld; but a knife-line or
iaip-line type of corrosion attack is quite noticeable adjacent to the
weld on the carbon steel. :
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Quachrom Glucosate Inhibitor Tests. The substitution of quachrom glucocsate
for sodium dichromate as a corrosion inhibitor in reasctor process water
could potentially reduce the concentration of chromium discharged to the
Columbia River. The results of screening corrosion tests after 1300 hours
of exposure appear very favorsble. Aluminum alloy X-8001 corrosion rates
at 130 C in reactor process water (1.8 ppnm NagCriﬁ), 1.8 quachrom gluco-
sate and 0.17 ppm quachrom glucosate are all 23 mils/year. The corrosion
rates of aluminum alloy C-64 in all three solutions are slightly less.
‘Since the radiation stability of quachrom glucosate is unknown, plans are
veing made for tests in & gamma pit and in-reactor.

Structural. Materiels Development

Burst Test of Irradiated KER Tube. Three sections of KER-1 irradiated
Zirceloy-2 process tubing were burst-tested at room temperature. One
sample was selected from the front and rear quarter points and one from
the center of the reactor. The front quarter specimen burst at 16,500 psi
corresponding to a hoop stress of 127,000 psi. Corresponding data for the
rear quarter specimen were 17,000 and 128,000 psi. These data are compar-
gble to those obtained in previous burst tests on a KER-2 irradiated tube.
However, the center sample merely started lesking after an application of
gbout 5000 psi internal pressure. Post-examination revealed a crack 3/
the length of the tube, which is suspected to have been csused in handling
subsequent to removal of the tube from KE Reactor. An active program is
under way to trace the source of this crack, and the test will be repeated
with adjacent samples from the tube. '

Zircaloy Tube Replacement. Zircaloy-2 tubes needed for the overbore test
at C Reactor are being ordered. Pillot lot production and delivery of the
smaller size smooth bore tubes for C Reactor are essentially complete.
Three vendors have demonstraved their ability to make this type of tube
and at least one additional wvendor is expected to do so prior to procure-
ment of any large nunber of tubes.

NFR Process Tubes. The fluorescent penetrant, immersed ultrascnic, end
vidigage tests were placed in operation on the NPR process tubes at
Harvey Aluminum. After the usual technical and coperating difficulties
assoclated with startup of a new facility, the equipment performed well.
Results of testing the first few tubes revealed that the quality of the
tubing was excellent. .

Nonmetallic Materials Development

Graphite Burnout Monitoring. Graphite burnout samples which were exposed
To ambient DR Reactor atmosphere in process channel 2577-DR for four months
{June through September 1960) exhibited satisfactory weight losses ranging
from about 0.2 to 1.0%/1000 cperating days. However, burnout data from
the last three sets of samples exposed in process channel 1960-C have shown
weight losses in excess of the allowable 2%/1000 opersting days. In an
effort to determine whether the high bhurnout is localized in channel 1960,
two additionsl channels, 1889-C and 2780-C, were charged with monivoring
samples on October 10, 1960.
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NPR Reflector Graphite Irrediaticn. The GEB-13-5 experiment containing
NPR reflector graphite continues to operate satisfactorily in the N-5
corner position of the ETR. It has been in the reactor for one operating
cycle and the temperatures of the four sample units are being controlled
at 675 C, 700 C, and 725 C.

Hot Capsule Irradiations. Six hot capsules have heen prepared for lrrad-
iation in the G-o position of the ETR at 1000 C. The irradiation effects
of coke particle size and additive veriations will be compared in experi-
mental graphiftes prepared by Speer Carbon Company using Great Lakes needle
coke. Particle sizes included are 60% flour, 50% flour and standard mix
in duplicant sets of samples from rotary and vertically c@lcined cokes.
Standard mixes of vertically calcined coke, with and without iron oxide
added, were used in samples which will be uged to determine whether the
additive is as effective In reducing contraction in needle coke graphite
as previously observed in Texas Lockport and Scohio Lima coke graphites.
Transverse and longitudinelly cut samples of each variation, and CSP
graphite standards, are included for the comparisons.

Hanford Irrsdiations. Three types of graphite irradiated at 30 C and
annealed at {00 to (50 ¢ were discharged after re-irradiation at 500 to

600 C to an exposure of 600 MWD/AT. A considerable amount of irradiation
annealing occurred as indicated by the foilowing length change measursments:

Amt. of Initial Addl. Amount

Exposure % L¥ Growth Annealed of Annealing by
Graphite at 30 C after 309 Thermally at Irradiastion at
Type MWD/AT Irradiation 700-750 C 500 C
TSFEF 868 +0.52 58% b2y
XC 1463 +1.11 57% 43%
CSF 3089 +2.2 32% 39%

*¥Length change; plus signs indicate expansion.

The initial growth was fully annealed by thermal and high temperature
irradiation in the lower exposure samples. Further irradiation annealing
may be expected in the more highly damaged CSF samples. These resulits are
in agreement with studies in which s thermsal anneal at 375 C wes followed
by irradistion at temperastures ranging from 335 to 400 C.

The samples have been charged for additicnal irradiation at 550 C to deter-
mine what effect an initial low temperature irradiation may have on the
long-term contraction rate at high temperature. This study will help es-
tablish the wvalidity of employing contraction rates obtained on graphite
samples irradisted only &t high tempersture in predicting the stack dimen-
sional changes In the old Ranford reactors with their varied temperature
histories at low exposures.

Stored Energy. Stored erergy accumilates rapidly in samples exposed in-

reactor at 30 C. After accumlating seversl hundred calories per gram,
the rate accumilation slows and has tended toward saturaticn in the
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vicinity of 650 cal/gm. Incremental exposures to demonstrate saturstion
have not been conclusive due to the slow rate of accumilation. However,
the most recent value determined is 647 I 2 ca.l/gm for & CSF sample ir-

radiated at 30 C for 10,500 MWD/AT, and it is now believed that this is

close to & meximm value of stored emergy for cold test hole irradiation
of this material. :

Graphite Drying Studies. Transpiration rates were observed from samples

2 NPR core and reflector meterials. Solid cylinders, 2.0-inch long by
«.426-inch diemeter were vacuum impregnated with water at room tempersture.
Linear weight loss rates of 142 mg/hr to 170 mg/hr were then observed (at
rocm temperature)} in air, for about two hours in each case, followed by
exponentially decreasing loss rates to the original dry sample weights.
This behavicr is normal when compared with samples of CSF, C0, KC and 5P-21

graphite.

Graphite Compatibility with He Containing 0.1 mm H20 Vapor. Tank He
containing 0.1 mm HoO vepor partial pressure at atmospheric pressure wes
passed over g sample of NPFR core graphite. The Be was cleaned by passing
through a trap of hot Cu turnings and then a trap of hot Cu0 turnings.
HpoQ concentration was determined by means of a Beckman Electrolytic Hydro-
meter. The grephite sample was & solid cylinder O.hk3-inch diameter by two
inches long, snd its weight loss was followed by an Ainsworth semimicro-
recording talance. The weight loss rates and conditions of the experimen®
are shown below:

No. of Runs Temp. (9C) Gas Flow (Cfh) Wt. Loss Rate (¢/g fir)

4 730 0.5 = 1.0 2,1 x 1077

2 TT1 0.5 - 1.0 3.4 x 1072

2 830 0.5 - 1.0 3.5 x 107

1 625 There was no measurable welght loss

during 3 hours of the experiment.

1 730 2.0 -~ 3.0 2.3 x 10

1 T 2.0 - 3.0 2.5 x 102

1 830 2.0 - 3.0 2.8 x 1072

Further experiments to show the effect of equilibrium mixtures of HpO, Hp,
and CO and the effect of gammsa irradiation are in progress.

Thermal Eydrsulic Studies

Experiments to Investigate the Effect of Eccentric Fuel Elements on Bollling
Burnout. Fuel elements may be displaced from their normsl position on the
ribs of a process tube from a variety of causes. The resuiting eccentric
location of the fuel element will reduce the heat generation rate at which
boiling burnout occurs. The high metal surface temperatures associated
with bolling burnout may leed to fuel element ruptures. It is important,
therefore, to know how severely an eccentric positioning of a fuel element
will reduce the boiling burnout heat flux.

2382117 -
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As part of a program to determine the effect of eccentricity on boiling
burnout, a test section was built which approximates two feet of the
annular coolant passage of I&E fuel elements in a K process tube. The
vertical position of the heater rod within the process tube of this test
section can be adjusted. Three boiling burnout points were obtained
this menth with the top ammular gap of 0.056 inch or 50% eccentric. The
results are presented below, together with data cobtained and reported
previously with annular gaps of 0.113 and 0.028 inch, or O and 75% eccen-

tricity.
Burnout
Flow  Temp. Q/A B.O. Subcooling  EBeccentricity
Run gpm °F B/hr-ft2 °F
1 22.3 196 1.0 x 108 2l 0
2 22.3 196 1.6 x 109 0 0
3 2.6 196 0.47 x 10° el 5
4 23.1 233 0.47 x 106 35 75
5 23.0 151 0.83 x 10% 56 50
6 23.5 191 Q.81 x 10% 57 50
7 228 223 0.74 x 108 29 50

These data show that an eccentric positioning of the fuel element will
reduce the boiling burnout heat generation significantly. The depression
of the bolling burnout heat flux is approximately directly proportional

%o the degree of eccentricity over the range of conditions studled. For
comparison the normal present maximum hest flux from the annular surface
of an I&E element in K Reactor is about 515,000 B/hr-sq ft.

Experiments to Investigate the Irfluence of Boiling Length on Boiling
Burnout. An important question concerning boiling heat transfer is how
great sn effect does the boiling length have on burnout conditions.

This is especially true in horizontal flow channels where the steam and
water tend to stratify. The question is important since most experimental
data regarding boiling burmout are obtained on test sectioms of lengths
different from the fuel element under question.

This effect has been studied in the 189-D heet transfer laboratory by
using two test sections, each a horizontal pipe 0.435 inch in dlameter
with coolant flow through the hole, but one 2-1/2 feet long and the other
five Peet long. The inlet coolant enthalpy, i.e., temperature or quality,
to these test sections wes so adjusted that boiling burnout date for the
two test sections were cbtained at nearly identicel flows and outlet
qualities. The data were obtained at flow rates between 500,000 and
2,000,000 1b/hr-sq ft, outlet steam qualities of 26 to 52% by weight,

and 8t an outlet pressure of 100 psia. The heat flux at bolling burnout
for these runs ranged between 350,000 and 2,000,000 B/hr sq £%.

FPourteen additionsl boiling burnout points were obtained during the month.
These new data confirmed@ the conclusions previously reported that boiling
turnout heat fluxes are dependent primsrily upon the flow rates and outlet
qualities, at least for the corditions studied. Two and a half feet is
sufficient to establish the flow pattern and longer lengths would not

1234218 |

[T

o Yo

?‘! .]:-,



O | a-l9 - - R v g

affect boiiing Mmuarcut corditions. These »esulis are important iIn that
they indicate the vaillity of usizg inexpensive short test sections to
investigate heat <ransfer condltionz for long horizontal fuel elemenss.

Flow Orifices for Harford Production Reactors. The solid fuel elements
currently in the fringe zones of the present production reactors will
soon be replaced with I&E (ipternally and extermelly cooled) fuel elements.
3ince I&E fuel sisments have a lesser flow resistance, the fringe tubes
mist be re-orificed to mainiain proper reactor flattening. With the
pressure dreps that now exist across the Hanford reactors, the use of I&E
fuel elements in the fringe tubss vequires a very high pressure drop acrcss
the orifices to establish tke proper flow through the tubes. However,
there is a Limit ag ¢ kow much pressure drop way be estavlished across

an crifice withcut aitaining a coniition of self-limiting or choking flow
vwhich is referred to as critical flow.

Normal cperatinr in or nesr a condition of critical flow is avoided be-
canse to do 83 cculd result in the fallure o obtaln s Panellit trip in
the event of a rupture of ar inlet commector or loss of a nczzle cap.
This is sc because when czriftical flow oceurs, the flow 1s independent of
the pressure downstream c¢f the orifice. 'This limits the increase in flow
and assoclated changs in Panelllt pressure which would cccur following a
rupture of the inlet piping dowvmstream of the orifice. The change in
Panellit pressure may be ingufficient to effect a trip and reactor power
reduction. Furthermere, critical flow could cause damage to the inlet
comnector by cavitavicn azd vibration.

An experimental program was therefore undertaken to establish orifice
assemblies to meet the needs of the Pfringe tubes containing IXE Pfuel
elements. The program consists of experimentally determining the
critical flow constants for a number of crifices, using these new data
together with orifice calibraticon curves already determined to design
potential orifice assentlies. The orifice assembly best sulted to
reactor needs is chosen by reactor personnel. Vendor prototypes of the
selected assembly are ther tasted in the laboratory to determine the
final calivration ard critical flow characteristics.

The program has teen completed fcr the K Reactors. The new fringe zone
flow rate, 34 gpm, is somewbat greater then was desired, dbut flows much
less thap this carnst be obtained without vioclating the criteris estab-
lished by resctor persorrel.

The orifice assembly for DR Reactor has been established, Final cali-
bration is pending the delivery of production prototypes. The experi-
mental Jdeterminaticn of critical flow comstants for C Reactor orifice
assemblies i1s in progress.

Shielding Studies

Attenuation Measuremer®s. The testing work to evaluate the shielding
Praperties of irom-sgsrpentine concrete as & function of density and
baking temperature is complete. Ccncrete specimens with densities of
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210 and 265 1b/7t3 were tested after baking at temperatures up to 320 C.

At elevated temperatures it was found that the lower density material is

the better neutron shield because of higher retained hydrogen content.

The 265 1b/ft3 concrete is superior as a pure gamms shield because of its
higher density. The net result is that the two concretes are about

equally effective on a total radiation dose basis. On an over-all basis,
considering cost as well as shielding effectiveness, the lower density
material appears to be superior and shows considersble promise for high
tenperature shielding applications. The first known large scale applicasion
of this concrete will be in the NPR front and rear biological shields.

Shielding Instruments. All three Perlow neutron chambers are now ready
for calibration. The intermal alpha gource, which 1s used to check the
instrument, was redesigned to eliminate the possibility of contaminating
the inside of the chanbers.

To test the neutron spectrometer under lgboratory canditions, the Bed
(@,n)BLC reaction will be studied while the instrument is located at the
positive ion acrelermtor laboratory.

B. WEAPCNS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and wespons development
programg of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribufion lists appropriate to weapons development work.
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~. REACTOR DEVELOFMENT - 4000 PROGRAM

1.

PLUTONTIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabrication. Fabrication of 1l9-rod cluster Pu-Al elements for the
power loeding of FRTR continued. 8Six: of the sssemblies are ccomplete and
components of the remaining 30 are in various stagea of fabricaticn.

The billet casting rate was increased 25% by adding recycle scrap to the
melting furnsce, thus casting more billets per melting cycle. The re-

eycle scrap consists of extrusion butts and cut pieces of cores which average
25 percent of the original Ppillet weight.

Fabrication Development., Some very preliminary measurements were made to
compare the gemms radistion from & fuel core containing 5% Pu-240 with a
core containing 28.9% Pu-24C. The radiation from the high Pu-240 core was
from 8 to 10 times that of the low Pu-240 core at a distance of 2-1/2
inches. Use of 30-mil leaded gloves reduced gamma activity from the 28.9%
material to twice that of the 5% materisl, also with 30-mil unleaded rubber
gloves. Camma activity from 5% Pu-240 material at 2-1/2 inches was the
same a8 that of 28.9% material at 10 inches, Film studies to determine
abaolute dose rates are being conducted.

The development of swaege fabrication methods for UOpo-PuQs is continuing.
Four rods were loaded with PuOp and fused UQp. The PuO2 was added in two
different forms: as high surface ares powder and as & solid solution of
10 w/o PuOpin’ U0y from crushed high density pellets. Two rods were loaded
to 0.5 w/o PuOp using each material, and two were loaded to 2.0 w/o with
each mix. These were then reduced 42% in aree by sweging. Gemma absorp-
tometer scans showed the density to be over 90% theoretical over the full
active length of the rods. The active length was reduced by one inch at
either erd by the sddition of inert MgO end plugs. These rods are
presently being machined to give three longitudinal samples aspiece. The
flat samples will be studied by microsutoradiography to determine the dis-
tribution of Pu atoms.

A coextruded PRTR-size fuel rod with integral closures was produced using

& contoured Al-Pu core and aluminum alloy can with a streamlined die of

60° entrance angle. Radiographs of this element show a uniform can wall
thickness of 0.065". The reduction ratic was 20:1 as compared to the "1
reduction obgserved with 0.960" (D coextrusions performed on ancther program.
The combination of the core configuration and 60° die produced a core with
& two-inch end effect but no "dogbone". Modification of the configuratlion
will be neceassary to reduce the end effect.

The plutonium ccncentration of injecticn cast alloy (1.8 w/o P, 2 V/o Ni,
Al) fuel cores was found to vary longitudinslly and radislly. Because of
radial segregation and the method of cutting analytical samples, it
appeared that the top section of the second casting contained 2 w/o Pu
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while the bottom section contained less than 1 w/o Pu. Two halves of the
same wafer from a subsequent casting assayed: 1.76 w/o and 2.07 w/o Pu,
respectively, indlcating the possible extent of radial segregation and
that half-wafer samples are not representative of cast cores.

The least amourt of longitudinal segregation was found in a casting which
was mechanicelly stirred in air at 800 ¢ before injection: 1.55 to 1.94 w/o
Pu (1/2 wafer samples). Since this run, four castings were made that were
melted in vacuum and keld at 800 C for times from one minute to fifteen
minutes before casting. Data on Pu distribution in these castings is not
yet available.

One aluminum alloy casting was mede in which the core density was 97% of
thecoretical. This improvement was achleved by maintaining the temperature
of the inlet end of the tube above 650 C during casting and by slowing the
injection rate by a factor of three.

Fuel Evaluation. A prototypical T7-rod PRIR cluster with an over-all
length of about 42 inches is undergoing thermal cycling in the ETR 3x3
loop. The element contains an Al - 2 Ni - 1.0l Pu alloy core in 35-mil
well Zircaloy-i4 tubing with a diametrsl gep of four to six mils which
duplicates as closely as possible the elements being fabricated for the
PRTR power run. The element coperated at steady state for three days before
cycling commenced, and 26 thermsl cycles were completed as of 10/22/60.
Seventy-two cycles are scheduled. A thermal cycle consists of varying
the coolant temperature between 180 and 480 F at the rate of 5 F/min. The
core temperature consequently veries between 389 and 693 F. The loop is
being operated at 1050 psig which is PRTR design pressure.

Examination of the UOp - 5.67 a/o Pulp, Zircaloy-clad capsule (GEH-14-89),
which ruptured in the MIR at a heat flux a factor of ten aebove the designed
value, has been initiated. Preliminary visual inspection of the specimen
disclosed that the cladding had expanded 5-104 in dlameter uniformly over
the fuel core length. A view of the cladding surface on the side opposite
the rupture site (0.4" x 0.6" long hole) showed the cladding to be rela-
tively undisturbed except for the dismeter increase.

Examination of an Al - 1.8 w/o Pu, PRTR prototype, 7-rod cluster with
Zircaloy-2 cladding, stainless steel end fixtures, and quick-disconnect
end caps 18 currently under wsy st the Radiometallurgy Laboratory. This
cluster was irradiated (IP-226A, Supp.B) in the KER Loop 1 Facility in high
presaure and temperature water. The cluster wvas easily disassenbled by
meens of the speciel end caps. The cluster and the individual rods appear
to be in very good condition. Initial dimensional measurements on the clad
rods indicate length changes on the order of ¥ 0.030 inch. The measurement
points are on the end caps and are 20.5 inches apart. Of the five rods
measured to dete, all but one lengthened.

A Zircaloy-claed 3-rod cluster containing an Al - 3 w/o Pu alloy fuel core
has successfully completed 34 effective full power days in the GEH-4 loop.
The element cperated at & calculated surface heat flux of 576,000 Btu/hr-ft<
with a maximm core temperature of 345 C. It was fabricated by simply
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slipping extruded cores into 0.030-inch thick Zircaloy cladding with & .
four to five-mil averasge diametral gap. Initially, the element generated
an average of 66.5 kw/ft which drcpped to 50 kw/ft at the end of the
34-day period; havever, the power gemeration dipped to 47 kw/ft between

25 and 30 days. This unexplained minimum could be associated with the
reactor flux pattern which will be exaniined. '

The twelve Zircaloy-clad capsules (1/2" dia. x 5" long) for the Phoenix
Reactivity Change Experiment have been fabricated and will now be auto-
claved. All specimens contain an Al-Pu fuel core which will initially
generate 30 kw/ft in a flux of 2 x 10L4 nv. Three each contain plutonium
which has 5.46, 13.13, 21.2, and 28.9 percent of the isotope Pu-240.

The total plutonium concentration varies from 2.80 to 3.9l w/o Pu to give
the same initial power gemeration of 30 kw/ft. Sample holders for ir-
radiating the specimens and the Zircaloy lattice sub-assembly for making
measurements in the Reactivity Measuring Facility are being fabricated.

Irradistion test proposals are being prepared for presentation to the MIR.
The objectives of the tests are to conduct in-reactor sintering studies
with plutonium and wranium oxides. An effort will be made %o obtaln a
more thorough understanding of the kinetics of in-reactor sintering and
to determine the effect of PuOp additions on the irradiation stabillity of
UOz2. Portions of the work will be performed in the VH-4 Hydraulic Rabbit
Facility at the MTR. The capsules will contain both low and high density
PuCo-UOy, and current plaps are to vary the UOz content from O to 100%.
The possibility of a Joint irradiation experiment in the NRX Hydraulic
Rebbit Facility at Chalk River was explored wlth J. L. Robertson on
September 22-23, 1960, and is currently under considerationm.

Pacilities. The high pressure verticel autoclaves have been modified to
obtain improved operability and safety. The twe 100-inch horlzontal auto-
claves have been completed. One has been placed in operation and the other
1ls awaiting testing.

Improvements in decontamination techniques have made it necessary to add
hot drain facilities to the open front hoods in Room 113. The ultrasonic
decontamination hood will be changed from static to full sirflow for the
same reeson.

A monorail type hoist frame has been fabricated to allow handiing of the
14" x 20" roll sets. Roll changing will be done by conveyor vhen the mill
is hooded.

The 30 kw vacuum furnace hood has been activated. This is the first hood
with en airlock using the Pisher-Governor self-sensing ventilatiom valves
to ba activated. Hood and airlock balance seem to be maintained satis-
factorily with no apparent troudble as yet.

The hood inert gas system has been activated and found to be plagued with
valve troubles. Modifications will be made to the system so that no de-
pendence will be placed on the valves.
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The criticality incident alarm has been installed but not tested.
Arrangements will be made for routine testing of the system.

Ventilation operational tests using the various fan combinations have
been made. The object of these tests is to obtain dsta for determining
emergency operational procedures. Several unsafe building conditions
were found to exist when certain fan combinations were run.

A power evaluation study is under way to determine presenmt bullding power
loads and to serve as a basis for future planning.

The BET hood is presently being installed. Glass line comnstruction will
begin the week of October 2k, The sorptometer startup is awaiting fab-
rication of sample tubes and calibration cells. Calibration cells are
needed to accurately measure the volumes of the injection valve tubes.
Thege tubes provide a kmown volume of edsorbate gas for comparison with
the unknown volumes desorbed from specimens.

U0s Fuel Development

Fabricatinn Development. Composite mixtures of electrodeposited U0y were
prepared from material produced in 19 runs. Large crystal agglomerstes
were reduced to particle sizes less than 20 mesh to eliminste closed
poresity. A mixbure having a particle size distribution selected for
favorable packing properties was compared with a mixture of unsized -20
mesh material on the MB C-5C shaker. Another similar mixture of unsized
material was remotely fabricated, using the Genlsco-Savage vibrator in the
shielded facility in the 327 Building. Densities achieved were as follows:

Density Compaction

% T.D. Bfficiency*
Sized, C-50 86.4 88.3
Unsized, C-50 81.1 82.9
Unsized, G-S 79.3 8.1

*¥Ratio of bulk density of compacted fuel to particle
density of the powder employed times 100.

Three hot-swaged, Zirceloy-4 clad, 19-rod cluster UQp fuel elements are
veing fabricated for the PRTR. Sixty 0.705" (D x 0.035" wall Zircaloy-4
tubes were filled with -65 mesh fused UOp and cold swaged to 0.625" OD.
The final swage pass was mede at 850 C. The densitles of the rods after
hot swaging are being determined.

A corrosion rate grester than antlcipated was encountered on Zircaloy weld
areas exposed to a 1100 psi U450 C autoclave test. This corrosion existed
on samples welded in helium, air, and vacuum media. The depth of the un-
satisfactory material was approximstely 0.00L inch, determined by machining
to various depths prior to the autoclave test. Microscopin examination
revealed that copper contamination from the collet electrode which gripped
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the tube caused the corrcsion. The upset metal which was formed during

the weld cannct be sheared but rust be machined to a depth of 0.002 inch
below the original surface to satisfactorily remove all the cgpper con-

tamination.

Evaluation of the magnetic-force butt welding process for making clcosures
on 0.005", 0.010", and 0.015" wall thickness stainless steel tubing was
continued. A closure design which provides a directly aligned butting

of the cap and the tube has produced satisfactory results with 0.015"
thick tubing. The 0.010" wall thickness tubing resulted in accordion
collapse of the tube adjacent to the weld and the 0.C05" well thickness
tubing could oot be satisfactorily aligned with the cap to provide the
desired closure. Evaluation will continue with these thin wall configura-
tions.

A preliminary evaluation was performed to determine the feasibllity of
welding beryllium fuel rod closures by the megnetic-force welding process.
Tubing 1/2" dia. x 0.040" wall and rod 1/2" dismeter commercially pure
beryllium was obtained for the evaluation. The weld was performed in a
vacuum with all fumes being exhausted through a filter. A4n initial
pressure of 10,000 psi was applied to the weld Joint prior to application
of the welding current. Satisfactory closures were obtained with equiva-
lent heating occurring in both the cap and the tube with a welding current
of approximately 50,000 amperes for the 0.06 square inch weld area. A one
cycle (1/60 sec) weld time was employed, with a weld current amplitude in
the first 1/2 cycle equivalent to 95% of the weld current amplitude of the
second 1/2 cycle.

The first remotely fabricated fuel element of electrolytically produced
uranium dioxide was completed in the remote fabrication facility. The
uranium dioxide, produced via "Fused Salt Cycle" electrolysis by the
Chemical Development and Chemical Research Operation, was vibrationally
compacted. The compaction efficiency* was 79%. This first element was

a 5/8-inch diameter Zircaloy-2 tube, 10.5 inches long, containing ungraded
-20 mesh uranium idoxide.

Loading, compacting, and final closure by welding were all accomplished
remotely proving the procedure for satisfactory assembly of irradiated
material as soon as such material becomes availlable.

Hot swaged Zircaloy-4 cladding specimens were anslyzed to determine the
extent of hydrogen and cxygen diffusion into the cledding during hot
swaging. Turnings from successive mmchine cuts were collected and analyzed
spectrochemically for hydrogen and oxygen. Results are as follows:

*Defined as the ratio of the bulk density of tae compacted fuel to the
particle density of the powder employed times 100.
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Section of Wall He Conc. Q2 Conc.
n - 0.002" 235 ppm 3900 ppm
0.002" - 0.006" 130 1450
0.006" - 0.011" 70 690
o.011" - 0.016" 70 765
0.023" - Q.0D27" 75 630
0.027" - 0.030" 8o 700
0.030" - €.033" 110 1525
0.033" - ID 185 4600

The high concentration of hydrogen, particularly on the internal surface,
is cause for some ccncern. Tensile specimens were prepared to determine
the tensile strength and ductility of hot-swaged Zircaloy-4. Testing of
these samples is currently in progress. Corrosicn samples were also
prepared and will be corrosion tested.

Corrosion Studies

Effect of H2 Pressure on Hydriding of Zircaloy. Work continued on the
effect of HQ pressure at constant water vapor partial pressure on the hy-
driding of Zircaloy-2 in H2-H20 mixtures. One segment of the experiment
reported last month was repeated. Four vapor-blasted, vacuum-annealed
samples were exposed at 400 C to 5 mm F2 with 0.1 mm E20 added. The H2
plckup data, together with that reported last month, are:

Hydrogen Pic
Time (HR) 6 2l 18 %6 120 b 234
Experiment 1 335 535 35 645 585 655
(Reported last month)
Experiment 2 615 650 1030 770
(New data) :

Both experiments show the hydriding rete has been sharply inhibited after
the f£irst few hours of exposure. However, there is enough difference from
sample to sample to hide a slow hydriding rate. Attempts to go to higher
Hy pressures failed because the samples were destroyed In the first hours
of exposure before a protective film formed. Since higher pressure runs
are necessary to determine the pressure dependence of the reaction, a new
experiment has been started using etched samples. On this surface a pro-
tective oxide is rapidly formed by HoO vapor, and it is hoped the amount.
of Hp picked up during the early portion of the experiment will be cut to
a few ppm. Short-term runs up to 100 mm Hz pressure have been completed
without sample failure, but no data are available.

Corrosion Product Hydrogen Pickup in Static and Refreshed Autoclaves. The
amount of corrosion product hydrogen pickup for Zircaloy-2 and d Zircaloy-i
is different when exposed to 4OC C steam in static and refreshed autoclave
systems. The corrosion product hydrogen plckup was approximately & factor
of two higher in the static autoclave for both Zircaloy-2 and Zircaloy-L.
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The percent of theoreticel hydrogen pickup for Zircaloy-2 was 31% in the
static system as compared to 14% in the refreshed system. The hydrogen
plekup for Zircaloy-4 was 20% in the static system as compsred to 124 in
the refreshed system. From the above results it appears that Zircaloy-2
is apparently more sensitive to hydrogen over-pressures.

A further comparison of Zircaloy-2 and Zircaloy-4 corrosion product hy-
drogen pickup has been made in 300 C, pH 10 water. In low oxXygen content
water (0.1 ppm 02) pikcup was about 8% for Zirecaloy-2; however, with three
to four ppm oxygen, about 1%. For Zircaloy-l the hydrogen pickup was 11%
and 17%, respectively, though there is considerable spread in the Zircaloy-4
data.

The contradictory nature of the hydrogen pickup data emphasizesthe need for
data at other temperatures asnd water qualities.

Aluminum Alloy Development. A series of high purity base alloys with ilron
to nickel ratio 1.5:1, but varying total alloying additions, are being
tested in 360 C deionized water. Alloys down to 0.25% Ni, 0.37% Fe show
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was observed on the coantrol specimens and 7 to 12 mils on the artificislly
vibrated specimens. About two weeks prior to the last discharge, removal
of an adjacent coancrete structure with jackhammers was started. This in-
creased vibration (8 hours/day) is believed the cause of the dramatically
increased fretting attack on the control samples. However, apparently the
magnets used to vibrate the one set of specimens also served to dampen
vibrations set up by the jackhammers, with the result that the control
specimens suffered more fretting than those equipped with the sclenoid
vibrator.

The test was terminated, but testing with larger contact areas and with
different materials contacting the Zircaloy-2 will commence gs soon as the
filter removael work is completed. Also, the effects of environment (air,
He, water) and temperature will be studied.

Structural Meterials Development

PRTR Process Tube Monitoring. Bid invitations for the development and con-
struction on & gmmme radiation resistant TV camera have been sent out fo
interested vendors. Bids are scheduled to be returned the first week of
Decenber.

A Vidigage type ultrasonic wall thickness measuring unit and accessory
equipment has been ordered with delivery scheduled for mid-November. This
equipment will be used for prototypical testing of the transducer design
and data-recording system. Two special transducer crystals, and various
types of epoxy potting campounds used for mounting the transducer crystals
have been received for determination of the effects of gamme irradiation.
Fabrication of the instrument for measuring changes in the 1/4 inch gas gap
between the Zircaloy-2 pressure and Al shroud tubes in the PRTR is about
95% complete. Bench tests of the instrument indicate an accuracy of about
+ 3 mils. '

The fabrication of 30 spare FRTR process tubes is on schedule with final
delivery expected in January. .

FRTR Sheath Tubes. A visit was made to Wolverine Tube Company on October 3,
to discuss fabrication difficulties and late deliveries on a large Eanford
order for Zircaloy-4 PRIR fuel jacket tubing.

Some progress has been made in overcoming fabrication problems. Fluorescent
penetrant rejects at Hanford for the first 168 tubes fabricated by Wolverine's
new techniques are 5 to 10%, and the vendor reports that his reject rate is
approximatély 10% versus a 50 to 60% reject rste for tubes fabricated by the
former process. This is the lowest level of rejection experienced by either
party on this order, indicating that the fabrication process is now under
control and no further delays due to developmentel efforts should occur.
Wolverine has shipped 408 of the 0.495-inch ID tubes this month; 47% of

these tubes meet the +0.002-inch to 0.0-inch ID tolerance.
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Nondestructive Testing of Sheath Tubing. Sheath tubing is again being
tested ultrasonically on a routine basis. The test equipment is stand-
ardized by setting it to reject on the signals received from 0.00k-inch
deep ineide and outside surface scratches, and to accept the slgnals
received from 0.002-inch deep inside and outside surfece scratches. The
magnitude of the signals received from the 0.00k-iInch inside and outside
surface scratches are balanced so that defects on elther the inside or
outside surfaces may be detected.

This method of standardizing the equipment is being evaluated as the tubes
are routinely tested. A group of 168, 0.495-inch ID tubes were inspected
witrasonically and the results compared with those cbtained from {he
fluorescent penetrant test. These results are compared in the table below:

Confirmed by
Surface Ultrasanlc Indications Flucrescent Penetrant
Qutside 3 3
Inside 1 -1
Unconfirmed 1 4]

Fluorescent penetrant indicetions were found in 20 tubes. In four of these,
the ultrssonic signal tripped the reject slarm; in six tubes the uvltrasonic
signal was less than that from a 0.00k-inch deep ascratch; and in six tubes
there was no ultrasonic indication of any kind. Thege results show a great
improvement in correlation between the ultrascnic and fluorescent peneirant
tests.

Twenty-one of the 168 tubes exhibited eddy-current indications. When radio-
graphed, none of these tubes showed wall thinning or thickening. The tube
with the largest eddy current indication was sectioned and exemined. No
defect could be found. '

PRTR Process Tube Creep Rates. An annealed section of & PRIR process tube
was subjected to 8 96-hour test at 2250 psi and 650 F. The aversge per-
manent deformetion was 0.0126-inch in diameter or about 0.3% deformstion,
compared to 0.17% after 48 hours. A second sample was tested at 1650 psi
and 650 F. After 100 hours, this tube showed about 0.001 inch deformation.
The test is conmtinuing.

Redicmetallurgy Laboratory Studies

Eight samples of high exposure U0z were prepared and delivered to Ceramic
Fuels Development Operation. Samples represented exposures of 72,500 and
gk ,000 MID/T (RM-609).

Metallography indicates that the flux peak of a defected, swaged UOz fuel
element was near the downstream end. Three samples have been dlssoclved
for burnup analysis to confirm flux differences through the length of the
element (RM-611).
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The four-red Zr-& 1o Qs ooowent thich was irradiated to demonstrate
enrichment simulation shows no detrimental effects of irradiation.
Fission gas has been collected from the rods and metallography is now
being done (RM-616).

No sintering was observed in a mixed plutcnium-uranium oxide fuel element,
the original shape of the pellets being still visible (RM-654).

Results and interpretations of these examinations will be reported in
more detail in connection with the respective development programs served.

Thermal Hydraullce Studies

Calculations Pertaining to the Hazards of a PRTR Ges Loop Process Tube Rupture.
One of the consequences of a PRIR gas loop rupture could be the injection
of COz into the calendria. The presence of a large bubble of COp in the
moderator in the calandria will reduce the reactor nuclear reactivity.
However, the insertion of the bubble will temporarily raise the moderator
level which will increese the reactivity. The net change in reactivity will
be the sum of these two effects and may be either positive or negative.
A knowledge of the leak rate of COp into the calandria is needed to deter- .
mine the reactivity changes and potential hazards, if amy, which will result.
Approximate calculations were therefore performed to determine the maxirzum
and minimum rates of injection of COp into the calandria which might be

~ expected. The maximum rate of injection, which would result from a complete
parting of the process tube, was found to be about 22 1b/sec. A volume of
CO2 injected equal to one third of the calandria volume will occur in
about 0.13 second. The minimum rate of injection, that rate of leak which
will just pressurize the shroud tube sufficiently to cause its rupture, is
about 6 1b/sec. This leak rate will require about 0.6 second to inject 2
volume of COo into the calandris equal to one-third of the calandria
volume. These leak rates will be used in physics calculations to determine
the nuclear reactivity transient and potentiel hazards.

Calculations Pertaining to the Hazards of Loss of Coclant to a Fuel Element
in the PRIR Criticel Facility. AIf both power to the fuel handling system
and fuel element coolant saculd be lost during movement of a fuel element

in the PRTR Critical Facility, the fuel element will be left hanging in the
faecility without proper cooling. It may melt due to fission produced decay
heating and release fission products to the Critical Facility atmeaphere.

(ne aspect of the potertial hazards of such an incident is that of the
necessity of containing the fission products within the cell. One poesible
loss of containment is the leakage of air from the cell which might occur

due to the increasse in cell pressure caused by the incresse in air tempera-
ture following loss of coolant to the fuel element. Calculations were
therefore made to determine the effectiveness of heat transfer through the
cell walls to remove heat from the cell and thus suppress the increases in
alr temperature and pressure. The calculations show that if the fuel element
is generating heat at a rate of about 6 kw or less, the heat transfer through
the walls will remove encugh heat to prevent the air pressure in the cell
from exceeding two psig. The cell is designed to have an acceptably small y
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leak rate at a pressure of two psig. Qualitative transient heat transfer
considerations indicate that if the fuel element were generating heat st
a rate greater than about 6 kw, the times to reach air pressures greater
than two psig will be long, in the order of several hours to a few days.

High Pressure Becircula.tii:g Pumo Repairs. The recirculating pump used in
the high pressure heat transfer apparatus was found to have developed in-
terference between itz rotating and stationary parts. The rotating parts
of the pump are supported by a shaft through a bearing. The bearing
housing is attached to & seal housing which, in turn, is attached to the
pump case. The necessary alignment is accomplished with dowel pins through
the bearing housing into the sesl housing and with dowel pins through the
seal housing into the pump case. Since the bearing housing is outside the
seal housing, it has to be removed during a seal replacement. The present
trouble was found to be due to damage to the dowel pin holes in the seal
housing Incurred during the reassembly of the bearing housing following

a prior seal replacement. The dowel pin holes had become somewhat egg-
shaped, which caused the bearing housing to be supported below its proper
positinn and allowed the impeller to contact the pump volute case. The
repairs to the pump consisted of honing smooth the rough spots caused by
the rubbing of the impeller on the case and drilling new dcowel pin holes
in the seal housing. The repairs and realignment of the shaft bearings
with the pump case were successfully accomplished on site with plant
forces. Vibration measured at the bearing housings during operation s
about 0.00025 inch.

PRTR ProJect Menagement and Design

FRIR Construction. The Phase III-A portion of the PRTR (remaining con-
struction items not completed by the Phase ITI cantractor or not ircluded
in bis contract) being completed by the J. A. Jones Construction Company,
CPFF contractor to the AEC, is estimated at about 20% completed. Construc~
tion work was delayed from about September 19 to October 3 because of a '
Jurisdictional dispute involving pipefitters. Construction completion is
being directed toward those systems required for the criticsl test program.

The reflector system has been flushed, clesned, rinsed, and hydrostatically
tested. A congiderable amount of cloth-like material, believed to be from
dessicant bags left in the pumps, was picked up on the strainer screen
during the flushing cperation. The rinsing operation was more extensive
than anticipated because of the difficulty in removing the Turco cleaning
solution. Resilstivity of the final flush water was 20,000 chms. The
syster is currently being dried prior to final helium leak testing and
filling with heavy weter. '

The exterior portion of the moderator system was flushed with sanitary
water. Minor amounts of sand, filings, rust particles, etc., were de-
posited on the strainer. During the flushing operation it was noticed
that the impellers on two pumps dragged on the bowls. An out-of-
alignment situation was noted, apparently due to improperly machined
shaftg. All three moderator pumps are currently being realigned. The
interior moderstor system piping is sbout 80% completed with all dump
valves installed. Electrical and pneumatic tie-ins to the dump valves
are being installed.
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The helium piping required for the critical tests is estimated at 90%
completed. The gas balance system valves are installed, and the
temporary Jumper piping for the helium system cleaning operation is
instelled.

The primary pumps sre partially installed and some piping medifications
on the H20 injection system assoclated with the primary system are
complete. Some piping in the cleanup system has been flushed and
cleaned. The RTH's which clamp on the jumper outlet piping are ebout
50% installed.

Work on the interconnections of the reactor flux monitoring and reactor
couttrol systems 1s nearing completion. An acceptance test procedure has
been written covering wiring checkout and functional tests which will
verify that all the proper connectilons are present and that no connections
exist which do not show on the drawings. Upon completion of the accept-
ance tests, the system will be turned over to PRTR Operations for design
tests.

Both the mechanical and electronic porticns of the rupture detection
system are currently behind schedule. The mechanical portion, being
fabricated locally, is nearing completion, but will require additicmal
manpower if it is to be completed and placed inside the zontainment
vegsel before the critical tests begin. The electronic portiom has not
yet been shipped because of the switching transient problem which still
delays successful completion of the 2h-hour acceptance test. The manu-
facturer reports that progress has been made btut that the switching
operation is still unsatisfactory. This is the same status report which
the manufacturaer bhas been making for the past three months.

The building radiation and air sampling systems have been completed and
released on an extended basis to PRTRO for design testing. Preliminary
testing hes revealed no major deficiencies in the systems.

Construction and acceptance testing were completed on the shim controls
on October 22, and released for design testing. During acceptance test-
ing 1t was found that seven of the position indicating meters had de-
fective transformers and the pawer supply was improperiy wired. The
design test revmaled several minor deficiencies; however, in general the
shim control system performed as designed.

Minor modificetions and repair to the fuel transfer systen are in progress.

During final inspection of the loedout cask, it was determined that the
end plate at the loading end was warped. Since this would result in &
radiation lesk when using the cask in the Radiometallurgy Building,
Industrial Process Engineers was instructed to machine the end flat.
Cagk shipment is scheduled for late October.

The primary manipulator for the Fuel Element Examination Facility is being
reassembled by the vendor in prepartation for retesting. No firm delivery
date can be determined until after the results of the tests are known.
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The Maintenance and Mockup Building comstruction contractor is astimated
to ve approximately 4% complete versus 4% schedul»d as of October 31,
1960. A substantial part of the underground service line installation
and relocaticn has Deen completed. Bxcawation is complete for the filter
vault and 30-inch stack tie-in, and has been started for the Critical
Facillty. _

Further analysis of cases requiring low pressure HpO injection into the
primary system shows that the existing emergency well pump is adequate

if connected to the "A" Cell injection line. The "B" Cell line will be
connected to the boiler feed pumps for high pressure injection. Design
work is complete except for rerouting of "B" Cell HpO injection piping

to connect to the boiler feed pumps.

PRP Critical Facility (Project CAH-842). Over-all design of the project
18 approximately 09% complete versus 100% scheduled. The msjor remaining
design item td be completed is the reactor conbrol conscle.

Components of the prototype of the poison injection system triggering
mechanism are on order.

The Henry Pratt Company submitted general layout drawings of the fuel

- '~ transfer lock for approval. The drawings were returned "Approved as
Noted.” Since the drawings did not show the transfer mechanism in the
lock, they were requested to re-submit the drawings of this item sgain
for approval prior to starting construction.

A double-ended motor with two gear reducers has been ordered for use with
the safety rods. This will permit the use of a potentiometer position
indication system which will essentially be a duplicate of the system used
for the PRTR shim rods. '

A meeting was held with an engineering representative of Norden-Ketay
(United Aircraft) concerning the synchro units for the control rod
position indicators. As a result of this meeting, new bids have been.
issued end it is enticipeted that esastisfactory results will be obtained
at a cost eppreciably lower than the original bids. Alternate position
indicator systems are being conmsidered, involving pulse counters and ana-
logue type encoderz and resalvers.

A special "On-Mark" coupling has been ordered for prototype testing as the
fuel element thimble tube closure.

Fusl Element Rupture Test Facility (Project CAH-867). A design contract
was swarded to Cornell, Howland, Hayes, and Merryfield for design of the

- water filtration plant. The comtract completion date is 12/30/60, at a
contract cost of $19,000. The General Electric portion of detail design
iz estimated at about 47% complete compared to 63% scheduled.

Orders are being placed for RLE-1 (immersion hesters), RLEX-1 (regenera.
tive heat exchanger), and the coolant circulating pumps. Total cost of
this material will be $182,02k as compared to the project proposal
estimate of sbout $204,000. - : _

1234233 HELASSIFIED



UNCLASSIFTED A-34 , W-67254

Bid due date for RLEX-2 (cooling heat exchanger) is 10/30/60. Specifi-
cations, drawings, and purchase requisitions are in process of approval
for the storage tank, decontamination tank, vacuum deserstor, wmakeup
system ion exchanger, cleanup system ion exchanger, and the chemical feed
systemn. '

Negotiations with Tube Reducing Corporation for Zircaloy-2 pressure tubes
have been unsatisfactory to date. 'The detsiled cost breakdown submitied
Yo the AEC showed a per tube cost substantially inexcess of their orlg-
inal quotation. Negotiations with an alternate vendor are in progress.

Drawings of Test Section "A" inlet assenbly were completed and have been
igsued for comment. Specifications are being prepared for procuring
certified materials for fabrication of components.

An order was placed for two Grayloc cutlet connectors. Negotiations are
contiruing on the Aero Supply inlet valves to modify the design to meet
ASTM Code requirements.

Design and Component Testing

PRTR Fueling Vehicle. Work instructions for completing all modifications
to the fueling wvehicle have been issued and no further reports will be igsued.

PR-10 - Primery Logp Mockup. The PRTR primary process pump has operated
2710 hours with no indication of seal trouble. The leakage rate is less
than 0.1 g/hr. ]

The prototype pump with the self-adjusting seal assembly bas operated
3489 hours. The leakage rate has decreased to the range of 0.3 to 0.6 g/hr.

The Aldrich injection pump has now operated 2128 hours with R/M‘Vee-Flex
packing rings with compression springs. This 1s more than twice the service
cbtained with this packing without springs. Two additicnal gland adjust-
ments were required during the month to maintain the leakage rate per

bland below 4000 ml/hr.

In Boiler Test No. 1, using simulated Yakima River water, the boller has
been secticmned for inspection of the tube-to-tube sheet Joint. No ex-
cessive corrosion was cobserved although further sectioning and detailed
examination 1s planned.

Process Tube No. 586-6063 was cperated for 600 hours during the month for
8 total of 4725 hours at reactor conditions. Tungsten particles 0.060,
0.092, and ¢.125 inch in diameter by 0.065, 0.100, and 0.112 inch in
length, respectively, were placed in the in-let Jumper to test the ability
of the flow stream to flush ruptured fuel element particles from this
location. It is assumed that the other perticles passed by the fuel..
element, although this camnot be checked until the loop is shut down
during November. Iurther tests with a greater range of particle sizes
will be tried following replacement of the present pump strainer with

one of fine mesh. '
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Process Tube Seal Experience. The new nozzle-to-process-tube gasket with
the larger ID 1s now being evaluasted in the Single Tube Prototype and in
the flexure loop test pieces. Dimensions of this gasket are 3.415 to 3.430-
inch ID, 3.787 to 3.807 D, and 0.125 inch thick. The gasket on the Single
Tube Prototype has been leaking only 1 to 2 ml/day. One of the flexure
loop seals has been leaking at about 5 to 10 ml/day with the other leeking
about 25 ml/day. The gasket with the high leakage rate is compressed a
maximam of 0,025 inch, while the other geskets are compressed from 0.030
to 0.035 inch. Conclusive results are nct yet available; however, 1t does
appear that average leakage with the nerrower gasket will be somewhat
larger than with the orlginal gasket.

The special test piece for eveluating damege to the process tube from
metal selzure at the nozzle to process tube joint has now operated through
1725 thermsl and pressure cycles.

PR-40 - shim Control Mockup. Operation of the Western Gear motor after
exposure to l.4 x 107 R gamma has been completed with no observed change
in electrical characteristics. The motor has been returned for further
irradiation.

Installation of special shim rods of carbon steel, carbon steel with O.L%
boron and stainless steel with 1.2% boron, for use in the critical tests,
are 50% complete. The new type drive motors are also being instelled on
these sasemblies.

The final shim assembly has been shipped by GE-APED fellowing the replace-
ment of a faulty position potentiometer. A total of 28 Western Gear drive
units have been shipped, leaving a balance of 22. These units were pur-
chased ag spares following the comtinual problems with the initial units.

PR-70 - Helium Compressor Test. The fourth high pressure compressor oil
punmp wes operated with satisfactory output and piston leakage rates for 500
hours. 01l pump tests have now heen concluded.

Four-teat check valves purchased from Specialty Engineering Company have
been received. These valves will be evaluated during PRTR operability
testing if the replacement valves, which use improved alloy materials, fail.

FRTR Special Reactor Teols. The process tube to nozzle alignment mandrel
has been fabricated and successfully tested. This tool has heen delivered
40 the PRTR Operstion for use during gasket replacement.

The loed-out cask wrench for operating the cask gate remotely under water
has been completed and is being tested. Other tools for the losd-out
facility to open the relief valve, replace hangers, and handle the fuel
are now partially fabricated.

The fuel element extractor has been tested: using a lead filled 19-rod
cluster. A stuck fuel element was simlated by loading the upper end
of the fuel element. Further tests will be performed using the above
method following severance of the wire wraps.
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PRTR Unit Motion Study. Imstallation of the reference targets for the
optical measuring system has been conpleted.

PRTR Process Instrumentation. A servo-mancmeter system for PRTR moder-
ator level measurements has been assembled and tested in the laborstory.
Preliminary testing indicates that the mancometer system is capable of
readily measuring differentisl levels to the nearest 0.001 inch under
laboratory conditions. This equipment will be used in precise reactivity
measurements (as related to moderator levels) during the PRTR Critical
Tests.

An autoclaved section of Zircaloy plate has been sent to the vendor to
permit calibration of the Fuel Exam Facility temperature probes priocr to
shipment.

The instruments to measure PRIR moderator dump rates have been assembled
in shim {tubes and are ready for installation in the reactor. The rate
of fall over the first 30 inches from moderator heights above 75 inches
will be measured with the short prohe, and the longer instrument will be
used to follow changes over the entire moderator level range. These
measurements will be part of the design testing of the moderator system.

Deaign Analysis

PRIR Process Specifications. All Process Specifications required for the
initiel startup and critical testing of the PRTR have been approved by the
Startup Council. Approval of two additionel specifications will be re-
quired prior to ppwer testing.

Safeguards Anslyses. The Uniform Accident Report Form covering PRTR
Safegusrds Analyses which was submitted to the General Electric Reasctor
Safeguards Council was reviged to clarify the assumptions and hasis for
the information repcrted. Copies of the revised report were forwarded
to the Reactor Safegueards Council.

Analyses of the consequences of primary coolant system leaks under
various primary coclant conditions and for the full range of possible
leak sizes are virtually complete. A report of these analyses, which
is now being written, will be the basis for the last process specifica-
tion. The analyses show that the light water inJjection system, as
modified by approved Phase ITI-A comstruction items, is capable of pre-
venting fuel element melting for any possible primary coclant leak.

PRTR Critical Tests. Nearly all of the remaining detailed procedures

for Critical Tests have been written and reviewed in conjunction with

the Critical Test Sub-Council. Fabrication of the foil-containing fuel
elements and cadmium covers for lutetium foils have been completed for
use in Critical Test 21. Two reactor physics orientation lectures have
been presented as part of the PRTR Critical Test training program. A
computer program has been written to analyze the pericd data fronm
Critical Tests. The code performs a least squares fit to the data points,
followed by solution of the in-hour equation for the reactivity.

1234236
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Detailed procedures for approximately 75 percent of the Critical Tests
were reviewed for ccnformance with safety restrictions and specifications.
A supplement to the hazards and restrictions section of the Critical Test
Document has been prepared acd has received the approval of the FRTR
Startup Council. This supplement was required because of (&) tests added
following recommendations of the IFD Audit Team, (b) completion of addi-
tional Startup Process Specifications, and (c) plens to begin testing
before construction of all reactor systems has been completed,

Other Startup Preparations. Preparation and review of power test des-
criptions 1s continuing in conjunction with the Power Test Sub-Council.
Power Test 18 (Photoneutron Flux) has been amended to conform with review
comments, and Power Test 6 (Shielding Adequacy) has been approved by the
Staxrtup Council., BSafeguards review of Pewer Test descriptions and Oper-
ating Procedures contirued as these have been written and scheduled for
Startup Council approvel. Approximately 50% of the PRTR Operating
Standards have been reviewdd for conformance with Process Specificatioms.

Critical Facility €alculetions. The FLUX-WEIGHT reactor code has been
fied to carry out calculations which employ the use of rerined sta-
tistical weight digtributions end their integrals. The perturbation
method used observes the influence on multiplication of each parameter
in any region through the integral of products of group-flux and group-
adjoint flux distributions (and their gradients) in that region. Com-
pilation and debugging of the code is completed, and calculations have
been performed for several expected loading configurations in the Critical
Pacility. These were two-zone lcadings of Mark I UOp and Pu-Al fuel
elements with & DpO moderator and reflecter.

The properties of individusl reactor cells (surrcunded by the appropriate
environment) or whole reactors constructed as a ore dimengiconal , muiti-
region model are determined by this calculation. Data for each problem
conglists of a geometric description and the parameters which meke up the
gperstors J and K in the wave equation qu = Jgp for each region of the
system.

Quantities calculated for each case include the following:

1. Three-group flux distributions and fission deneity distridution
normalized to unit power operation. )

2. Effective mitiplication of the system.

Three-group adjoint flux distribution.

Statistical weight distribution for each parameter in the vperators

J and K.

» Homogenized or effective average wvalue in the system of each

parasmeter in J and XK.

Prompt neutron lifetime in the system.

Effective slowing down and diffusion area of the system.

Effective buckling value for each erergy grcup in the systen.

Variational coefficients of the parameters in J and K for each

region. From these coefficients, for example, it may be known

that an increase of 1% in the thermal abscrption cross-section

L

- =+ 3
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in & UDp loaded region of the PRCF will result in a decrease in multi-
plication of the system of 4.8 mk. Again, for example, ar increase
of one percent in the fast-to-epithermal scattering cross section in
this same region will result in a decrease of 0.03 mk in the system
mltiplication, due to causing a slightly increased loss of neutrons
by resonence absorption.

PRTR Operations Planning

Preparation of PRTR Operating Standards continued. Sixty-eight standards
pertaining to the reactor have been issued for review and approvel. Of
the 68 standards, 32 were approved at month's end.

Review and approvel of the PRTR Operating Procedures by the Startup Council
continued. Seventy-two procedures have been approved. The remaining 20
are under review, :

River Pump No. 1 cperated for 135 hours during October. Pump No. 2 oper-
ated for 46 hours. Both pumps were shut down from October 10 to Octobter 28
because of excavations in the vicinity of the 2400 V feeders and the
Manhole No. 3. :

A Work Request was lssued to suthorize installaticn of 0-5 GFM rotometers
in the cooling water lines to the air compressors to ®llow fine control
of the gperating temperstures.

Considerable effort was devoted to reviewing the status of the moderstor
and reflector systems in preparaticon for receipt of heavy water. Punch
lists were compiléd for both systems and the status of instrumentation
systems was revieved to insure minimum delay in preparing both systems
for cperation.

Seventy-six drums of DpO were moved to the Reactor Hall In preparation
for deuterizing ion exchangers and filling the reflector system. An
additional 56 drums were sampled and readied for movement to the PRIR
for use in the moderstor system. An accountability system was estab-
l2shed for heavy water samples.

The procedures for flushing and cleasning the helium system were reviewed
a weekly Design Test Exceptions List has been issued to assist the con-
tractor in correcting the problems. Also, to assist the contractor, a
System Status Summary for each system was prepared and kept current.

A partiml shipment of spare parts for the Hofer helium compressers was
received during October. The rest of the spares ordered will be shipped
in December. Hslf-hard steel stock to be used for compresser disphragms
will be received in November. It has been necessary to obtain the
assistance of liaison personnel because of the difficulty encountered

in obtaining a commitment from the Hofer Company in Germany.
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The process water pump alignment and vibration problems reported last
month have been corrected. A number of control circults on one water
chiller have been rewired and the water temperature controller was re-
located to a wall location to correct the control problems. Unmarked
wires were traced and properly identified.

Al]l necessary equipment has been installed in the Temporary shop in
the basement of the PRIR Service Building. The Fuels Preparation De-
partment maintenance organization now are using the shop facilities.
A jib crane is being installed for use in lowering supplies to the
shop floor level.

A preventive maintenance program, for installed equipment in the PRTR,
is being implemented as the individual components are released to FRIRO.

A1l PRIR Technolagiste and Technicians completed the oral examinations.
With minor exceptions, &ll personnel demonstrated & training status
adequate for participation in the initial startup operations. Addi-
ticnal training in these areas will be accomplished with the individuals
involved. Training continued with emphasis an Critical Test Procedures,
Building Radiation Preocedures and review of Operating Standards.

Preliminary planning for the training program to familiarize PRTRO per-
scunel with the gas loop operating techniques was completed during the
month. A tentative trsining program outline was established. Respon~
sibilities for various phases and a schedule was prepared. The objective
iz %o qualify all Technologists and Technicians to operate the loop one
mouth before the loop 1s ready to start up.

Performance of Design Tests continued as systems hecame aveilable for
testing. The exhaustion and regeneration of water softeners under
Design Test No. 12 (Secondary System - Miscellaneocus) is being repeated
due to the large amount of difficulty experienced with the autcmatic
cycler and valves during the first test of the softeners. All other
sections of this test have been completed. With one exception, the
water softeners do not meet the vendor's specifications. It is planned
to seek assistance of the vendor to correct the problems.

Deslgn Tests No. 15 (Heating and Ventilating System - Startup) and No. 22
(Bffluent System) were completed. Ten of the Building Radiation Monitoring
Chambers were tested per Design Test No. 29. The ingtruments were found
to drift 10 to 50% in a 24-hour period, rather than 1/2 percent as
specified in the procurement specifications. The drift test was re-run
for a T2-hour period drifts ranged 10 to 30%.

Thirty of the 36 shim rods were tested per Design Test No. 30, and
Addendum No. 1. The rods remained statiphsry in the up, or inserted,
positian. Several minor problems were discovered during the course of
testing. One seriocus problem developed in the position indicators.
Calibration of the indicators requires adjustment of the zero point
downwerds thereby preventing checking the meters for drift during
cperation. A design revislon to correct this deficlency is being pro-
cegsed.
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Testing of the Fog Spray System under a portion of Design Test No. 53
(Fog Spray System) was completed. The equipment for activeting the
system from the reactor control room was found to operate satiafactorily.
The portion of the test covering activation of the system from the

384 Puilding will be completed later.

Porticns of Design Test No. 20 (Motor Control Circuits) were completed
in conjunction with the other design tests.

Preparation of the detailed Power Test descriptions and procedures
continued. Sixteen of the 33 test descriptions have been approved by
the PRIR Startup Council. A1l test dascripticons will be completed by
the end of November.

Criticel Tests. Formal training sessicns were held for all persons
directly connected with {ihe Critical Teats. The subjects discussed
included organizational planning, responeibilities, general test des-
criptions, PRTR physics, procedural restrictions, process specifications,
test instrumentation, and detailed test descriptions. Informal training
of the shift crews to familiarize the persomnel with detailed procedures
is now in progress.

All eguipment needed for Critical Tests will be available by November L.
Approximately 3 days will be required to install and check the test
equipment. Installation and festing will be done concurrently with
Design Testing of the systems required for the Critical Test Program.
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2. PLUTONIUM CERAMICS RESEARCH

Experiments bave continued on the structural stablliity of Pulp in various
atmospheres. Plutonlum oxalate was calcined at 150 € increments from

150 to 105C C in air to give Pu0p. Crystallite sizes have. been determined
by studying the broadening of the (111) reflecting plane with CuK radieticn.
Pellets of these powders were heated to 1100 C and 1500 C in hydrogen con-
taining vaerious amounts of water vapor, belium, and vacuum. In meny cases
the pellets cracked and chipped sc¢ that precise density determinations
could not be made. In hydrogen, however, the sintered density eppesars to
incresse slightly with the dryer ges at both 1100 and 1300 C.

X-ray data were obtained directly from the surface ol the as-sintered
peliets. The surfaces of scme specimens were rough to the extent of
giving broadened lines and reduced intensities; however, in no case was
the surface so bad as to give a repetition of the same reflection at two
different Bragg angles. The patterns from the pellets sintersd at 1100 C
for one hour showed,- for every sintering trestment and calcination temperea-
ture, only a single cublc structure corresponding to PuOp. These pleces
were hezted in oxygen to 750 C and the weight gain measured to get an
as-sintered oxygen/plutonium ratic. The O/Pu ratioc for helium, vacuum,
wet and tank hydrogen sintering, were all near 1.99, regerdless of cal-
cinstion treatment. The O/Pu ratio for very dry hydrogen, varies almost
lineariy with calcining temperature, reaching a low of 1196 for'a 1050 C
caleine.

The PuOp powders sintered in all atmospheres for one hour at 1500 C showed
a partial reduction of Pu0O, to both alpha and beta Pup03. Lines of cublc
Pup0O3 were indexed according to the interplaner spacing data reported by
Mooney and Zachariasen; however, in some cases intensity differences were
seen. Hexagonal Pu03 has not been frequently cobserved and plane spacing
data is unavallable. The compound is isomorphous with Las0O5 and inter-
planed spacings were calculated frem lattice parameters glven by Templeton
and Dauben. Based on the Laz03 iscmorphism, intensities of cbserved re-
flections agreed well with those expected. A number of lines on many
patterns were unindexed and it is speculsted that these may be the result
of Pus0; ~ Pulp sclid solutions, or conceivably a PuyOy7 phase. High

angle lattice parsmeters of the PuOp phase varied from 5. 396 to 5.406 4
indiceting in some cases an oxygen deficient structure. Oxidation of

the pellets heated in tank hydrogen at 1500 C gave an oxygen/plutonium
ratio of about 1.81 for most of the pieces with a high of 1.90 for the
powder. calcined at 150 C.

Duplicate samples of those Just referred to were subjected to diffraction
analyses and alsc gave alpha and beta Pup03 and PuQOp phases. The surfaces
were then ground and the resulting patterns showed only a PuQ, phase.
'This would 1ndicate that the reduction of Pulp 1s a surface elffect and
would explain why a Pﬁ203 phase has almost never been observed before
" at Eenford, i.e., sampleS had always been preépared by mounting in a
cold setting plastic and grinding until smooth.
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Several 1/2" dia x 1/2" long Pu0, peliets and U0y pellets Containing

0, 20; 40, 60, and 80 w/o Puls were heated to about 1750 C for 75 hours
in very dry hydrogen. A very, very striking change cccurred. The

Pul, pellets, a totel of eight, completely vanished. All that remains
is a black coating on the molybdenum boat and traces of a white residue.
The UO» and U0p-20 and ko PuOg appeared to have flowed plastically and
the bottom of the initial 1/2" dia pellets conforms to the contour of
the 1 1/2" dia boat.

The UO,-60 and 80 PuOs still remsin as cylinders; however, they possess
a very charred coating. Detailed examination of these pleces and of the
flow phenomenon 1s presently in progress.

A semple of PuDp and carbon heated to 2000 C for one hour at 1 x 107 m Hg
was found to have completely vanished. Conceivably, PupC3 hed formed on
passing the peritectic and then ~aporized. That pure PupC3 has a high rate
of vaporlzation was observed visz.ally by heasting pure Pu203 to 2000 £ in
both a vacuum and in one atmosphere of helium. The hegting was accomplished
in an inverted Mendenha] type tungsten wedge. A sample of pure PuC was
heated in a wedge in helium and decompositions were cbserved at 1645 C

and 1870 C.

Pure PuC, as determined only by diffraction, has been formed regularly

by beating Pully with carbon at temperatures between 1100 C and 1L50 C.

The PuC has a variable lattice parameter depending on whether the defect
NaCl mixture is carbon rick or carbon deflclent. Lattice parsmeters varying
between 4.970 and 4.961 A have been noted. '

Attempts have been mede to form UC-PuC solid soclutions by reacting ball
milled arc melted UC with PuH, and carbon in vacuo. This has been done at
1450 and 1600 C using "patch" type semples. UC, Pullz and ¢ were weighed
out to give PuC - 35, 50, and 65 w/o UC solid solutions. In every case

8 single phase resulted; however, no correlation could be made with Vegard's
Law since slight errors in the carbon addition have such & pronounced effect
on the resultant lattice parameter. Thus it will be necessary to form one
large lot of PuC from several small batches and thoroughly homogenize this
to give a stock of working material.

Twenty-one pellets containing Pulp - ZrOp are being sintered in helium at
approximately 1400 ¢ for 20 hours, for use in determination of the phase
diegrem of this system. Compositions include the entire range with parti-
cular emphasis on the lower concentrations of Pu0p. Pellets having excel-
lent integrity will then be thermally cycled to further verify the stabi-
lization effect of Pu0, additions. X-ray diffraction data correlated
with photomicrographs should clarify or reconfirm the room temperature
equilibris previously reported. BExperiments have alsc been planned using
stgbilized zirconla containing small amounts of cale¢la or msgnesia.

An atiempt to produce PuSip was made by heating = mixture of PuQ. and
beta-SiC in a stoichiometric ratio according to the followlng equation:

UNCLASSIFIED
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Puls + 2 81C ——=—>3 Pu 8ip + 2 CO

The mixture was heated in vacuum for two hours at 1400 C. X-ray
diffraction data indicate that beta-PuSip wes formed. Trace
emounts of SiC were also presented in the reacted product.
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3.

URANIUM DIOXIDE FUELS RESEARCH

Fuel Evalustion

Swaged UQ, capsules have attained estimated exposures of approximately
19,500 MWD/T in ETR-MTR.

A T-rod swaged cluster, pruposely defected with four 0.006 inch holes
completed 17.8 days of irradiaticn at a meximum surface heat flux of approxi-
mately 475,000 BTU/hr-ft=. The irradiation included four reactor start-

ups and approximately ten scrams. The coclant temperature was raised to

515 F during the last 28 hours of the irradiation. No large increase in the
gamma activity of the water was observed during the increase in the coolant
water temperature. No decontamination of the loop was required after the
irradiation.

A Hanford preoduction reactor is now beilng used to irradiate a purposely
defected fuel element. During the first two weeks of irradiation (the
period covered by this report), essentially no activity was detected in the
effluent coolant.

The irrsdiation of defected elements in the Harnford reactors will provide
long-term irrediation data to augment the short-term data obtained from
MTR and ETR defect tests. A number of elements, coverlng a wide range of
power generstions and e variety of fabrication techniques, eventually will
be irradiated. The element now under irradiation contains sintered pellets
of UOQ.

The test elements are 4-rod clusters, 12" long, with each rod 0.565 inch

in diameter. Two rnds of each cluster are clad in Zircaloy-2, and two are
clad in Zircaloy-4. One each of the Zircaloy-2 and Zircaloy-4 rods contains
& 0.006" diameter hole through the cladding.

A vibrationally compacted, purposely defected fuel rod was successfully
irradiated in the GEH-4 facility in the MTR. The behavior of this fuel
element during irradiation was, in general, quite similar to the irradiation
behavior of four swaged, deliberafely defected fuel elements previocusly
tested.

The fuel element was 24" long and 0.565" in diameter. The cladding con-
sisted of twelve inches of Zircaloy-2 tube, and twelve inches of Zircaloy-i4 _
tube buti-welded together. The U.006 Inch diameter defect was drilled
through the weld. Tgs 1 core was (-6 + 150) mesh U02 (homogeneously
enriched to 3.2 w/o U=3 0p) vibrationally compacted to 80.6% T.D. This

was the first defect test employing an element with vibrationally compacted
fuel core. Thils was also the first test 1n which defected Zircaloy-2 and
Zircaloy-4 were irradiated under identical conditions. Post-irradiation
examinations will provide an excellent comparison of these two cladding
materials with respect to hydriding.
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The fuel rod was irradiated Zor & total of 86 minutes, 29 of whick were at
full power. The reactor wes power Iycled twice during the irradistion.
During the first cycle, the reactor power level decreased from 40 MW to
0.4 MW in 30 seconds. Tn the second power cycle, the same decrease was
accomplished in about seven minutes. No differences in behavior were ob-
served as a result of the dlfference In cyecling time. During every change
in reactor power level, buarsts of activifty were reieased to the coolant.
The largest bursts were released during decreases in reactor power; however,
these bursis decayed to & conagtant activity level more rapldiy shan the
bursts which occurred during increesss in reactor power. This acitivity
pattern is essentially the same as the pattern observed durlng lrradiaticn
of the four defected swaged U0z fuel eiements.

The reactor was shut down and the test was terminated aftsr 86 minutes of
the scheduled 90 minutes of operation. The shutdown was caused by the high
inlet pressure in *a= CEH-4 facility. The inlst pressure incressed f~om

105 psia (normel operating pressure) %¢ ~~25C psia. Simultanecusly, the
outlet pressure decreased from 5C psia to~~35 psia and the flow decreased
from T gpm ¢ »~5 gpm. The exast cause of these changes in coclant condi-
tions hes not yet been determined because the fuel element has not cooled
gufficiently to aliow examirztion.

Basic Studfes

The JEM electron microscope has been inastalled, aligned, and tasted in
operation. Resolution of better thar 10 Angstroms has been demonstrated.
Accessory equipment is heing tested; performence of reflection microscopy,
high temperature transmission microsccpy, and diffraction (%o 1100 C}, and
high resolution diffraction accessories has been very satisfactory.

Discussions of methods for thermal cornductivity messurements on single cry-
stals of non-irrediated U0p have besn conducted with personnel of BMI,

The first crystal to be Investigeted probdably will be about one inck long
and one-fourth Iinch square in cross-section. The research proposal is
currently being comsidered in relation <o other thermal conductivity pro=-
grams in progress,

Facllities for measurement of electrical conductivity of irradiated U0y

are beling assembled at BMI. Specimens to be measured are among those al-
ready prepared by Ceramic Fuels for messurement of thermal conductivity at
IMI. Electrical measurements will be made on semples not previcusiy heated,
at temperatures corresponding to significant poimts om thermal corducti-
vity curves already obtained from similar irradisted specimens.

Fabrication and installetion of additional equipment for high temperature
microscople examination of irradiated materials has been completed. The
glove box contelning the resistance furnsce is equipped with glass ports
through whick specimens can be examined from eitker the top or the side of
the "V" shaped tungsten filsmert of the furnace. A third port facilitates
measurement of specimen tempermtures with aa optical pyrometer.
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Examination of irradiated U0z with burnups of 72,500 and 97,000 MWD/T
has been initlated. Several samples of each lot of material will be
examined under the microscope at temperatures to the melting point.

Ultra-High Density UO». Fused-200 mesh UQO, and sintered -200. mesh UO,
were compacted In the Dynapak machine at 1%00 C to bulk densities of 99.5
and 99.0% T.D., respectively. The compacting pressure used was greater
than 500,000 psi, and was obtained with the sid of modified Bridgman anvil
die inserts. '

Electron micrographs of UQ2 compacted by the Dyrmapak process indicate that
specimens heated to 1100 C or higher contain numerous small closed pores.
It 1s probable that these pores are caused by gases evolved from the UOo.
Since the specimens are vactium outzassed at 600 C before the stainless
steel capsules are sealed, it is difficult to see how large amounts of
adscrbed gases could be present.

A more logical source of gas is the oxygen contained in the UQp in excess
of the stoichiometric requirement. Micronized UOp bas an (/U ratio of
2.05-2.09., The excess oxygen contained in a typilcal 85 gram UOp specimen
is equivalent to 200 ml of Oz gas at room temperature and atmospheric pres-
sure.

Semples of micronized UOp compacted in the Dymapak at various temperatures
from 900 C to 1200 C were amalyzed for 0/U ratilo by coulametric analysis.
0/U ratios decreased with increasing temperasture, indicating that excess
oxygen 1s indeed evolved. OfU ratios and densities obtained at the various
temperatures are tabulated in Table I. The lower UOp density above 1100 C
may be due to the presence of gas and/or to the decrease in the plasticity
of U0 with decreasing 0/U ratio.

Table I

0/U Ratio of Micronized UQo Hested to Various Temperatures
and Campacted by High Energy Impact

Temperature, C O/U Ratio ﬁT.D.
900 _ 2.0615 88.8

950 2.0579 86.3

1000 2.0541 91.1
1050 2.0429 9.8
1100+ . 2.0369 o9k.6
1150% 2,0090 92.2
1200% 2.0064 88.9
1200% 2.0133 91.9

*3tainless steel capsule reacted with UOp or with Op gas.
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BExperimental evidence has been obtained which indicates that the decrease
in compacted density above 1100 C 1s due to lack of plasticity in near-
stolchicmetric U0s. Micronized UOp was made stolchiometric by reduction
with hydrogen, loaded in s stainless steel capsule, sealed in vacuum,
heated to 1200 C, and compacted by high energy impact. Tmpact pressgure
was the same as that vhich bad previcusly resulted ia a density of 99.4%
T.D. for nomstoichicmetric U0z after heating first to 1200 C, then cool-
ing to 800 C or lower. A density of 95.3% T.D. was obtained. No reaction
layer at the UOp-cladding interface was found, vwhich indicates that the
Teaction products previously formed were caused by an Op - stainless steel
reaction. BRlectron micrographs of the compacted U0z show that pores of the
type found in nonstoichiometric U0z compacted at 1200 C are not present.

It was concluded thet some excesa oxygen is necessary for high compacted

densities, the amount depending upon ccmpacting pressure, tempersture, and
powder particle size and past treatment.
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4, BASIC SWELLING STUDIES

Irradiatior Program. General swelling capsules No. 5 containing cne 3 per
cent enriched and two natural uranium spheres was discharged from the
reactor. It had operated at a control temperature of 525 C. One thermo-
couple falled quite early in the test supposediy due to thermal shock.

The heater and the other three thermocouples retained their integrity un-
t1l discharge. When the reactor was operating, there was a large tempera-
ture gradient along the capsule due to the difference in specific rate of
heat generation because of the two levels of specimen enrichment employed.
In future capsules of this configuration, it is planned to insert only
specimens with the same U-235 content.

General swelling caepsule No. 4 containing four netural uranium spheres

was also discharged. All of the components of this capsule retaiped the
original integrity. The specimens of both capsule No. 4 ard 5 will be
examined in Radiometallurgy as soon as the radicactivity has decayed enough
to permit handling. This will probably require another sixty days. Metallo-
graphy and density measursments will be performed and, depending on the
results, other physical measurements may be made,

The assembly of capsule No. 6 was completed, successfully bench tested and
the capsule was charged into a reactor. This capsule contains one-half
inch diameter, 30 mil wall, split, holiow cylinders, two of which are as-
extruded and a third that was oll quenched from 730 C after a holding time
of fifteen minutes in vacuum. Radiographs were taken of the completed
capsule showing the internal components including the NaK level. The radio-
graphs were taken both vertically and horizentally at room temperature, 400 C
and 500 C. Under each of these conditions shots were taken 90° apart to
view all of the internal parts. Interestingly enough the level of NaK in
the expansion chamber was observed t» decrease as the capsule was heated
in spite of the fact that NaK has a much higher coefficient of expansion
than the capsule tube. Concurrent with this the NaK meniscus was observed
to change from & convex shape to a concave shape indicating an initial
non-vetting and a subsequent wetting action. As there sre numerous cre-
vices in this capsula, it 1s postulated that the lowering of the NaK level
is brought about by the wetting of the internal surfaces of the capsule
and the attendant flow of NaX into cracks and crevices. It 1s important,
therefore, either that the capsule be hot when it is filled with NaK or
that the initial heating after filling be done horizontally so that the
flexible bellows arrangement in the NaK expansion chamber can perform as
designed and allow NaK rather than helium to be drawn back into the speci-
men chamber.

Pore Size and Distribution. Optical and electron microscopy are being

used as a direct means for determining the size and distridution of pores

in irradiated uranium. Such information 1s needed for understanding how

gas atoms migrate, coalesce, and grow into large pores. Statistical analy-
sis of pore density and size relaticnships which exist in irradiated uranium
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subjected to post-irradiation, unrestrained annealing treatments is con-
tinuing. The specimens are being analyzed with respect to the following
parameters: {1) buraup level (0.29 a/o va. 0.4l &/o), (2) temperature

of irradiation {550 C, ve. 350 C,), (3) temperature of annealing (25,

600, 650, 700, and 880 C), and (4) time at temperature (1 hour vs. 100 hrs).
The numbers of pores of a given size, as well as the voluma of these pores
per unit volume of uranium have been determined for the various conditions
listed above, and are being plotted graphically. Such curves are being
subtracted from each other to yleld distribution difference curves, and
thege in turn wiil be analyzed to establish the relatlve imporiance on
swelling of the parameters under consideration. Sucn an analysis should
contribute to the understanding of the lkinetics and mechanisms of the
swelling which has occurred in the specimens being studied.

Specimens of uranium irradiated to 0.29 a/c and O.41 a/c burnup have been
annealed for one hour at 860 ¢, and will be processed for metallography.
The respective densities of the two specimens after the anneal were found
to be 18.66 and 14.67 g/cc. The high burnup specimen was severely cracked
and exhibited very lititle coherency. The density of the 0.29 a/o specimen
ie being recheckesd, since this value is not consistent with values obtained
after annealing at lower temperaturas. Four additional specimens from each
of the 0.29 a/o and O.41 a/o burnup material have been declad and are being
amesled at temperatures of 400 and 500 ¢, respectively. Two annealing
times, 1 bour and 100 howrs, consistent with previcus, higher temperature
gnnesals are belng used,

In support of the radiometallurgy processing of specimens irradiated under
conditions of minimum temperature gradients and constant temperatures,
unirradiated control specimens have heen processed for metallography and
density. Satisfactory results have not yet been obtained by radiocmetallurgy
techniques. The specimens are hollow cylinders of uranium, split leongitudi-
nally, weighing approximately 2 grams. Because of their small size, they
are diffieult tc handle and test remotely.

Fission Product Mobility. BSeveral spproaches are currently being pursued
in order to learn more about the mobility of fission products, particularly
the inert gases, xenon and krypton. Gases are being introduced into &
uranium surface by glow dischargs and fisslon products are being introduced
into one half of a diffusion couple by irradiating enriched uranium bonded
to depleted uranium. The glow discharge-mass spectrometer system is still
in & state of evolution, but preliminary measurements are under way. The
mess spectrometer has been operated extensively and has been calibrated

for helium using several standard leaks, a calibrated leak and Veeco leak
detector. It has also been calibrated for krypton amd fournd to be more
sengitive to_this gas than to helium. The lower limit of helium detection
1s about 10X atoms per sec. of helium while that for krypton is about 1040
atoms per sec. A uranium disk i1s currently being "glowed" in krypton in a
glags cell instead of the uranium one previously employed. After “"glowing"
the system will be evacuated, the specimen heated in place, and the exhaust
gases monitored with the mess spectrometer.
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The diffusion couple will comsist of a shell of enriched uranium co-extruded
with a core of depleted uranium. Extrusion is being used to produce a

well bonded interface with a minimum of interdiffusion of U-235 atoms. The
uwranium has been melted and cagt and 1s now being prepared for extrusion.

The extrusion will be performed in a copper jacket. After extrusion the
copper will be removed, the uranium reod inserted in an aluminum can using
the standard Al-Si process, and the capsule will te irradiated cold in the
basket Pfacility at the MIR or ETR. This should produce the sharpest possible
interface to study the diffusion of fission products during various amnneal-
ing treatments after irradiation.

Restrained Irradiations. In reactcr swelling experiments on Zircaloy-2 clad
uranium fuel rods with selected ursnium temperatures, cladding thicknesses,
and exposures are dbeing conducted employing WaK filled, temperature monitored
capsules. Pour swelling capsules GEH-1L-98, 14-99, 14-104, and 14-105 are
presently being irradiated in the MIR with goal exposures in the range
0.25-0.31% B.U. Exposures and average center uranium temperatures for the
fuel rods in these capsules through MIR Cycle 1lik are respectively 0.28,
0.12, 0.3, 0.38 a/o B.U. and 500, 290, 600, and 335 C. GEH-l4-101 was dis-
cherged at the end of MTR Cycle 14k at 0.3 a/c B.U. Its average center
uranium temperature was 450 C. One cspsule of similar design to those in
the MTR is now being irradiated in the ETR at & central uranium temperature
of 425 C. The exposure is 0.03 afo B.U. Three 1.6% enriched uranium rods
co-extrusion clad in Zircaloy-2 anéd lrradlated in NaK filled aluminum cap-
sules at Hanford are awaiting examinatlion st the Radiometallurgy Operation.
Exposure on these elsments is approximately 0.1k a/o B.U.

IN-REACTOR MEASUREMENTS OF MECHANICAI, PROPERTIES

In-Reartor Creep Measuremsnts. The creep measurements of a Zircaloy-2
specimen in a reactor are continuing in the prcototype capsule. The capsule
appears to have operated satlsfactorily but the external instrumentation

has not. The difficultles are associated with reactor meodification work

for the new capsule instrument facility. Holes were drilled through the
concrete floor with an air hammer neer the instruments. Apparentily the vi-
bration caused the instruments to malfunction. The creep monitors have

been removed, recalivrated and adjusted, and reinstalled for another attempt.
However, since comstruction in the immediate area is continuing, there is

no agsurance that operation will not be disrupted again.

Cepsule and Instrument Developmenit. The first of the second generation
capsules has arrived on-site and 1s being thoroughly bench tested before
installiation in the reactor. Nc shipping damege has been found. Resistance
and continuity measurements are completed, the nozzle cap i1s installed end
the capsule is now ready for irsertion. A final set of radiographs remaln
to be taken.

Pre-Irradidtion Material Characterization. Activation energies for creep of
Zircaloy-2 at 332 C heve bean determined. The activatlon energles were
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obtained from Zircaloy-2 in the 25 per cent and 45 per cent cold rolled
condition. Creep rates just before and just after an abrupt temperature
change from 325 C to 340 C were used to calculate the activatlon energy.

Values found were 62,000 cal/gm-atm. for 25 per cent cold rolled Zircaloy-2
and 64,700 cal/gm-atm. for 45 per cent cold rolled material. Transient
creep conditions were cohserved upon changing specimen temperature. The
transient 1is the result of either strain agling or the establishment of a
new array of dislocations appropriate for the new creep rate.

As part of & program to evaluate the metallurgical character of materials
to be used for in-reactor testing, texture studies on Zircaloy-2 scheduled
for in-reactor creep testing are being comducted. Cold rolled {20 per cent
and 40 per cent) Zircaloy-2 rods were found to have a texture similar to
cold rolled Zircaloy-2 sheet. Textures of these cold rolled rods do not
have cylindrical symmetry. The (0COL) planes are_inclined 60° to the
assuned direction of rolling pressure with [7101g7airection parallel to the
rod axis.

6. GAS GRAPHITE STUDIES

Oxidation of EGCR Graphite. Oxidation rates of EGCR graphite in oxygen are
currently being studied to assist in evaluating the hazard of runaway oxida-
tion in the event of a coclant line rupture. This graphite oxidizes ap-
proximately 2.45 times as rapidly as CSF under identical conditions. For
EGCR graphite:

Oxidation rate (hr~t) = 1.0 x 0™ '§.'15{:°°°

EGCR graphite pits quite badly on oxidation indicating a relatively high
concentration of metallic impurities.

Grephite Oxidation by Oxygen. An experiment to test the effect on oxidation
rates of varietion in flow and surface-to-volume ratio and prior irradiation
was recently completed. No influence from these factors was discernible
within the ranges stugied. The range of variables covered irradiations at
500 C of O and 4 x 1 avt {( X 1 mev), flows of 0.2 and 2.0 cfh, &and surface
to volume ratios of 10 and 20 in~i., The experiment was a 1/2 replicate of

a 4 x 23 factorial in which two levels of each variable were tested at four
temperature levals. '

Microwave Activation of Nitrogen Gas. Use of a recording belance has shown
that the epparent decrease in reaction rate with time that was reported
last month for the Ny + C (graphite) reaction in a microwave field was due
to an initial cutgmssing of the sample when the glow is first turned on.
Preliminary studies of the effect of pressure on the reaction rate at about
200 C are shown:
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Approximate Pressure Specific Weight Loss Rate
Microns Eg g/g/br
625 4.6 x 1077
€00 5.1 x 10~
225 21.3 z 107
190 13.2 x 107

In-Reactor Nitrogen--Graphite Reactions Studies. Graphite at about 500 C
under an initial capsule pressure of 37.0 psi Ny was exposed to 2000 MWD/AT
in C Reactor, with the following results: {1) there was 0.0l% weight loss

of graphite sample (negligidle), (2) the number of moles of gas in the capsule
increase 19% due to diffusion of He from the pile atmosphere into the cap-
sule (this transfer of He has been observed for every capsule opened so far),
and (3) the gas composition as analyzed by mass spectrometer showed no
campounds of carborn and nitrogen.

Oxidation of SiC Ccated Graphite, The second group of SiC coated graphite
rods from the Carborundum Company that had been in reactor and received
approximately 3,000 MWD/AT at 500 C were tested for integrity. All five
coatings were on Speer 901 S hase graphite and ran in air at 1,000 C for
493 hours with no indication of failure. A slight weight gain of a few
tenths of a milligram was noted for each sample. :

EGCR Graphite Irradiation. The H-3 capsule contailning BEGCR prototype graphite
was removed from the GETR on October 4 after exposure for four GQETR cycles.
All 2 samples were in excellent condition, and preliminsry results from

the irradiation show the EGCR-type, needle-coke graphite to be consistently
more stable in the tranaverse direction than CSF graphite., A significantly
higher contraction was observed in the parallel direction than in the
transverse direction {3/1 = EGCR parallel/EGCR transverse), the EGCR-type
parallel contraction egualing CSF parellel contraction. The contraction

rate as a function of temperature and exposure will be reported as flux
traverse information become available.

The new capsule, H-3-2, contains 15 semples recharged from H-3-1 to accumulate
higher exposure and § new samples. Five of the new samples are from a

broken EGCR graphite bar and four are of CSF graphite for control purposes.
The samples in the first capsule were from & ptototypical 16 in. x 16 in.
square electrods. The H-3-2 capsule wiil be inserted in the GETR during

the cycle No. 18 shutdown for a planned fowr-cycle irradiation.

Gas Lodp.Froject Management and Design (Project CAH-822). The ex-reactor .
rackage by Struthers-Wells (Phase A} has been completed except for operational
testing after installation. The last of the four ex-reactor package sub-
assemblies was shipped on October 25. The first two sub-assemblies arrived
in dameged condition. A claim will be filed against the carriers for repair
costs, currently estimated at $4,000,
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Construction installation of the gas loop physically started on October 17.
Minor Constructiion awarded a sub-contract o J. P. Heed Mechanical for
the Installation of services and auxiliary equipment.

Gas Loop Component Testing. Mockup testing of the in-reactor test section
has been delayed due to excessive pressure drop at design conditions in
the shroud coolant (heat) exchangers. Substitute heat exchangers are being
fabricated and testing will be resumed early in November.

Fabrication of a 50 KW heater, for testing of the in-reactor sectlon, was
completed and tested at rated capacity in air.

The Arrowhesad pin Joint was cperated for 290 hours while being cycled 275
times between 900 and 1500 F at 450 psi before & small leak developed.
This unit waas specified for 500 cyclea at the ghove condltions and will,
therefore, be returned to the vendor as unacceptable.

Several temperature detectors are being evaluated to develop a protective
device for the Gas Loop and are intended to moniter continuously for signi-
ficant in-reactor movement of the high pressure tube relative to the
calandria shroud tube. Irradiation testing of foBS Fenwal line detectors
has been completed. Ome unit accumulated over 107 nyt before its response
driftted beyond acceptable limits. Failure of the other three units has been
ascribed to mechanical defects caused prior to testing rather than to
radiation Qamage.

Four additional detectors, differing slightly in composition from the
original unmits, have been received for irradiation testing.

GRAPHITE HIGE TEMPERATURE IRRADIATION DAMAGE STUDIES

Hanford Irradiations. Graphites, carbons, and cokes in the initial shipment
of materials to be studied under contrecet with National Carbon Company were
charged in-reactor for a series of short irradiatiocns. '

X-Ray Diffraction Calculations. No change in the X-ray perameters of
irrediated CSF samples (exposed to 1000 to 4000 MWD/AT) resulted from the
final annealing treatment of 3 hours at 2800 C after prior annealing at
2000 ¢. Thus, it appears that annealing &t the crystallite level is sub-
stantially camplete after snnealing at 2000 C.

Electron Microscopy. Sodium chloride faces were decorated with evaporated
gold. Crystals of gold which micleate at lattice edges or steps are smsller
than those nucleating on crystal faces. This technigue will next be tried
on graphite. '

An ultra=-thin slice of resin-impregrated CSF graphite wae mounted on plastic
and ground thinner on the Syatron vibratory polisher. An area of interest
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D.

was cut free and floated onto a grid for examination. Direct ftransmission
was possible only in a few areas near edges. An'attempt will be made to
grind the sample even thinner.

RADTATION EFFECTS ON METALS - 5000 PROGRAM

Radiation damsge recovery is being studied for a number of metals, namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel, Three zirconium specimens have been isothermally anpealed for five
minutes at 300, 475, and 550 C. Significant microhardness recovery occurred
in all cases. Isochromal ammealing of copper has heen extended to 500 C.
Microhardigss'has shown nearly complete recovery in both irradiated specimens
(0.9 x 107 and 1.5 x 10°C nvt) but electrical resistance in both specimens bas
decreagsed only slightly from the post-irradiation wvalues. This is thought to
be an effect of the relatively large amount of transmutation products present.

CUSTOMER WORK

Radiometallurgy Service

Three samples of irradiated KER Zircaloy-2 process tubing were burst at room

" temperature. Details are reported elsewhere in this report under Structural

Materials Development (RM-330).

Bumps as high as 30 mils were observed on the interior and exterilor of a self-
supported fuel element from IPD, Metallography of the longitudinal section
revealed a large grain size, which contributed to the bumping (RM-408).

Metall ography Laboratories

A cracked Type 216 stainless steel ferrule removed from a front face connector
(Type 30k SS) of KER Loop 3 was examined to determine the cause of faillure.
Metallographic examination showed that the failure was caused by stress-corrosion
cracking. Initiation of the cracks appeared to be from the outside surface.
Examination of the connector, microscopically and by Zyglo dye penetrant treat-
ment, failed to reveal any cracks in the area from which the ferrule was removed.

The annealing of samples has been completed for the study of time and tempera-
ture effects on the structure of the AlSi braze. A total of 194 samples were
heat treated over a temperature range of 250 C to 550 C from periods as short
as 15 mipnutes to 100 days' duration. 8lightly more than half the samples have
yet to be prepared for microstructural examination. ’

Electron Micrescopy. Work during the month included the examination of replicas
from irradisted UQ2 fractured and polished surfaces before and after annealing
as well as fracture surfaces from micronized and sintered UOp which bhad been
Dynapak extruded at 1200 C.

- UNCLASSIFIED

1234254



UNCLASSIFIED A-55 BW-6T7254

Replicas from an irradiated Zircaloy-2 clad tubular fuel element were examined
for cracks in or near the bond zonme. No cracks were found in the two replicas
examined.

Techniques for making clean, carbon substraits are being tried. Particulate
matier from air samples then collected on millipore filter paper will be exa-
minad and counted by means of electron microscopy by placing the millipore
filter on the substrait, dissolving the filter and leaving the particles on
the carbon substrait. Identification of the particles can also be accomplished
by means of electron diffraction.

A RaCl single crystal was strained and cleared immediately prior to insertion

in the evaporator. Gold and carbon were then evaporated normal to the clsaned
gurface. The film was floated from the NeCl surface and exsmined in the electron
microscope. It has been shown that there is a tendency for the gold to deposit
in particles of more than one size depending on the salt substructure. An
attempt will be made to adapt this technique to the examination of graphite
atructure.

A modification of the evaporator was completed during the month which will allow
evaporation of three materials on & surface or replica Instead of just one
materlial.

Samples Processed During the Month:

Total samples 623
Carbon replicas 35
5
Photographs

Micrographs 354
Macrographs 169
Electron Micrographs 62

585

Speciel Fabrications

A total of 1,440 co-extruded fuel elements was fabricated and shipped as sche-
duled. The over-all yleld for the fahrication effort was 75 per cent. This
velue is based on the assumption that the 25 pleces currently in procees are
all rejected. The yields at the various process steps were as follows:

STEP YIELD, !Eﬁ!
Casting 92
Clean, Assemble, Extrude, and Straighten 3¢
Rod Machining 99
Bond Testing 93
Inspection 98
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An evaluation program was initiated to study the effect of variocus extrusion
temperatures on the "dogbone" problem in these solid rod co-extrusions. Three
pairs of billets were assembled according to standard loading procedurss but

the nose projection on the billet can was removed from one billet In each pair.
The tillets were located in the central section of the furnace, adjacent to the
thermocouple, for outgassing to give reliable temperature control. Extrusiocn
temperatures for the three pairs were 560 C, 550 C, 525 €. Container temperature
was maintained at 525 C for all runs. Radlographs have been taken of the elements
and measurements of the can wall are now being made.

A technique for ccating low surface area arc melted normal UOp with electroless
nickel has been developed. Particle sizes in a range of 100 to 250 microns were
coated with a uniform coating of nickel of 7.5 micron thickness. This thickness
gives total alpha radiation shielding. A sample of arc melted and crushed Pulo
will now be coated using the same technique and the alpha emission checked
bvefore and after coeting. Samples of coated Pulp will be briquetted with poly-
styrene into discs to check for gas evolution, if any, resulting from radiation
damage of the plastic.

NER Charging Machine

Fabrication of a full-size charging mechine is presently favored over the reduced
size model initially proposed. This approech will permit a more thorough
development program and will provide the early avallability of a charging machine
for operaticnal training and initisl reactor testing.

A work reviev was issued and approved for assigmment to plant forces. Fabrica-
tion and procurement have been delayed pending resolution of the following items:

1. Recelipt of new work order.

2. Selection of frame material (carbon steel or aluminum).
3. Range of machine vertical travel.

4. Method of supporting charging forces.

5. Drawing approvals.

Limited activity was continued in testing the positioning cylinder, which
operated satisfactorily.

Drawings of the nozzle adapter using a low pressure integral relief are 60 per
cent complete,

NPR magazine tubing was received during the month.
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Shielding Analysis

Caleuwlations were made of dose rates from high expoaure Pu product solutions
in produect removal cans cof the present design for the Non-Production Fuels
Facility design group (CPD). The gamma dose rate was calculated to be 3.1
nr/hr at one foot fram the can and is due predominately to residual fission
products. At the same location, the neutron dose rate due to spontaneous fis-

sion was estimated to be 3.5 mrem/hr.

Do) Dbyl

Manager, Reactor and Fuels Research
and Development

FW Alteugh:kb:jt
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FISSIONABLE MATERTALS - 2000 FROGRAM

REACTCR

Exponential Measurements for N-Reactor

The finsl buckiing for the wet mockup lattice is 116 x lo'scm'a with the graphite
control rod plugs in the pile. The buckling measured with the graphite control
rod plugs removed and ) inch diameter Lucite rods in the control rod channels is
120 x 10“'6cm‘2.

POTR Messurements for N Reactor

8. Messurements of Jattice Parsmeters

Measurements of lattice parameters for N-Reactor have been made in the PCTR.
Apalysis 18 proceeding and preliminary results obtalned are listed below:

Mockup Condensed Lattice
Wet Dry Wet Dry
k,, 1.075 1.015 1.069 1.005
' 0.879 0.941 0.886 0,950
€ - 1.059 1.073

The listed values of € were obtalned fram the method used at WAFD and BNL,
comparing the f£ission activities of bare enriched (0.938%) and depleted U
folla. A value of P = 1.125 was used to correct measured flssion product
gamma activities to corresponding fission rates. The Hanford method of
compering cadmium ratios of enriched folls and U-235-Al alloy folls would
yield values for ¢ of 1.036 and 1.040 for the wet and dry csses. The cadmium
ratio method 18 considered invalid because the large cadmium box covering the
sector folls drastically reduces the fission neutron production inside the
bax. The cadmium retio could be used more successfully with pins lnstead of
folls, although a small depressiorn would still cccur.

.b. N~Reactor Fliel Tan_perature Coefficient

The three-element resistance thermometer system, described In August, has
Peen campleted and is being calibrated over its useful range. Preliminary

data look guite _sa,ti_sfa.ctory.
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Digital Camputer Codes for Reactor Analysis

A large part of the programming necessary to couple C-5, an ANP slowing down
spectrum code, to the 100 point data tape has been completed. Tt will be posslble
to test the success of this coupling arrangement independent of the remainder

of the C-5 program. The input to C-5 is being designed in such a way that only
those quantities which are to be changed need be entered for succeeding cases.
Although many quantities used by the program are normally obtained from the
miclear data tape, a.ny of these quantities msay be read in along with the normal
problem input.

Debugging of HFYN, the Hanford version of the multigroup neutron diffusion theory
code FN, is continuing. HFN allows neutrons to be scatfered between any two
groups, making it more flexible than other FORTRAN language multigroup codes in
use st Hanford.

Attempts were contimued to resolve the differences between FN and HFN results for
an infinite medium thermsl spectrum calculation. In addition to being different
from each other, neither the FN nor the HFN results are self-consistent. It has
been supposed that the differences are caused by round-off error, while the incon-
sigtencies appear to be caused by errors in the iterative techniques used. These
lattar errors do not affect cslculations on models ineluding epithermal groups.

As wes mentioned last month (HW-66960B), the multigroup diffusion equations beccme,
in an infinite homogeneous medium; a set of simultanecus, linear, algebraic equa-
tlons. The results of solving this set of equations, mentioned last month, were
in error because of improper spplication of an existing program. In order to get
an independent solution to the problem, and to facillitate study of iterative
methods of Bolving sets of equations, a short experimental progrem, QUAD-5, was
written. QUAD-S solves, by iteration; a homogenecus set of simmitaneous, linear,
algebraic equations. The first version used an iterative technique similar to
that used in HFN, and gave almost ildentical results, complete with the ilnconsis~
tencies mentioned. This indicates that the formmlae in HFN which allow for
spatial flux variation introduce relatively little round-off error. Successive
experiments with QUAD-5 led to two iterative methode which ylelded identical,
self-consistent results. These results, with the FN results, bracketed those from
HFN, and were much closer to the latter. HFN is now belng modified to use the
faster of the two techniques. Attempts to duplicate FR results bave failed. A
letter describing progress to date, with a request for a copy of the latest FN
symbollc program deck, has been sent to the originsl author of FN.

- Correction and checkout of C-3 proved to be much more difficult than anticipated.
This was due to the fact that the error wes not & logical one but involved a
limitation of FORTRAN which is not mentioned in the FORTRAN Reference Mamal.

It tuwrned out that the FORTRAN ccompller set aside two locations for & subscript.
In different parts of the program the machine used these different locations,
one of which contained the correct value and the other one a zero. This error
was rec'tified,

Test cases Tun using P-3 and AIM-5 c_ddes showed certain characteristics of the
different codes:
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F-3 AIM-5

Essy input. ’ Input more involved.

Very few options. Many options, very versatile.

Calculates fiux for the input given. Doces repeated flux calculations, varying
specified parasmeters and searching for
best velue.

Presently limited to 3 groups and 12 groups and 20 regions possible.

10 regions.

Fast ( ~ .01 br per case). Not 3o fast ( ~ .0k hr per case).

Fasy interpretation of output. Same parameters of output need interpre-

tation (A).

Computational Programming Services

VTOCL, the monitor version of the production code for exponential pille dsta reduc-
tion, 1s conditionally checked out and is processing production data under close
observation., COFIT-2, the cosine-fitting companion code, 1= undergoing con-
version, expansion, and refinement of error-detection techniques. The principail
additions to this code are*the inclusion of fast source theory harmonic correc-
tions and calculation of Athermal by the cadmium ratio method. Both require a
significant amount of revision. COFIT-2 is about 25% complete. A routine which
accamplishes matrix inversion by cofactors (INVRT1) 18 ready for use. Its

value as a general-purpcse routine is seriously reduced by the restrictions im-
- posed by its subroutine DETERM, which regquires that there be no zeros on the
dlagonsl.

Instrumentatlon and Systems

Cooperative effort continues with Instriumentation Design, CEJ0, and Instrument
Development, IFD, concerning the hybrid NFR Fuel Faillure Monitor. The slow-scan
portion ¢ircult specifications are being prepared for complete transistorization
to assure the best possible rellability and to reduce ilmstrumentation volume,
which is, now, an extreme problem. The evolved Slow-Scan system will use two
detectors 180 degrees apart on each scanning wheel, each viewing a process-line
sample can. The opposite sample cans will be for adjacent reactor process tubes.
Transistorized switches and anmineiators will indicate the appropriate process
line activity increase. Complete system checking will be accomplished using

two standard radiocsctive scurces.

Effort was restarted on the origina)l (proposed) development scintillation Fast-
Scan system and slip-rings are ready for installation. The use of the new slip-
rings, a distinet change fram the original method, will permit removal of the
amplifier and high voltage supply from the scanning wheel. In addition, by this
method, both averaged signals and pulse information can be cbtained directly i1f
desired. Several new circuitry ideas will be incorporated as planned.

DECLASSIFHED
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A meeting was held with members of Instrumentation Design, CEa}0, and Radioclogi-
cel Engineering, IPD, to resolve diff'erences concerning the prototype NFR Dual-
Probe Scintillation Bullding Area Monltor. The building monjtor prototype per-
formance exceeds the specifications as originslly desired; however, there are
definitely several 105-N locatlons where use of our developed unit would be
incorrect due to the extreme variation of gamma field levels, depending upon

the reactor condition. For these particular locaticns, a modification of our
originel prototype or else & completely different detector-instrument approach

¥o the problem will be necessary. Our in-develomment, servo-system multi-decade
logarithmic monitor may well fit the needs. Purther problem discussion will be
necessary before it can be resclved. Fram the discussions to date, 1t appears
thet our prototype system (Dual-Probe Linear) will be satisfactory, without modi-
fication, for about 85 of the 106 locations in 105-N. For the remainder, ocur system
-will have to be modified to de-energize the more semsitive probe during up-reactor
time or else incorporate the servo log system.

All fabrication is camplete on the prototype NPR Beta-Gamma Scintillstion Aflr
Monitor except for & cart to mount the unit on. A1l cireuitry tested correctly
and the new detector head is complete and being tested. This unit seems satis-
factory to 811 parties concerned.

Scme of the 100-D resctor operating data collected last month for the autamatic
control study were plotted on a cammon time base to determine whether useful
information onreactor dynamics could be obtained. It appears that some useful
qualitative information on flux distribution and thermsl time delays may be ob-
tained in thie manner, but modifications to the present instrumentation will be
necessary to obtaln quantitative information of sufficlent accuracy to check
theoretical studies.,

The reactor kinetics test problem was run on the Goodyear computer again after
making changes in scaling methods. A considersble improvement in accurscy and
repeatability was obtalined as compared to the previous tests. It 1s planned to
study coupled-reactor kinetics next, using the analog computer, to determine
the effects of changes in coupling coefficients and other reactor parameters on
varioue types of autamatic contrel devices.

A paper has been issued on the principel results of the reactor kinetics equa-
tion study. An additional paper on an apparently novel mathematical technique
has been issued, and a second is being typed. These evolved g8 & by-product

of the reactor atudy. Additional reports and papers on the work to date are in
preparation.

The similation of the NPR primary loop is on the EASE computer. The program is
presently being revised to make more sconamical use of the computer. _

Flans are being made to simmlate the entire NPR system for use by operators

and supervisors as a treining aid., Thie is a lorg racge program and is scheduled
for campletion by November of 1961. The general method of attack is outlined
below.

A. Mske preliﬁiinary investigations of reactor using a detailed simuiatliom.

B. Make a study using a simplified model.

"‘*‘?“‘Mzaﬁz?* | —
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Compare response of A and B.

Revise the simplified model as necessary so that it has the same response
as the more refined model.

Determine what equipment is necessary to construct the complete model.

Revise and improve simu.atlon as necessary.

Work was begun on the RFR pressurizer a.na.lysié.‘ The problem is being scaled,
and will go on the GEDA computer this month. _

Simulation of the latest study on speed of control was campleted and the results
glven to the IPD Reactor Physics Operation.

SEPARATTCNS

8.

Critical Mass Laboratory Program Meeting

The Hanford Operations Office of the Atomic Energy Commission arrenged a
meeting at Richland on Qctober 25 and 26 to review the program presently
planped for the Hanford Plutonium Critical Mass Laboratory, and to modify it,
it necessary, to meet the over-all needs of the Atomic Fnergy Commission.

Personnel in attendance from off site were:

BE. F. Miller - AEC, HQ Division of Production - Germantown, Mi.
A, ¥, Perge - AEC, HQ Division of Production -~ Germantown, MA.

M. C. Gaske - AEC, HQ Division of Llcensing and Regulation - Germantown, Md.
P. Hogrolan - AEC, HQ Division of Licensing and Regulation - Germantown, M.
G+ H. Daly -~ AEC, SROO

D. C. Davls, Jr. = AEC, QRO

J. W. Pollock - ARC, IDOO

H. K. Clark - duPont Savannah River Iaboratory

T, J. Cloven - duPont Savannah River Lahoratory

R, L. Menegus - duPont Savannah River Iaboratory

J. P. Hichols - Qak Ridge National Laboratory

J. T, Thomes - Oak Ridge National Laboratory

Some of the principal items of discusslion from the agende were the following:

a) Proposed General Program of Studies for Banford Plutonium Critical Mass
Laboratory

b) Initial Experiments for the Laboratory
¢) Time Sequence for Accamplishing the Experimental Progream
d) Stage II of Hanford Plutonium Critical Mass Laboratory

e) Discussion of Types of Experiments and Critlcality Data of Special
Jnterest to Other Sites _

f) Manner of Scheduling Experiments and Integretion of Program.
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Mimites of this meeting have been prepared covering the complete agenda,
EW-672L0 RD, "Minutes of Critical Maes Laboratory Program Meeting,” by
E' D' Clmon-

b. Progress Toward Startup of Flutonium Critical Mess Laboratories

Familjarization and checkout of the instrumentation in the facility is cone

Fabrication of the neutron scurce drive assembly and cask was coampleted
during the month by the technical shops; the source drive mecharism will be
used to remotely position the nentron scirce during the approachee to criti-
cality.

Nuclear Safety Meeting - Idaho Falls

A meeting of ARC and conbtractor personnel was attended by .C. L. Brown, Critical
Mass Physica, in Idaho Falls, on October 27 and 28, 1960. The purpose of this
meeting was to discuse muclear safety in the transport of fisslle materials.

Data Correlation - Development of Nuclear Codes for Criticality Caleulations

8. Analysls of the P-11 Burst

As & check on the reliability of the burst analyses, which were made for the
"Hazards Summsry Report for the Plutonium Critical Mass Laborstory," HW-66266,
similar calculations were made to reproduce the muclear excursion which oc-
curred at Eanford at the "P=11" facility in November of 1951. The results of
this analysis are glven below, together with corresponding data reported for
the excursion in Document HW-24327 by B. R. Leonard.

SUMMARY OF TRANSIENT STUDY FOR THE P-1l ACCIDENT

Calculated BW-24327
Peak Power (Megawatts) - 56.06 50.0
Total Energy (Megawatts-sec) 1.21 16 3.0 16
Total Fiseions . 3.7T5 = 10 9.3 x 10
Maximm Reactivity (Dollars) 1.72 -
Minimm Period (Milli-sec) 5.0 10.0

The above results are consldered satisfactory for the purpose intended, in
view of the inherent difficulties in making calculations of this type.

b. Latftice Parameter Code = IDIOQT

The present IDIOT code 1s being modified to improve the general over-all
capablilities of this code. The followling improvements are being made in the
code: -

a) Speedup of the P-% subroutine,

b) Improved Westcott parsmeters,
c) A more flexible input,
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d) Improved technique for calculating fagt fission interaction between
fuel assemblies, and

e¢) Dumproved calculation of the resconance capture, l.e., calculation
of the resonance shielding effect of adjacent fuel rods.

R. J. Shields of the Irradiation Processing Department has revised the P-3
subroutine previously coded by D. D. Matsumoto with the following improve-
ments:

a) The time requirement was decreased by a factor of 20,
b) The memory requirement was reduced by a factor of four, and
c¢) The working tape was eliminated.

The revised P-3 subroutine has been campletely debugged and placed into opera-
tion in the present IDIOT code.

The latest Westcott parameters have been transferred to a card library suit-
able as input to the curve fitting POLLI code. The curve fitting process is
spproximetely 804 complete.

There has been same difficulty in fitting the Westcott "s" parameters for
the fissionable lsctopes over the temperature range of 20°¢ to 1280°C
with a single function. : .

The input formats to the IDIOT code have been rewritten (but as yet not
compiled) so that 2 new case may be processed utilizing only these cards for
which changes from the preceeding cese are denoted. This will permit survey
type calculations with a minimum of input data.

Application of 9-Zoom Mualtigroup Diffusion Code to Plutonium Solution
mxperiments

Further work was done on the correlation of theory with the early plutonium
solution critical experiments. Using & revised daeta tape with the $-Zoom
maltiple group diffusion code, it was possible to calculate k effective within
29 for reflected cylirders with H/Pu ratios in the range of 200-6CQ. Tt was
possible to calculate k effective for bare spheres to 1% for H/Pu ratiocs in
the range of T00~1200; however, calculated results for reflected spheres are
not satisfactory.

Data Correlation - Enriched Uranium Rods in L;ght Water

The correlstion of theory with experimental data for uranium rod lattices in water
at 1%, 24, and 3% U-235 was continued. The endeavor this month was toward estab-
lishing accurate cladding corrections for the ERL data with 1.03% enriched uranium.
The uranium rods at this enrichment were clad in 28 mils of aluminum.

A previous conservative estimate for the effect of the aluminum cladding on the
- buckling was 250 uB. The results of the recent calculations which have been made
using the 709 IDIOT code are shown in the following table:’
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CALCULATED BUCKLING CORRECTIONS FOR 28 MILS ALUMINUM
CLADDING - 1.03% ENRICHED URANIUM RODS IN WATER

Bucklings

Rod (10-6em=2)

Diameter ™ Experimental Calculated Calculated Difference

(inches) i (Clad} (Clad) {Bare)

0.387 2.3 2970 2800 2970 170
2.9 3170 3080 ' 3260 160
3.6 2860 2830 3060 230

0.60 2,0 3610 3450 3572 62
2.4 3690 3670 3760 .90
3.0 3320 30 3400 80

Q.75 1.7 3620 3h60 3570 120
2.1 3790 T 3820 3850 30
2.6 3500 3620 3680 60

Interaction of Subcritical Systems

An examination of the interaction between suberitical fissile units has been
undertaker in order to provide informetion facilitating the safe storage and
handling of such systems. The two camputational methods which have been con-
sidered both rely on a variational method to obtaln a stationary expresaion for
a parsmeter such as k~infinity or k-effective. A multigroup method based on
the Selengut multigroup equatlions reported in BW-59126 may be used to get such
a stationary expression. In an application of the multigroup method the staticnw
ary expression for k-effactive was formulated using only two energy groups.
Several systems, consigting of both isolated fuel regions and pairs of infer-
acting fuel reglions, were comsidered in evaluating k-effective. 1In all cases
the resulting k-effectives were 20 to 30% below the experimental values. Thus,
to the degree of appraximation used, the method is not only insecurate but
highly non-conservative. It 13 not clear at this time why the method gives such
poor results.

The second method, reported by Stuart in Vol. 28, pt. 1, of the Journal of
Applied %ics, considers the thermal diffusion equation with a acurce depend-
ing on an te medium slowing down kernel. This equation leede to a sta-
tionery expression for the parameter of interest which is different from that
ottained by the multigroup method. In actual caleculations Stuart uses an empiri-
cal kernel to represent the infinite kernel. Again, as irp the multigroup method,
a two-group spproximation wes effected by replacing Stuart's kernel by the
appropriste two-group kernel. The value of k-effective for an infinite cylinder,
water reflected, was calculated using both the Stuart method and the two-group
appraximation to this method. The results show agreement within 5% between the
two methods; however, both are slightly below the experimental value and thus
non-conservative. The Stuart method gives k-effective within 2% of experiment,
while the two-group approximation is 7% below the experimental value. The Stuart
method and the twoe-groupapproaximation agreed to within 3% when the interaction
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between two infinite slabs was copsidered. 1In this case both calculsted values
of k-effective were above the experimental value, the Stuart k-effective by h%
and the two-group k-effective by 1%, and thus both are conservative. The results
reported here are tentative due both to the uncertainty in experimental data and
to the limited mmber of cases considered. ' :

If the corresponding two-group approximation to the Stuart method and to the
muiltigroup method have the same degree of validity then it is gppsrent thst the
Stuart method is considerably more sccurate than the multigroup method. The
reason for the poor results of the multigroup method is being sought.

Criticality Studles in Support of Processing Power Resctor Fuels
Measurement of ks in the PCTR for Three Percent Enriched Uranyl Nitrate

Furtber work was done on the measurement of criticality parameters for evaluab~
ing nuclear safety in comnection with the reprocessing of power reactor fuels.
Measurements were completed of kg in the PCTR for a three percent enriched
uranyl-nitrate mixture with a nominal H/U atomic ratio of 13. A preliminary
value for k, is 1.13; 2 final value of ke will be given when the results of
varicue anglyses which are being made op.the uranyl nitrate are received.

Pulised Neutron Scurce Studies Applicable to Buclear Safety

On October 20, a meeting was held at the Critical Mass Facility to discuss

the fessibility of using pulsed neutron source techniques (pulsed neutron source
and time apalyzer) in pre-criticality instrumentation for assuring miclear safety
in the separations plamts. Representatives from ELO - PIRDO and CFD-RoE and

FEQ were in attendance; the meeting was called by M. T. Slind of FEO.

A theoretical investigation of the feasibility of using a pulsed neutron source
&8 8 device for measuring kopp of subcritical assemblies has been undertaken
at the request of the Chemical Processing Department.

The investigation is expected to yield information on the appliesabllity of such
a device to problems of measurement within the Critical Msss Program as well.

Criticality Models for Nuclear Safety Display

The plutonium criticality models, which are being prepared as an aid for muclear
safety education end tralning of plant personnel, are about 50% complete. This
display will consist of models of spheres, c¢ylinders, and slabs, both bare and
reflected, for plutonium metal and solution of the actusl eritical sizes.

Mass Spectrometry

The mass spectrameter for this program operated very satlsfactorily during the
month. * The lon source vacuum interlock operated without difficulty. The source
region of the spectrometer was given a prolonged heating snd outgassing, and
8lnce that time the spectrometer has operated without the electrical breakdowns
that have been so troublescme in the past. The spectraneter was shut down once
becauge of the failure of a drive belt on a mechanical vacuum pump. Isotopic
analyses were performed on two custamer samples.
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The primary effort during the month was the start of an investigation of the
effect of pretreatment of sample filaments on the efficlency and lifetime of
uranium metal ion emissiocn. The pretreatment under investigation 1s based on
experiments by M. H. Studier at ANL which showed that the presence of carbon on
a rhenium filsmert greatly increased the reduction of uranium oxides. Our
gstudies are based on the relative uranium ion-uranium oxide emissions and life-
times of one microgram natural uranium samples loaded in a standard filament
gecametry. The samples which have been investigeted at this time have been
hested to different temperatures in a propane atmosphere prior to loading.
Excellent results have been obtained with same samples which indicate the desira-
bility of a more complete systematlic study of this type of pretrestment.

NEUTRON CROSS SECTION PROGRAM .

Slow Neutron Scattering Cross Sections

The series of-high resoluticn measurements of the quasi-elastic scattering of
0.1 ev neutrons from room tempersture water was completed. Some progress was
made on the analysls of these data and that previously obtained for the scatterw
ing of 0.25 ev neutrons.

The results obtained on the quasi-elastic scattering of 0.147 ev neutrons from
water were reviewsed and prepared for publication in the Nuclear Physics Research

Quarterly Report.

Approximately two weeks of spectrameter operation were lost because of Reactor
Operations procedures. A thermocouple installation necessitsted disassembly of
the spectrometer. TFollowing this, severe inatrument damage was incurred from
water dripping on the spectrometer from an overhead duct on the X-2 level. The
repair of damaged instruments and circultry has not been campleted as yet.

Subthreshold Msaslion

Although no new measurements were msde on this program, the results which have
been obtalned on the entire program were reviewed, reanalyzed and same new re-
sults obtained froam existing messurements. Previously unreported results were
prepared for publication in the Muclear Physics Research Querterly Report and
an abstract for a talk at an American Physical Society Meeting.

Previously unreported results of -this measurements Eﬁsgram include 1) an upper
1limit to the fission in the 20.4 ev resonance in Pu 2) an upper imit to the
peak resonance fisalon cross sectlicon of the 2.65 ev r ona.n e in s and gg new
estimates of the thermal fission cross sections of Pu Ug DEg6 -
based on the resonance fission resuits.

The upper limit ES the peak resomence fission cross section of the 20.% ev
resonance in Pu wes established to be 535 barns fram a reanalysis of prev-
lously obtalned.data. This result 1s consistent with the fission width expected
fran the value obtained for the 1.06 ev rescnance fission.

The resulta of fiaaieon crnag saectdan measiremants nravimialr Ahtsdinad An tun
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" peak resonance fissiom cross section was 41 barns. The value implies a charsac-
teristic energy of the fission barrier, fiw, less than 0.45 Mev, consistent witn
the expectations based on most cther nuclides studled.

The resonance fisslon cross sections which have been measured were used to cal-
culate the rescnance contribution to the thermal fisslon cross sections. On the
assumption that the measured resonance fisslon width is representative of the
averége v ue the best estimates obtain d for the 2200 m/s Pission gross sections
were: sy less hgn 0.02 barns, less than 0.06 barns; Ue” s less than
0.0002 barns, and less than 0. 00002 barns. These upper limits are all at
least an order of magnitude lower than has been attained in direct measurements
by others where the correctlon for sample fissile cogtaminAnts severely limit the
precision.of direct messurement. In the case of U230 no value has previously
been reported for the therrmal flssion eross section.

Fast Neutron Spectra

The new beem-locating system designed for the Van de Graaff accelerator has been
installed and used to align snd focus beams of positive ions. The limit on pre-
celsion of aligmment of the bheam 1z now set by the smallest change in pasition
which can be obtained from the remotely operated positioners on the accelerator.
The focus and aligmment achieved with this new system has been eptirely satisfac-
tory as has bveen the energy control stability achieved by using the molecular-
ion beam for this purpose in the new system. One difficulty has been encoumtered
in binding of the bearings of the plckup electrode assemblies caused by thermal
expansion when the besm iz on. A modification of the bearing design is under test
and has seemed successful in operation to date. A Nuclear Physics Research Quar-
terly Report article describing the new system in detail has been prepared.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE

Low Exyosure Plutonium Iattices

The scheduled irradiations in the 8-3/8-inck graphite lattice with 1.8 w/o Pu-Al,
1g-rod clusters were ccmpleted on October 14. The foil data have been processed
on AFDAC-1l. The results of these and previous irradlations are being analyzed
to camplete the ky, measurements in the 8-3/8 and 10-1/2-inch lattices.

High Exposure Pluﬁonium

The ETR irradiations have been halted. Larger quantities of the desired material
will be available at an earlier date from other sources.

PRTR Startup
A revised Critical Test schedule was developed to conform to the current target
dates for achievement of criticality, initial power aperation, and full power

operation. Same modifications in Critical Test procedures are required with the
revised schedule.
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Drafts of the Detmiled Procedures for Critical Tests 13, 18, and 22 have been
written. Equimpment which will be used for conducting the experiments wes fabri-
cated.

Foils which are to be irradiated dquring the PRTR Critical Tests were analyzed

with the 256 channel analyzer. Tests were run to determine the purity of the
foils and the best procedure to be used when the foils are counted. :

Single- Rod BExperiments

A report on the feasibility of single rod experiments in the PCTR was prepared
Tor Nuclear Fhysics Research Quarterly Report July, August, September, 1950.

Neutron Spectrum Studies

Neutron Rethermalization

a. Graphite Experiments

The initial anslysis of the graphite experiments has been campleted. The
resuits appear ressonsble in the sense that there is good agreement between
the experimental and theoreticel curves of the spatial dependence of thermal
activity of a 1/v detector. Further, the temperature dependence of the
rethermalization cross sections appears reasonable and is smoothly varying.

The degree of confidence which can be expressed in these results is dependent
upon many factors, including the uncertainties in approximately twenty-five
diffusion parameters, and the validity of the neutron spectrum model. Work
1s in progress to evaluste this question of confidence.

b. iiater E:fp;eriments

The analysis of the experiments has been started. The rethermalizstion
cross sections of water are being determined by the seme methods used to find
the rethermalizetion cross sections of graphite. The initial values of the
rethermalization cross section of graphite obtained in the analysis of the
graphite experiments are being used in this analysis as known quasntities.
The initial results seem to be in reasonable agreement with the preliminary
values presented in the ANS sumusry for December, 1960. However, the ques-
tion of confidences 1s far more acute in these experiments for the same
reasons a8 in the graphite experiments and because of the additional depen-
dence upon the graphite rethermalization cross section. Work is in progress
on further analysis of these experiments and on the problem of confidence.

Cycle Analysis
Code Development - LOLA

The basic. formulation of a portion of the LOLA code, concerned with matrix inver-
slon, was revised in order that more dimensions may be handled. The revision was
recoded and debugged. The code is now lacking only a provision for final optimum
estimation. This final provision is nearly completed. A paper describing the _
LOLA code is being prepared for presentation at the winter meeting of the American
Nuclear Socilety. . )
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7ode Development: Cross Sections

Work continues on the edit routine which i3 designed to produce a FORTRAN tape
for the MXW spectrum ccde from the RBU cumulative tape. The spectrum code has
been completely coded, compiled, but not debugged.

Code Developmént: GPR

The cross section treatment in the generalized Plutonium Recyrle code hes been
brought into conformity with that used in the MELEAGER burrup code. The main
effect appears in the spectrum-bardening contribution of the recycled plutonium

in the steady-state case, which tends to make this case appear even less attractive
than it was in early studies. Iittle change in once-through cycle performance
appears to have resulted from these modifications.

Code Develcgpent: REBU

The final set of modifications to the RBU code were comple-ed a5 the end of the
month. These consisted mainly of improvements in thke output listing, improvements
to on-line messages, revisions of the code to simplify operating procedure, snd
correction of & few minor errors in the input code. Two simple sample problems
have been run through the code on the 7090 computer; but machine difficulties have
prevented campletion of a more complex problem. It has also not been poseible as
yet to carry out the "punch squoze” or cleamup operation on the Moniltor Code, due
apparently to defects in the S0S system. A8 soon as thess obstacles are over-
camne, the code will be released for distribution tkrough the SHARE orgenization.
All material for the final report was assembled, and a first draft copy is currently
in preparation. A preliminary 7090 time estimate on more or less typical problems
can be quoted with same basis in experience; fifteen mimites per Monte Carle system
for the first time step, ten minutes or less for subsequent time steps, fifteen
mimites for the input code. These time estimates are strongly dependent upon the
nature of the problem being run and the desired precision of the results. Diffu-
gion and burnup speeds on the 7090 have nct been determined, btut should not be

more time consuming than the Monte Carlo unless a large number of diffusion and
burmup steps are carried out between Monte Carlo calculations. All portions of
RBU except for the Monte Carlo are limited by tape speed, &nd the improvement over
709 running time is little better than a factor of two even with high-density tapes.
The Monte Carlo appears to be running five to six times a3 fast in the new machine.

Elimination of the cumulative tape in the Input Code may result in improved run-
ning time, since on the TO90 the group cross sectiona can be recamputed in less
time than it takes to read them from this tape. This modification has, however,
been postponed in order to meke the RBU system available for general use at the
earliest possible date.

Instrumentation and Systems

Investigative work continued regarding the "last ditch" safety circuit system for
the Plutonium Recycle Critical Facility. New calculations show that the system
will energize (alarm) in less than 0.75 secconds for a 50-millisecond reactor
Period. Comrercial perts necessary for the experimental device have been ordered
and fissile materlal is being cbtained. Experimental tests will be conducted in

.. the 305-B Building.
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All instruments required for the special detectors to be used in the PRTR critie
cal tests have been fabricated or horrowed. BREach detector and its asscciated
electronics has been calibrated in a Reactor Lattice Physics standard pile.

The equipment has been assembled and sent to the PRTR. Testing of the installa-
tion there will begin as soon as the cabling from the reactor vessel tc the control
room has been completed. Four training sessions were held t0 acquaint the operat-
ing persomnel with the equipment.

All development work on the PRTR Gas Gap Measurement Instrument has been campleted
and all but one of the required modifications tc the Magnaflux Corporation FW-400
have been installed and satisfactorily tested. The modification remaining to be
incorporated is a phase-sensitive circult for providing a signal which will indicate
the quedrant in which, the gas gap spacing is minimmm. This circuit has been develop-
ed and is being fabricated. The probe assembly has been fabricated, assembled,

and satisfactcrily tested. Work remaining on this project includes an extensive
calibration of the instrument as a camplete system, using Zircaloy-2 tube samples

of various wall thicknesses and an eccentrically bored tube to similate variocus
combinations of wall thickness; 150°F water testing of the probe; testing of the
system in the full size tube-in-tube mockup located in 314 Bullding; and final
checkout making the initial condition lnspections of the actual reactor tubes in
the FRTR. It will alsc be necessary to write an instruction book containing operat-
ing procedures and a guide to ald in the interpretation of recorder traces obtained
during process tube inspections.

Because of cable failures in the first Mark I PRTR process tube inside dlameter
probe, a second model was fabricated to accommodate more easily the television camera
cables. The new probe, along with a pair of new amplifier-indicator units, will

be used for future FRIR messurements.

Arrdngements were made to test the equipment and techniques to be used in measuring

the PRTR mean neutron lifetime at the PCTR. The test was actually made on the TIR

because PCTR was shut down for modifications. To date the neutron flux data have

been recorded on magnetic tape and are ready for analysis in the laboratory. The

motor and brake agsemblies ordered for the Ampex tape handling mechanism were re-

celved during the month. It is expected that they will be mounted in the recorder
cabiret and tested by November 15.

The evaluation of the PRTR controller period control mode has been tentatively
dropped. It was determined that the evalustion was impractical using portable
Donner aralog equipment due to a basic lack of stability in the electronic multi-
pliers.

Specific Fuel Cycle Analysis

A presentation of physics cootributions to the Plutonium Fuel Value prograa was
made at the semi-annual meeting of the Evalustion and Planning Branch, Division
of Reactor Develomment, USAEC, on October 19. Primary emphasls at this meeting
W3 on ecconomics evaluation.

Asaistance was given to personnel of IFD in the application of the MELEAGER code
to analysis of fuel cycles in & Russisn graphite-moderated power reactor. The
MELRACER results have been aligned with Russian data.
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The "base case" in the APWR study for the Plutonium value program Was re-

analyzed with a revised thermal utilization. Reductions in Step 1 exposure of
about 500 MH'D/T and in Step 2 exposure of abdut 8§50 MWD/T resulted. The effect
on the econamic apalysis is believed to be small.

A study concerning s fission monitor fuel has been carried cut, with satisface
tory results thus far. RMirther areas of lovestigation will be undertaken by
the customer.

NONDESTRUCTIVE TESTING RESEARCH

The six-section, a-c¢ coupled, orthonormal filter for use in application of ortho-
gonalized exponentials to the analysis of the broadbend eddy current test sigoals
was completed. The output of the broadband eddy current test system was applied
directly without time reversal to this filter and observations were made of the
various fllter cutput signals. By observing the filter output at a time about

10 microseconds from the start of the driving pulse, appreciable changes in the
filter output could be observed as test specimen parameters were changed. This

1s a possible method of use of the filter as contrasted to the application of a
time reversal operation to the signal prior to its application to the filter.

For the type of signal with which we are desling, such a time reversal results in
the filter giving more accurate coefficients for the chosen orthogonal exponentisl
components representing the signel. However, it is belileved that suitable resulta
can be obtained without the time reversal operation of the coil output signal.
Pending the outcome of the present tests, measurements are being made without
time reversal of the test coll ocutput signael, although it is planned to investi-

- gate means for providing the .time reversal.

The attempt to utilize & test coil driving function composed of growlng exponen-

—

tials to eliminate the need for the time reversal operstion directly ahead of
the filter is contiruing. Several waveforms contalning growing exponential com-
ponents have been used but a better generator scheme is being sought. It is ob~
served that a great gap exists in the electronic literature concerning signals of
this type and means to generate them.

Measurement:s of the orthonormal exponexitia.l filter outputs are being made as a
function of test specimen parameters in order to determine the general design of
& transformation network which will transform these outputs into the desired

parameter readout signals.

A six-sectlon pulsed diode sampling cireult waes desigred based upon a single-
section prototype and placed in the electronic shop for fabrication. This sempler
will be used to sample the cutputs of the six-section orthonormal Filter and will
drive the aforementioned transformation network.

The work under a proposed research contract with Johns Hopkins University was dis-
cussed with Dr. W. H. Buggins and a doctorel candidate, Mr. L. G. Wolsey, who will
perform the work under the direction of In. Huggins. At month's end, the University
agreed to accept the proposed contract with a starting date of January 1, 1961.

A modified infrared radicmeter for use in the heat transfer 'testing equipment

. being fabricated at HAPC is partially complete. The main features incorporated

‘in this instrument are an increase in detector-test pi.ece spacing to reduce spurious
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signals due to strong fields cof the induction hesting coil, and the use of a single
13-inch-diameter elliptical mirror and an arsenic trisulfide relsy lens near the
test pleze. The relay lens facilitates placing the chopper and limiting aperture
two inches from the target to covercome space limltations at both the detector and
target. Bench tests of the optical system were made to insure that the design
would be adequate prior to actual fabriecation of the instrument.

Experiments with flattened multi-turn induction colls have continued in an attempt
to utilize an induction heater available for part-time use. A 3-1/2-turn coll .
one-quarter inch long having 1-9/16-inch I.D, was fabricated from 0.005-inch copper
foil. Approaximetely two kilowatts were induced in a 1-1/2-inch 0.D. alumimm load
2ylinder using this coil in conjunction with & 7-1/2-¥KW luduction heater. This is
gpproximately three times the power induced with previously designed coils. How-
ever, an increase in coil-load spacing will be necessary, and the resulting broad-
ening of the heated zone will reduce the power density below the present level.
Tests with these colls are comtimuing.

A bid on the general purpose infrared radiometer has been accepted. Delivery time
is approximately five weeks. This instrmment should be useful in a broad range of
HAPO temperature measurement problems.

T™wo inductive (eddy current) thermometers of the latest desiam are nearing cample-
tion 1n the shop. These will be used first in a heat transfer test in an attempt
to measure the quality of weldments of the lugs on self-supported fuel elements.

NEUTRON FLUX MONITORS

Several plutonium alloy cambinations were "tested," via camputer use, for burn-

out under typical production reasctor conditions. The IBM 709 ccmputer was utilized
with specific burnout codes as applicable. Results indicate that burnout of the
fissile neutron detection materials can be held to t 10 percemt limits over a four-
to twelve-month period at nomel resctor flux levels.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMERNTAL SCIENCES

Atmospheric Physics

Results of the reanalyels of the 1959 atmospheric diffusion field test data indi-
cated that, with a knowledge of the wind speed and atmospheric stability under the
conditions of these experiments, one can estimate the area enclosed within a given
dosage isopleth from a scurce near ground level to within 50 percent in the dis-
tance range of 1 to 16 miles from the source. A regression analysis of the area
enclosed vs. normalized dosage showed that a power function fits the data very
well, both for very stable and moderately stable atmospheric conditions when the
stability is determined from the balk Richardson's Number.

Calculations were started of the fiux of zinc sulfide tracer material through
vertical surfaces defined by the vertical and horizontal sampling grids. Based
on the anaiysis of one experiment, results indicated that the mass flux decreased
exponentlally between 200 meters and 3200 meters! distance downwind from the
source. The loss of material 1s attributed to deposition on the ground surface
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ind vegetation. Analysis of data from additional experiments was in progress at
month end.

7ield activities in the current series of atmospheric dispersion studies included
two additional successful experiments and one failure, bringing the total nmumber

of successful trials to 16. Additional ssmplers were added to the grid to provide
data on the magnitude of the error In dosage estimates caused by aerodynamic Ilmpac-
tion of the tracer material on the membrane ‘filters at the higher wind speeds.
Several supplemental experiments were conducted using oil fog tracer photography

to gqualitatively study the effect of ground contour change on dosage determinations.
Results of these studles supported our concept of plume behavior that gave rise to
ancmalous crosswind variance estimates at 8 miles® distance from the source cbtained
from the 1959 field test Jdate. .
In our preliminary work on precipltation scavenging processes, investigetions con-
timied on field methods of collecting rain samples and feasibility of using artificial
rain for pilot studies. A sampler for collecting individual raindrops wes designed
and fabrication started.

DOSTMETRY

Apn improved ability to measure Naeh'reported last month has led to itas detectlon
in a large 'ﬁer of people. All these people work in the reactor areas. The
amounts of Ne* have been in the range 1 to 10 mﬁﬁ 4 aample ﬁf dx water
from one of the reactor freas vas counted and Na' 9, Mn’*, and crol were
detected. Sinmce the Na®* has been found in pecple tb.ese other isotopes should alsc
be presept. Efficient detection of these isctopes requires improvement of the low
energy response of the multichannel aralyzer. Three methods were designed +o
achieve this improvement. One method involved summing the pulses fram two ampli-
fiers, one of which was diode limited. This method was tested by Chemical Research
and Development Operation. A second method imvolving a diode switch in & voltage
divider was tested by us. These first two methods were fairly satisfactory but
resulted in a small transition reglon in the anslyzer in which the resulis were
non-linear. Callbratlon of either of these systems would have been very camplex.
A third method is under develomment which involves manipulation of digital informa-
tion inside the analyzer. Both cbjectlions to the first twe methods should be
removed in this method. '

An arrangement was campleted which permits s taneous operation of hoth the old
and the new large scintillation counters. A calibration experiment was carried
out for the scanning counter arrangement using the two counters separately and then
together. The results were better than obtained with a subject in the chair posi-
tion but were not as good as had been hoped for. Other experiments are in progress.

chJ-, Zn65, and Np259 were found in the coveralls at the whole body counter by count-
ing a large stack of them. The amount in each coverall 1s amall but should be re-
moved to eliminate uncertainties in the low energy range when the apparatus described
above 1s in operstion.

It was made possible to mount the new! large scintillation counter in the place of
the present whole hody counter. A cross-calibration between the two was carried

. wt.
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Consultation was given in planning e new whole body counter facility. A cal-
culstion was made of the proper thickness of iron shielding between adjacent

iron rooms. An integrated instrument system was designed that would incorporate
both the new and the old counters without requiring duplication of all the record-
ing equipment that we now have. This system will require development of a transfer
circuit that will permit transfer of information between multichannel anelyzers.

The installation of & new analyzing chamber and & new positioning device on the
pogitive ion accelerator were campleted. While not yet in full use these additions
appesr to have essentially eliminated the long-standing problem of accelerstor
aligrmment. ‘

Measurements were campleted of the energy degradation of the neutrons from two
more PuRe sources. These scurces were borrowed froam the Naticnal Pureau of Stan-

dards and from Vallecltos.

An Sb-Be source being prepared for counter standardization was lost when 1t was
ejected from the resctor affter being activated.

Analysis of the accumulated dats on precision long counters showed that the poei-
tion of the effective center of the counter shifted linearly with the energy of
the neutrons being counted. It was also shown that the fractlion of roam-scattered
neutrons that were counted was ipdependent of energy. This last relaticn may be
peculiar to our laboratory. These twe relations, plus ocur previcus callbrations,
have permitted substitution of our preclsion long counter for our previcus long
counter in neutron flux standardization in our laboratory. Further machining wes
done on a second precision long counter made here at Hanford in an attempt to make
its response more nearly like that of the cther counters. No improvement was
obtained.

The performance of the helium lon socurce beéing develcped was improved by using a
stronger magnetic fleld, thue permitting opersticn at & more nearly optimm gas
pressure. The limitation on the cutput of the scurce appears to he sputtering of
metal fram the exit of the source,

The beam sweep for producing unifomm electron exposures with the electron Van de
Graaff was ingtalled and is now beirg tested. It should be possible to irradiate
uniformly an area about one inch square, although the ares to be irradiated may be
reduced as desired.

A simple and accurate method was developed for correcting for the nonlinearity of
thermistors used in calorimetry. The value of this technique is that it permits
correlation of experiments performed under different conditions. The method was
applied in measuring the stopping power of alumimm with a transmission type
calorimeter. The result was within 0.7% of the accepted value. The standard
deviation smong different readings was only 0.1%. However, systematic errors,
especially multiple scattering in the foll increased the total uncertainty to 1.2%.
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Experimental prototype {first model) fabrication was complete on the GM tube
miniature detector approximate dose-rate integrating personnel monitor. The unit
has performed satisfactorily; however, redesign and repackaging must be considered
since the unit exceeds 1.5 pounds in weight and oceupies 32 cubic inches. A reduce
tion of 50 percent of present size and weight will be necessary. _

Modb’gications wvere complete for the Dog Monitor at Blology to permit counting of
cel*™ in rats. Since the unit was originally deslgned for large animals, a probe
was removed and reinstalled in the shield to permit rat counting. Operation is
gatisfactory.

The coincidence«type alphs sir monitor was modified to inerease sir flow %o 19 OPM.
Perfect balance has been achieved through a 7000 d/m redon-thoron buildup. In
other words, the astated bulldup, which is abgut as high as we bave ever experienced,
produced no faise meter indication on the Pu 59 meter. With the stated flow rate,
the calculated sensitivity to alarm for a contimuous level of airborne Pus>9 of

2 x 1010 uc/ce (100 MPC) is sbout four minutes or less. This alarm level, if it
can be maintained, is quite satisfactory. It appears that the major problems have
been solved for this development project. Only sn improved transistorized count-
rate meter remains as a problem,

Fabrication comtimued, with design modifications incorporsting a complementary
transistor flip-flop, on the secornd type of selectable-glarm-level perscnnel
dosimeter incorporating o pencil dosimeter, CAS cell, and transistor circultry.
The modified circult materially reduces battery drain for the alarm portion.

Investigatlions were started, ueing the 200~channel analyzer, for a new type of
zinc sulfide particle counting system for use in Atmospheric Physics programs.
The approach will be to use two different ZnS pigments deposited on the same
filter to see if they can be distinguished vie their inherent characteristic 4if-
ferences,

An apparatus was completed for experimental fabrication of the miniature CaFo:Mn
thermoluminescent dosimeters. The readout system for the dosimeters was modified
to improve the readout accuracy and reliability.

The lead-shielding-modified, transistorized alpha-beta~-gamma experimental proto-
type scintillation hand and shoe counter was moved to 100.F Ares for testa. Opera-
tion, to date, has indicated a need for an additional binary circuiltry in the
beta~-gamms hand and sheoe channels due to the much higher background conditions
than were experienced in the long-term 300 Area tests.

The two campleted prototype "wand" alpba monitors using silicon surface barrier
diode detectors and all transistorized cireultry are still performing quite
satisfactorily. Unit eize is one inch diemeter by eleven inches long. One unit
is being used, experimentally, at 2345 Building with good results to date. The
units have essentially zero background counts, greater than 20 percent gecuetry
for Pu239, and have no gams interference problems in 5 r/hr fields.
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Tests and sxperiments were concluded on the logerithmic voltage quentizer circuit
incorporating tunnel dicdes as a voltage comparator. The unit was used with the
200-channel anglyzer o cbtain a logarithmiec horizontal scaleéh Tegts were con-
ducted with ¥a®% (1.28 and 0.51 Mev), Csl37 (0.66 Mev) and Am=*t (0.06 Mev).
Results were displayed on the analyzer with errors of about £ 10 percent from a
true logaritilmic characterlstic.

Develomnent work contlmued on the servo-system logarithmic area monitor with
phototube lntercbangeabllity tests coampleted. No phototube selection will he
necessary. Circuill experiments are underway to develop s voltage regulstor con-
troller to eliminate the servo motor. The regulstor, if successful, senses the
anode current to change the bhligh voltage to keep the anocde current constant.

Two good resoluflon Pu239 alphs scurces were obtalned for use in evaluaiing the
alphs energy resclution characteristics of the silicon diode surface barrier
detectors. Several comeerciasl diodes were ordered to compare with those of our
maoufacture. Processing was started on another group of ten experimental diodes
of various sizes using 400 ohm-cm silicon. Various finishing technigues will be
tried to attempt to reduce the reverse current {leskage).

Ingtallation of all equipment was caapleted for the eleectron beam deflection
system for the Ven de Graaff negative accelerator. Tests indicate the thyratron
cireults will probably have to be modified to coperate from a pulse source rather
than de¢ for stability. The cammerclal deflection plates do not perform ag indi-
cated by the mamifacturer. This problem remains o be solved before tests can be
campleted with our portion of the equipment.

An experimental circuit was proposed concerning a thermistor-controlied oscillator
for use in a temperature readout system.

Fabrication continues on the three prototype experimental scintillation transis-

torized beta-gamma dose-rate meters of a portable type. Portions of the work
caupleted and tested to date have proved to be satisfactory.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analyeis

A8 8 measurements criterilon for this program we have established & mumerical stan-
dard for the mmber of program and standard samples for which high quality isctopic
analyses are obtained each month. This goal i3 based on 100 percent operating
efficiency for 75 percent of the availsble time, allocating 25 percent of the time
for mass spectrometry resesrch and develcpment in support of the program. This goal
has been consistently exceeded during the past six months because 1) research and
develomment activities have been confined to the other mass spectrometer which has
offered some new challenges in the form of operating difficulties, and 2) the mass
spectrometer for this program has been operating in a remarkably reliable fashion,
and a nzar negligible smount of time has been lost due to operational difficulty
and maintenance, and 3) opereting procedures and utilization of manpower have been
extremely effective. During the past 8ix months we bhave achleved ip excess of 150
percent of the established goal for analyses performed culmirated during October
by the achievement of 200 percent.
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\s part of the continulng effort to study and improve the accuracy and reliability
of isotopic abundance measurements attainable with the mass apectrometer for this
program, a series of analyses have been started on urgg%gm gamples provided by the
National Burean of Stapdards. These samples vary in iscotopic content from
depleted to highly enriched. It 12 the intent of this study to determine whether
or not an over-all mass discrimination effect existe. All samples run to date have
agreed with the NBS analysis within established precision meagures.

The improved ion count comtrol circuit for the ion counting detection system of
the mass spectrometer has been completed.

An improved filament vacuum bake-out system was designed and iz belng fabricated.

The new system will provide three independently accessible wvacuum chambers, any
of which can be opened to the atmosphere without shutting down the vacuum system.

'TEST REACTOR OPERATIONS

Increased flexibility will be provided for the present PCTR by borilng additional
fuel holes in the inner edge of the reflector. The work was started October 2L,
Excellent aligmment with the existing holes in the back reflector has been obtained.
Appraximately three weeks' outage will bhe required to drill 100 holes.

Operaticn of the PCTR continued routinely during the month until the scheduled
reactor improvement outage starting October 24, 1960. There were no unscheduled
shutdowns during the month.

The IFD mockup lattice messurements of kw, £, p, €, wet and dry were campleted
during the month.

The first part of the experiment to determine nuclear safe concentrations of en-
riched uranyl nitrate polyethylene mixtures was completed.

The maintenance outage 4o drill 100 holes for additionsl driver positions was
started October 2k, 1960,

A nev source drive mechanism was prepared during the month to accormodate the
larger physical size of the Pu-Be source scheduled to replasce the present Po-Be
source.

The TTR wes used to test an automatic period timer and a method of messuring
neutron lifetimes for Nucleonic Instrumentation Qperation.

Two irradiations of calibrating folls were made, one for PRTR experiments and one
for NPR experiments.

CUSTCOMER WORK

Weather Fbrecastingﬁand Meteorolqu Service

Meteorological services, viz., weather forecasts, cobservatories, and climatologi-
cal services, were provided for plant operations and manegement personnel on a
routine basis.
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Type of Forecast Number Made 4% Reliability
8<Hour Production 93 87.1
2beHour Genersl 62 82.8
Special 150 90.7

Qctober was the second consecutlive month of warmer and drier than normal weather. The
only highlight was a high wind with gusts to 53 mph on the 23rd.

Instrumentation and Systems Studies

Evaluation of the designed Pu®39 (17 Kev) Wound Probe for Records and Standards
Operation was campleted. A small probe withk a two-inch-diameter one-millimeter-
thick Nal erystal was found to be capable of detecting " “out 2000 d/m of Pu23%
through one-eighth«inch-cf-flesh-simulating lucite in &« .J mimute count. This is
the best that can be done using hand-selected phototubes. The detection level is
gbout four times better than indicated (originally} as required for fleld use.

A letter was written to the interested personnel concerning final delivery of the
small probe, The large four-inch-diameter Kal crystal was returned-to the manufac-
turer for repackaging after a hole was discovered in the thin alumimm back plate.

Advice and consultation wes rendered to Redox ilnstrument maintenance personnsl
regarding the adjustment and operation of the Redax Stack Effluent Monitor,

A design proposal was caspleted and sent to Chemical Research and Development
concerning an alpha and beta-gamma stack monitor system for the 3% Building.
The alpha, portion was designed to alarm 1f 5 x 10"Y curies of Pu are emlitted
or it 10'1" curies of mixed fission products are emitted. The beta-gamma portion
will be a modification of our previocusly developed and tested High-Level Alr
Monitor, and the alpha portion will use our developed and tested Medium-Level
Alpha Monitor. Mecharicel time constants will be incorporated lo the alpha por-
tion to improve sensitivity and relisbility.

A design proposal was submitted to 327 Bullding personnel concerning a mixed
fission product air monitor using our develcped and tested Eigh-Level Alr Monitor
clrcuitry and a moving-tape mechanism.

A request was received fram Radlation Protection Operation to provide engineer-
ing services to improve the reliability of the Whole Body Monltor multichannel
analyzer and its peripheral egquipment.

Two X-ray diffraction peak integrators for FFD bave been ordered from the Perkin-
Elmer Corporation. The customer increased the requirements on thls item to
include an autamatic printing feature. .

The nickel plating process for FPD Process Engineering hes been set up on the
GEDA computer. The solution should be complete in about a week. Results should
include optimum conmtroller settings and location of the pH measuring element.

Work is continuing on the reference system to be used in calibreting the DRS-100
system. The DRS-100 is intended for future use in making ln-reactor creep meas-
urements by the Physical Metallurgy Group. A furnace and controller are being _
modified to provide for individual control of ten specially installed heater wind-
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. Tings to insure that the required “flat" temperature gradient is obtained through-
out the entire length of the furnace. An even temperature distribution within
the furnace will be & necessary condition while the DRS-10C is being calibrated
at elevated temperaetures.

ics

Length Measurement Periscope

A periscope 1s being designed for 105-C Fuel Examination Facilitles. The peri-

scope will permit measurement of the length of fuel elements under twelve feet of
water from the same station at which internel diameter measurements will be made.
Preliminary sketches have been prepared which are being used as a basls for further
tests and calculations. A work order has been issued to drafting to prepare detailed
drawings.

Radiation Ratio Pyrcmeters

The HLO metallograph pyrcmeter is ready for installation. ' Installation is scheduled
for October 31. :

The FFD extrusion press pyrometer is fully assembled and has been tested extens-
ively using the Barnes radiation standard as a source. During the first two-and-
one-half hours of operation after starting up cold there 1s a 50°C drift in indica-
tion, after which no drlft can be detected for periods of &t least eight hours.

The Arift seems to be in the detector cell itself. Tests are now being made to
determine if the drift can be eliminated by using an auxiliary slow choppexr which
cuts off radistion to the cell periodically.

Shop Work

A total of 548 manhours work wes performed during the fivewweek period (September
25 to October 30) included in this report. Of this, 11% was for IFD, 17¢ for CED,
514 for HLO, 4% for Code 1525, &% for Code 9710, and 11% for Code OT10. The work
included; -

Fabrication of 20 glass bearings.
Fabrication of PRTR gas gap probe.

Repair of two cethetometers.

Repair of two periscopes for 105-F.
Fabrication of four light pipes.
Fabrication of pyrameter lenses and fiiters.

Lo AN IR S WO (VI o

Analog Computer Facllity Operations

The major problems or the analog computers this month were Reactor Speed of Con-

trol and the NPR Confiner.

An open house in the Analog Computer Facility was held Qctober 1l and 12. This

consisted of demonstrations of two computers and short explapstory talks. The

purpose of the open house was to acquaint persomnel of the various englneering
,- and production groups on plant with the analog facility and the work being per-
'\_/-fomed. by its use. The demonstration used with the EASE computer conadisted of

the similation of the PRTR reactor. The simulation was connected to an external
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electronlc controller and to a manual zontrol panel arranged to make possible &
choice between manual and aeutomatic control. This demonstration was designed

4o point out the use of the anslog computer for system simulations, operator
training, and hardware evaluation. The demonstration with the Litton DDA con=-
sisted of solution of a spring-mass problem showlng the interchange of energy
between two masses. The solution of a damped, second order differential equa-
+ion apd the solution of Ven der Pol's equation were also demonstrated. This
demonstration was designed to illustrate the use of anelog camputers for equation
solving.

The amplifier test unit for the analog computer has been completed. The opera-
tional amplifiers, previously reported inoperative, have all been repaired with
the aid of the test unit. Routine maintenance procedures on the computers have
been started. Spare eguipment has been ordered for use in the maintenance pro-
gram but it has not been raceived. It was discovered that the EASE 1148 ampli-
fier input tubes had been wired in two different ways. Some emplifiers had been
wired for low voltage filament operation and scame for the full rated volts. On
this basis the 69 bad tubes removed from the computer were tested with six volts
on the filament. About nine percent of tiae 1248X7's and 45 percenmt of the 12AUT's
appeared to have exceptionally low transconductance at this low filament voltage.

The two Ampex tape trensport leg simulators have been checked out against the.
specifications. The specifications were met or exceeded in every case. The
static amplitude accuracy was five to ten times betier than specified. A memo-
randum will be lssued on this checkout.

Camputer Operation

GEDA 132 hours up EASE 140 hours up
' 20 hours idle 0 hours idle
4 hours unscheduled downtime 16 hours unscheduled downtime
12 hours scheduled downtime 12 hours scheduled downtime
168 hours total 168 nours total

Ingtrument Evaluation
1. Accepbance tests were completed on 20 T-P dose rate portable instruments.

2. Evaluaticn :bemperature tests were campleted on T-P type probes (plastic wall
ionization chambers) from +75 F to +175 ¥. At +125 F, the readings were 10%
down from reeding to 75 F; and at +175 F, the readings were in error by =35%.

3. All tests were campleted for testing RCA 6655-A multiplier phototube inter-
changeability for use in the servoed logaritimic area monitor. Ome chart
(calibration) was found to be sufficient for all tubes (no selection neces-
sary) over the range from one mr/hr to 10 r/hr.

L, Advice and assistance were rendered to PRTR persomnnel concerning callbration
of their Victoreen Remote Area Monitors. 2Zero drift was found to be excess-
ive and calibration results were correct to within only * 15%. The internal
calibration scurce was not in reading agreement with the plant-standard
gsources.,
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5. The Model IT Scintran was moved to Redax for further fisld tests after a
successful two-week test at 108-F (Biology}. The plastic-cast alpha probe
was found to be slightly contaminated from use at Bioclogy and was recovered.

6. Personnel from the 300 Area Portable Instrument Repair Shop were ilnstructed
as te the correct method of applying zinc sulfide to Ailr Filter Monitor alphae
probes and as to proper lightecovering application methods. One probe was
properly assembled for the demonstration end the tegts showed 1t to have an
average geometry over the h-inch-by-h-inch face of about 29%.

Manager

PHYSICS AND INSTRUMENT RESEARCH
AND DEVELOPMENT

HANFCRD LABCRATCRIES OPERATION

PF Gast:mes

1234282




) c-1 ' HW-6T255%
L ../

CHEMICAL RESFARCH AND IEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION PROCESSES

Uranium Oxidation and Flssion Product Volatilization Studies

With studies on the effect of uranium irradiation levels on release of fission
products in an air atmosphere about 7 1+percent complate, geveral conclusions.can be
drawn. Over lrradiation levels of 1 to 1018 avt there is no significant change
in the oxidation rate of the uranium. Also for consideration on reactor incidents
the release of noble gases from the fuel will be 100 percent. Apparently, the
messured low release of noble gases at trace irradlation levels resulted from the
adsorption of about 30 percent of the gases by the uranlum oxide itself.

Work commenced on the determination of size and size dlstribution of particulate
material formed during the oxidation of unirradiated uranium specimens. Experiments
were made at temperatures of 1200, 1000 and 800 ¢ and air flow rates of 1000, 2300
and 3500 cc/min. Observations of the particulate material by optical microscopy
indicated that the temperature at which oxidation occurs has a marked effect on the
size of particulate generated. Also, increased air flow rates increased the amountis
of larger particles collected which is probably due to lncreased entrainment and
" higher settling velocities.

NPR Effluents

Laboratory studies of possible treatment methods for phosphoric acid decontamination
wastes were directed toward precipitation and scavenging processes to conform with
the process found most suitable for other decontamination wastes. The work included
methods of removing phosphate as well as radioisctopes from the waste. More than

99 percent of the phosphate ls precipitated from the neutralized waste upon the
addition of calcium salts. However, this process results In the formation of very
large volumes of aludge. After settling for a month or more the sludge volume 1is
roughly equal to the volume of 10 percent phosphoric acid decontamination solution
used before dilution with rinse water. Caustic neutralization after additicn of
calcium salt minimized the sludge volume. The phosphete precipltation scavenged
radicactive barium, zinc, and cobalt tracers from solution with decontamination
factors of about 103,

It was found that scavenging decontamination factors of 103 for radiozinc snd radio-
cobalt in phoaphoric acld waste were ohtained by precipitates resulting from treat-
ments with KMnQ), (0.012M) or FeSOy (0.06M) prior to caustic mneutralization. The
sludge volumes thege cases were less than half those obtained from calcium pre-
clpitation of the phosphate.

Reactor Effluent Treatment

. Prelimipary analyses of reactor effluent water samples from the two half-reactor
\— tests in which higher floceculant feed rates are belng used indicate that removal
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efficiencies of arsenric and phosphorus expected by compariscon with laboratory tests
ware not achieved. Repeated laboratory tests using the same chemicals as in the
half-reactor test showed that high removal efficiency could not be obtalned unless
Separan was added to the filter. Best results were obtained with 20 ppr aluminum
nitrate flocculant and 0.02 ppm Separsn to the filter. Purther laboratory tests
show that this treatment efficiently removes arsenic when present as elther the
arsenate or arsenite ion. These conditions were recommended for trial in the half-
reactor test. '

Work was initiated to seek minerals sultable for large-scale decontaminatlon of
reactor effluent. Batch experiments were performed with pyrite, gypsum, erionite,
calcite, apatite, clinoptilolite, anorthite, albite, labradorlite, microcline,
sodalite, scapolite, and vermiculite to determine the ability to-adsord Zn-65 from
80 C tap water. All except pyrite adsorbed zinc significantly. Most of the
remaining minerals adsorbed 50-75 percent of the zinc after cme-hour contact. Soda-
lite, scapolite, and vermiculite removed 89, 91, and 96 percent of the zinc,
regpectively, and were superior in this regard to all other minerals studled. Future
studies will concentrate on minersl bed removal of phosphorus and arsenic.

The reactor effluent pilot scale test facllity using sn aluminum bed was operated
at a water rate of six feet per minute, about 50 percent greater than that of the
initial tests. Significant trends were noted during the periocd. Radiatlon measured
at the wall of the bed structure essentially trebled to 1.5 r/hr., requiring re-
loceting the radiation zone boundary. The concentration of dissolved aluminum was
appreciably higher during six feet per minute flow than during the 3.8 feet per
minute flow tests. Pressure dreop across the bed increased, but the drop was less
than that anticlpated. Since bed life will be influenced by the rate of dissolution
of the aluminum and the pressure drop reaching a limiting value, the increase in
aluminum concentration may be viewed wilth some concern for the higher flow rates.
Lower preasure drop will permit greater ecoaomy in the full scale design and con-
atruction.

Air Monitor

The efficiency of an Anton 234-B air monitor modified according to the earller recom-
mendation was calibrated. A gain of about 50 percent in efficiency was achieved over

the original design.

Observation Wells

There were no significant changes 1ln ground water contamination patterns in the
vicinity of the 200 Areas during the past montk. Ground water samples from a well
monitoring the Purex A-§ ateam condensate crib have sporadically shown low concen-
trationa of strontium-90 for the past several months. This would be premature
breakthrough of strontium-9C into the ground water based on laboratory soil column
test results. Samples have contained gross quantities of decayed animsl matter,
probably rat or rabbhit, and there is a possibility that the source of the Sr-90 is
related to the decay material. Further efforts to define the source are underway
with assistance from the Radioecology Operation. A replacement crid, necessitated
by the decreased percolation capaclty of the existing cridb, is scheduled for com-
pletion in about flve weeks. '

A study to evaluate current and past analytical data relative to nitrate and nitrite
ilon concentrations in the ground water and Columbia River, and to laterpret these
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resulta 1ln terms of Hanford waste disposal practices was accelerated. A quite pre-
liminary evaluation indicated that information relative to waste movement in ground
water may significantly supplement knowledge gained from the rcutine well sampling

and water analysis program.

SEPARATION PROCESSES

Redox Studies

During the past year the Redox Plant bas occasionally experlenced a lose of partition
in the 1B column. Such instances apparently increased wilth adopticn of the first
cycle acid flowsheet. Since such a flowsheet is more conducive to solvent degrada-
tion, samples of the plant solvent were examined.

Infrared and ultraviolet absorption studies of the solvent indicated a relatively
high concentration of an unidentified nitreo compcund. Precipitation of this materisl
as the sodium salt confirmed the optical analyses and showed an impurity level of 0.2
to 0.5 mole percent. Laboratory experiments showed that only incomplete separation
of the impurity from hexone was achieved by steam distillation. After dlstlllation
of 6% percent of the sample, about 17 percent of the Impurity was found 1ln the
distillate. Complete distillaticn of the hexone, as 1s done in the plent, would of
course result in a greater carry-over of the impurity.

Treatment with 0.5 M H280), prior to steam distillation was relatively ineffectual in
reducing the nitro-impurity.

Tests of the effect of the nitro impurity on the partitioning agent were also carried
out. Ferrous ion was rapldly oxidized when s large excess was contacted with a plant
hexone sample. However, no change in the absorbance due to the nitro compound was
observed. 3imilarly, no change was observed in the absorbaace due to diketone im-
purity which 1is alsoc identified in the process solvent. Oxldatlon of the reducing

‘agent is thus not due directly to the nitro impurity identifled spectrophotometricelly.

Laboratory tests showed that a five-minute wash with eight percent scdium hydroxide
solution removed 98 percent of the nitro impurity content. Application of this
procedure in the plant was mach less effective, due undoubtedly to less efflcient
contacting..

Solvent Evaluation Studies

Batch contact solvent extraction tests on chemically degraded Ashland 0il and Refining
Company candidate diluents were completed for the series of 16 samples {R-1 through
R-16) so far received at BAPO. The diluents were first nitrated by contact with

8 M ENO3-0.05 M NaNOp (initial concentration) for 24 hours at 80 C. The nitrated
diluents, made 30 volume percent in TBP, were used in batch contact experiments

8 imula ting extraction, scrubbing and stripping in the first Purex cycle. Simulated
Purex feeds used in these contacts were spiked to 0.2 percent full level activity
with plant dissolver solution. The degraded Ashland 0ill samples were nearly uniform
in their tendency to extract gamms activity and to retain it through scrubbing and
stripping. Compared to similarly degraded Shell E-2342, the Ashland Oils extracted
about cne-fourth as much gamma activity and retained about one-third as much through
gerubbing. However, gamma E values during stripping were higher for degraded Shell

- E-2342 than for the Ashland Oils with the net result that the final stripped aqueous

phase contalned less gamma activity with degraded Shell E-2342 diluent than with
degraded Ashland 011 diluent. This phenomenon will be investigated further.
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Reclamation Facility Continuous Dissolver

A system capable of continucualy dissolving simulated solid feed materials from the
Reclamation Facility bas been installed in the 321 Building. The dissolver is a
five~inch inside dlameter, 10 foot long tube. Solid feed is introduced through an
air lock at the top of the dissolver. An equilibrium heel of solids will build up
in the dissolver. Dissolvent, lntroduced at either the top or bettom, will make
one pass through the heel and overflow as product.

Materials of construction are 300 SCb stainlees steel for the dissolver, product
overflow line and reflux line. Stainless steel {304 L and/or 347) are used for the
remaining tanks and lines subject to corrosion. Miscellanecus fittings and valves
on many of the low pressure lines and vessels are Penton or Teflon plastic.

Process variables to be investigated are solid and liquid feed rates, liquid feed
concentrations, liquid feed point, reflex return, product take off point, and solids
bed height.

Similated slag and crucibles were dissolved this month in both the pilot plant con-
tiouous dissolver and in the laboratory. Laboratory studies of cerium reduciion
{as stapnd-in for plutonium) and synthetic slag and crucibles showed essentially
instantaneous dissolution of all material except the crucible fragments, which
dissolved within two hours. These observations were verified in the pilot plant.

Screen analysis of cerium reduction slag and crucibles showed no regulsr particle
size distribution. The sand agglomerated into large chunks which disintegrated
immediately on contact with water, and gradually on contact with moist air.

WASTE TREATMENT

Radiation Stsbility of Calcined 3olids

A series of calcined waste solids have been irradiated in the Van de Graaff acceler-
ator aud the evolved gases measured and analyzed. The results show that either
sulfate- or phosphate-matrix solids are quite stable and could be stored in sealed
containers without significant pressure build-up. KNitrate salts, &s expected, under-
g0 complete decomposition with production of a very large volume of gas {mostly
oxygen). Carbonate containing wastes (from spray calcination of neutralized Purex
waste) gave intermediate results and will require additional work to determine
whether venting would be required.

Pot Calcinatlon with Phosphoric Acid

Two runs were made in a three-inch stainless steel pot to test with synthetic Purex
1WW a Brookhaven scheme for converting to phosphate glasses. Ths pot wee partially
filled vith phosphoric acid, brought to temperature, and the waste slowly introduced
while the calcination proceeded. The firat run was with a formaldehyde-killed,
low-sulfate composition. This evaporated very smoothly. The second run was with

an acidic, high-sulfate 1WW. This, too, evaporated smoothly during the early stages,
but produced several inches of foam when the temperaturs rose to 140-170 C. Analysis
of the pot residue indicated that sulfate removal was not complste during the drying
stages and that additiomal sulfate elimination would occur during calcination.
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.\Semiworks Batch Calciner

A pllot plant test (P-2) reported last month confirmed the foaming problems that
seems8 1o exist when solutions with a high salt content are batch calcined with a liguid
phase in the pot. Additional study of problem was carried out by snother test }P-h)
under identical condltions as P-2 except the feed rate was halved to 3.7 liters/hr.
allowing a low liguid depth. Foaming was greatly alleviated but the solution splashed
and spattered to the extent that the entire pot interior was coated with calcined

- wagte, Entrainment to the condensate was 0.15 percent despite the baffle covering
the off-gas line outlet. In both runs the calcine melted at about 850 C and the
thermal conductivities of the solids were about 0.4 BTU/hr.-sq.ft.-F/ft.

Additional studles of simulated underground waste acidified with sulfuric acid have
been carried out in a series of four experiments in a small scale (3 inch diameter by
7 inch high) calciner. These studies have indicated that if a melt is to be formed
at 900 C or less, the acidified wastes must have a sulfate to salt nitrate ratio of
greater than 1 and a sodium tco irom plus aluminum ratio between the limits of about
1.5 minimum and 8.5 maximum.

Fluid Bed Waate Calciner Prototype

Waste calcination studles in the fluid bed calcliper were continued uaing & feed of
simiated high-acid Purex waste. 1

Tests were made in which the "bubble-cap" distributor plate was replaced with one
consisting of a double thickness layer of heavy quartz cloth. PFluidizing air dis-
tribution with the latter distributor is notably better than with the "bubble-cap”
type, even with reduced pressure drop through the cloth distributor. In addition,
attrition of calcine particles is less with the cloth distributor as manifested by
the reduced quantity of fines entrained with the calciner off-gas {about five percent
of the total calcine compared to eight percent under conditions otherwise comparable),
and by the reduced quantity of attrited smaller particles in .the calcined product.

A short test was mede in which an aqueous sugar solution was injected into the feed
stream to a final sugar concentration of 130 grams/liter of original feed. In com-
parison with other tests, the "sugar" tests showed the following results:

l. The calcine has a lover bulk specific gravity (1.3 vs. 1.4+). PFurther
reduction in specific gravity would be expected under equilibrium conditions
reached during extended operation.

2. The calclne is more frangible. This 1s in part due to the higher porosity of
the "sugar™ calcine.

3. The amount of fines entrained into the calciner off-gas stream iz increased
(to about 11 percent of the product calcine rate). This effect, however, is
partly caused by the increased gas rates in the system.

4. The agglomerate formation rate and the nozzle lump formation tendency are
decreased somewhat.

\_~ (1) Nominal Composition: H 6.0M, AL 0.10M, Fe 0.25M, Na 1.CM, Cr 0.005M, Ni 0.005K,
: S0, O.51M, POy 0.0l&M, KO3 7.OM.
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5. Heat requirements are decreased about 30 percent due to the exothermic
reactions between the sugar and the nitrates.

The removal of solids from the wet calciner off-gas stream during the c¢condensation
step improves when the relative amount of condensables 1n the gas stresm is in-
creased. Under typical conditions tested, the condenser removed 62, 75 and 98
percent of the solids in the wet gas feed stream to the condenser when the calciner
wag cperated with air as both atomizing and fluidizing gas, with steam as eilther
atomizing or fluidizing gas, and with steam as both atomizing and fluidizing gas,

respectively.

Additional data show that the solids de-entrainment factor of the non-condensable
gas stream in the packed scrubber {packed with eight feet of one-inch Raschig rings
and surmounted by a Yorkmesh demister section) is greater than 100. The overall
solids de-entrainment factcr from the calciner through the roughing cyclone, the
condenser and the scrubber is greater than 10,000. (The actual number is not known
because of the limit of analytical accuracy, but is expected to be an order of

magnitude higher.)

TRANSURANIC AND FPISSION PRODUCT RECOVERY

Strontium Recovery Program

Strontium Purification - Installation of the larger columns and accessory equipment

in A-Cell for production-scale atrontlum purification was virtually complete at
month end. One or more cold shake-down runs will be made in November with the first

production run scheduled for early December.

Supporting laboratory studies were made on concentration of stroatium by nitric acld
elution from the last c¢column, the complexing of high concentrations of iron in the
crude Purex feed, and on sequential elution processes. Room temperature elution of
strontium from the last column in the EDTA process with 6 M HNO; rather than with
buffered EDTA gave a peak concentration of 125 grams of strontium per liter, and g8
percent of the strontium was eluted at an average concentration of 52 grams per )
liter. The absorption break-through curve was very sharp. A similar elution at 51
C recovered 99 percent of the strontium at an average concentration of 56 grams

per liter.

The concentration of iron and lead in the Purex strontium concentrate has been found
to be much higher than expected and will saturate the ion-exchange resin, thus
significantly decreasing the capacity of the in-cell equipment for sirontium puri-
fication. Ways to overcome this difficulty are accordingly being sought. On the
basis of prelimipary results from a column run currently in progress, addition to
the feed of a quantity of EDTA Just sufficient to complex the iron and lead appears
to allow these elements to pass through the column without interfering with alkaline
earth loading. Major drawback is the need for an accurate analysls of each batch of
feed.

Lahoratory Solvent Extraction Studies - Experiments were continued to develop flow-
sheets for solvent extraction recovery of strontium from Purex Plant "crude cut”
solution. Mini-mixer-settler runs were made with both acetate and citrate buffered
concentrated feeds to determine operability and decontamination with various proposed
flowsheets. PEmulsion formation and poor phase disengagement led to severe flooding -7
with scetate buffered feeds at pH 4 and with the solvent (DZEHPA) initilally all in
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the sodium form. Satisfactory mini operaticon occurred when citrate buffered feeds
at pH 4 were used with all or partly sodium form solvent. Also, excellent mini
operability was obtained with feeds at pH two or three buffered with elther acetate
or citrate when the solvent was all initially in the acid form. Feeds used in these
Tuns were spiked with appropriate iracers to permit determination of decontamination
from various crude cut constltuents. Analytical data on the runs are not yet avail-
able., Batch contact data to define distribution coefficlents of crude cut con-
stituents versus pE for different btuffers and solvent loading are being accumulated.
It 18 of intereet that iron extraction is much less from citrate than from acetate
buffered feeds. Operation of the first extraction cyecle at pH b without extraction
of 1ron appesrs feasible. Bateh contact data also indicate that, with concentrated
feeds, the organic %o aquecus flow ratlio must be greater than one to obtain strontium
distribution coefficients greater than cne at any pH up to five.

Pilot Plant Scolvent Extraction Studies - Iavestigations of the pulsed column solvent
extraction behavior of strontium in D2ERPA and simulated Purex 1WW crude cut have
continued using a concentrated feed, i.e., 2 g/l strontium. Results indicate that:

1. Strontium extraction (pH 4) HIU's were in the range of 1.7 to 2.0 feet at
430 gal/hr-sq.ft. throughput.

2. The partition column (pH 2) dispersion characteristics and degree of stability
were not elgnificantly different for acetate or ciltrate buffered feeds.

3. 'The use of a complexing agent (trisodium - N - hydroxyethylethylene-
: dlaminetriacetate, i.e., Na3EEDTR) decreased the extractability of zircoamium,
L ircn, and lead by a factor greater than 10.

4. The problem of preferentisl wetting of the column internals by the organic
phase (reported last month) has been considerably alleviated by elther (1)
more stable column cperating conditions, or (2) pointing the nozzle plates
toward the top Interface.

5. The stripping of strontium, calcium, and lead from organic produced in extract-
ion and partition runs is nearly gquantitative with 0.1 M ERO3.

Filtration of Strontium Product Precipitate - Strontium sulfate precipitated from
strontium nitrate solution (6 g Sr/l) by adding sodium sulfate solution and digesting
one hour at 80 C was ca. 100 percent retained on & 10-15 micron porosity filter
(Medium Dow Corning fritted glass) but essentially all passed & 40-50 micron porosity
filter (coarse fritted glass). When the precipitation was made at pH 7 by addition
of ammonia solutlon, the s0lid was ca. 100 percent retained on the coarse filter.

Varlations in reagents used and digestion conditions were tried in amn effort to
increase particle size of precipitated strontium carbomate. Solids formed under
all coaditions tried were ca. 100 percent retained on a medium filter but zero
percent retained on a coarse filter unless a filter ald was used.

Storage of precipitated strontium sulfate and strontium carbonste with Selite filter
ald for one week at 400 C had no observable effect on the ease of suspending the
solids in water

t,JIn the pilot plant filtration characteristics of strontium oxalate, carbonate and
sulfate are bteing studied to develop a shipping and storage concept. In the first
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of a series of tests, slurries of these compounds were (1) filtered on a stainless
steel cloth, (2) heated tc 650 P to simulate potential conditione during shipment

or storage, and (3) backflushed with a volume of filtrate equal to that removed by
the filtration. Current results of these studles are summarized as follows:

1. The strcutium sulfate required no filter aild. About 99 percent of the cake
was removed by backflush.

2. The strontium carbonate required a filter aid. About B8 percent of the cake
deposited without filter aid was removed by the backflush.

3. The strootium oxalate required filter aid. No backflush tests were made.

Strontium Precipitate Stabllity - A study reported last month of the radiation
stability of shippable sclid strontium compounds was continued with irradlatiocan of
strontium carbonate samples to higher total dosages than were initially used, and
with re-irradiation of samples to determine whether gaa-producing impurities would
"burn out.® The results were summarized in an informal report, EW-67189 by F.M.
Smith and G.B. Barton. Although the rate of gas production did decrease with
increased dose, €O, and CO were still produced in significaent amounts.

Corrosivity of Strontium Storage Solutions - Weldment coupons of 309 SCh in the
as-welded condition are being expcsed to boiling solutions simulating Purex Plant
crude cut solutions which will be stored for subsequent Sr-9C recovery. To date
corroasion rates have been less than 0.1 mil/mo.

Instrumentation - A survey was made of the condition of the old style gamma monitor
cells at the Hot Semiworks. An order for 12 molded fluorothene and polyethylene
cells has been placed.

Two pH flow cells will be installed in A-Cell samplers. Two gamma ion chambers will
be inatalled alongside the cooling water effluent linea. One will monitor gamma
activity in the effluent line to the crib and the other will monitor effluent to

the pond.

Purex Plant Flowsheet Studies - Laboratory studies with tracer-level synthetic
solutions were continued in an effort to improve astrontium yleld and purity in the
current Purex plant head-end strontium recovery campaign. No supportinog B-Cell
runs were made during the month due to inabllity to obtain IWW feed from Purex.
Highlights of the laboratory findings follow:

1. Good strontium recovery can ba obtained in the sulfate precipitation step
over quite a wide range of conditions (pH, sulfate, lead, and tartrate
concentrations). It is particularly significant that 97 percent strontium
recovery can be achieved with 0.02 M Pb at & sulfate concentration of only

- 0.66 molar, tous eliminating the need for added sulfate, with its accompany-
ing dilution and complication of waste disposal.

2, Metathesis with a mixture of caustic and carbonate (2 to 5 M NaOH plus 0.5
to 1 M Na CO }, vice carbonate or caustic alone, removed about 70 percent
of the lead with & loss of one percent (or less) of the stroantium.

3. In-centrifuge oxalate leaching shows promise for separation of strontium from -
lead and rare earths without the necessity for a second centrifugation.
D#reii sequential leaching of the sulfate cake did not work well, but similar

¥
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3. {continued)

treatment of the carbcnate cake gave excellent stroatium recovery at pH 0.3.
Alternately, a single leach at pH 3 removed iron and the fission products
other than stronitium.

4. Washing a sulfate cake with 2isodium clitrate dissolved all c¢f the rare
earths but only about ten percer” of the strontiunm. ~

5. A laboratory strootium recovery run was made simmlating the heels, Jet
dilutions, etc., invelved in plant operation. Conditions were those of plant
run #7. Simulation of the heels appeared to have lititle effect on strontium
recovery or decoutamipation, as compared to eariier laboratory results.
Oversall strontium recovery was 86 percent.

6. In the course of the above work, a large discrepancy was observed in measuring
the pH of some of the process solutiorn - depernding on temperature of measure-
ment. Observed pH lncressed by as much as one pH unit over the temperature
range 20 to 80 C. Thus, for processes in which pH control is critical,
neasurenent of pH at different temperatures in laboratory and plant could have
serious and puzzling consaquences.

Strontium Concentrate C sition - A complete analysis has been made of a sample of

the strontium concenirate from the #i Purex plant production run, and a partial analysis

has been completed on a sample of the pooled concentrate stored in the 244-CR vault,

the latter representing material from production rums ), 2, 3 and 4. Results are

. .bown in tbe accompanying table. The barium concentration is gratifyingly low (below
detection limite), and the calcium %o stroptium ratio is also quite favorable. How-
ever, the strontium concentration itself 1s lower than desired, and the high iron I

{and lead) would sericusly reduce the capacity of planned solvent extraction and J

ion-exchange purificaticn processesa.

Isotopic analysis of the strontium from the #4 concentrate indicated a very high
quality product with negligible natural strontium contamination. Analysis indicated
57.33 percent strontium-90, 41.86 percent strontium-88, 0.33 percent strontium-87,
and 0.48 percent strontium-86. Theoretical stroatium-90 content for pure fission
product strontium is about 61.5 percent.

COMPOSITION OF PUREX-PRODUCED STRONTIUM CRUIE

244.CR Vault Sample

Constituent Run # Concentrate (Runs 1, 2, 3 and 4)

Fe 0.33 g/1 1.25 g/1

Pb 0.15 g/1 o ok g/1

Na. 3.2 g/l 37

Ca 0.023 g/1 .A.

Ba <0.002 g/1 N.A.

Sr 0.050 g/1 N.A.

Sr-90 1.28 x 1013 a/m/ml K.A.

5r-89 snd 90 k.43 x 10+3 a/m/m 5.75 x 1013 a/m/=l
o Ce-Pr 5.63 x 102 7/m/ml 2.0 x 103 7/m/mL
s Ru 6.10 x 10> 7/m/ml Hot detectable

Zr-Nb-95 1.06 x 10+3 2/m/ml 2.2x1 7/m/ml

e
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Fission Product Packaging

Strontium Nitrate Calcination - Exploratory studles on the direct denitration of
strontium nitrate included two approaches with the agitated gas-fired pot:

(1) vatch caleination of Sr(NO3)z crystals, and (2) continuous calcination of a
water solution of Sr(NO3)s.

The charge of crystals calcined uneventfully at 600 to 700 C. Comsiderable cor-
rosion of the stainless steel pot took place. The residue contained 88 percent
Sr0 and elght percent inscluble matiter assumed to be corrosion products. The
water solution (400 grams Sr(NO3), per liter) was fed at about 10 ml/min to the
pot, malntained at 500 to 700 €. Dusting was severe, calcination was ilncomplete,
and the incompletely calcined material adhered tc cooler portions of the pot.

Purther tests are planned to determine the best method, operating conditions, and

L.
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materials of construction for the calcination of Sr{N03)s.

Salt Drying and Crushing - Further testa were made on the "king sized hotplate"
in batch conversions of brine {NaCl - as a stand-in for CsCl) %o a dry salt. 1In
splte of relatively severe corrosion of stainless steel surfaces used in the
feasibility studies, the resultant slab of salt continued to be easy to remove
after the equipment cooled to room temperature. The successful cleavage between
the slab and the contalper is believed to be caused by differential thermal con-
trection. Salt cake removal and crushing has been successfully accomplished
with (1) a plate-type rotary crusher, (2) & roller chain crusher-remover, and
(3) a conventional cube remover from an ice tray. The latter produced cubes
readily transferable to a crusher.

—

EQJIPMENT AND MATERIALS

Magnetic Pulser

A magnetic pulser with two solenvids driving a 1.55-inch dlameter piston was
operated successfully pulsing water in a l-inch glass column. Pulae frequenciles
and amplitudes up to 100 cyc/min and 2 inches were attained. Previous problems
with severe burning of electrical contacts were corrected with dicdes. A study
of magnetic pulser parameters will follow this initial operation.

Corrosion in Heat Exchanger Tubes

Non-uniform corrosion attack chbserved in process heat exchangers prompted an
inveatigation of several chemlcal and conceantration cells which might be respon-
sible. The cells were established between 304-L stainless steel electrodes of
equivalent area. Cell currents were measured under comditions of zerc external
resigtance; cell potentials were measured with a pE meter. Corrcsion rates
measured indicate the chemical and concentration cells studied would have little
effect on the overall corrosion ratee except at very adverse surface ares ratlos.
A specimen of 304-1 scaled by heat treatment showed a high corrosion rate as the
anode in boiling 65 w/o ENOz. The scale was only partially covering and the
corrosive attack was primarily through local action.

Effect of Fluoride on Corrosion by Purex 1WW

Attempts to obtain mesningful data on ﬁhe effects of added fluoride on the cor-
rosion of 3JOU-L stainless steel by synthetic Purex 1WW have not been succesaful
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de to oxidation of chromium in the laboratory equipment used. In tests in
boiling 6 M HHO3 - 0.01 M HF, aluminum to fluoride ratios of four and six are
required to redice corrosion rates for 30k-L to 0.5 and 0.2 mil/mo., respect-
ively. Tests in 8 M HNO3 - 0.0lM EF are ino progress.

Ceramics Evaluation for 234-5

A second 99.9 percent Yttria crucible was tested in & barium-potassium-sodium
chloride solution. After 32 hours some of the solution wae still in the crucible
but some had percolated through. After 96 hours the salt had all percolated
through the crucible.

A Li-Al Silicate crucible has been tested for two 100-hour periods at 750-800 C

with the same sclution as above. During this test hydrogen is btubbled continucusly
through the sclution. There has been no detectable percolation of the salt through
the crucible., At present the crucible is belng subjected to a third 100-hour test.

Non-Metalllc Materials Evaluatlion

Three samples of Durachor 4000, a product of the Ceilcote Company, were tested for
use in the presence of 35 percent nitric, 3.5 percent hydroflucric acld. After 10
days at room temperature and 10 days at 35 C, there was nc detectable damage to
the resin. There was damage tc the glase roving reinforcing of one sample.

PROCESS CONTROL DEVELOFPMENT

s~Column Teat Facllity and Studies

The C-Column Test Facility was operated to test the operability of the instrumenta-
tion of the unit and to examine the reproducibility of the data obtained.

The Data Reduction code was modified to include the calculation of (1) the standard
deviations of several comtrolled variables, (2) the density of the two phases at
any sampled port, and {3) the 1CF uranium concentration from the 1CF photometer
reading.

Data from ten runs were processed using the modified code. The average values of
the standard deviations for the comtrolled columm varisbles which were obtained
during this series of runs are tabulated as follows:

Average Standard

Variables Nominal Value Deviation
10X -Acid 0.7 g/1 0.0k g/1
1CF Uranium 90 g/l 1.10 g/1
1CX Tlow 1000 ml/min 14 ml/min
1C* Plow 1000 ml/min 1h ml/min
1CX Temperature -- 0.8 deg C
1CF Temperature - 2.1 deg C
Typical mid-column Temperature -- 0.7 deg C

;" Tn addition, one run was made where the mid-column photometer was left in one
‘“—dampling port for three hours. This particular port was located at the point in

)
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the columm which had the largest concentration gradient with respect to columm
position, thus it would be expected to have the largest random variation in con-
centration. The standard deviation of the readings obtained durlng this pericd
was Q.84 gram/liter, at an average concentration of about 30 g/l. 1t is expected
that this would be the maximum deviation over the concentration range 1-100 grams/

liter.

The temperature indicating elements in the column were found to be sensitive to the
ambient temperature in the canyon. This has been improved and the eight thermohms
now agree within 2 C at a2 nominal operating temperature of 50 C.

Bubble Counter Study

Satisfactory operation of the bubble counter instrument system for mid-point samples
of the column in the above facility was obtained using input signals from the
internal calibration system. It is now poasible to count bubbles on the twenty
channel analyzer. However, the problem of drawing a representative sample from

the column will require additionmal study.

With the two probe sizes now being used, bubbles of varying lengths can be drawm
from the column. It appears that the bubbles may he breaking up upon entering the
probe.

Calciner Purnace Control System -

The remote automatic set point programmer has arrived and ie being evaluated for
use with the K-Cell furnace shell temperature controller. Since a mechanical cam-
driven slide wire is used in the set point programmer, synchronlzation of the
finish secticn shell temperature with the feed section shell temperatures will be
insured by cutting & cam to preclsely match the existing finish section shell
temperature versus time curve.

Redox Column Contrel System

A list of control components required for the Redox 1B, 2A and 2B sutomatlic column
control system is being prepared. Most of the components will be pneumatic, with
a 3 to 15 psl range to metch the existing Foxboro Dynalog Model LO type controllers
and recorders. Transient column frequency response tests will be run as soon as
the 1BP plutonium neutron monitor is imstalled. The transient tests will aid in
determining controller settinga to obtain a stable control system.

Electrolytic Conductivity Cell

A prototype conductlivity flow cell has been fabricated from 1/4-inch stainless
steel pipe vhich incorporates the seal - insulator described last month. Tests
with the prototype indicate that the cell constant can be varied from 1 to 100.
Under normal flow conditions, the cell requires about 1 minute to sense the change
from 0.9 M nitric acid to 2.0 M nitric acid. Tests and evaluations are continuing.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Simultaneous Determinations of Lead, Strontium, and Zirconium by X-Ray Emission

Increased analytical needs for strontium recovery studies led to the development
of a new method for the similtaneous determinations of lead, stroantium, and

B
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Jireconium. Important aspects of the method were the use of an X-ray tube with a
tungsten target and the use of rubldium instead of mercury as an intermal standard.
The I beta 1 snd 2 lines of lead; the K alpha lines of strontium, rubidium, and
zirconium; and a background near each of the analytical lines were measured using
a godium chloride diffraction crystal and a scintillation detector. The use of

& single internal standard for determining three elements reduced sample prepera-
tion apd counting time, as compared to the use of separate preparations of a
sample with a different internal standard for each unknown., Precision of the
strontium and lead determinations was + 5 percent and the detectlon limit, 10 pym.
The precision and detection iimit for zirconium were : 10 percent and about 100 ppm.
Poorer zirconium performance resulted from toth a considerable difference in wave
lengths of the zirconium X alpha line and the rubldium K alphs line, and an un-
certainty in correcting for the influence of the strontium K beta lines at the
zirconium K alipha line.

Direct Determination of Iron in Organic Samples

A method for directly determining ferric iron in organic samples was adapted to
support strontium recovery studies. Sample, diluted with colorless Purex solvent,
wag contacted with 50 percent potassium thiocyansate. The resultant red ferric
thilocyanate complex was completely retained by the organic phase. Its light
absorption at 480 mp indicated original iron concentration. Resulis were compar-
able to those obtained by the wet ashing - orthophenanthroline method.

Cowlometric Determination of Plutoniwm in-.the Preaence of Fluoride Ion

Fluoride ion interfered with the coulcometric détermination of plutonium by shifting
the half-wave potential of plutonium to more or less negative values, depending
upon the fluoride ion concentration. Beside not being able to select the correct
potential for plutonium, one found the shift in potential was in the direction of
the half-wave potential of iron to the extent that iron became a significant
interference in the plutonium titration. The shift in potential resulted from a
complex formation by fluoride and plutonium ions. Adding aluminum, to aubdue

the fluoride ion, reduced the shift in the plutonium potential. The shift was
essentially eliminated with at least eight timee as much sluminum as fluorine.
Thus, plutonium was successfully measured in hydrofluoric-nitric acid dissolutions
of PuF) and PuQj. :

NON-FPRODUCTIOR FUELS REPROCESSING

Materials of Comnetruction

Laboratory-scale dissolvers fabricated from BMI experimental alloys BAPO-4, -11,

~-20 and -21 were exposed to failure in boiling 1 X HNO3 - 2 ¥ HF. All of the dis-
solvers except one of two fabricated from HAPO-2C failed after less than one month
expcsure due to preferential weld metal attack. The welding done on these dis-
solvers was not top quality; penetration was poor in many places. Attempts to
rectify the initial poor welding by laying down a heavy bead on top of the orlginal
seam were not wholly successful. Carbon content of the alloys will be checked since
some attack occurred in heat sensitized zones indicating high cardon.

(;;?riticalitz_reed Materials Preparation

e Feed material for the third FCTR experiment to determine X* vs. H/U atomic ratio
for three percent U-235 enriched homogeneous uranyl nitrate-w;ter systems were

1235295 -
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preparéd and dellvered. The shipment consisted of approximately 275 pounds of
bteron carbide-poisoned, crystalline uranyl nitrate tribydrate with sufficlent
polyethylene pellets to bring the E/U atomic ratio to 13.

REACTOR DEVELOPMENT - L40OOC PROGRAM

PLUTONIUM RECYCLE PROGRAM

Processing PRTR Fuels

Ruptured PRTR fuels will be transported to the Redox plant in sealed aluminum alloy
cana. The alloy currently proposed for fabrication of the cans is 6061 which con-
tains from O.4 to 0.8 weight percent silicon. Under some circumstances (badly
ruptured fuel elements) it may be desirable to dissolve these cans in HNO3-Eg(NO3)o
and process the solutions in the Redox plant. A simulated Redox process geed
solution was prepared by dilssolving 6061 alloy,iz HNO3-Hg(NO3)p, butting the
solution with URH and concentrating it to 1.0 M. (HO3 3—1}25 M UNE. ' Foliowing
similated plutonium oxidation, standard dispersion disengaging time tests were

made using plant hexone. Thick emulsions were formed in both phases. A solution
prepared by dissolving X8001 aluminum {0.35 w/o Si max.) was used to dilute the
6061l solution in preparation of simulated Redox feeds. At dilutions of four or
more parts X800l solution to one part 6061 solution, dispersion and disengaging
behavior was comparable to "normal" Redox feeds. :

Salt Cycle Process

Liquidus Curve for NaCl-KCl-UO~Cls System - A differential thermal analysis appar-
atus has veen used to determine the melting points of equimolar NaCl-KC1 mixtures
with various amounts of UQgoCls. As the mole ratio of NaCl:KC1:U0Clp is varied

from 1:1:0 to 1:1:1.39 the melting point decresses monotonically from 660 C to 490 C.
Measurements could not be carried to UOoClp concentrations greater than 4l n/o
because of thermal decomposition of the UOLClo.

Electrolytic Deposition of UQs - The feasiblllity of cathodically depositing U0z out
of various chloride mixtures melting at lower temperatures than the equimclar
NaCl-KCl system (MP 660 C) has been explored in scouting experiments.

To date the most atiractive posaible aliternate to the NaCl-KCl melt appears to be
the KC1-PbClp eutectic (52.7 m/o PbCly - 47.3 m/o KC1, MP 411 C). Electrolyses

in this melt at one volt and 0.5 ampere current and at temperatures of 450 to 500 C
produced adherent crystalline U0, deposits ranging in oxygen/uranium ratio from
2.011 to 2.028 and with Pb and K contents of the order of 200 ppm each. In addition
to its lower melting peint, this melt has the adventage that it can be readily
maintained dry. Likewise {and probably because of the lower temperature of oper-
ation) there is mich less tendency for UCly to be formed through reaction of U0ZClp
with the graphite ancde than is the case with the ¥all-KC1l melt. The principal
disadvantage of this melt 1z the low aqueous solubility of lead chloride which
makes 1ts removal from UOp deposits dAifficuit.

Attempts to cathodically deposit UO, from other chloride mixtures of lower nmelting
point than the NaCl-KCl mixture have met with varying success.

Electrolyses in equimclar KC1-ZnCl, containing up to 2 m/o TLC1 produced adherent,
crystalline UQ, deposits only at temperatures above 350 C. At lower temperatures
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he deposit was very finely idivided; poorly adherent, and there was some evidence
that metallic zinc was present in the deposit. Likewise, the effective cell
resistance was substentizlly higher at low temperatures. Deposits at the lower
temperatures showed oxygen/uranium ratics of 2.13 to 2.29 vice 2.0097 in a depoeit
made at 600 C. Generally similar behavior was noted with the KC1-ZnClo-CuCl system
with metallic copper being co-depesited cut of 0.5 or Q.3 w/o CuCl systems. No
metallic copper was apparent in a deposit out of a melt containing 0.15 w/o CuCl.

The equimolar NaCl-MgCl, system (which melts at about 550 C) proved difficult to
dry but once dried showed no great tendency to take on molature from the air.
Dissolution of U30g in this system proceeded at a rate comparable to that in NaCl-
KC1 and electrolysis produced a coarse, adherent depoait. Interest in this system
will probably be largely ccntingent on the cutcome of the present studles seeking
to determine the effect of hydroxide in melts on the nature of the UOp deposit
formed.

No successful depositions were obtalned out of the NaCl-KCl-AlCls- systems and the
graphite anode was badly swollen. Depositions out of the NaCl-AiCl, system with
an sluminpum anode produced adherent cathode deposits but these were very finely
divided.

Pilot Quantities of UQo - Electrolysis cof the salt bath with repeated uranium
charging has been demonstrated with little effect on the product UOp quality.
During a four week perilod eleven electrolyses were carried out with a single charge
of equimolar NaCl-KUl1 under conditions previously described. The salt was cooled,
“roken up and reheated each week. During this period elecirolytic U0, with an
average 0/U ratio of 2.015 was produced from 25 1b. of U0xC1p.Hn0, 25 1b. of U03,
and 3 1b. of Uz0g. Abdout one percent of the total ursalum charged was left in

the salt bath at the end of the rum.

The UOo is deposited om the graphite cathode in continuous sheets up to 4 mm thick.
Examination of a cross section of one deposit shows that in a thin layer next to
the slectrode tke crystals are quite small (10-50 microns). In the next 1.5 mm
the crystal structure is chaotic with voids and equiaxial erystals which are
generally much larger than at the electrode surface. In the ocuter 2.5 mm of the
depesit the U0, forms columns perpendicular to the electrode surface with the sur-
face toward the salt bath having crystal faces up to 2.5 mm across. The outer
formation appears to De most desirable because of ita large crystals, apparent
high density, and regular crystal shape.

Long runs with thick UO, depoaits may promote growth of large colummar crystals.
However, run times have been limited to leas than 4 hours by depletion of the
uranium in the salt bath and conversion of as much a8 50% of the uranium in solution
to U{IV) which results in high potential drops or low currents. The U(IV) 1a
believed to be a product of a side reactlon between UO,**, Clp and graphite. A
recirculating system providing for continuocus uranium addition and U(IV) destruction
would decrease this 4difficulty.

Decladding Studles - Latoratory scale studles were conducted to determine whether

chlorinating agents could be used to dissolve oxidized Zircaloy in molten equimolar
_NaCl-KCl at approximately 800 C. HCL and Clp were used successfully in the tests.
Lu;mg Zircaloy dissolves in an uneven manner presumably because of the pitting attack
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necessary %o penetrate the oxide film on the metal. The dissclution rate for each
gas was dependent on the rate of gas flov through the reaction area. Little dif-

ference was obsarved betweer the reaction rates of Clp or HCl. Most of the ZrCly

formed during the reaction was found in the molten salt. 2r0p which is flaked off
during the reaction 13 inscluble in the salt.

Materiasls of Comstruction - Samples of Armco 17-1k Cu-Mo and 15-7 Mo, INOR 1, Inconel
X, Hagtelloy W, Monel., Alchrome D, Alnico §, Alnico 2, and 25 and 50 percent cold-
reduced Armco 17-7 PH were exposed to HCl-sparged equimolar NaCl-KCl melt at 750-
800 C. Only Alchrome D, Alnico 2 and Alnico 5 had corrosion rates equal to or

less than 100 mils/mo. The rate for Alnico 2 was 35 mils/mo.

During exposure to HCl-gparged equimolar FPbCl,-KCl melt at 500 C, samples of
Hastelloy B, D, and W and Aichrome D corroded at rates of 100, 18, 81 and 50 mils/mo,

respectively.

RADICACTIVE RESIDUE FPIXATION

Radjiant-Heat Spray Calcination

Additional spray calciner runs were made with synthetic alkaline waste corresponding
to a mixture of neutralized Purex 1WW and organic wash waste (OWW). Results sub-
stantiated those reported last wonth but included a run with no sugar additiom.
This, too, calcined without Aifficulty and actually produced the higheat powder and
sintered densities of the series (0.735 and 2.08 g/cc, respectively). However,
residual nitrate concentration in the powder was 5.66 percent. Use of TC te 100
grams/1iter of sugar (O to 30 percent stoichiometric excess) gave & residusl nitrate
concentration of only 0.0k percent.

A gpray caleiner run with continuocus melt-down was made with simulated Purex acid
waste to produce a melt comparable in size to those produced in the 321 Building
experimental pot calciner. The L-inch diameter by 13-inch long schedule LO stain-
less steel pot was attached to the bottom of the filter secticn of the spray calciner
acd heated to 800 C. A total of 30 liters of feed was calcined and produced about
1.6 liters of melt, a volume reduction factor of over 18. Melt density was 3.0

g/ce, and there was no evidence of corrosion of the pot. Sodium to metal ion ratio
(Na/M) was 1.05 rether than 1.5, suggesting that a good melt may be obtained at

a somewhat lower scdium concentration than previcusly supposed. Sulfate %o metal
nitrate ratioc was 5.3.

In the proposed A-Cell spray calciner, as well as in one ceonfiguration for a plant-
gcale unit, the filter unit is connected to bhe botitom of the column by a slanting
diagonal pipe. It is intended that the powder blown off of the filter would slide
back down %the pipe counter-current to the off-gas flow.

A test rig including a nitrated &-inch by k-fook aluminum pipe was set up to deter-
mine allowable gas flow rates and optimum slant angle. Results showed that the
scheme is workable and that optimum inclination angle 1s about 50 to 55 degrees
from horizontal. PFurther tests will be made on the laboratory calciner.

The filter medis test program continued with teating of National Filter Media glass
cloths G-201-a and G-202-c and Carberundum Company's Fiberflax cloths L-136 and
L-144 T. The latter two are composed of aluminum silicate. Decontamination factors
ranged from 667 to 4370 depending on filter medis and dust loading. The Fiberflax
materials _wtter decontamination performsnce than the glass or quartz cloths,
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(ﬂ ad the pressure drop was not significantly higher. 1In all cases, the filter cake
i1s probably doing most of the filtering since the decontaminstion performance seems
to vary linearly with the pressure drops. The cloths will now be tested with
blow-back,

Mineral Reactions

. Laboratory experiments were performed to investigate the influence of flow rate on
the capacity of clinoptilolite for decontaminating coatlng waste. PFor this purpose
a synthetic coating waste supernatant solution wes spiked with radiocesium and -
radiostrontium and passed through a ted of clinoptilolite at a flow rate of £ gal/
£t2/nr. Porty-five bed volumes passed through the column before radiocesium was
detected in the effluent. This appears to indicate & mineral bed capacity at
this flow rate comsiderably improved over that which was earlier obtained with
faster flows (50 gal/fte/day). No strontium breakthrough was detected at this
polnt, even though no phosphate was present in the synthetlic waste solution to
react with calcite in the mineral hed.

Preliminary experiments were performed in which synthetie, partially-neutrallzed
Purex 1WW waste was passed through beds of climoptilolite. The solution was adjusted
o pH 1.5 before passage through the bed. The solution would not pass through a

bed of the mineral until it was thoroughly leached with acid. As was expected,
radiostrontium broke through the column immediately under these conditiomns but a

fair capacity for cesium was found.

Txamination of the fusion of clinoptilolite indicated the fusion temperature to be
bout 1200 € with & hard, shiny, green product being formed.

Calcite wag identified by A-ray diffraction in selected impurities removed from
surfaces of several pileces of clinoptilolite. No gypsum could be detected in this
material. Neither calcite nor gypsum could be identified in crushed and washed
elinoptilolite, probably because of the low concentrations involved. The reported
content of calcite and gypsum based on chemical analyses is 1.4 percent and 0.1
percent, respectively. It was not possible to detect differences between unirradi-
ated ¢linoptilolite and samples irradiated to 5.5 x 107 R by means of X-ray
diffraction or differential thermal analyses.

The calcite-phosphate reaction was found to be ineffective for removing Ce-lik,
Ru-106, and Zr-95 - Nb-95 from Purex tank farm condensate. The reaction does
improve strontium removal over that by a bed of climoptilolite.

Condensate Stresm

During Micro Pilot Plant Run 10, Purex Tank Farm condensate was passed through
activated carbon to remove organic and then through a bed of 1/16~inch pellets of
‘ Linde Molecular Sieve WbA. At & constant flow rate of & ml/min/cm? the decontamina-
: tion Pamctor for cesium increased from 380 after 40 column volumes had been passed
through the bed to 2000 after 180 column volumeés had bheen treated.

.- Modifications were made to the Micro Pilot Plant to allow long term evaluation of
the decontamination abllity of activated carbon followed by clinoptilolite on Purex
¢ "Tank Parm condensate. Run 11 was started towsrd the end of the month. About 1000
. \cdolumn volumes of waste have been passed through the clinoptileolite with about
90 percent or more of the gross beta activity being removed.
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BIOLOGY AND MEDICINE - 6000 FROCRAM

Geology and Hydrology

Standard churn-drilling methods, long employed at Hanferd, have been the malnstay
of Eanford's sub-surface exploration and monitoring program, but fall to provide
some of the detailed informaticn now needed. The new drilling proposal now under
consideration envisions studies to determine ways of procuring more informatiocn,
a greater variety cf information, and more accurate data,

Wells in process of drilling at month end appeared to have encountered previocusly
undetected but suspected channels in the surface of the Ringold formation. Well
699-57-83 encountered an evidently southeastward-trending channel south of Gable
Butte and north of 200 Weat Area. This channel, the depth of which 18 not yet known,
wag not detected by pre-existing wells in the vicinity cn a one tc cpe-and-a-half
mile spacing. A considerable part of the ground water from the 200 West Area

ground water mound is believed to flow through this channel.

The second channel, in a relatively inaccessible and previously unexplored area,
vas located by well 699-26-3. It lies between Route 25 and the Columbia River.
It provides a means of rapid egress of water from beneath the Hanford Works into
the Columbia River, hence is a crucial site for monitoring.

Two research wells were completed at a location one mile west of the 200 West
Area to provide s facility for testing instruments for measuring In-well ground
water velocltles., One of these was drilled to basalt bedrock, encountering a
confined aquifer directly above the basalt. The aquifer is confined by a 1C0-foot
thick bed of impermeable clay. After thls well was perforated in the zone of the
confined aguifer the static water level in the well was 212 feet below the land
surface. The second well, 20 feet away, bottoms in the clay bed and is perforated
above the clay layer in the zone of the unconfined ground water aquifer. The
static water level in this well i1s 170 feet below the land surface. 7Thus, the
plezometric head in the confined aquifer is 42 feet lower than that of the upper,
unconflned agquifer. A strong flow of water would ccecur in any well penetrating
the clay bed and which was perforated throughout 1ts length. This unususally large
head difference between the two aquifers is ascribed to the nearby 200 Weat arti-
ficial ground water mound.

A laboratory flow system was used to test the validity of a derived mathematical
relationship between solution density and viscosity and the flow pattern. The
system studled involved the flow of the miscible liquids having different densitiles
and viscosities. A readily-detected point of change 1n the flow path of the high-
density liquid as the head gradient across the system was diminished was used as a
test of the derlvation. A scale transformation was found that defined a new hy-
drauwlic potential from which predicted changes In the flow syatem colncided with
observations.

Of ten samples of Hanford Works soil submitted to the University of Californis,
Department of Irrigation, for hydraulic testing, five were completed. The teats
involve the determinmation of capillary conductivity and the relationship between
moisture content and caplllary pressure in the imblibition cycle. The incomplete
results examined during an informal contact with the laboratory seem satisfactory.
The results of these measurements are expected to asaist with estimates of flow
paths and moisture distribution patterns in unsaturated systems, such as would be
found beneath a lesking waate tank.
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visit by Chemical Effluents Technology perscnnel to the NRTS, Idaho Falls, at
the invitation of U.S. Geological Survey personnel there, resulted in the
profitable mutual exchange of information. Geological and hydrological problems
at the two sites are remarkably parallel although NRTS problems center largely
arcund the basalts, whereas Hanford problems are more concerned with post-basalt
sediments. BExploration techniques used at each site are readily applicable at
the other site in comparable rock eanvircnments. .

Soil Chemistry and Geochemistry

Many radiolsotopes, including ruthenium, can be removed from waste solutions by
adsorption on a continuously-generated hematite (Fep0;) Layer formed by oxidation
of ferrcus iron upon contact with calcite (CaCO3). Tae celcite reacts with -
hydrogen ions to increase hydroxyl ion concentration iz & thin layer of solutionm,
leading to hematite precipitation at the locaticn of dissclved caleite. Radio-
isctopes such as Ru-106 and P-32 are adsorbed on the forming hematite. The
roeess contlnues as long as the supply of calcite and ferrous lons lasta. Low
concentrations (5-50 ppm) of ferrous sulfate initiate the reaction. In passing
through limestone ships a solution containing 5.6 ppm FeSCy was decontaminated
with respect to P-32 about twice aa effectively as a solution without FeSOy. The
discovery is the subject of an invention report. .

Molten szalt experiments using Na-22 traced erionite and clinmoptilolite in fused
1ithium nitrate and potassium nitrate systems confirmed the conclusions reached with
ceglum-traced erionite and clinoptilolite. The hydration state of a cation before
entering the zeolite lattice does not cause the obmserved selective replacement
eries. The reversal at high temperatures from selective to couwlombic replacement
series occurs most readily with clinoptilolite. This tends to indicate a favor-
able stereochemical relationship between internal water, cations, and cationic
adsorption sites as a probable cause of the intense selective replacement action
of the zeolite.

Ground Waste Investigations

laboratory research was completed in currently planned phases of a study of soil
adsorption in unsaturated systems. Of the experimental results obtained, those
from five unsaturated flow experiments and five saturated flow experiments are
deemed satiafactory and warrant comparison. The experiments involve ion exchange
in soils renging from 36 to 100 percent moisture saturated. PFrom the breakthrough
curves, the soil ion-exchange capacity for radiostrontium from the common influent
solution used in all cases was calculated. No significant difference in adsorption
capacity was found, regardless of the degree of moisture saturation. This finding
1s of significance in evaluating the importance of lateral spreading of wastes
disposed to the ground.

Field Apparatus Development

The sciatillation well probe was calibrated for guantitative field use. Calibra-

tions were performed in simulated well stiructures, with and without water contacting

the probe. It was determined that 7O percent of the response from (.51 Mev gamma

photons is contributed by the isotope within the well cssing. Overall sensitivity

for Sr-85 (and Ru-106) is 2 x 106 uc/ec, a value low enough to make the method
KHAttractive for studying wells known to coantain ruthenium.

e DEcLasTD
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The thermistor vertical flow meter was uzed In the fleld after resealing leads.
In a well where the depth to ground water 1s shallow, vertical currents were

20 - 40 cc per minute at 4 feet below the ground water level and ranged down to
0 - 15 cc per minute at lower points. A new type flowmeter 1s belng developed
using an orifice and sensitive pressure difference detectors.

Bloassay Procedures

A Np-237 bicassay procedure was developed through modification of the routine Pu-239
bioassay procedure. By addition of ferrous iron to reduce plutonium to the non-
extractable trivalent state and use of three 0.45 ¥ TTh-in-benzene extractions,
Np-237 1s separated with a yleld of 90 to 95 percent from the Pu-239. After electro-
deposition and exposure to nuclear track emulsions the Np-237 1s determined with

a yleld of 70 percent and a sensitivity of about 0.05 d/m per 24 hour sample.
Although this procedure 1s satisfactory further work to increase the yield at the
electrodeposition atep is planned.

Radiation Protection Studies

Experiments were begun in cooperation with the Pharmacclogy Operation to test the
ability of eriloglaucine to protect dogs from an acute lethal exposure to X-rays.
The larger size of the test animal allows its physiclogical responsea to the dye

t0 be measured more easily than wes possible with mice or rats. Upon injection

of the dye the dog turnmed blue and stayed blue for several days (in contrast to
mice and rats which lost color and presumably the effactiveness of the dye in a

few hours). Upon completion of the physiological tests, bi-lateral X-ray exposure -
is planned to give normally lethal dosages.

The irradiation of agar gels was examined further to provide information for
bridging the gap between the radiation chemistry of solutes In dilute agueocus
solution and in living tissue. The effect of radlation on the gel structure

itsel? was not found to alter the diffusion rate of erioglaucine in 4 percent

agar up to the syneresis point of the gel at 2.6 x 106 rad. Further diffusion
experiments and radical-scavenging reactions in speclally-purified agar are planned.

Lf B

Chemical Research and Development

LP Buppic?f
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BIOLOGY OPERATION

CRGANIZATION AND PERSONNEL
No significant changes cccurred during October.
TECHNICAL ACTIVITIES
FISSTONABLE MATERTALS - 2000 PROGRAM

BIOLOGICAL MONITCRING
An expanded biological monitoring program, planned for one year duration was
initiated during Cctober, 1960. This study is designed to check present
patterns of geographical and interspecies levels of contaminstion relative
to the biological indicater organism values. In addition, extensive sampling
of waterfowl taken by sportsmen from the hunting area surroundling the HAFO
reservation was initiated to determine levels and incidence of contaminants

originating from HAPO.

Radioiodine Contamination

Concentrations of Ii3l in the thyroid glands of jack rabbits were about five
times less than those observed one year ago. Values follow:

pe/g Wet Thyroid Trend
- Location Average Maximum Factor
Wahluke §10pg . 2x 10:}‘: 3% 1o“lf +2
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For the study of incidence of waterfowl in the game bag of sportsmen, heads of
game supplied by the hunters are being analyzed for radioelement composition.
Preliminary analyses of approximately 200 samples indicate that about 12 per cent
contain amounts of raciocelements sli~htly above dackzrounc levels. T[hese
sarples 2re belrn: wersured for greciic isotepes.

Salmon Survey

ierial survey of the salmon nesting in the Columbia in the vicinity of HAPO
were contimied. ITwo areas were obs:rved where nests had occurred in shallow
water auring the latter part of Sertember anc were subsequently aestroyed oy
drop in water level producecd by water control actions of tae upstream uams.

Effect of Reactor Effluent on Aquatic Organisms

Equipment necessary to test the comparative toxicity of effluent passed through
2 bed of aluminum turmings is in place at the 1706-KE laboratory and the test
will be started early next month.

C. columnaris

Fall collection trips have shown extensive columnaris infection in the
artificial salmon spawning chamnel just below McNary Dam. Scrap fish were
found to be fully as heavily infected as were salmon cocllected in the same
area. Organisms were so plentiful in one collecting period that they were
readily obtained from small aliquots of the water. Most of the organisms
have been obtained from gills, only a few from kidneys of fish,

(Occasional organisms have been isolated from fish from areas of the Snake
“iver and other locations on the Columbia River. These strains which are
being collected at the present time will be evaluated for their virulence
when salmon fingerlings are available as test organisms.

3I0LOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER CF RATTOACTIVE MATERIALS

Zinc

The intracellular distribution of Zn®? in the liver at 1, 3, and 5 days
post injection was studied in normg%, starved, and partially hepatectomized
rats. In all cases the highest Zn®” uptake was seen al ong-day post
injection. The supernatant fraction showed the highest Zn 5 activity

per ml protein; the mitochg drial fraction was lowest on thils basis. At
one-day post injection, Zn®” concentration in the regenerating liver was
more than twice that of the contirol ggimals, waich in turn was somewhat
~reater than the concentration of 2Zn®” in the livers of starved animals.
“hese differences were less marked at three and five days post injectien.

Precipitation of proteins with 0.5 N Eerchloric acid releases Zg
vwhile precipitation with acetone results in retention of the Zn 5 in the

precipitate. At least a portion of the Zn®” in the supernatant fractlons -

was shown to be non-dialysable.
| 2 3 1t 3 0 1 . UMCLASSIFIED
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In compiling data on zine-65, it was noted that some workers report that the
body burden of stable zinc in man was 1 -~ 3 g with a daily intake of 10 - 15
mg/day. On the basis of these data, the values for the MPC for Znb5 in
drinking water for occupational exposure may be high by at least a factor of Se

Calecium

In an experiment to distinguish between active and passive uptake of calcium
by barley seedlings, the {ranspiration rate was observed to be eight times
higher in the light than in the dark. In addition, a four-fold reduction

in transpir-ation rate was observed in plants which had thelr rcots in 107
M dinitrophenol. This effect of DNP is contrary to results obtained by
other workers using legume seedlings. In view of these results, the effect
of DNP on transpiration of bean seedlings will be investigated. Calcium
uptake by the barley seedlings is presently being determined and will be
related to transpiration. Caleium is being determined both through EDTA
titration and by tracer techniques.

Strontiun

In studies of the absorption of Sr85 and call5 from the perfused intestine
of the intact rat, it was shown that neither flow rate nor perfusate volume
had an appreciable effect on results.

Sampling of tissues of fish which had been force fed Sr7C-Y90 was completed.
These were fish which had beesn sacrificed or had died during the course

of the experiment. The samgles will be assayed for S5r’C in order to define
more precisely the body burden and the distribution of the nuclide. Ircluded

is an evaluation of the reliability of using ome or a few scales from a fish
as an index of total body burden.

Cooperative studies with the Biological 4nalyses Operation in obtaining
differential counts on leukocytes in fish blood showed much promise.

Studies were initiated on the movement of Cal® across the gills of trout
using the perfusion technigue. HResults are to be integrated with
measurements with Sr¥? to establish Sr-Ca relaticnships.

The addition of 2 tc 3 times normal calcium to the diﬁt of three ewes had
no appreciable effect on the relative movement of Ca 5 and Sr90 (added

in vitro in serum) through a dialysis membrane under centrifugation., Stable
calcium is now being fed at about four to six times normal dietary levels

in an attempt to verify the high diffusibility of Srf0 relative to calcium
cbserved meviously in serum of lactating ewes fed large amounts of caleium
gluconate. (In vitro spiking of Cali> and SrfC is also planned for milk to
determine if calcium is bound more readily than strontium,)

Todine

Emations were derived for the retention of inhaled I*31 in the thyroid
following exposure for varying periods of time. The equations (are for the
retention for periods greater than 1 hour and) are based upen a formulation
derived by Healy on the basis of experimenta] work on sheep at the Experimental
Animal Farm and are for the retention of I13%1 in the thyroid following single

- UNCLASSIFIED
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oral administration. The use of these equations appears reasonable since
Willard and Bair observed that the time for maximum thyroidal uptake anc the
effective half-life of I131l are comparable for acute exposure by inhalation
and single oral administration. Using the maximum value of 8 per cent uptake
of an inhaled dose_in the thyroid observed in sheep, calculations suggested
that the MPC for IL3L could be relaxed by a factor of ten for the inhalation
case. However, relaxation of the limits in alr could possibly result in
vegetation contamination that would exceed permissible limits.

inltiple adenomas occurred in the thyroid gland of a 13-year-old original
control ewe., This is the first such finding in a control animal and probably
reflects the natural incidence of thyrcid adencmas in aged sheep maintained
on a diet low in stable icdine content. Since the age is substantially
greater than our experimental animals bearing tumors, it is not a strict
control for them but remires mentioning to illugtrate that sheep may exhibit
thyroid adenomas without the administration of 1131, :

NeEtunium

Np?37 administered as the citrate, pE L, by stomach tube to rats was absorbed
to the extent of 0.35 per cent. This is a substantially higher absorption _
than is observed with plutonium under comparable conditions, Protactinium-233
in equilibrium with the neptunium was absorbed to the extent of approximately
0.16 per cent. '

Plutonium

The amount of plutonium nitrate retained following Intradermal admiristration
in young miniature swine appears to be at least partially dependent upon
the dose injected. About two months after administration the retained dose
was 20 to 30 per cent in the 0.008 pc sites while in the 1 and 5 pc sites,
50 to 60 per cent retention was observed. This difference 1s thought to be
due to greater damage and the formation of a sizeable scab in the high
level sites. Most of the retained dose appeared to be contalned in the
seab at the 1 and 5 uc sites. In order to verify the counting efficiency
of the new scintillation probe, a scab was removed from a 1 pc site (52
days post-injection). External monitoring indicated it contained 0.48 ne
Pu239 and radiochemical analysis reported it contained O.46 pe - a goed
agreement.

Radicactive Particles

Nine dogs were exposed to plutonium oxide aerosols to study the effect of
particle size and type of aeroscl on pulmonary retention and excretion in
urine and feces. Assembly of equipment for exposure of animals to various
radicactive aerosols and aercsols of potential therapy agents was completed.
Other equipment for pulmonary function tests was assembled.

UNCLASSIFIED

1234300



UNCLASSIFIED D-5 HW-6725L,

Preliminary exposures of bean leaves to Faducah dust yielded material which jas
readily identified by autoradiographic procedures. Leaves which were washea with
a jet of water lost approximately half of the initially deposited material.

Nearly total removal of the deposited dust was accomplished by collodion stripping.
There was no evidence of any translocation from an exposed primary leaf to the
rest of the plant over a three-day period (post exposure).

Microbiologica.l Studies

Previcus curves relating radiation dose with increased permeability suggested that
a relationship might exist between nuclear ploidy and permeability changes. Further
evidence on this point was obtained using radiomimetric drugs., Neither colchicine
nor nitrogen mustard had any effect on leakage of cellular materials, although

both agents will cause genetic damage., It seems probable that leakage is not under
direct control of the nucleus.

The inhibition of potassium transport leakage in yeast cells was shown to differ
from that on mammalian cells. The glyceside, anabain, had no effect on potassium
uptake by veast cells at concentrations many times higher than required to
completely inhibit potassium uptake by mammalian red biood cells.

Fish Embryos as Biologlcal Dosimeters

Development of equipment required to define conditions necessary for development
of fish egga in a closed and recirculated water gystem was started.

" Chariot Studies

Precounting processing for gamma emitters in all vegetation samples from Project
Chariot site was completed. FProcessing of animal samples was initiated.

Protective Aggnts

A study is in progress to determine the protective effect of cystelne against
repeated irradiation of the abdomen as compared with repeated irradiation of

total body. Rats in groups of 12 are receiving 1,000 r of X-ray to the abdemen,

250 r total body, or 500 r total body, twice a week. Ancther group of animals is
receiving 250 r per day five days a week. OCroups treated with 1,000 mgm/kg of
cysteine 10 minntes hefore irradiation are compared with untreated controls.

In the groups recsiving 1,000 r abdominal irradiation semi-weekly, 7 of 12 unprotected
rats were dead after 4,000 r and 11 of 12 were dead after 6,000 r. None of the
pretreated animals showed gross irradiation effects after 8,000 r.

In collaboration with Dr. Kalkwarf, a preliminary study of the pharmacology of dye,
erioglaucine, in dogs was completed. A transifory drop in mean arterial and pulse

pressure followed intravenous administration of 40 ml of 0.22 M dye. The dye will

be tested in dogs for protection against whole-body X-radiation.

W Korrabers |
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C. Lectures
a. Papers Presented at Meetings

Foster, R. F., K. L, Junkins,and C, E. Linderoth, 'Waste Control at the
,Hanford Plutonium Production Plant," October 5, 1960, Water Pollution
Control Federation Meeting, Philadelphia, Pennsylvania.

b. Off-3ite Seminars

F. P. Hungate, "Effects of Radiation on Biclogical Systems," October 1,
. 1960, Skagit Valley Junior College Workshop, Mount Vernon, Washington.

. A. Kornberg, "The Influence of Atomic Energy on Agriculture,® Industrial
" and Economic Development Conference, October & and 7, 1960, Pasco, Wash.

A.C. Case, "Biology at Hanford," Kemewick High School Science Club, Sept. 21.

D. E.ilarner, "Radiobiology at Hanford," Horthwest Regional Conference of
YWCA Leaders, Richland, October 15, 15£0.

c, Seminars (Biology)

Dr. L. M, van Putten, Radiological Institute of the Netherlands,
October 7, 1980 - "Bone Marrow Therapy".

d. Seminars (other than Biology)

J. R. McKenney, "Gonad Dose" - October 20 - HM Parker's Research Staff Meeting.
D. Publications
.4, Open Literature '
J. J. Davis, "The Effects of Environmental Factors Upon the Accurulation of
Radioisotopes by Ecological Systems," Proceedings of the Second Anmual Texas
Conference on the Utilization of Atomic irergy, A & M College of Texas,
College 3tation, Texas, November 12-13, 1959 (published in 1960).
b, HWd Publications |
wornberg, H. A. and Staff, "Hanford Biclogy Research Anmual Report for 1959,%
Document HW=-65600 (Unclassified) dated Jamuary 15, 1960 (issued October 1940).
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - OCTCBER, 1960

ORGANTZATION AND PERSONNEL

-

D. C. Gray, Jr., who has been on assignment with the Operation as & part of the
Western Regional Rotational Trainee Program, accepted permanent assignment with
the Operation as of October 1, 1960.

OPERATIONS RESEARCH ACTIVITIES

Imput-Qutput Models

A study was mede to determine the effect on an operational learning curve of
adding incremental facilitles at different times in +the cperaiing history. Some
of the variations in the HAPO learning curve can be explained in this way.

OPERATIONS ANALYSIS STUDIES

Quality Certification Program

Initial analyses have been performed on date from some 2000 fuel elements measured
thus far under this program. Some very significent results have been found. OUne
report has been issued, co-asuthored with IPD personnel, desling with the observed
relationship between warp and hot spots, and pointing out that there are distinet
variations in "metal quality" from time to time. It is also evident that
significant relationships wlll be found when dimensional instabllity is expressed
as a function of resctor operating variables. Work is continuing in this ares.

Optimlization of Reactor Operations

Some pertinent results have been found in connection with the preblem of improved
scheduling of reactor operastions. An expression relating length of outages to
time since last outage was derived. Comparisons were mede between cutages as
 elassified by cause of cutage (rupture, water leak, scheduled, etc.). Also, it
was proved, as previcusly conjedtured, that the expected time operated efficiency
1s /(2 + ) ), ) being the average number of cutages per unit fime, and

being a constant denoting the length of outage. The case where a.nd@ are
functions of time since startup will be considered next.

" Process Tube Leaks

The rougn draft glving the proposed msthematicel model relating probolog activities
0o external corrosion leask rates was circulated for comment.

Internsl corrosion data from B reactor were submitted to Dete Processing personnel,
together with the general model proposed to f£it these data. This proposed model

differs from the one in current use, which 1s unsatisfactory, in that corrosion
rate is assumed to be a function of the amount of corrosion already exhibited.

1300 W -—
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Z Plant Information Study
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Logic for the GBE-312 computer spplication has been completed. Coding of this
structure started October 24. Lack of experience with G-E computer equipment
is causing some difficulty. This is due tc the subtleties assoclated with a
drum memory unit and the impact this electronic system bas on the coding
structure for the mechine.

A review of the status of this project indicates that the best estimate for
progremming completion is 60 days, which means the original.schedule for
implementation is being moved forwerd in time by 30 days. The computer is
scheduled to be shipped November 18 in order to meet the bid specification for
a December 5 HAPO receipt. Unless a discrepancy between the clearance date for
installation perscnnel and the computer deliver date ié resolved, the equipment
will have to be held in abeyance until installation personnel can be admitted to
the assigned Z Plant space.

Radiation Protection Studies

Currently, doses indicated by film badge readings are determined by comparing the
film badge density with a specific density-dose relatlonship agtablished for the
particular betch of film run at the same time. This means that dose indicated by

& particular badge cannot be determined until the stendard film is procesgaed and

the best relationship established. An attempt is being made to establish a standard
curve which will give the dose for a glven density within certain limits for all
batches and allow more rapid interpretation of results. To do this, a relationship
other than the currently used publc curve has been found which simplifies the
celeulations and better explains the relatlonship.

Religbility Studies -

Work continued on the problem of designing a testing program to determine
relisbility paremeters of pannellit gage switches.

Inventory Studles

The physicel inventory of General Supplies, vaelued at over one million dollars,
wag completed on October 31 by the sampling procedure.

Work wes begun on the construction of a methematical model of a spare parts
inventory. ’

STATISTICAL AND MATHEMATTCAL ACTIVITIES FOR OTHER HAPQO COMPONENTS

Fuels Preparation Department

Assistance was given in the evalustion of an FPD proposal to increase core length
without increasing over-all fuel element length based on data which indicates that

the present methods of machining the fuel elements leave cap and base end thicknesses '

well within tolerances.

Data were snalyzed from s designed experiment, employing the cuboctahedron design
for three factors at three levels, intending to locate optimum cycle times for the
canning of four-inch I and E fuel elements. Within the optimum region given by
this anelysis, & second experiment was designed to further investigate this regior.

1234310
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Assistance 1s being given in the development of wettabllity speclfications
for aluminum components. These are proposed to replace currently used process
specificaticns designed tc insure wettabllity.

An snalysis was made of stud-pull data to compare bond sirengths of fuel elements
canned with and without paddles attached to the canning basket. Theoretically,
the paddles should reduce the within-furnace variations in silicon content and
hence result in tougher bonds.

A geries of power curves were prepared useful in designing production tests
involving two, three, and four treatments. Yield varisbles under consideration
were warp, TFC, and weight less.

A comparison was made of the acceptance sampling plans for two-sided specifications
{unknown sigma) presented in Bowker and Goode and those given in Military
Standards 41l4. They differ primarily in the statistics used, and in the fact

that the Military Standards 414 plans permit greater flexibility in the choice

of AQL's for each of the upper and lower specifications and for the total.

Irradiation Processing Department

Asgistance is being provided in the design of tests to insure that the reactor
front face nozzles, which are being reamed to permit charging of bumper fuel
elements, are not being weakened excessively as a consequence.

Several nomographs and & worksheet were provided Reactor Cperating personnel for
use in simplifying calculations necessary to determire trip after instability
gettings for panellit gages.

A continuous sampling plan, proposed by IPD personnel to use in the inspection of
panellit gages, was reviewed as requested. The plan provides stringent operating
characteristics at the cost of more involved administrative procedures.

Mathematlcal formulas were developed which express the maximum allcwable fuel

element warpage as a function of tube and fuel element dimensions and the positicning
and dimensions of the fuel element self-support mechanlsm.

Consultation services continued on mathematical methods used in analyzing
various aspects of the electrical eircuitry of proposed coolant pressure monitor
systems.

Zhemical Processing Department

Severs) more meetings were held with 234-5 Development personnel designed to
acqualnt them with statistical aspects of experimental design.

A mathematical method of completing & contour description from a finite number
of specified points in such & menper, so as to satisfy certain "smoothness”
criteria is being developed. The method, based on the theory of the elastic
behavior of an idealized spline, presents some computational difficulties in
that 1t employs the generous use of elliptic integrals.

. -- W
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STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN ELO

2000 Program

Reactor Studles

Cooperation continued with Systems Research on the study of the properties of the
solutions of the reactor kinetlc equatlons with sinuscldally varying reactivity.
Tt is now known that the sclutions of these equations are always unstable for all
vaiues of amplitude end frequency of osecillation and for all values of reactor
parameters. Work continues on obteining simpler methods of relating the degree of
instability to the parameters involved.

A statistical anslysis was completed of the effects cof temperature, water flow rate,
expcsure, and surface to volume ratio on the reactivity of graphite.

Corrgaion Studies

Work continued on the anslysis of Al-Ni-Fe alloy corrosion data from an experiment
verformed by Corrosicn and Coatings Cperation.

. 4000 Program

Swelling Studies

Sonsideration was given to means of presenting pore distribution data and derived
vold frection and density values so that pore growth and movement might be identiflea
for changing irradiation temperatures and times. '

Jhemdleal Effiuvent Technologx

Further analysis has been devoted to the difficult problem of estimating the steady-
state gravity-flocw of a contaminant from a source located above an inclined water
table.

6000 Program

Elology

A meeting was held to discuss the findings of an applicaticn of the multicompartment
nfgration model to data from e rat experiment involving a single administration of
W-—lBB @

At the request of the Blology Operaticn work was begun con the constructlion of 2 simple
linear kinetic model to describe the behavior of radiciodine within a biologlcal
system. The differential equations of the system have been written and the feasi-
bility of an analogue computer solutlon 1g being explored. .

Work was begun on a statistical evaluation of the effects of varying amounts of

radiation on the sex ratio and other population paremeters of Ephestia Kuehniells
Zeller (Mediterranean flour moth).

mﬂ -
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General

A preliminary analysis of the first four weeks data from the work sampling study
being conducted by the Analytical Laboratories Operation was performed snd reported.

Anslysis continued of data from high energy anti-coincident gas sample counting
lnstruments to devise a good method of estimating background counting dats.

A method of estimating the effect of the gas pressure within the sample tubes
on the background count is now under consideration.

MISCELLANEQUS

Activities continued in connection with the Plant Improvement Program task force.
A draft of proposed revisions wes to be presented to W. E. Johnson.

Carl A. Bennett, Mapager
Cperations Research and Synthesis

CAB:mw
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PROGRAMMING OPERATTON
OCTOEER 1360

A. TFISSIONABLE MATERIALS - 2000 PROGRAM

In order to provide a basis for more accurate control of decontamination in
the geparations processes, factors which influence total gamms activity of
the feed were reviewed. Activity is essentially dependent on power level,
exposure, production efficiency and cooling time. It was concluded that of
these factors, more complete information on production efficiency could pro-
vide & basls for improved decontamination control since variations by as
mach as 40 per cent in gamma activity could be shown for practical ranges

of production efficiency. The other factors are alresdy adequately recorded.
A report on this study was io draft form.

Consideration of the chemical and technical feasibility of coupling conven-
ticnal aqueous and solvent extraction, with fused salt fluoride volatility
steps for separations processing particularly in new plants was continued.
The critical feature of converting partially decontaminated concentrated
aqueous uranium to an oxide slurry in fused salt may be resolved by reason-
ably conventional engineering techniquea. The technology of subsequent
reduction to produce uranium tetrafluoride dissolved in fused salts and
finally removal of the uranium as purified UFg would depend on the results
of current research and development on fused salt fluoride volatillty processes
as being studied elsewhere on a pilot plant scale. The prospects For these
latter steps appear good in view of the continued interest in the fused salt
reactor as being developed at CRNL. '

B. REACTCR DEVELOPMENT - 4LOOO PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. Work continued on the final debugging and
updating of the Puck code which analyzes plutonium recycle in a broad
spectrum of reactors. The updating of the reactor physics portion {(GFR)
and checking out with the Meleager code was continued. Indicstions to
date are that the impact of equilibrium Pu-242 is greater than indicated
in the 0ld GPR but it takes 30 to 100 years to achieve equilibrium. For
this reason, consideration is also being given to evaluating the plutconium
batches occurring after 10 and 20 years of recycle operation rather than
the rigorous equilibrium composition only.

In the studies of the alternative cladding materials a series of func-
tions were generated which depicted the minimized total fuel costs as

1234318
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a function of the reactor parameters, f,, (the thermal utiiization factor
of the reactor charged with natural uranium measured at opersting tempera-
ture at initial charging), and p, (the resonance escape probability meas-
ured under similar conditicns). This was dome for various fuel element
fabricating costs. Several sets of thege are required to cover the _
reactor characterizations and economic climates within which comparisons
are likely to be desired. The use of these functions would be facilituted,
if there were means of quickly estimating the f, and p, factors for a
glven reactor type and cladding materlal. One can know relative f,'s

with greater accuracy than absolute values., To be specific, if two mate-
rials were first compared in a given reactor configuration, then compared
in another reactor configuration, it would likely be found that the absolute
values of fo to be affected more (by changing reactor configuration) than
would the incremental difference in f, for the two materials. It is the
incremental f, which defermines the relative value of alternate cladding
materials when using the mirnimized total fuel cost functions.

Studies ares proceeding using the best avallable diffusion codes to validate
this hypothesis and to derive the generalized functions which could become
80 useful in making economic comparisons of various cladding materials and
geometries. This has potential interest to reactor and fuel designers
because while p,'s may change, because of different fuel geometries the
effect on total minimized fuel costs is diminished by operating each fuel
element at its respective minimized fuel cost enrichment. Within reason-
able limits, this also allows selection of fuel density and reactor lattice
spacings at the discretion of the reactor designer. This should lead to
lower over-all power ccsts by allowipg the deeigner to "trade off"™ reactor
and fuel costs. It appears that additicnal latitude to the designer would
result from knowlng the economic “trade off"™ of the various plutenium
enrichment methods and compositions because of the resonance absorpticn
characteristics.

It is intended to extend this study to include such information as
rapidly as firm plutonium information becomes available.

Fuel Cyéle Analysis. A brief investigation was made of the fissile con-
tent of the "ashes" which remain after a single once-through fuel cycle. -
Numbers were selected from calculations made with the Meleager code with
vhysics parameters spproximating those of the Dresden reactor. A4s
expected, plutonium (uriformly mixed with depeleted wranium) fueled
reactors generally gave a discharged fuel contalning less fisslle mate-
rial than those fueled with U-235. However, the difference in the dis-
charged flssile atoms between a U-235 and a Pu-239 fueled reactor amounted
to only sbout 10 per cent versus the 20 to 30 per cent difference whick
wouwld be predicted from simple absorption to fission ratics for the two
igotopes. However; cases may be found, specifically for fuels initially
containing a larger fraction of Pu-24l, where plutonium fueled reactors
actuslly have greater terminal concentrations of fisslle atoms in the
discharged fuel than those initially enriched with U-235.
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Cther Activities. The estimate made last month of plutonium production
from power reactors was revised to reflect more accurately the elapsed
time between reactor startup and avallsbility of plutonium on a routine
baslis. The estimate was also extended from 1970 to 1975, Previously

it was assumed the elapsed time between start-up and availability of
plutonium was one year. More detalled study showed that, in general,

for the U.S. reactors elapsed time would be between two and three years,
and for the British type gas-cooled reactors, about four years. Annual
plutonium production by 1975 was estimated to be 2,600 kilograms from
domestic power reactors, 3,700 kilograms from British reactors, and 5,500
kilograms from power reactors in operation in the rest of the free world.

Activities 1n support of PRTR startup included review of process speci-
fications, operating procedures; and power tests. Startup Councll has

now approved 43 of the 45 process specifications and 72 of the 92 operating
procedures.

Liaison on procurement of high exposure plutcnium continues to require
attention. The integration of this production campaign with slmilar
requirements of others whose needs are possibly even more urgent encourages
a greater than normal degree of attention to assure the adequacy of the
volume of product recovered for PRTR. Although unexpected removals from
the accumulation intended for FRTR have occurred, study has continued to
show that by careful scheduling and recovery of fabricatiom scrap at Hanford
such removals appear to be tolerable but near the limit. The requested
procurement of some of the Canadlan material, though relatively minecr,

is still & significaent factor in this situation.

SPECIFIC FUEL CYCLE ANALYSIS

Computer Code Development |

The first draft of the APWR study results was prepared and orally pre-
sented to AEC Division of Reactor Development personnel con October 19,
1960, Slight improvements are being made in the report preparation
section of the Quick and Puve codes used for this study so that much of
the final report data can De prepared directly by the IBM machine.

In future anslyses, similar to the APWR study, it will be necessary to
do studies of continuous ("graded") fuel discharges as well as studies
of batch irrsdiations for which the Quick code is now written. Accord-
ingly, Quick will be supplemented with & cost for the unusual startup
and shutdown charges associated with continuous charge discharge. These
unusual startup and shutdcwn charges are usually more than compensated
for by the reduction in enrichment level of the reacter from those nec-
easary for batch irradiations. Not &ll reactors benefit by opersting on
the graded rather than batch cycle particularly those reactors that
incur high costs to shutdown and shuffle the fuel many times durding a
Puel lifetime. :

1234310
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Cranges ars alsc Seing made to the Puve code whickh solves for the value
of successive plutionium batches from output of the Quick code. It now
appears that a statistical metacd can be used %o reduce the number of
suzceasive recycle baiches tc ascertaln the value ¢f the first batch
witkin desired accuracy. The major savings affected by this is the
reduction of the necessary physics calculations which require far more
+time than the relatively simple additicnal economices lterations.

Final programming of the FEFS (Fuel Element Fabrication and Jacketing)
sub-zede contlnued. Its logic was revised to allow consideration of
fixed, semi-varisble and variable fabrization and jacketing costs and
of extra costs of preparing recycle for re-entering tke normal FEFJ
prozess.

The logic for computing excess start-up and cleose-dowr costs inherent
to graded discharge was refined. Thia was done to: (1) account for
the extra cnsts of the varlous startup and closedown digcharge batches
at their respective electrical power revenue mid-points rather than at
the time of startup or closedown and (2) set income mid-points of each
batch at the welghted average of the discharge period exposures rather
than at its linesr exposure mid-point. This more accurate mid-point
compuztation ia expected to have its greateat efflect in the computation
of equilibrium costs.

A rigorous debug of the Nuclear Process Cost Code (NPC) is currently

being prepared. The NPC code is far more rigorous as regards accounting
practices than 1ts simplified counterpart "Quick”™.

3+ OTHER ACTIVITIES

A laborstory course in Nuclear Engineering involving the use of an gperable
reactor is planned during 1961 at the Center for Graduate Study. Preliminary
analysis ¢f ths course reguirements indlcates the sultability of HLO's Thermal
Test Reactor. Administrative arrangements and integrstion of a similar course
to be cenducted at the University of Washington are under study in cooperaticn
witk university representatives.

OPG 5.4 relating to the Plant Improvement Programs was revised in order to
offer a more effective means of presenting HAPQ's cepital facility needs.
The deadline date for submitting plant improvememt programs was changed
from December 1, 1960 to January 15, 19%1.

A proposal for a composite news story encompassing all of our many foreign
vigitors, who came during October, was generated and accepted by the Relations
Operatlon., This mutual effort results in the achievement of one of our
finest "spreads" in the Works News. :
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Assistance was provided in making arrangements far 31 visits involving 200
persons including 18 persons from foreign countries. Of special interest was
the visit of Dr. V. K. Moorthy of the Indian Atomic Energy Establishment; .
Mr. I. Ishikawa, Commissioner of the Japanese AEC; and the U.8./U.K. Conference

on Uranium Dicxide.
Actiné Manaﬁ, Programming

CA Rohrmann:dl
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RADIATION PROTECTION OQPERATION
REPORT FCR TEE MONTH OF OCTORER 19060

A. ORGANIZATICN AND FERSONNEL

R. W. Melsinger, Specialist - Radiologlcal Defense transferred to the Pro-
fessional Placement and Relations Practices Operation effective October 1.
R, F. Ballard was deactivated for perscnal illness effective October 2.
Lillian E. Benson retired on October 31, 1960. The force of the Radiation
Protection Operation totals 135.

B. ACTIVITIES

For the two-week period beginning September 26, R. L. Junkins served as a
consultant for the International Atamic Energy Agency (IABA) in Vienna,
Austria. While on this assignment, he assisted in preparing papers for the
Parel on "Radicactive Waste Disposal intc Fresh Waters". Nine nations have
neen invited to send representatives to the ITAEA Panel which meets in late
November in Vienna. R. L. Junking will return to Vienna as the U. S. repre-
gentative tc the Panel.

There was one new case of plutonium deposition confirmed in Octcber. The
total number of depasition cases that have occurred at HAPO is 260 of which
190 are currently employed.

Tritium bioassay analyses were performed for PRIR operating and maintenance
parsonnel prior to startup of the facility. Sixty-seven moderator water
samples were also apalyzed for tritium concentrations as & further service

to PRTR Operation. Tritium concentrations in the heavy water from background
to 27 pe/ml were found. The tritium content of the individual drums varies
by several orders of magnitude.

The third quarterly report, Evaluation of Radiological Copditions in the
Vicinity of Hanford, is now ready for issue. _The most notable observation
to be reported is the apparent increase 1in P32 concentrations found in farm
products from the Riverview and Ringold irrigation districts. These observa-

 tions are probably due to the lower river flow and, hence, increased water

concentrations experienced in 1960.

On October L, & planned fire was started in the 100-H Area burial ground to
reduce the paper volume in the burial trench. The fire went out of conmtrol
and 1t was neceszary to call the Fire Department to put out the fire. One
fireman was overcome by heat and exhaustion while fighting the fire and was
treated at First Aid. Another fireman received second and third degree burns
from sn explosicn and was hospitalized at Kadlec Hospital. No contanmination
spread to the firemen or environs occurred.

Plutonium oxide stored in a covered metal can inside a& glovebox in 231
Building apparently ignited, resulting in an explosion that temporsrily
pressurized the glovebox and forced plutonium oxide out irnto the rocm.

UNCLASSTFIED
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Contamination on horizontal surfaces in the room ranged from 1000 d/m near
the door to 40,000 d/m near the plastic bag which ruptured. There was no
exposure to perscnnel as a result of this incident which occurred durlng the
off-shift hours. The room has been succegsfully decontaminated.

Five ‘aerial survey flights were made during the month. At least two bmck-
ground measurements are now availlable for each routine flight path. The
routine aerial monitoring plans and procedures were 80 per cent completed.

Studies of the fuel element rupture loop of the FRTR facility resulted in &
recomrendation for & noble gas collectlon gystem, The recommendation results
from the caleulated production rates of KrB9 and Xel3T,

A thorough study of air sampling procedures has been Initiated., The progranm
calls for a thorough study of the air sampling techniques, equipment, and
evaluation procedures. Information is now being cecllected concerning the
equipment necesgary tc complete these studles and to campile a list of work
locations to be considered in the primsry study.

A meeting to discuss the first year's use of the Hurst critlcality dosimeter
systen was held in Santa Barbara, California, by Edgerton, Germeshausen &
Grier. C., M. Unrub attended as the Hanford representative. A total of 800
of these systems will be in use throughout the United States. During the
firat year, it was not neceasary to evaluate a single system due to a
criticality incident. No damage or contamination spread has resulted from
the use of thege systems to date. A potentisl for serious contamination
spread regulting from a system involved in a fire was thoroughly discussed.
Steps to provide a sealed system for the threshold foils, that would maintain
ita integrity throughout a typlcal fire, will probably result in a reworking
of the S0 systems pmow at HAPO. Efforts to develop & system using nonradioactive
materials was emphasized at the meeting by the HAPO perticipant.

Studies of the nuclear track films dencted NTA and NTBE have been completed.
Although the Type A 18 less sensitive to neutrons than Type B, 1t 1s also
sufficiently less sensitive to gamus doses to make it the preferred choice.
Evaluation of the type NIB film with appreclable gamma dose 1s very difficult
and many errors in track counting are introduced due to the gamma dose fogglng
of the film.

The Annual Information Meeting of the Health Physics Division, ORNL, was held
on October 27 and 28, 1960, and was attended by A. R. Keene.

C. EMPLOYEE RELATIONS

One suggestion was submitted by perscnnel cof the Rsdiation Protectlon Opera-
tion during the month bringing the year-to-date total to 32. Flve suggestions
were evaluated and rejected. One suggestion was adopted with the avard split
between two RPO employees. Total amount of award was $20. Five suggestions
submitted by RPO personnel are pending evaluation.

UNCLASSTFIED
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There was cne medical trestment injury during the month for a freguency of
0.45. No security violations ceccurred during Octcber.

Radiation protection training included: One 9C0-minute orientation talk %o
four Biology Research perscnnel; personpel agsigned to the PRTR attended

the lectures series and training program on Critical Tests; attendance of
RMO exempt and nonexempt perscnnel at 13 meetings on various FPRTR coperations.

D. SIGNIFICANT REPORTS

HW-67060 "Analysis of Radiologicel Data for the Month of September, 1960"
by R. L. Junkins. }

HW-67248 "Monthly Report - October 1960, Radiation Monitoring Operation”
by A. J. Stevens.

EW-66891 “The Automatic Columbia River Monitoring Station" by T. C, Mehas.

EW-66728 "A performance Study of Miniature Glass-Dosimeters" by P. E. Bramson.

1234321 UNCIASSIFIED,
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ENVIRONMENTAL MONITORING - EESULTS ~-(Mid-September 1960 - Mid-October 1960)

Sample Type and ILocation

Drinking Water

10C-F Area
Separations Areas
Pasco

Kenpnewick
Richland

Columbia River wWater

Above 100-B Area
10Q-F Area

Hanford

Pasco

McNary Dam

Vancouver, Washington

Atmosphere

Ii3l Separations Aresas
I 31 Separaticns Stacks

Active Particles - Project
Active Particles - Environs

Activity
_ZLype

Isctopic
Gross Bete
Isctopic
Isctoplc

- 3ross Beta

Gross Beta
Isotopic
Isotopic
Isotopic

Groass Beta'

Isotopic

1131
713l

Monthly
Average

Vegetation (Control limit for vegetation is 10~ ue Il3l/g)

Separations Areas

Residential

Eastern Washington and
Qregon

Fission Products less
113 © Wash. and QOre.

131
1
31

Il3l
Gamms
Emitters

2.5 x 1077
< 1.5 x 10°

-6

<1.5 x 20-6

< 1.0 x 10-7

Units

% MPC_-CI¥
uc/ce

% MPC,-GI¥*
% MPC,~GI**
uc/ce

ue/ce

% MPCy-GI*

% MPC,-GI¥

% MPC,,-GI¥*
we/ee

% MPC,-GI**

ucfee

Combined curies/

ptle/100 m3
ptle/100 m3

uc/g
ue/g

ue/g

ke/8

* The % MPC,~GI 1s the percent of the maximum permissible limit for occupational
. exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

** The % MPCy—GI is the percent of the maximum permissible concentrations for
. persons in the neighborhood of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained

in ¥BS Handbook 69.

% This locatiorn is now sampled quarterly.

1234321
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents abovg Permigsible Limits

Whole Body Localized
Qctobar 0 0
1

1960 to Date 3
Gamma Pencils
Pencils Paired Readings Paired Readings Lost
Procegsed 100-280 mr Over 280 mr Readings
October 9,790 237 7 0
1960 to Dete 145,88k 2,326 Ll 12
Beta-Gamma Fllm Badges
Badges Readings Readings Readings Lost Average Dose
Processed 100-300 mrads 300-S00 mrads Over 500 mrads Readings Per Film Packet
mrad{ ow mr!s)
Qctober 1o, k22 9719 128 35 61 13.85 15.19
1960 to :
Date 112,172 9,202 1,654 b1k ST7 11.54 17.64

Neutron Film Badges

Film Readings Readings Readings Lost
Processed. 50-100 mrem 100-300 mrem Over 300 mrem Readings

Slow Neutron

October 2,521 D 0 O 12
1960 to Date 13,766 3 Q 0 56
' Fast Neutron
October 251 20 36 0 0
1960 to Date 1,831 163 . 68 o] 21
Whole Body Counter
Male Female Cctober 1960 to Date
GE Employees
Routine 95 b 99 746
Special 16 0 16 - 53
Terminal 0 0 0 1
Nonemployees 14 0 lh 55
Pre-employment 0 9] _0 30
Total 125 Y 129 865
Bi
SioRsiy October 1960 to Date
Confirmed Plutonium Deposition Cases 1 . Lo*
Plutonium: Samples Assayed 8 562 6,480
Results above 2.2 x 10~ uc/sample 29 399
Fission Products: Samples Assayed 597 6,396
Results above 3.1 x 1077 ue FP/sample 11 Ik
Uranium: Samples Assayed 258 2,686

*Bringing the total rumber of plutonium deposition cases which have occurred at
Hanford to 260.

UNCIASSIFIED
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Uraplum Analyses

Following Exposure Following Period_gf No Exposure

Units of 10~2 pe Ufecc Units of 1077 uc U/ec

Humber Number

Sample Description Maximum Average Samples Maximm Aversge Samples
Fuels Preparation 17 b2 56 8.1 2.6 50
Fuels Freparation®* 0 0 0 0 0 0
Hanford Laboratories 28 4.9 30 14 3.4 29
Hanford Laboratories* 0 0] 0 0 0 0
Chemical Processing 54 7.3 35 13 L.o Le
Chemical Processing* 22 9.2 6 34 12 L
Special Incidents 0 0 0] C o] 0
Random 0.8 C.5 2 0 0 0

*Samples taken prior to and after a specific Job during work week.

Thyroid Checks October 1960 to Date
Checks Taken Q 79
Checks above Detection Limit 0 5
Hand Checks
Checks Taken-Alpha 34,132 319,361
-Beta-gamma 43,770 L6, 523
Skin Contamination
Plutonium 21 231
Figsion Products 34 386
Uranium _ 0 39
CALTBRATIONS :
Number of Units Calibrated
October 1960 tc Date
Portable Instruments
CP Meter 866 9,120
Juno 222 2,864
M 718 T,TTL
Other 154% 1,775
Total 1,9 21,530
Personnel Meters
Badge Film 648 12,550
Penclls - l,9é2
QOther 4, 06
Total 5 18,523
Miscellanecus Special Services 52T 5,750
Total Rumber of Celibrations 3,472 45,803

e
Managexr
Radiation Protection

AR Keene:CMU:kc URCLASSIFIED
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LABORATORY AUXILIARIES OPERATION
MOWTHLY REPORY - OGTOBER, 1960

GENERAL

There was one security violation charged to the Operation.

There were no major injuries; the minor injury frequency rate was 1.98,
which is considerably below average experlence.

TECHENIGAL SHOPS OPERATION

Total productive time for the menth was 19,222 hours. This includes
14,752 hours performed in the Technical Shops, 3,188 hours sssigned

to Minor Construction, 301 hours assigned %o other project shops and

981 hours assigned to off-site vendors. Total shop backlog is 17,988
hours, of which 60% is required in the current month, with the remainder
distributed over a three-month perilod.

Distribution of time was as follows:
Man-hours % of Total

Fuels Preparation Department 3,495 18.2
Irradiation Processing Department 540 2.8
Chemicnl Processing Department 667 3.5
Hanford Labcratories Operation : 13,553 70.5
Construction Englneering & Utilities 9hO 4.9
Miscellaneous 27 1

Requests for emergency service were slightly higher than the previous month,
requiring an overtime rate of 5.9% {1365 hours).

One Bheetmetal Journeyman was exchanged for :nother Sheetmetal Journeyman
from FPD. There zre no current open requisitions.

Security performsnce was considered satisfactory with no violations. There

were six medical treatment injuries, which is on the low side of the level
forecast for this period. .

RADIOGRAPEIC TEITING OPERATION

A total of 4,655 tests were made, of which $63 were radiographic (including
Xx-ray and garme-ray) and 3,992 were supplement.ry tests. Out of a total of
2,866 man-hours, 498 (17%) were used in connection with raglographic tests,

and 2,368 (82%) were used on supplementary tests. The supplementary test

work included: autoclaving; eddy current; penetrant (fluorescent O.D. and I.D.):
stress analysis; surface treatment (pickling,steam detergent cleaning, =nd
vapor degreasing); and ultrasonic (flaw detection and thickness measurements).

UNCLASSIFIED
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The number of pleces handled this month totaled 2,953 items. The feet
of material represented by these items amounted to 28,533 feet. Work on
tubular components continued to account for & large percentage of the
footage of material tested; the work includes both fuel element sheath
tubes and reactor process tubes.

Work was done for 22 orgenizational components representing most of the
operating departments and service organlzations. A total of 59 reports
were issued detalling test findings with conclusions and recommended
action. Radiographic Testing Operation was consulted on 40 different
occasions for advise and information on genersl testing theory and
applications for other than the Jobs tabulated in Part - II Testing
Statisties.

Two full length NPR process tubes were pickled and one was autoclaved as

a preliminery evaluation of the pickling and autoclave process. Un-
fortunately, erratic autoclave operation did not permlt final concluslons
58 10 the success of the procedure. The outaide surfaces of the autoclaved
tube were generally satisfactory except for some hook marks where contact
wad not changed. The inside surfaces were poor with a continuous in-
dication for most of the length of the tube and some bad local areas.

Material and equipmen®t for the tube shop is finelly reaching the point
where full scheduling of NPR process tube testing and treatment will soon
be possible. Fifty-seven tubes have been received for testing and pro-
cessing. Pending the successful demonstration of the pickling and auto-
claving facility, testing is going forward on the new tubes including
ultrasonic thickness measurements, ultrasonic flaw testing, and flucrescent

penetrant testing.

Preliminary evaluation of a dry blasting method for autoclave film removal
and wall conditioning was made at a Seattle firm. The method utilizes 2
recirculated dry sbrasive featuring a vacuum pickup at the working head.
The operation of the unit is much cleaner and somewhat simpler than the
present wet method. :

Testing Statistics

No. of PFt. of Weld No. of
Component  Tests or Material Pleces Description

CPD 223 52 16 Radiograph welds & mark U dissolver
assembly s/s; Radlographic welds on
1 formaldehyde reactor TK-¥-2; 1
formaldehyde tower T-F-15-2; 1 con-
densate recelver tank TK-F-3; Per-
form wltrasonic thickness test on
four vessels in 200-W Area; Perform
ultrasonic thickness meassurements
oh vacuum fractionator in 200-E
Ares.

UNCLASSIFIED
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Ho. of Tt. of Weld

Component Tests

or Material

H-3

No. of
Pieces

HW-67254

Description

FPD

IPD

30

3,841

361

1234321

21l

22,7kl

5,639

7

2,711

212

Radiograph four welds of drain system

in 340 Bidg., 300 Afea - Carbon steel,
3" Sch.40 pipe; Radiograph can-to-cup

welds on UT-4 fuel element jackets to
develop technique 1-1/2" I.D. aluminum
rings.

Aluminum clad U fuel element; zr-2
clad U fuel elements; 6" tapered
thermocouples; zr-i s/s brazed
samples; s/3 creep test capsule;

NaK swelling capsule; .455" I.D.,
zr-4 tubes; Mg oxide canned slugs;
Al-Pu fuel rods; ..425" Q.D., zr-i4
clad Al-Pu; .750" 0.D., longitudinal
welded s/s tube; Radiograpb aluminum
Wy, fuel reds for Birch Fabrication
& Development Program; .680" I.D.,
zr-4 tubes; 1-3/4" 0.D., zr-2 tubes;
1-1/2" 0.D., zr-2 clad U fuel; 1.76"
0.D. x 43'-6" long zirec-2 "C" type
tubes; 4-1/2" 0.D. x 108"long zir-
caloy-2 tubes; 2.40" 0.D. x 46'-6"
long zircaloy-2, KER type tubes;
2-1/2" x 153" long - zircaloy tubes;
Perform ultrasonic thickness test on
pressure vessels in Bldg. 326, 327,
& 328 - 300 Area; 0.50 x L' long,
Hastalloy tubes.

Rediograph welds on Elmo-7, s/s-4"
Sch.160; PRTR teat sections & welds
on CEP-3 Loop (s/s 1-1/2" Sch.l60);
Radiograph three welds on three
gsections of 2-1/2" Sch.XX strong
carbon steel; Radiogrsph welds on two
NPR tube shop sutoclave injection
steam superheaters a/s; Radiograph
ends of five Al reactor front face
nozzles; Radiogrsph welds on sezl
test flanges 1-1/4" Tk x 8" 0.D.

s/s; 2.%0 0.D. x L6'-6" long, zir-
caloy - 2 KER type tubes; 3-1/4"

0.D. x 53'-6" long ziresloy-2 NPR
tubes; Straingage installation and
stress analysis of cell #& piping
system - 1706 KER Bldg; stress analysis
on crossheaders, risers, and dowm-~
comer of 105-DR reactar; Installation
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No. of Fit. of Weld HNo. of
Component Tesws or Material Pileces Description

of four siralngsge roseties plus
two temp compensating gages on
No. 25 rear crossheader,

JA Jones 200 100 7  Radiograpk two a/s welder qualifi-
cation test coupons, 3/8" tubing;
Radiogreph instrument leads at
bottom of Calandrie PRTR site.

TOTAL 4,655 28,553 2,953

CONSTRUCTION OPERATION

There were 47 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $284,758. Seventy-three new orders,
6 supplements and adjustments for underruns amounted to $62,951., Expenditures
during the month on HIO work were $150,215. Total J. A. Jones backlog at
month’'s end was $189,88s,

Summary
EL CE&U
Unexpended Unexpen:
No. Balance Ho. Balance
Orders outatanding beglnning of month 6 $ 277,149 1 $ 7,609
Issued during the month (Inc. Sup. & Ad).) 73 62,951 0 0
J.A., Jones Expenditures during month
(Inz. C.0. Costs) 148,461 1,754
Balance at month's end 4 184,030 1 5,855
Orders closed during month 7L 89,805% 0 O%

*Face Value of Orders Closed

UNCLASSIFIED
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FACILITIES ENGINEERING OPERATION

Projects

There were 13 authorized projects at month's end with total asuthorized
funds of $2,741,265. The total estimated cost of these projects is $4,718,700.
The unexpended balance on these projects amounts fo about $3,500,000.

The following summarizes the status of ELO project activity:

Bumber of suthorized ﬁmjects at month's end 13
Number of new projects authorized during the month 0
Projects completed during the month 0]
New project proposals submitied to AEC during month 0
New projects awalting AEC approval: 3

CGE-832 ®ull Scale Physicsal Constants Test Reactor
CGH-902 Uraniuvm Scrap Burning Facility
CAH-914 Rattlesnake Springs Radloecology Facility

Note - Proposals complete or nearing completion are as follows:

Fuels Recycle Pilot Plant
Atmospheric Physics - Fleld Service Center

Project CGH-8Tk, Consolidation of Plutenium Metallurgy Facility,
was returned by the AEC for revisicn.

The attached project report contsins detalls of individual projlect work.

Engineering Sexvices

Engineering work performed during the month Included the foliowing listed
major items as well a8 scope englneering for projecet proposals.

Title Status

329 Building Ventilation Mod. Work complete.

Pressure Vessel and Code Pilping- This is a con*inuing work program on
Engineering & Inspection Service HLO vesaels, pregsure systems and

related safety devliges. Perlodlc
audiogeging 18 nearly complete. 0F
the first twenty vessels reviewed, it
appears that three will be derated.

Glove Boxes, 325 Building Febrication is complete and appurten-
ances are being installed.

UNCLASSIFIED
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Title Status

"Split-half" Machine for Critical Materials on order. Detall design is
Mags Studies _ about 80% complete.

Criticallity Alarm - 300 Ares Installation work will be postponed due

to funds limitation.

Improvement to Animal Waste Dis- Deslgn and fleld work is nearly complete.
posal System : Acceptance testa and minor modifications

will be performed during November.

Horizontal Control Rod and Drive Designwrk 1s substantially complete.
for Tamper Tank {(Critical Mass)

Basement Acceas Enclosure - 325 Construction work is suthorized.
Special Laboratory Alr Conditioning Bngineering work is complete. Field work
222-U Building to start during November. Procurement

. has started,
Irradiation Studies Loop Design complete. Fabrication in progress.
Breakaway C‘Onﬁsian Loop . Design in progress. Procurement has started.

Reviev of Pressure Systems, PRTR Inspection is complete on all systems. Re-

cocrding snd documentation work is continuing.

Misc. Animal Quarters & Pasture Field work in progress.
100-F

Design special dust filters - 306 Design 1n progress

Intercom System - 231-Z Building Deslgn is being performed.

Cooling System - 31k Building Design 1s complete. Costs are being reviewed. -

Dra:f‘ting and Design Services

Work load in central drafting room (3706) is very heavy. Branch offices in
306 and 308 Buildings have steady work loads with heavy backlog in 308 office.

Major design and drafting work in progress includes the following:

1.
2.

3.
}'I"

5.

High Level Utility Cell - 327 Bldg. - Special Tools (60% complete).

PRP Critical Facility - Detail of in-cell piping, ventilation, instru-
mentation and electrical work (18 dwgs. - 90%complete).

Phyaical and Mechanical Properties Test Cell - 327 Bldg. - Special
equipment design (35 dwgs - 50% complete).

Structural Materials Irradiation Test Facility - design - (25 dwgs re-
quired - 30% complete).

Strontim Purification Project - Work underway.

UNCLASSIFIED
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Drafting and Design Services {Cont!d.)

6. Puel Element Wire Wrapping Machine (12 dwge required - 95% complete).

7. Split-half mechanism, Critical Mass Laboratory.

8. Thermal precipitator - (5 dwgs required 30% complete).

9. PRIR speclal tools - {approx. 45 dwgs. - 55% complete).

10. Breakaway Corrosion Loop - Approximately 35% complete.

1l. Critical Facillty - Approximstely 20 dwgs. required - Estimated 30%
conplete. ' '

12. Stress Rupture Facility - Estimated 60% complete.

1l3. Fuels Recycle Pilot Plant - Conceptual work in progress.

14. Length Measurement Telescope - Work started.

In additlion to the azbove work, miscellaneous small design-drafting Jobs are
in progress.

Approximately 175 drawings including sketches, work sheets, and formal
drawings were completed during the month of October.

Plant Malntenance and Operation - Costs (September)
$ 138,55 10h.4 ¢

Analysis of Costs

The expenditures continue about 4% above forecast. This reflects the
emphasis on preparing the buildings for winter.

Improvement Maintenance

Item September
Crane $ 1,607
Relocation & Alteration 1,310
Pailnting iy urd
Mige. __zl_i
Total $ 3.905
Miscelleneous

Avproximately 31,000 square feet of prints were reproduced during the month.

'ihestotal estimated value of the 1k requisitions issued during the month was
7,600.

Appropriation Requests for hoods and for laboratory furniture were prepared
and submitted.

The following painting wes performed: 305-B interlor, 325 (spot), 3760 (spot).

UNCLASS IFIED
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Conversion *o 2 standard fire gong system is continuing. It was de-emphasized
during the installation period of the criticality alarms. '

Investigations have been made of air flows in 747 Building.

The effect of supply air shutdown while exhaust fans run in 308 Building was
measured. The system had been designed for such supply shutdown in the event
of fire. Tests indicated that excessive vacuums were bullt up which threatened

the ductwork, emptied floor drain traps and rendered exterior docrs unopenable.
This fire alarm connection has heen de-sctivated pending further studies.

A study has been initiated on changing the level of the 326 Building basement
aCCess.

An order has been issued to lower the #3 pump house near 329 Building.
An order has also been issued to provide a covered connection between the base-
ment and main entrance in 325 Building.

TECHNICAL INFORMATION OPERATION

A detsiled supmary of the proposed system for the control of access to documenta
in the Classified Flles has been written and sent to the Departments for comment.
It is planned that the revised copies, incorporating Department suggestions, will
be used for (1) further negotiations with the AEC and (2) as instructions for
distribution to the field when the plan is implemented. Comments received toc date
indicate that an educational cempaign of some intensity will be needed before
Plant personnel fully understand the proposed changes.

Additional instructions on classifying RPR Fuel Element information was received.
The new instructions were primarily related to production capacities and rates.
They were distriduted to the field via EW-66932 "Classification: NPR Fuel
Elements" dated Ochtober 3, 1960.

Two Classification Information Bulletins were dilstributed. They are:

“Polson Splinesh
"Replacement Code Word"

The bulletin on Poison Splines contained the topics recently approved by the AEC.
After distribution of the topics to the field several questicns regarding inter-
pretation of two of the topics were raised. Work on clarifying these topics

is underway. :

Efforts were continued on bringing the plant inter-area uraniu transfer records
into compliance with Topie 201.7.2 of the Hanford Guide. The question of need
to classify individual copiles of records for transfer of fuel elements from the
fuels production plant to the reactor areas remaina to be resolved.

UNCLASSIFIED
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decommendations for changes 1n the roster of HAPQO Responsible Reviewers

were made to the Chief of the AEC's Declassification Branch. Because of
the small number of declassification referrals in the field of Chemistry
and Chemical Engineering, it was suggested that the number of reviewers

be decreased from five to one. Simultaneously a request was made for the
appointment of an additional reviewer in the field of Reactors and Physics,
the field which comprises the majority of the declassification referrals.

The program for automating the Classiflied Files issuance, routing, and
malling routines, which has been stalled for some weeks pending information
from IEM on some adaptations to standard equipment, began to move again at
month's end. An order for the equipment will be placed shortly. Rental
charges will be about $550 per month. A six months delay in receiving the
equipment 1s anticipated, which would place installation in April 1961.

Microfilming of the Classified Files document Loldings began on October 3.

To date 1,521 documents have been microfilmed, which is satisfactory progress.
Fire proof cabinets for storing the completed " jackets” have been received

in 300 Area as has the Minpesota Mining Reader-Printer. Trial rums on the
latter are producing excellent reproductions from the microfilm.

The automation of the Library's procedures for handling subscription re-
newals advanced nearer reality during the month. The program has been
worked out and is being "debugged”. The transfer of subscription in-
formetion from cards to tape 1s expected to take place in November.

Work Volume Statistics
: September Qctober

Document Distribution and Files

Documents routed and discharged (coPies) 14,453 16,100
Documents issued (copies) 15,227 1h,281
Documents sent off-site (copies) _ 6,597 8,257
Document reserves filled (copiles) 586 Ell
Documents picked up and delivered 16,679 18,229

Document Accountability

Holders of classified documents whose files

were inventoried 425 627
Documents inventoried in Fileas (ecopiles) 0 0
Documents destroyed or retired (copiles) 8,349 6,055
Documents revised (copies) 1,078 1,398
Documents pulled and documents filed (copies) 10,511 12,010
Documents reclassified _ L&T T
Accountable copies of SECRET and DOCUMENTED .

CONFIDENTIAL documents on-site 212,761 210,39C
UNCLASSTFIED
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September October
Reference and Publication

Books cataloged (new titles) 26 b9
Books added to the collection (volumes) 136 205
Ready reference questions answered by pro-

-~ fesgional staff 235 205
Literature searches by professional staff 6T 68
Reports abstracted (titles) 242 260
Formal reports prepared (titles) - 17 16
Off-site requests for HAPO reports (copies) 277 . 299
Reports releagsed to CAP (titles) L2 43

Library Acquisitions and Circulation

Books ordered {volumes) 493 297
Periodicals ordered 9L 29
. Books circulated (volumes) 2,148 1,777
Periodicsls circulated (:Lssues) b, 745 3,3’53
Inter«-Library loans g2 T9
Films borrowed or rented 22 5
Industrial £ilm showings 83 sl
Bound pericdicals added to the collection , 293 62

Library Collection

Main Librery  W-10 Library 108-F Library Ind. Med. Tota

No. of books 30,209 8,54 1,617 - 2,018 42,450
Ne. of bound
periodicals 59 9 1,689 ST 16,075

30,268 8,555 3,366 2,115 . 58, 525
Claasification and Declassification September Qctober
Documents, including drawings and photographs 203 Lot
reviewed for downgrading or declassification
Documents and pepers (intended for oral presentation 39 24
or publication) reviewed for sppropriate classification
Documents aubmit‘bed to Declassification Branch, Qak Ridge 227

for M?nager,

LABORATORY AUXILIARIES
JL Boyd:Jjw
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SEMI -MONTHLY PROJECT STATUS REPORT | HwW —
MANFORD LABORATORIES GQGPERATION oare 10-28-60
BROJ. MO, TITLE FUNDING
i Com-91k Rattlesnake Springs Radiocecology Facility . 61-3
AU RIZED FUNDS [posiewn § | axcs COMMIT'S 10 % 9]
s None lconsTe$ ok 3 ESTIMATED TOTAL COST s 12,000
lTA!'rllll1 pusigN, L¥* :;::if DESIAN E:::“_.‘ DESIGH PERCENT COMPLETE
bates  comat. OF oATES | CONST, Dargy LCONIT. WT'D- |scuko. | AcTUAL] |
TNSINKER DENGN
FEQ - HE Ralph ’ _ A
» MANROWER AVERAGE 1 ACCUN: MANTAYE | g
#IXRO PRICE .
£O8T PLUS FIXED FEC coneT.
leiany roncas Py
ARMGCHITEC T=ENGINEENR edaballd )
DEBIEN ENMINEERING OPERA TION rp
SK FIELD ENSINEER '

SCOPE, PURFOSE, STATUS & PROGAIEIN
Project proposal submitted to HOO-AEC on §-19-60.

% Months after authorizatlion.

o | | - |

PROJ. NO. TITLE . FUNDING
AUTHORIZED FUMDS | nigian § ; ARc § SOMMIT'S. YO 5
1 ) connt, $ ox_$ EITINATED TOTAL CORT $
STARTING | CREION, oinecy | cxsian H::;:" oxsion PERCENT COMPLETE
BATES CONNT, paTEs | cONST. | oares | consy, WT'D. | scHED.bACTUAL
ENSINEER DESIAN -
. A

NHANPOWES AVERNASE [acCum ManDAYS foax
PIRED PRICE
CO8T PLUS FIXRD MEK CONST. -
PLANT FORCES pr
ARCHITRCT~ENSINEER _ 1 i _
PESISN ENDINEERING OFERATION e
S FIELD ENGINEZR

S0P, PURPIIE, BTATUS & FROSHENM

1234335




E-12

SEM!~ MONTHLY PROJECT STATUS REPORT Hw-  BT254
HANFORD LABORATORIES QOPRERATIOM pate 10=23-00
PROJ. WO, TITLE FUNDING
SGE-90% U=anium Serap Burning Facllity 61~] i
AUTHORIZED FUNDS [nosiaN § . - Asgc 3 COMMLT'S:-TO $ 0
s -C- Lconsr. s s 3 KSTUAATRD TOTAL COST s 36,000
sTARTING [DEmiaN. 2% DIRECT | pauian :;L‘:‘uonun S PERCENT COMPLETE
DATES CONBT. £% :T:-::'1 cONEY. DaATES LCONAT. 3_8* WT'D. [SCHED. § AGTUAL
NG INE BR qozman
TEC -~ RK Waldman AR
) MANFOWER AVERAQE | ACCUNL MANDAYE | G E
FIXED PRICR
LOST PLUS ®IXED FEX CONNT.
FLANT FORCKS o
ARCHITHE T-ENGINEER cerrp
DERION ENSINEERING® CPERATION re
GE FIELD ENSINEXR
1COPR, PURRNOSK, STATUS & PROGRESS
Tsis project propoeal was submittsd to HOO-AEC for authorizaticn oz June 18, 1640.
# Weexs after authorizatlon.
E J
|
BRGJ. NO, TITLE FUNOING
ST Strortium~30 I-terim Program . Special
AUTHORIZED FUNDS | osion $ 35,000 ln:c [ commits. o 10-16-60 s 68,090 ‘
8 420,700 coNsT. § T25,000 lew s 420,000 €STIMATED TOTAL COST s 429,200 !
STARTING | DRSIGN. G-OmEs DIRECT | oxslon _:;L‘:"-_‘ osign 3-L1-0 FRACENT COMPLETK
DA THS consy. D=5-50 wates | conar. 3-1-61 bATRS | cornsr. 3-1~61 wT'D. | scHED. fACTUA
) ENGINEER pesian | 100 55% 55
FEC ~ I FRadow AR
MANPOWER AVERAGE jACCUMMANDAYS [ gg 153G B5it 55
FIXED PRICE
COST PLUB FIXED FEK 20 60C cowsv.| 100 | 12¥ t 12
PLANT FORCES e 1l 0 c_!
ARCHITECT ~ENGINKER i 83 13# 13
OESIGN EMGINEERING OPERATION Fe
SE FIELD ENGINEER
SCOPE, PURBOSE, STATUS & PRGGRESS
" mee wndergreund pipe -epeir is complste and backfilling has begun. Work in "C"
7ell g complet2 and acceptance with exceptiors has been attaired. Pipe and equipment .
reroval In "A" Cell is esesntlally complete.
Tos Flams Torse welders to fabricate the Titanium vessel have passed the gualification
tezte. The pipe for this vessel has beern shipped and the plate ie scheduled for
shipment Iovemper 7, 1362.
# =asad on scicedules submitted for approvel signatures. e
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SEMI—MONTHLY PROJECT STATUS REPORT

HANFORD LABORATORIEYS ORERATION pate  10-28-80 .
RO, NC, TITLE . LRNOBY o memd
| ThE-296 Strass Supturs Tast Facility . égﬂ- g-% 8535 .
AL ORIZED FUNDI [paman $ 7. 500 ] ames 72,500¥% comunrsro  10-16-60 5 6,013
s 20,000 const.$_ 72,500 ee__s 7,500% EITIMATED TOTAL COST s 29,000
STARTING (DEsION. | L2960 :;:ii?{”“'“" - g::l?;.q pEsion 12-1-60 FERCENT COMPLETE
DATES coNsT. 2=1-60 oATEs | COHIT: 10-15-61 1 nares LEONST. 10-15-6 WT'D: |SCHED. | ACTUAL
ENGINEER pesign | 100 | 70 70
TEQ - RX Waldmanp sE y
_ MANPOWIR AVERAGE | AGEUM: MANDAYS [ o 100 1 70 70
FixED PRIGE '
CONT PLUB FIXED PEEC conny, | 100 NS. 9
JwuanT romrens ar
ARCHITECT-ENGINEER : _ cpwr
-

DE3IGN ENQINEERING OPERATION

GE FIELD ENGINEE®

SCOPYE, PURPOIE, 3TATUS & FROARENS

Zatall dzaigr progressing according to echedule submitted ko AEC.

% AR Directive No. EW-51h, Mod. 1, authorized HOO-AEC total project funds, Work
Antherity desigoating GE funde has not been issued.

PRCJ, NO. TITLE \ EUNDING

CAE-QCL Structural Material Trradiation Teat Equipment - ETR | 2900 Program
AUTHORIZED FUNDE [ piiian 3 15 000 [g:cs 21 000 commt's. o 10.16-60  § 269
§ ~°5 oo ) comzr,. 8 110,000 ax_§ 104, 000 EITIMAYED TOTAL CONT $ 125,000
ITARTING | DESIGN. 9-15-6‘3 EL‘:"'!FCJ‘ DESI OGN 2—1_5-61 :;:;:1:{ DESIGN 2—15-61 PERCENT <COMPLETE
DATES CONST, paTes | const. 10-15-61 paTes | conar. 10-15-61 WT'D. | SCHED.{ACTUAL
ENGINEER LESIGN Iqs

rzf = KA Jlark AE

) MANPOWER ] AVERAGE (AccummMANDAYE [ gE

FIXEC PRICK
COBT PLUS FIXED FEE CONST. .
PLANT FORCES PF
ARCHITECT-ENGINKXR ceFw
DESIGN ENGINEERING OPERA TIGN il
GE FIELD ENGINERR

!COP!. PURMPOIE, STATUS & PROGHRESS

4 The ravisel project proposal is being routed for approval. Design is continulng
-}+ based om the revised sccpe. Evaluation of the project status and effects of the
revigsil plans fcr the ETR facility 1s progressing concurrently with the proposal

Pyochase specifications for engineered equipment not affected by the requested
2gope change are in preparztion.

(
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SEMI -MONTHLY PROJECT STATUS REPORT ww- 67254
HaAaMFORD LABORATORIES QPFPERATIONMN DATE 10-26-60
Res. N0, TITLE FUNDING
CAE-885 | Geological and Hydrological Wells - FY 1960 223 60-1
AuTHomzED FUNDS [opuen s 1. 000 { Aue 9 cohants.re _ 10. ]5 60 8 _6,782 _)_
8 59, s 3 3.10 SETWMATED TOVAL - CORT 62 000
evanTine [omsion. 2.1 bEMEs ... ear o jossien 4.1-60 PERCENTY COMPLETE
DA TES CONST, COMET. w]5- coMT. 2_15 W'D |SCHMED. | ACTUAL
man _ Joewen | 100 ! 100 ¢ 100
TEQ - ¥E Ralph ' ) As
_ o MANPOWER ' AVERA O | ACCLAS MaNOAYES g &
PIRRS PRICE g -
S8eT FLUS FINED PEE ) cosnr. | 100 51 62__
PLANY FORCES re 15 48 L8
ANCHITEC T~ ENSINEEN ' i .
OESIGHN ENSINEENINGE OPERA TION _ _ e 85 52 65
S% PIRLO ENSNEER

SC0PE, FURFPOSE;: FTA TUS L PROGARES

0f the ten wells on this project, aix have been completed, and two more are in :
Progress. To date, approximately 3,000 feet of hole have been drilled. j

% The Commission 1s extending the directive completion date from 11-15-60 to
3-15-61 beecause of additional footage added to the projects included in this

contract.
[PREG. NG, LY ] _ ) FUNDING
CAR-888 Blology laboretory rovements : , 60-h-1
AuTHORIZRD FUNDS [ Ddien 3 40,000 }ames_ 30,000 COMMIT'S, TO . |
s 40,000 1 ' 'l CETIMATED TOTAL COST s 340,000
STARTme [ DRSION. -g-% g!x‘e‘h oumen 2-]1-pl :’J‘x' OESISN 3-1_6]_ PERCENT GCOMBLETE
Oh THS SONSY, patys | comsy. j oartes | cowsT, wT'0. | SCHED.JACTUA
{smomssn osen | 700 | 16 | 28
FEO - JT Lloyd Az 83 35 13
!ﬁupo"! AYERASE ucpn.mnmn o ]_7 100 1_00
FIRED PRICE
SHAT PLUS FIXED MK COMST,
PLANT FORERY »y
ARCHITECT -ENSINEER (144
DESION EMOINEERING OPERATION e
BN FIZLD EHSINERN ‘

EOPE, FUARDEE, ITATM b FROSARM i

S1x drawings and specifications on Ttle I work received from the Architect-Engineer
were reviewved and comments were prepared which were reviewed with the AEC. Title II
werk 1s temporarily held up by AEC pending the funding problem being resolved. The
praliminary estimate of project cost 1s considersbly more than the indicated total
funds made svaillable.

123u338
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SEMI—MONTHLY PROJECT STATUS REPORT uww- 67254
HANFORD LABORATORIES QPEHATION paTe  10-28-60
PROJ, NO. TITLE - N FUNDING
"§F-270  IFacilities for Recovery cf active Materials-325-A . 60-8.-1
(AL amizEo FUNDS [pasian 5 L6, 000 ?Acc s 446,000 cosurT's.7010-16-60 s 26,608(GE)
s 486,000 const.3 440,000 s s 40,000 ESTIMATED TOTAL COST s L86,000
STARTING [DESION. 9..3_8_59 oln:iw pEsien  3.1-60 :u:’{nnmn 3-1-60 PERCENT COMPLETE
OATES ﬂ coNsT. 3-22-60 :T-‘,‘; coNsT. Galafl oaTes LCONST. G-1-61 WE'D. [SCHED. | ACTUAL]
ENGINERR [ 100 100 100
FEC - RW Dascenzo e 50| 100] 100
_ MANPOWER AVERADE | ACCURMeMANDAYE [ g 10 100 i
FIRED PRICK 2k 1650 :
COST PLUS FIXKD FEX CONST. 100 63 a0
J"LANT FORCES PF
ARCHITECT=EMNGIMNMEER [+4.4 ] 2 R
ERBIGN ENGINEERING OPEHATION id 100 63 60
GE FIELD ENGINEER 2

ICOPE, FURROEE, FTATUN & PROGAESY

FPlaced re-steel to top of Vault "A".

5iab in crane bay area of main bullding.

T W0 Fw

perfcrmed for ventllation pipes.

1. Erectlicn of structural steel is continuing
at high roof elevation have been completed.
part of precast floor beams. Installed all siding angles on structural steel frames,

. Grouted in all column bases and recesses.

. Completed forms, re-steel and placed concrete in Vauits "B" & "C" to elev. 393'-9".

The tie-ing into the existing building
Finished bolting up floor beams and set

. Completed forme, placed re-steel, pipe sleeves and concrete for 16" thieck floor

. Some backflll was placed on the ncrth end of the bullding and excavation was

. 7. 3everal holes vere made in existing concrete walls for ventilation pipes.
L L -
PROJ: NO. TITLE ' FUNDING
SEE-87h Consolidation of Plutonium Metallurgy Facilities 61-j
AUTHORIZED Fuuol plilcN § AEC 3 COMMIT S, TO s R
$ -C- conNaT. $ zx $ EITIMATED TOTAL £OST s 300,000
STARTING | DEAIGN. g‘oﬁa‘uc: OESI 8N :;L::i oG 5% PERCENT COMPLETE
DATES CONST, oDATES | consT. pAaTEs | const. 11¥ wr'De | scHED. AcTUAL
TNAINERR DESIGN
FEO - JT Lloyd e
MANPOWER AYERAGE |ACEUM. MANDAYS ] g
FIXED PRICE
CONT PLUS FIXED FEE CONTT. -
PLANT FORCES PF
ARCHITEST=ENGINKLR CRFF i
OESIGN ENGINEERING QOERATION P

GE FIELD ENGINEXZR

SCOPE, PURPFDSE, STATUS ® PROURASS

Genszral Electric Compeny.

&%

_

Months after authorization.

1234334
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SEMI—~MONTHLY PROJECT STATUS REPORT Hw- 57254
HAMFORD LAHCRATORIES OPFERATIOM pate  10-28-60

*mo). NG, TITLE FUNDING

CAE-866 Shielded Analytical Laboratory - 325 Building . 60-a-1 __
AUTHGMIZEO FUNCY [nauian 60,000 acc & 45,000 commiT'ara 10-16-60 s _9,7TH6{4
s 60,000 CONIT: § wmuw~ | ae s 15,000 ESTIMATEL TOTAL COST s 750,000
1TARTING [DRSION, 6~27-00 ::.:»:T resion 1] -3]1- :::;:’"_‘ ousian _L1l-11-6 PERCENT COMBLETE
pATES [coNsT., --- DATES | CONST.  ~me L oarus LSOMBY. 1-1-62 wr'o, |scuso. | AcTuAs:
ENSIMEEN Toesion | 100 79 T9*

FEO - RW Dascenzo ' AE 90i 871 87*
_ MANPOWER ' AVENAGE [ACCUM. MANDAY i GE 104 3100+ 100
FIXED FRICK ' : I
COST PLUN FIXED FRE SOMST,
FPLANT FORGESR Ll
ARCHITECT-ENGINZER : 9 _ 580 cpry
DESISN ENGINEERING DRERATION e
OE FIZLD ENSINERN

sCoRy, PURPOIE, 3TATUS & PROGRESS ’
¥ The decrease in percent completion 1s due to the modifications required by a change

in scope. The exhaust for this facility wes previcusly to be exhausted by the
bullding exbaust system. As the building 4id not have enough capacity to handle it,
& separate exhaust system will be desigped.

All speciflcations heve been 1ssued for comment and reviewed.

A trip was made to the A-E's office on 10/17-19/50 by Messr's W. L. Delvin,

J. P. Derouln and R. W. Dascenzo to review the nearly completed detailed design.

(ITYIT ) TIILE . FUNDING
CAH-867 Fuel Element Rupture Test loop . 58-g~15 _
AUTHOMIZRD mme:u+ oeien 5§ 130,000 J Axe $ 770,000 comMITY, To 10 16-60 s M(GE)
s 1,500,000 conaT, 8 1.370 000 les 8 730.0 RBYIMATED TOTAL CONT $_ 1,500,000
sTARTING [owstan. 8-1.60% [2RECT | onsan .- :;:"& vEstan 2.1-61 FPENCENT COMPLETE
DATES COMBT. patrs | conar.  10~-1-Al {| caTus | conaT, WT'Cs | BEMBD.{ACTU.
ENGINKEA \ casien | 100 | 54 4o
olo - PC Walkup : A 14| NS _
MANPOWER AVERAQGE [ACCUM. MANDAYE || ax 86| 63 [ L7
FIARG PRICE '
COET RLUS FIXED FEX comar.| 100 | NS 0
FLANT FORCES [
ARCHITECT-ENTINTER cPrEN
DK AN ENSINEERING OPERATION il
X FILLD ENWINEER

ICOPE, FURPOLIE, 3TATUS & PADSAESS

¥ Scope design was started November 2, 1959, and completed March 15, 1960. Detaill

design wes started August 1, 1960.
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SEMi—-MONTHLY PROJECT STATUS REPORT Hw- 67254
HMAMFORD LABORATOMIES OPERATION pare_ 10-28-60
PROJ. NG, T FUNGING
,GGE-BST Fhysicel & Mechanical Propertlies Testing Cell-327 Bldg. 2900 Program
(& OWIZED FUNDS [oeman 3 75,000 | Age$ === comrero 10-16-60 s 24,958
s 75,000 CONBT-§ === ax 3 75,000 ESTIMATED TOTAL COSY s 500,000
“""‘"‘i pEseN. 10-.20-50 :;::f_f DESISON :;::"_‘ pestaN  1-1-6(0 PERCENT COMPLETE
DATRY £OMST, DATES | CONIT. DATES LCOMST. 7_1.673 WT'D: |SCHED. | ACTUAL
THENTEN ) © Josman} 100 [ 95 | §0
FEQ - RW Dascenzc ' AR
_ MANPOWER ' AVERASK [ACCUM MANDAYS g 100 95 - 80
I winee maick '
CORYT PLYS FIXED FEXE _ GONIT.
PLANY FORCRS Lol
|AneniTRE TagNOINE EN ' 17 crrr
DESIGN ENSINKERING OPERATION ) re
SE FIZLD ENGINERR

SCORE, PUMPOME, ETATUS & PAOSRESS ' '
All drawings for the cell and services have heen iasued to HIO from CE&IR ror comment. .
An investigetion is presently being made by V. G. Aquino, the customer engineer,
of equipment at various hot laboratory sites amd vendor’s planta in the Emst to
determine 1f suitable dilatometer and electrical resistivity machines are availlable
for hot cell use. Due to this investigation, the desigm work has been held up.

All drawirpgs for the impact tester have been lssued for comment. The deslign on the
fatigue teaters, creep machine and Universal test machine wlll be ready for
comment by Nov. 15,1960.

®RO). NO, TTLE . FUNDING
2GHE-858 Eigh Level Utility Celli - 327 Buildin g 2900 Program

AUTHORIZED FUNDS { oditan § 70, 000 AREC S =—w cOMMIT'E. TD lQ-lﬁ-GO % 31,379

s 7C,000 ‘EEMI- g - ag 8§ 70,000 _]esrivaTeD TovAL cosT $ 500,000
sTaRTING | DRsan. 10-20-59 ':'g':“f‘_“: oRsl oM - '::::.L-J oustan 1-15-61 FPERCENT COMPLETE

DA TRS CONSY, —=~ OATES | CONST, ===~ pATEN | cONST, D2-1-62 wT'D. | RCHED.JACTUAL
EHGINEER o " floasian | 100 | 67 &l
_FEQ - RW Dascenzo Ax :

MANFPOWER AYERASE [ACCUM MAHDAYE{ ax 95 | 89 66

FIXED PRICR Yendotr 5 9] o)
coat PLUS FiIXED PUR coNsy.i 100 Ns ! 0
PLANT FORCES . bkl

ARCHITECT-ENSINEER 1 cREp

DESIEN ENUINERRING OPENATION 2 kel

SE FIELD ENSINEER

BCOPE, FURPOSE, STATUS & PROGRESE
Al of the cell and service drawings, except for electrieal and structural have been
lgsued for comment.
Preliminary design has been completed on the slitting machine and it is being detailed.
A design specification has been prepared on the decladder machine and will be submitted
to six vendors for proposals the first week in November. The design for the machine to
prepare flat tensile test specimens is being scaled up from an existing design. Design
~'ag not started on the round tensile test specimen machine.

{_. can opener, scaler and a NAK opener are being designed.

123434
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SEMi—MONTHLY PROJECT STATUS REPORT Hw-_ 6785L l

HANFORD LABORATORIES OPERATIOM oare 10-28-60 |

#nou. NO, TITLE  Modifications & Additions to High Pressure FUNDING :

T3E~834 Heat Transfer Apparatus - 189-D Building : 2900 Program - __

AUTHORIZED FUNCH [nesian 3 66, 000 ASES . coMMIT'S.To 10=-16=-60 s 672,07: L

$_ 700,000 1cou|1-_s 634,000 ez 3 700,000 ESTIMATED TOTAL COST s 700,000 .
$TARTING {DEsiaN. 4=20450 “’“‘“" DESION EeT'O |ousign T~ 1 -60#% PERCENT COMPLETE

bates lcomsr. BeD2-50 ';T;::' corsr, 10=-15-60 ::::,L connt, J=l=51% wr'D. |scHRED. | AtTUAL

ENGINEZN JoEsan | 100 100 QONK

Y - = Radnw s
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SEMI —~MONTHLY PROJECT STATUS REPORT ww-__ 6725k ]
MANFORD LASORATORIES OFERATIAGN pate 10=28-60
ER G, HE, YITLE FUHDING
- 3g-819 Increased Iaboratory Waste Facilities - 300 Ares 223-60-1
AL .ORIZED FUNDS [nggian § 27,000 [ anes ——— COMMIT'S. TO 10-;_6-60 s 119,840
s 193,?65 1 COMBT: $ 116, 1657 [T} 193,T6i EITIMATED TOTAL - CORT $ 19§J§5
sTARTING [pusien,3-30- ‘ °;::f_" OESIGN ..o :;:.?l'_ oustan 4-29-60 PERCENT COMPLETE
DATES ﬁE;;;;j%:%:B%E#‘__ i.v.,' consT. 5-31.61 1comv.?_:l:%l W'D, [ SCHED. | ACTUAL]
ENEITNE BN vemon | 100 | 100 [ 100
Jark AX
_ MANPOWER AVERAGE |ACCUM. ManDAYS lax 100 100 100
FIZED PRICE 300 :
COSY PLUS PIXED FEE 229 jeonsr, | 100 sh 56
JmLanT roncas ' rr L 80 80
ARCHITECT=ENIINEEN Tl 30 51 83
DESIGN KNGINEERING OPERA TION - Y0 fre 66 62 15
A% FIELD ENSINERR .2 ]
BCORE, PURPOSK, $TATUS & FROSRESS
The losdout Bullding has been made avallable to operations for use, with remaining
construction work to be scheduled (10-24-60).
Storage bullding piping, painting and electrical work is 1n progress.
J. A. Jones has started excavatlon for continuastion of the piping trench to tie-in
to the existing faclilities.
5
AROJ, NO. 7ITLE : FUNDING
CAH-822 Pressurized Ges Cooled Facility 58—e-L§
AUTHORIZXD "-""“" oedlen $ RO 000 ARG § --= COMMITS. TC _ 1()a 36 60 113 o1k
$ 995,000 consT. $ g, ax_$ QQE;OOG EETIMATRD TOTAL COBT
sTanting | oEsian. 8.]19-5G ol il I LU II :::‘.:: oEsieH L.29.50 FIRCINT cCOMPLETE
OATES consT. 10-17-60 GATES | CONBT. 6=30-51 L oaTes | coner, WT'Ds | BEHED.|ACTUAL
ENBINEER DREIGN 100 100 100
HID - DP Schively An
MANBOWER AVERASE [ACCUM.MANDAYS | oir 1001 100 | 100
FIXED FRICE
COST PLYUS FIXED FEX CONST, 100 NS 10
PLANT FORCER ,r
ARCHITEC T-ENSIHERA cerw 100 N8 10 |
DESIAN ENGINKERING CPERATION e
9K FIELD ENGINEER

:f

ACOPE, FPURPOIE, STATUS & FNCANESS

The first two sub-assemblies from Struthers-Wells were received in demsged

condition.

during shipment, after repeirs have been made.

¥ Does not include design performed b& Struthers-Wells.

1236343

Claims will be processed against the carriers, for damages incurred




He20

SEMI~MONTHLY PROQJIECT STATUS REPORT HW—
HANFORD LABORATORIES QHERATIOM parg 10-20-00
PROJ. HO. TITLE FUNDIMG
0G-735 In-Reactor Studies Equipment -~ 105 KW . 2900 Program i
AUTHORIZED PUNDS Ingmign $ 44, 000 Agc $ comata.vo 10=16-60 s 260, 308 _
s 325,000 conet.§ aol, 000 1 ce 3 325,000 EITIMATED TOTAL-COST !:_325,000
run-rmcinuuu. 1-5-59 :’;::ir DESIGH ::L,?;_J pestanll-1-60 PERCENT COMBLETE
OATES CONIT. 2-20.60 DATES | cowsr. 1223160 | pares LE2MAT. 2.1-H] WT'D, {SCHED. | ACTUAL
ENTINE ER doesan | 100 | 98% | o8
FEQ - E Redow Ag
MANPOWER AVERAGE | ACCUM. MANTAYS | g ir 100 | o8+ | o8
FIXKED PRICE -
COSY PLUS PIXED FEE consy. | 100 | 88x | 88
FLANT FORCES 10 950 o 100 &8% | 88
ARCHITEC T-ENGINEER cerr
1 T5C rp

DERMON ENGINEERING OPTAATION
GE FIKLD ENGINEER

ACOPE, FUNPORE, ITATUS & PFROARESS -

_Acceptance Tests of the Iinitlal phasge have been run and preparatibn for the remaining
*ests of the Instrumentatiorn inatallation is underwvay. Mockup of the capsule remcoval
fazility is underway and necessary modifications to the equipment will be mede

before ths lead for the cask 1s poured.

weelgr and procurement for the heliwm conservatlion modification is in progress.

* Bagsed on Directive No. HW-450, Mod 2, and revised schedules submitted for

approval signatures.

BROJ, NO. LR FUNQING

CCH-805 High Temperature Tensile Testing Cell-327 Building | 900 Program
AUTMORIZED FUNDS | neiian 3 20, Loo AEC $ - coMMiT's. T 10w] 6-69__ $ _;Lha,ﬁilﬁ
s 170,000 comaT, 11;.9,600 e 3 170.000 S TIMATED TOTAL COBT s__170,000
sTanTing [oamien, 8-26-58 | ORECT | omstan -~ ::L'E;_‘ pEsian 5-15-59 PERCENT GOMPLETE
oA TES const. 9-14-60 pates | comst. 4161 pates | comst, 4-1-61 WTin. | sewan. JacTuaL
ENSINEEN oEsian | 100 100 100

JTY - KA Clark _ AR

MANPOYER AVERAQK [ACSUM MANGAYS [ ox 100 | 100 | 100

FIXED PRICE
CONT PLUS FINKD PRI 2 130 csoNsT.{ 100 8 8 .
FLANT FORCES »r -2 0 Q__J
ANCHITECT=-ENGINERRA ol 35 25 25
DESIAN ENGINEERING OPERATION 280 rr
G FIRLD ENDINEER 0.k 11 t'l] 63 o 0

1G00RE, PURASYE, STATUS & PROIRCSS

11l castings, lead glass viewlng window, and manipulators remain the most critical.

items of eguipment fo be delivered to the Contractor.

11-15-60.

‘”be ,on+ract r has completed the concrete work for the tenaile tester bage.
next operatica will be forming of the floor openings and pouring the floor concrete,

1238344

The

T

All of these items are expected

A =TI NaF {In_cnn
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SEMI--MONTHLY PROJECT STATUS REPORT Hw - 601_2_% ]
HANFORO L AVOMATORIES OFERATION pate 10-28-60
Y YT TITLE i ST wUnDIea
.CG~T31 Critical Mess Lavoratory : 58-h~d .
[ emzso FUNDs [oemian 8 142,000 Asgc S 0] COMMIT'S. TG .8
3 1,000,000 Yeewnr.3 &08,000 ot :!_I‘LGEJ 000~ Jesrimario raTas cost s 990,000
STARTING [DESteN. 5-20-58 BIRECT [ ESIGN o uo T | oeaian D BERCENT COMPLETE
DATRS Jcmsr. %:h-ﬁi aves | OWST. 3230-80 cowri wr'p. |scueo. | acruasdl
KHEINEER Project _ 100 ] 100 | 100
IEQ - DS Jackson Engineer - 2allar FQE&QD
_ MANPOWEN AvERAOK o8 100 1100 3 100
FINRD PRICR 12 2950 .
COLY PLUB FIXRD FEK 1l 150 cemar, ; 100 | 1QO 100%#
BLANT FOmCES - .
ARCHMITEC T~ EHBINEER : cree 14 | 100 | 100%%|
DRMAN ENGINKERING OFKRA TION re 86 (100 [ 100
SE FigLD ENAINEER

SCORE, FURNOAE, BTATUR & PROSRENS Allied Engineering has completed modification of safety
rod drive asssmbly, however, various limit switch problems have caused further delay
in snipment of reactor components., Very little progress can be made toward completing

at Portland Copper and Tenk Works was not necesaary. Shipment 1z pending completion
of polishing by vendor. Shipment of the first veasel (sphere) 1s expected by 11/4/60.
As-Bullts for Phase I Construction have been completed.

% Phase I only; Phase II design was completed 3-31-60.
## Complete with exceptions as noted on Physical (ompletion Notice.

startup of this facility until equipment is received. Heat treatment of Resctor Vessels

-+

PROJ. NG, Lﬂﬂ.s . l- FUNGING

TA-T4L etallurgical Development Facility, 306 Building Additio 58-b-k

AUTHORIZED FUNDS | peiaion 3 ) 20 anc S commiTe. To _0230-60 _ % 2,581 ng_f_
$ 2, 655,000 4@«11:. s 2.;&?,865 ‘ ax_1 IL31§ 000 ESTIMATRD TOTAL CORT 5 EéSi:OOO

_lcﬂll. AURPFDIE, YTATUS b FNOGRERN
The last modification of the Jensen-Rasmussen contract, AT(45-1)-1440, has been
settled.
Johnson Bervice Co. has agreed to replace temperature sensing elements in the pre-

delivery.
The J. A. Jones Co. is completing pertition changes and minor eguipment installation
..ovwork, inclxding the alr receiver.

(_{he Pacific Scientific (5. representative is completing modifications to the vacuum
; tube annesling furnace.

(2343045

stantine | ogstan.5-30-58 DINECT | oRsiaN ~-- :;;.E:J cwsiaN §.30-59 PERSENT COMPLETE
oA TES consT, 3-20.59 | oares | conar, 9-1~60 paTEs | consT, 9-1-50 wr'o. | scueo.actuar
ENGINEER Froject oesien | 100 ]_OQ_\“ L_O_(_) .

FEO - KA Clark Engineer - JHall Ae I A

MANPOWER ' AVEMAGE (ACCUM.MANOAYS [l ok LO0 100 100

FIXEG PRICK -- 10,600 n S S
COIT PLUS FIXED FEE -- 2,330 cowsv. ! 100 {10C [10C
PLANT PORCER 180 ol 2 _110c 100
ARCHITECT-ENQINEER crrr b2 1100 11C0
CREIGN ENGINEERING OPERATION 260 FP 56 1100 [10C |
O FIRLD ENBINEER 1 415 ]

hest tempersture controls. Replacements are requested from the supplier with alr-freight

- mmaas aaa Fa T YT 1Y
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PROFESSIONAL PLACEMENT AND
RELATIONS PRACIICES OPERATION

MONTHLY REPORT

GENERAL

As of October 31, 1960 the staff of the Hanford laboratories totalled

1380 employees, including 662 exempt and 718 weekly salaried. Of the

total 568 possess technical degreec. including 341 B.S., 123 M.S., and
104 Ph.D.

HEALTH, SAFETY AND SECURTITY

The medical treatment freguency for October was 1.80 as compared with
1.21 for the preceding month, There were no digabling injuries or
sericus accidents during the month. There were 4 security violations,
bringing the total for the year to date to 28, as compared with 4O for
the corresponding period last year.

Banford Laborstories qualified for the Mapager's Safety Award on October
19 in recognition of 321 accident free days.

PROFESSIONAL PLACEMENT

During October there were two visits by Ph.D. candidates seeking employ-
ment, and an inexperienced Ph.D. theoretical physicist reported for work
in Haaford laboratories. Hanford Iaboratories extended an offer to an
experienced Fh.D. chemist.

Three Tachnlical Graduates were added to the reolls including two members
of the Company Engineering and Science Program, seven accepted permanent
assignments ineluding one Engineering and Science Program member, and one
terminated for military service.

The Company's starting rate atructure for ilnexperienced Technical Graduates
will be increased 2-1/2% over last year's rates.

EMPLOYMENT

There were 17 weekly salaried vacancies filled during the month and 15
requisitions for additional weekly salaried personnel received. As of
October 31, 21 weekly salaried vacancies existed,

TRAINTRG

The Seminar, "Business Operatioms in Qur Changing Eavironment,” continued
8e did a class for 15 participants in "Understanding People.”

Professional Plac
and Relationg Practices

123434b
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Sept. Oct.

Requisitions
At énd of month 24 21
Cancelled | 2 1
Recelved 20 15
Filled - 1% 17

1234347

HW-67254

Nonexempt Transfer Request Sept Oc.

Transfers

Active Cases at end of mo. 81 78

Cancelled
New

Effected

0 3
b 2
o 2

UNCLASSIFIED
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TABLE IIT.

PROFESSIONAL PERSONNEL PLACEMENT

A. Technical Recrulting Activity - HAPQ - September 1, 1960 to Date

Visits to Richland

. Cases To
Considered Invited Viaited Visit
PHD 120 32 5 6
Exp. BS/MS 127 20 13 2

Prog. B3/MS 56 - - -

B. Technical Recruiting Activity - HLO - September 1, 1960 to Date

Vigite to Richland
Cagen To

Conelidered Invited Viaited Vialt
PhD 120 32 5 6
Exp. BS/MS 10 o 3 1

In addition to the above activity, 3 exempt

UNCLASSIFIED -

Offers
On the
Extended Accepted Open Roll
1 _ - 2 -
11 T 1 b
3 - 2 2
Qffers
On the
Extended Accepted  Open Roll
w - - -
m - - -

employees have transferred into HLO from other
BAPO departments and 6 technical gradustes have
accepted Off-Program placement in HLO to date.

| 234348
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¢ - Techpical Graduate Prbgram
Month ending Octcber 31, 1960

Rumber of Personnel on Assignment
(BAPO Tech Grad Program -...........- 64

(Western District E.P. voiovvrvnninns &

Distribution of Assignments by Departments

IFD
1o
FPD
CPD
CE&UC
T&AO

Pistribution of Assignments by Function

R&D or Englneering
Other

1230349

30
17
10

h5
25

HW-6725k4
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FINANCTAL OPERATION MONTHLY REPORT
OCTOBER 1960

Personnel
There were no personnel changes during October.

Activities

GENERAL ACCOUNTING

As of the end of October; travel was running st a slightly higher level than in
the previous year, a reversal of an earlier trend.

Reconciliation of the Ilnventory of movaeble cataloged equipment in custody of the
Radiation Protection Operation is complete. Inventory documents were forwarded
to C&AC for completion of the reconciliation and for use in updating HIO records
All of the equipment on record at the time of inventory was physically located.
Upon completion of the reconciiiation, a formal report of firdings will be
isgued.

The reconciliation by C%AO of the physical inventory of the Hot Semi-Works
facllity contimes. C&%AOQ advises reconciliation will not be completed until
December.

Eighty-two items valued at $36,633 were received at the Laboratery Equipment Pool
during October. Eleven items valued at $6,507 were placed in lieu of placement
of regquisitions. There were 559 1ltems valued at $224,987 in the Pool at month
end. Activity within the laboratory has been geining momentum, and the number of
calls and visitors requesting information on the availebility of ecuipment has
increased considerably.

Cver nine thousand pounds of usable, type 3, zirconium scrap was transferred tc
the Pool during the month. This meterial will be held on a memorandum quantity
regord basis at no cost. The following materials were on hand as of October 30,
1G61:

Beryllium $ 33
Palladium 1571
Platimm 10 978
Siiver 77
Gold ' 2 gh2

Zirconium 52 22&
$ 868 565

Justification was assembled to substantiate our request for additional equipment
funds in the Oh Program. The current Financial Plan provides $715,000 for equip-
ment while our indiceted needs are $1,235,000.

1234350 UNCLASSIFIED
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COST ACCCUNTING

Preparation of the FY 1961 Mid-Year Budget Review is progressisg. Although the
September personnel forecast was approved for budget purposes, recelpt of the
October Fimancial Plan prompted a review of the persomnel requirements which
resulted in revising the forecast slightly as follows:

-

September Mid-Year

Forecast _Review
Persomnnel at 12-31-60 1 391 1 392
3-31-61 1393 1 386
6-30-61 1 390 1 380

The ebove numbers compare with a current force of 1,381 at 10-31-60.

Program amounts for inclusion in the Mid-Year Review have been determined. Com-~
pilation snd consolidation of these amounts is currently under way for submission
to the Manmger - Hanford laboratories and to Contract Accounting.

Three special requesta from AEC were received by Hanford Laboratories during the
month as follow:

(1) Repalr apd service microscopes and balances for the Kadlec Methodist
Hospital. No totel amount authorized, but e billing rate of $7.50
per hour has been established.

(2) Approvael of O. J. Wick to serve as a member of the Review Committee
. for Metallurgical Engineering at ANL. Salaries and continuity of
gservice plus travel expenses have been authorized for billing to the
University of Chicago.

(3) Approval of W. L. Nicholson to teach at the University of Idaho dur-
ing the period 9-1-60 through 1-31-6l. Selaeries and contimuity of
service have been authorized for billing to the University of Idaha.

Program code .29 "Strontium-90 Purification” was established during the month and
three organlzational codes within Physics and Instrument R&D Operation were
established and one was cancelled as follows:

Code Organization Title

74821 Theoreticel Physics (Cancelled)
ThH60 Applied Physics Operation

Thél Theoretical Physics

Thé2 Reactor Apalysis

A major step towards conversion of the HLO cost accounting system to electronic
data processing was accomplished during October. Arrangements were completed to
utilize individual Time Distribution Reports with certain pre-printed information
supplied by Deta Processing. The TIR's will be completed by components and

{ 234351 UNCLASSIFIED
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submitted weekly for further processing. Deta Processing will compute the dis-
trivution of saleries and indirect expenses to programs and customers as well
as provide manpower informetion. All components in Hanford Ilaboratories were
contacted concerning the use and preparation of TIR's.

After amalysis of the potential problems Involved in accounting for FRTR fuel
cogts in accordance with recent revisions to the AEC Mamual, the counter proposal
wes prepared, modifying the spplication of the Mamual to FRTR. This proposal was
then presented to HOQ-AEC representatives and 2 representative from the AEC
Controller's office. Pending review of the problems with other Washington-AEC
officials during November, no declsions have been made regerding the accapta~
bility of the proposed changes.

Action as indicated occurred on the following projects during the month:

New Funds Authorized HIO

AEC-167 Plutonium Recycle Test Reactor $150 0CO
CAH-841 High Pressure Loop (Project sbandoned) (50 000)

Physical Completion Notices Issued

CGH~877 Pyrochemical Test Facility, 321-A building

" GENEBAL
Payroll Statistics
Number of HLO Bmployees ) Non-
Total  Exempt  Exempt
Changes During Month
Wumber on Payroll at Beginning of Month 1372 667 705
Additions snd Transfers In 22 5 17
Removels and Transfers Cut (13) (10) (3
Employees on Payroll at Month-End 1381 662 719
Qvertime Payments During Month October September
Exempt $ 95212 $ 8 825
Non-Exempt 12 108 18 417
Total $28 320 g2y 2k2
Gross Peyroll Paid During Month
Exempt | $579 695 ~  § 581436
Non-Exempt 360 597 b31 505
Total : $g_§p 292 $1 012 9k1

1234352 RCLASSIFIZD
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Participetion in Fmployee Beneflt
Plans at Month End

Pension Flan
Insurance Plan
Personal Coverage
Dependent Coverage
U.8., Savings Bonds
Stock Bormus Flen
Savings Plan
Savings andi Securlty Flan
Accident Insurance

Insurance Claims
Enployee Benefits
Life Insurance
Weekly Sickness and Accldent
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Total

Good Neighbor Fund

Humber Participating
Percent Partlcipating

W Sale:bk

11-15-60

1234353

J -4 HW-6725L
October September
Tumber Percent . Number Percent
1217 99.4 1215 99.4
1372 99.8 1 363 99.8

985 976
75 36.9 (] 37.1
g0 6.5 o1 6.6
1 051 8s5.2 1 05k 85.9
197 57.8 795 58.0
Qctober Septenmber
¥umber Amount hunber Amcunt
-0- $ -0~  $
10 T30 5 317
55 2 456 ok b b3
8 8139 125 1395
g dwges 2k WSOk
Qctober September
947
68.1 €9.0
Menager - Flnance
UNCLASSIFLED
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected io
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
J. Dunn Hydraulic Ram Intensifier

L. L. Ames, Jr. . Removal of Ru and Other Radioisotopes
R. Fullerton from Low-Level Wastes

D. W. Pearce

D. G. Poster, Jr. A possible invention is being investigated.

This possible invention concerns the use
of bearings for rotating electrical contacts
in a slip ring application. This possibility
is documented by an entry in HWN-2617,
page 8, 10/28/60.

J. E. Hammond The Method for Assembling Models of
Nuclear Reactor Fuel Elements

F. B. Quinlan The Art of Gripping Maierials

J. W. Weber Fuel Element Support Bearing Surface

Materials to Prevent Scratching of
Autoclave Zircaloy~2 Process Channels

UNCLASSIFIED
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