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BUDGETS AND COSTS

Costs for September were 31,597,000 an increase of $iL1,000 over the month of
August. Part of the increase is due to the normal practice at HAPO to include in
the final month of the calendar quarter, work order charges for five weeks. Costs
for FY 1959 to date ars $4,409,000 or 22% of the annual budget.

Cost-budget relationships are satisfactory at this time with perhaps the minor
excaption of CPD Separations. This impalance is due %o emphasis on the Palmolive
program and should be corrected later in the year due *to shifts to CPD Separations
processes for NPF. '

RESEARCH AND DEVELOPMENT

l. Reactor apd Fuels

The in-reactor testing of rod cluster Tuel 2lements to date shows execellent
radiation characteristics. However, on discharge, some of the elements showed
that the precilpitation hardening stainless steel supports were badly embrittled
during irrsdiation.

Out -of -reactor loop testing of defected coextruded fuel red reveals a high
degree of resistance to undercutiing and & remerksble degree of uniformity
in the manner of failure. The failure charscteristics of all the specimens
tested have been far less drastic thaz expected. '

Electron microscopy technigues lead one to believe with & fair degree of
certainty that the volds noted in uranium after modest ilrradiation are reml
and are not artifacts formed by the etching process.

Several aluminum clad fue) elements appeared to be in good condition after
operation in an ex-reactor organic loop for five months at 370 C.

Two graphites being tested for possible NPR use from Texes Lockpoert and Sohic
Lima cokes were manufactured by Speer Carbon Company using iron oxide to
increase density, thus eliminating a time-corsuming pitck impregnation step.
Purification by a chlorine treatment resulted in a purity nearly as high es
that cbtained by the F Process.

Experiments simlating the rupture ¢f a € Reactor front hydraulizs connector
indicate adequate cocling at 900 KW when the rear header preasure is 25 psig
or more. Demage 1s indicated at lower rear header pressures.

Preliminary experiments indicate that critical flow (e.g., velocity of sound)
will occur with resulting increasad process tube pressurization in the event
of a B-D-F Reacteor rear pigtail rupture.

One, four-rod cluster of Al-Pu alloy is currently being irradiated in KER
Loop 3 and a second cluster is ready to be charged into KER Loop 1.

- Aluminum alloy specimens with plutonium contents varying from 5 to 20 w/o
are in the final stages of preperatiocn for irrsdiation testing. Heat
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generation caleuletions for a series of Pu0,-UC, oxide capsules equivalent
to the aluminum-plutonium alloys have Desn comp eted.

A glove box mounted hydrogern sintering furnace ls completed and in use on
plutonium-containing oxides. Prelimirary results indicate that UO2 contain-
ing mixed Puls-UQp oxide siniers to higher density than U0, alone.

A small scele experiment in which piutonium wag extracted from a Pu-Al alloy
by bismuth, recovered from the bismuth as an oxide, and reduced and alloyed
with sluminum to complete the cycle has been completed. An 87.5 percent yield
of the plutonium wes recovered ir the fina: alioy.

The irradiation of eight TO, swaged cluster assembliss in KER has continued
successfully since theilr chérging in eacly August 1958.

Preliminery thermal conductivisty data of high density U0, shows that the
conductivity is somewhat lower tban the commonly accepted values.

An order has been placed with Tube Reducing Corporation for 100 FRTR process
tubes. Although the first completed tubes mre expected about June 1959, the
vendor will receive & premium paymert 1F 25 tutes are deiivered by March 1959.
Fabricatlon of the tubing billets 1z well under way.

PRTR Phase I construction is 2b% completed. Phase II construction is &%
completed. The Phase III bid package and Fhase II-A invitations to bid were
mailed to prospective bidders. The Fuel Element Examination Facility design
criteria were completed and approved.

PFPP Phase II construction is 12% completed. Phase IIT design is 45% completed.

Chemical Research and Development

Instantaneous dissolution rates of urirradisted Dingot uranium-silicon alloys
in nitric acid are ccmparable to that of productlon Ingot ursnium provided
that about 0.05 weight per cent silicon 1s present.

In pyrochemical processing studies, vacuum heating of the plutonium-zinc alloy
button prepared by reduction of plutonium chiloride Zrom a sodium chloride-
potassium chloride system reduced the zinc content to less than one part zine
per million parts plutonium. Althcugh fhe magnesium content was estimated at
one-tenth to one per cent by weighi, it is believed that it could be elim~
inated by trestment at higher temperastures (800 C vs. 600 C.)

In the alkali halide-aluminum halide-aluminum system the effects of cations
and anions other than potassium chloride were in accord with theory. For
example, sodium chloride or potassium bromide ircrease the yield of uranium
metal whereas cesium chloride reduces the yileld.

In both laboratory and field tests on the flow of synthetic, high level,
Redox wastes in soils, penetratlon was limifed te shallow depths. Sludge

. plugs pore spaces ir the scil and encourages lateral spreading of the wastes.

In waste processing studies a proposal for a field test on concentration of
coating wastes by submerged combusticn was prepared.

1238308 DECLASSIFIED
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Studies on neptunium chemistry contirued te give betier understanding of the
relationships of the varicus oxidation states of neptunium.

In fission product recovery studies additional work is reported on the devel-
opment of the Cs,ZnFe(CN). process for cesium recovery. Work nas been initlated
on a solvent extraction process to recover strentium and on determinetion of

the fate of technetium in Hanford seperations processes.

Studies on the reprocessing of Non-Production Fuels continue te sbow that
Hastelloy F is & promising material of construction of wide flexibility, with
potential application to the Zirflex, Niflex and Sulfex feed preparation steps.
Passivation of stainless steel under Derex dissolving conditions appears to be
avoided by the inclusion of copper metal with the stainless steel charge. To
obtain stable feed solutions from Darex of Niflex dissolutions, lower pH than
current Redox feeds 1s required. Comsequently, dlstribution da%e continue to
show that fission product separation from these feeds will be lower in the first
solvent extraction cycle. Plutonium oxidaticn to plutoriun{VI) with dichromate
proceeds smoothly in these solutions.

Physics and Instrument Research and Developmert

Experimental work continued on the nuclear safety of Non-Production Fuels of
3% enrichment both in dissolver situations ard in the subsequent solution
stages of the process. Tests with smaller dimmeter fuel elements indicated
smaller dissclver critical messes than those previously reported.

Review of a shipping coantainer for 5% enriched uranium slugs was among the
nuclear safety consulting work undertaken this month. It was demonstrated that
this container would not provide safety under all conditlons.

Loadings of I and E slugs in the B, D, and F Reactors will gain more reactivity
upon loss of coclant than is the case with solid slugs according to results of
exponential experiments which were in line witk similar results previously
cbtained for C and K lattices.

In the Plutonium Recycle Progrem, studies of the neutron behavior in the FRTR
lattice were aided by the completion of analysis of the PCTR measurements
made with 19-rod ¢lusters in a 9-inch lattice.

Pilot experiments and testing of prototype equipment for the Alr Force-AEC
cooperative atmospheric diffusion pregram was in full swing. Results of
previous work were found to be trarslatable, for planming uses, to situations
to be encountered in this program.

Pasting of constructicn materials of the Bedy Monitor for intrinsie radio-
activity continued. In the course of this work commercially available krypion
wes found tg be unsuitable for filling X-ray counters because of its fission
product, Kr 5, content. Procedures to be uced in examining subjects with
activity levels near background were explored.

The accuracy of the pulse method for reading pencil ion chumbers was determined
to be 5% at 1 mr total dose.

230310 DERIASSIRED
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Satisfactory progress was made on the many development prejects in the
radiation monitoring field; among them wes the use of & single detector for
alpha, beta, and gamma radistion with electrical sorting of counts obtained.

L, Biology

Ne important changes in activity densities of wildlife cccurred during the
month.

Young rats fed S::'9O ang C with diets of #a“ying total caleium ccentent show
a constant ratic of Sr< over celcium depnsitizn. This is in contrast to the
rather widely varying ratios cbtained at differert calcium levels in mature
rats.

5. Prosramminz

A study of the process ecope and costs far caplial facilities necessary for
"Palm Olive" processing indicated thzt the Hot Semiworks 2ould be modified

satisfactorily for about $1,000,000. Arn aliermate, new shielded, pit-type

facility serviced by & mobile creae, would cost zoout $2,50C,000.

Analysis indicated that the early availability of about 34 kg of high expo-
sure plutonium would shorten by two years the time required for the PRTR to
reach near steady-state operation. Twanty-two kg have heen requested from
current MIR and PWR loadings, and the sheapest way S0 provide the 12 kg
remainder was found to be by irradiaticn of depleted uranium in Hanford
reactors.

At the request of the Division of Reactor Developmert, rormal work »n pluton-
ium recycle analysls was postponed in order to permit parti cipation in a

"crash" program, jointly with ORNI, and ANL, o calculate plutonium values in
several current reactors as an aid to the establishment of Commlssion
plutonium pricing policy. '

Hazards aspects of the FRTR vere reviewed with members of the Hazards Evalua-
tion Branch of the AEC at a meeting in Weshington, D.C. on September 15.

Technicel and Other Services

No new cases of plulonium deposition wers detecied.

13t emission from separations facilitiss averaged 11.4 curies per week - primarily
from the Purex plant. Some difficulty with the vessel vent system wasz suspected

as the source of increassed emission. The average weekly emission rate for the
past 12 months has been 8.1 curiles.

Statistical and mathemmstical essistance on 22 separate problems was glven within
HLO and to other departments and operstlons. OF particular interest were
mathemntical and statistical methods for studylng the formation of gas bubbles in
irradieted uranium, and & report om the analysis of callbraticn data for 200 Ares
vessels which includes & rether complete discussion of the whole celibration

problem.
1238311 T
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The necessary development work iz conmnection with computational programs for
generating input-cutput response simulation models was completed this monti and
ta preparation is well under way.

There wer= 20 suthorized projects (exclusive of PRTR and PFPP) at month end, with
total authorized funds of $4,161,800. The total sstimated cost of these projects
is $8,487,800. Twou projects were completed during the month. One project pro-
posal was submitted during the menth and is awaiting AEC autherization. Project
proposals for twelve new projects are in preperaticn.

Installation of the "in-reactor” portion of the 3 x 3 loop In the Eogineering
Test Reactor at Arco is scheduled for Qectnber 5. Design of the € x 9 leop has
been completed and bid invitations for fabricaticn have been Issued.

The constructicn contract for the ceramics press emric ilimicn o the 325
124ing was awarded. Congsruction will start Jenober -

A new technigue has been used for the radiographic anaiysis of thin sections of

Plutonixn for +he Plutonium Metallurgy Qparatiorn. Tals invceived the uze of low

anergy level X-Rays, obtaining considerably improved radisgraphs. Microstructural

details, not previously obtained, were revesled.

Supporting Functions

Preparations are under way for establishing the aprroved central storage area for
.0 equipment and materiel in the 325 Building basement. An Informal Request to
cover a truck access and other work required for the storage 1s in process.

The physical inventory of uninstalled cataloged equipment in the custcdy of
Laboratory Auxiliaries was completed with satisfactery resuits.

The azmount of underruns on sppropriation requests continue %o exceed the overruns.
Of the 142 completed since July 1957, 74 (52%) have deviated (either over or under)
by more than 10% from the originel estimate.

Cost of the U-233 plates for MTR during September was $38,000 meking a total of
$108,000 to date.

At month's end, the staff of the Hanford Laboratories Cperation totalled 1133,
including 562 exemp® and 631 nonexempt employees. Thers were 478 exempt employees
possessing technical degrees, including 269 BS, 106 MS, and 103 PhD.

Placement of excess Radiation Protection personrel is continuing at a satisfactory
level. with 2 total of 8 who bad not been placed by the end of the month.

Laboratories personnel worked a total of 186,581 man-hours during the month with
no disabling injuries. Since September 1, 1956, a to%al o 4,709,121 man-hours
was completed with no disabling injuries. The medieal treatment frequency for
September was 1.23 as compared with 1.86 during August.

There were 2 security viclations during the month, bringing the total for the
calendar year to 36.

Regional Monitor negotiations were completed on September 26 with the signing of a
contract by the Company and the Union Represertatives

12368312 R A ey
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During September employment offers were extended to eight PhD candidates. Three
candidates accepted our offer and one was placed on the roll. One of those accept-
ing employment will be placed in HLO. In addition, employment offers were extended
o ten experienced BS/MS candidates with six gccepting and four placed on the roll.
Of these numbers, five will be placed in HLO. Offer action to Progrem BS/MS
cendidates was confined to employ=es on leave of aksence to the military service.
In this area, four offers were extended with one acceptance and one employee
placed on the roll.

Firm recruiting dates for all schools o be visiited by Hanford reeruiters during
the fall heve now been established. PhD recruiting will begin October 16 at Iowa
State College. BS/MS recruiting will begin Qc+ober 6 ai Oklahoma State University.
Over-all Company requirements for PhD's are down slightly frem last year - from
36 to 322, while BS/MS requirements are up substantislly from 400 to 600. HEAPO's
requirements for PhD's are roughly the same as 1as% year while Program BS/MS
requiremenis appear to Pe up substantially from arprovimetely 20 to approximetely
65.

Pive empinyees terminated during the month tn athend colleges of “heir choice under
the General Electric Educaticnal Loan Program.

Thirteen suggestions were approved for awards totalling $275 at the September meet-

ing of the HLO Suggestion Board. The average year to date suggestlon awerd for HLO
was $24.81 with a ratio of awards to savings of 12.1%.

Aok

.Manager,
HANFORD LABORATORIES

HM Parker:kss
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT CQPERATICN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Interim Comparison of 360 C Weter and 400 C Steam Corrosion Rates of
Zirceloy. The corrosion resistance of four lots of Zircaloy 1s being
 compared in water at 360 € and in steam at 40O C and 1500 psi in order
tc learn how reliably corrosion behavior may be predicted from short,
high temperature steam tests. The four lots were selected and rated
on the basis of earlier 4LOC C steam tests as "very good" Zr-2, "good"
Zr-3, "poor" Zr-3, and "very poor” Zr. The average results are tabu-

.lated below, each entry being represented by five or more samples.

Weight Gains, mg /dm?
4000 3§

team 360° Water
) Days 1 3 7 14 2.0 6.0 16.0 36.0
"very good" Zr-2 13.0 18.1 2%.9 31.1 12.7 16.% =21.0 25.1
(Code "21")
Ygood" Zr-3 .6 20.8 28.5 35.7 11.7 15.6 20.8 25.5
(Code "18")
"poor" Zr-3 25.8 33.4 L2.7 50.7 10.7 k.6 19.4  2L.5
{Code"13")
"very poor" Zr 56 151 363 76k 11.1 k.6 19.0 €3.2
(codens t )

In the case of Code "S" maeterial, the 4LOO C steam test accurately pre-
dicted an early demise in the 360° water test. Failure was indicated
after one day and was visually cbvicus after three days in the steam
test. Accelerated corrosion in the water test was first detected in
this meterial at the 36.8-day inspection. Exposure in 360 C water is
continuing with the next inspection scheduled after an additional 7C
days. Improved correlation of results from the tweo tests may come with
extended exposures at 360 C.

Etch Fagility for Zr-2 Fuel Elements. Four stainless steel tanks were
fabricated and installed ocutside 314 Building. Etching and rinsing
procedurss were set up, and two batches of fuel elements have been etched.
The last batch of fuel elements has been etched and autoclaved twice,
After the first etch and autcclave ¢ycle, all the welds turned white
- indicating the surfaces of the electron gun welds were contaminated.

. The ends of the fuel elements were vapor blasted clean, and the elements
were re-etched and sutoclaved agalin. After this cycle the welds were =2
uniform black, but the area where the vapor blasting stopped turned

1238314
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white. It is coneluded that if any portion of a2 fuel element is to be
vaper blasted, the entire element should be vapor blasted to assure
that contaminated areas of the element do not remain.

Hadlometallurgy Laboratory Studies

Anneal ing and hardness testing of specimens of uranium that were given

a short-time, low-temperature irradiation under HAPQ 173 were completed.
Initial x~ray diffraction studies were performed on two uranium samples
that were irradiated at low temperatures and shipped to the Radige
metallurgy Leboratory in a refrigerated cask. The results and conclusions
are reported in detail in connectlon with the respective development pro-
grams involved.

Basic Metallurgy Studies

Electron and Cptical Microscopy. The study of the micreostructure of
¢ladding and fuel materials is a direct way of detecting radiation

damsge in these materials. Two techniques are being used: (1) metallo-
graphic examination of polished and etched surfaces, and {2) fractographic
studies,

Negative replicas of uranium irradiated to a burnup of 0.2 afe at a
temperature of 200 C have disclosed voids 200 to 400 % in diameter. In
crder to determine whether these voids originated during the etching
process, a sample of non-irradiasted uranium was etched for 1.0, 2.5, and
4 hours. Negative replicas of this sample were studied in the electron
microscope at high magnification. Neo voids were found after 1.0 hour of
etching; after 2.5 hours etching, some voids were found; and after four
hours etching, an increased pumber of voids were noted on the surface.
Since the average etching time for non-irradiated and irradiated uranium
is one-nalf to one hour, the origin of the voids ncted on irradiated-
uranium is believed not to be due to the etching process.

Negative replicas of uranium irradiated to a burnup of 0.012 a/o and
0.015 a/c at approximately 200 C also discloses a number of voids, the
popwlation of which is much less than that noted on wranium with higher
burnup values. Examination of uranium irradisted to other burnup values
is continuing.

Replicas of a fractured surface of alpha phase c¢ast plutonium fractured
at liquid nitrogen temperature, have been studied with the electiron
microscope. The surface shows a typilcal intergrenular cleavage pattern
wilth an average grain size of three microns.

Irradiation Study cf Thermocouples. A knowledge of the errors in tem-
perature measurement using thermocouples in a reutron flux is essential
for the gquantitative evaluation of the effects ¢of neutron irradiation
on materials. Because such information is lacking, a program of mea-
suring thermocouple stability in-reector 1s currently In progress.

1238319
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There has been & reversal in the downward trend of the leskage resistance
‘between thermocouple lead wires being exposed at KW Reactor. After addi-
‘tional exposure of 132 hours, for a total of 1828 hours, =ll of the
thermocouple lead wires, with the exception of the asbestos insulzted
chromel-alumel pair, were showing resistance measurements above the upper
limit of ghe bridge (10T olms). The chromel-alumel pair was reading
1.62 x 10° ohms, as compared to 5.3 x 10° ohms as reported last month.

No explanation of these excursions can be made at this time.

Components for the 30C C stability test capsule have been assembled at
KW, and the capsule is now being bench-tested prior to insertion into
the test hole.

Effects of Low Temperature Irradiation on the Properties of Uranium. The
purpcse of this test is to find the threshold of detectable neutron damage
to uranium through a series of low temperature and short exposure irrad-
iations. The specimens were irradiated in the snout facility at 105-KW

to exposures ranging from 1013 to 1018 nvt or from 5 x 10-7 to 5 x 10-%
totel atom percent burnup. Post-irradiation tensile, hardness, and annesl-
ing tests are being performed to determine the amount of damsge induced and
. the ease of removal.

Hardness tests were performed during the month on specimens representing
2 x 1017 apd 7 x 1017 nvt exposures. These data revealed that vacuum
annealing treatments at 400 C for 25 hours affected only from 50 to 60
percent recovery of radiation-induced damege. In genersl, the recovery
per unit time at temperature decreased exponentially with increasing time.

In-Reactor Testing. Engineering dats congerning the instantaneous effects
of neutren radiation cn structural meierial properties, primarily creep,
are required for determining reactor design limits. Research and develop-
ment work is being dome to provide remotely comntrolled, in-reactor creep
capsules. By means of the in-reactor and duplicate ex-resctor capsules,
the net effects of the neutron rediation on creep rate will be determined.

A creep capsule which maintains a2 constant loading by differential thermal
expansion and indicates strain by temperature measurement was tested out-
of-reactor during the month. The Zircaloy-2 specimen was maintained at

300 € and 20,000 psi over a period of 120 hours. Segondary creep was ob-
served after 30 hours, and & c¢reep rate of 5.8 x 10°° in/in/hr was measured.
This rate sppears reasonable compared with creep tests conducted on
Zirealoy-2 by conventicnal creep test technigques at BMI.

Diffusion Studies. A krowledge of the interdiffusion of various uranium/
barrier metal/clad metal combinations is important in the design of fuel
elements. An estimation of the maximum times and temperatures at which
slugs could be run during tests in the KER pressurized water loop without
failure due to cladding peretrations will be required in the near future.
For this reason, penetration of uranium into the X-8001 cladding in A1Si
bonded, depleted uranium slugs is being studied. Fifty depleted uranium
slugs especially camned for this study are being furnished by FPD; twenty-
five with ribs for the EILMO #6 and #7 pressurized water loops, and twenty-

123831b
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five without ribs. The twenty-five slugs without ribs have been received,
and eleven of these are now being annealed in water autoelaves at 300 C

and 360 C. Ten slugs were cross sectioned and metallographically polished
to provide data on the initial condition of the bond. Brittle bonds were
found in sections approximately one inch from the cap ends. In order to
complete the study in as short & time as possible, the remginder of the
slugs in the present batch will be used in spite of brittle bends in the
cap ends. Two slugs have been annealed in a weter autoclave 14 days at

380 C and are now awaiting cross sectioning by the Metallography Laboratory.

Irradiation Damage and Recovery of Molybdenum. The kinetics of damege re-
covery in irradiated molybdenum have been studizd by x-ray diffrection.
Defect trapping apparently has occurred at impurities and/or dislocations.
The trapping process is complex and in this case apparently occurs during
irradiation as well as during post-irradiation annealing. The fact that
interstitials can be retained at temperatures at least 400 C to 800 C above
their equilibrium temperature by interaction with impurities, vecancies,
and dislocations is cne which could explain radiation hardening and other
effects observed in fissionable and non-fissionable materials at tempera-
tures above which polnt defects are considered to be stable.

Recrystallization and Recovery of Zirconium Alloys. The kinetics of re-
erystallization and recovery ia zirconium, Zircaloy-2, and Zircaeloy-3

are belng determined to establish the cptimum conditions of heat treatment
during fabrication cperations. Percent cold work, temperature, time, and
heat atmosphere have been selected as the independent variables.

Recovery of 50 percent cold worked zirconium heat treated in helium at

six temperatures from 300 to 800 C for 10 and 100 minutes was investigated
by measuring x-rzy line breoadening. Recovery curves using width at half-
height versus temperature delineate the recrystallization temperature
clearly as 600 C and 650 C, respectively, for the 100 minute and 10 minute
heat treatments.

In addition to defining the recrystallization temperature, measurements
of line width indicate that recovery of a type not affecting hardness
to a greset degree is occurring below %00 C. Pifty percent recavery of
half-width occurs at 400 ¢ ir 10 minutes, and at 340 ¢ in 100 minutes,
while no hardness change is noted at 400 € for either annesling time.

New Fuel Element Development

Rod Cluster Fuel Elements. Rod cluster fuel elaments with uranium cores

and stainless steel jackets have been tested to exposures up to 3000 MWD/T
in high temperature water. In the lates® test at the Hanford KER loop,
twenty (20), eight-inch long, four-rod fuel elements were irradiated to

an average exposure of 2250 MWD/T in 240 C maximum water. The fuel ele-
ment supports were cold worked stainless steel "pencil clip"” springs
oriented longitudinally on each rod end cap. The supports were satls-
factory for charge, operation, and discharge. No permenent deflectiocn

of the supports was cbserved after the test. The internal ring used to

L
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connect the four rods in a rigid assembly was machined from 17-4 PH
stainless steel and precipitation hardened. Severe embrittlement of
these rings occurred during irradistion, and 221 but two were fractured
when the discharged fuel fell intc the basin. The jntact rod cluster
fuel element assembly has no visually cobvious warp or fuel rod swelling.

Upont completion of KER tests of stainless steel clad elements, two
tests of Zircaloy-2 clad uranium rod cluster fuel elements were charged.
KER Loop 1 contains two seven-rod natural uranium ciuster elements

with 0.05%0-1inech inter-rod spacing. The exposure of these elements is
now 450 MWD/T, and the coolant temperature has remeained at 248 C.

KER Loop 3 contains two three-rod cluster fuel elements of 24 and 36-
inch length. The object of the test is to measure the amount of bowing
in long fuel rod Zircsloy-2 clad uranium. The exposure of these elements
is now 500 MWD/T with coolant water at 180 C.

A fuel besket assembly containing three seven-rod cluster fuel elements
and cne cluster of seven Zircaloy-2 tensile specimens was shipped to

~ the ETR. This is the first fissionable fuel loading to be irradisted in
the new 3x3 high temperature loop facility. These fusl elements will bde
irradiated in 200-200 C water to a goal exposure of at least 1000 MWD/T
23 part of a progrem to develop a nuclear fuel element capable of satis-
factorily performing at NPR operating conditions. Each fuel element
consists of seven Zircaloy-2 clad, natural uranium coextruded rods,
0.593-inch OD and with ©.030-inch cladding thickness. The maximum
specific power of this fuel is expected to be 80-90 kw/ft, and suitable
inlet and exit thermocouples have been provided in the basket assembly
to meonitor its specific power.

At present it is unknown what effect an integral end closure will have
on the performance of such a fuel rod during irradiation. Designs have
been completed, and comporents are now being fabricated for a three-foot,
three-rod fuel element made from 1.6 percent enriched uranium Zircaloy-2
clad integral end closed rod. This fuel element is to be irradiated in
a Hanford KER loop facility. Ip addition, a seven-rod cluster fuel ele-
ment is being fabricated from identical rod for irradiation in the EIR
3x3 loop facility. This fuel element will be 18 inches in length znd
formed by cutting 36-inch integral end closed rods in half and placing
the integral end closed portion of the rods on the same =2nd of the fuel
element. The cut ends will be closed by welding eppropriate end plugs
in place. The integral end-closed end of the fuel will be positioned

in the ETR such that this end will produce maximum power. Rods for this
fuel were chosen to give a maximum rod distortion if any exists, and it
1s hoped that the fuel can be discharged and examined at the end of each
ETR cycle.

To compare the operating characteristies of 20-mil and 20-mil cladding
on coextruded fuel rod, eight 7-rod cluster fuel elements, four with
20-mil clad rods and four with 30-mil clad rods, are to be irradiated

in a Hanford KER loop facility. Components for these fuel elements have

TR
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been completed and will he assembled ready for irradiation during the
next month.

An electriecally-heated, seven-rcd cluster fuel element is being fabri-. -
cated for rupture testing. Ome defected rod operating at 10 kw/ft will
be allowed to fall adjacent to an intact Zirealoy-2 z2lad rod also gen-
erating 10 kw/ft. The test assembly components are complete, but braze
assembly is still necessary before the fuel 1s tested.

Coaxial Fuel Element. The third irradistion test of the coaxial fuel
element at the MIR has been discharged after operating during four MTR
cyeles and after attaining about 850 MWD/T exposure. There were two

fuel elements irradiated during this test with one being temperature
monitored. Good temperature stability of the coaxial conespt element

has been indicated by the thermoccuple during the ccurse of its exposure.
At initial startup an eguilibrium mexigum temperature of €70 C at about
88 kw/ft wes attained. During subsequent exposure to about 300 MWD/T

the maximum temperature gradually inereased tc 75C C and has maintained
that temperature when at 88 kw/ft to its discharge exposure. The in-
crease in temperature from &70 to 750 C is not surprising and probably
reflects slightly dimensional changes of the inner 2oaxial tube resulting
from creep or stress relaxation in the inner uranium tube during operation.
Cyclic operation from high to low and back to high power did not affect
the operating behavier of the fuel element.

The temperature monitored element will be returned to HAPQ for post-
irradiation examination, apnd its ummonitored companion piece will
continue to be irradiated at the MIR, as opportunity permits, to a
goal exposure of 1500 MWD/T.

Rod and Tube Fuel Element. Tubular fuel elements can combine the ex-
tended surface advantage of rod cluster fuel elements with symmetrical
coolant channels and irradiation stability. Nuclear Me*tals has prcduced
coextruded Zirecaloy-2 clad uranium tukbes.

Five rod and tube elements have been built from IMI ccextrusicns. They
are complete with exception of external supports still <o e welded in
place. Three elements have slectron beam welded end plugs. Two elements
are integrally end closed by the extrusion of end plugs coincidentally
with the coextrusion of core and eladding. One welded elszm=nt will he
used for ETR 6x% eriticality measurements. Four elements will be charged
into KER Loop 2 in Cetober,

Aluminum Clad Rod and Tube Fuel Elements. One sample of the three 20-
inch long @as pressure bonded tubular elemepnts failed in a 200 C ELMO
loop test in a manner characteristic cf poorly bonded -ladding. The
failure started at an intentional defect. Sections of the other pileces
were prepared for testing to determine if poor undercutting resistance
is characteristic of the cladding technigue used.
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Restraint of Uranium Swelling by Zirconium Cladding. To date, no
"swelling data are available for unalloyed clad wranium with a 250-

350 C cladding surface temperature and a 450-600 C meximum fuel
temperature. Two experiments were designed for irresdiation in the

MIR to provide initial swelling data on unalloyed uranium fuel rods
coextruded with Zircaloy-2 operating at the above temperature con-
ditions. Cne fuel rod, GEH-3-31, which operated an average maximum
uranium temperazture of 400 ¢ and has an estimated exposure of

2100 MWD/T has been returned to Hanford for examination. Rough
measurements indicate that nc diameter change or warpage of the rod
has occurred. The other fuel rod, GEH-3-32, which is presently under-
going irradiastion, has an estimated exposure of S00 MWD/T at a meximum
uranium temperature of 375 C. Neither fuel rod has opsrated in the
desired maximum uranium temperature range of 450-600 C. Two additiopal
experimental assemblies, GEH-3-57 and 3-58, iderntical tc GEH-3-31, were
shipped to Areco, Idsho, for irradiation in the ETR. ’

The assembly of a seriles of capsules designed for irradiaticn in a
Hanford reactor is proceeding. These experiments should determine

. the dependence of fuel element swelllng upon cladding and uranium
temperatures, cladding thickness, and exposurs. A capsule was de-
livered to Irradiation Testing Operation for irradiation. Results

- from the irradistion of this capsule will be used to evaluate the
accuracy of the physiecs and heat transfer calculations used to design
the capsules. Final assembly of the remaining capsules must aweit the
results of this test,

Self-Supported Aluminum Jacketed Fuel Blements. BSelf-supported fuel
elements with collapsible rails attached to the jacket of the element
are designed to accurately position the fuel element in smooth bore
process tubes. The collapsible feature prevents tube damage in event

of a fuel element failure. It also facilitates discharge of the element.
A producticn test, IP-84-A, is now being irradiated in 105-B. This test
has been expanded to include 13 tubes of I & E elements irradiated ta
90C MWD/T.

A jiz has been put intec operation which prevents the weld cwurrent from
penetrating the 4151 layer making it possikle to attach supports with

no disturbance of the AlSi beneath the weld area. This also insures no
damage to the compound layer. Using this method, resistance spot welding
is suitable for production attachment of supports to aluminum jacketed
fuel elements.

Closure of Coextruded Rod Fuel Element by Brazed End Caps. A uranium
mechining and pickling operation could be eliminated from the preparation
of coextruded rod fuel elements if the end casps cculd be attached by
brazing. For this reason variocus brazing alloys are being studied in

an effort to find cone suitable for production assembly of these elements.
A clamping jig which permits making linear brazed joints for simple,
wniform ewaluation of physical characteristics of different braze slloys
hes been designed and put into operation in the electron beam vacuum
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system. The clcose proximity of the melting points of uranium and the
braze alloys used to date makes temperature control a very critieal
factor. The search for & suitable braze with a lower melting point
continues. Very limited observation indicates that a diffusion weld
night be obtained by silver brazing and holding at temperature until
the silver has diffused into the Zirealoy. The physical and chemical
properties of such a joint have not been evaluated.

AlS51 Bond Quality Studies. As a pre-requisite to investigations of
causes and effects in bonrd gquality, it has been zgreed that the de-
velcopment of objective methods for determining bond frangibility should
receive first consideration. Three approaches are teing tried:

1. Mcdification of the Frost Tast io permit sxtremely rapid
heating of the slug jacket, whereby the Jjacket will he
expended away from the core in spots where the adhesive
strength of the bond is less than the yield strength of
the eluminum jacket (~- 4500 psi for 1245 ALl at 100 C).

2. Chilling slugs in suitable refrigerant, followed by
dipping them—in beiling water. HRepid expansion of the
Jacket awsy from the core, as described above, is
expected to cause fracture of weak bonds, detected by
the accompanying snapping sound.

3. Use of a microcharacter hardness tester to scratch a
groove across a pelished specimen of the compound layer
to be tested. The load necessary to cause spalling
along the scratch groove would be a measure of the
frangihility of the bond.

Gf these, the first two would be destructive only of those slugs whieh
should te rejected. The last, although completely destructive. should
give a more revealing analysis of the bond structure, to aid in relating
causes and effects.

Coextruded Zircaloy-2 Clad Jranium fuel. The fuel 2lement parameters
which affect the failure tehavior of defectad —cextruded Zirecaloy-2 clad
-NPR uranium fuel are being investigated. Some of these puarameters are:
clad-core bond strergth and ductility, <lad thickness, diffusion zone
thickness (bond zone), and nature of the defect.

No definite conclusicns have been mads as yet tased upon tkhe limited work
tc date, but it appears that:

1. The "as-extruded" bond is tenaciocus and may be embrittlied
by improper beta heat trsatment of the uranium core.

2. The tenacity of the tond affects +he manner in which de-
fected elements behave; a tenacious rTond “fends to confine
the uranium corrosion; an embrittled bond permits bond
fracture and sporadic corrosicn of *he uranium core.

1236321
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3. The effect of clad thickness on defect behavior is affected
by the bond strength. A strong ductile bond is desirable
at all times. If the bond becomes embritiled, increased
eladding thickness appears to decrease the harmful effect
of this embrittlement.

L. Uniformly side-defected ass-extruded fuel rods behave con-
sistently in 300 C water in toth the dynamic ELMO loop and
a static autoeclave. Failure appesrs more rapid under the
dynamic conditions.

Mechanical Model for Veid Growth During Swelling. A mechanical model was
developed which can be used to gnalyze swelling data from constant temp-
erature irradiations. The model assumes that swelling is caus=d by the
growth of spherical voids. The rate of growth of the voids is assumed
to bte controlled by gas pressure inside the voids, relative dimensions of
the voids and surrcunding meterial, and creepr resistance of the material.
In order to evaluate the effective creep resistance of the material, the
following data must be obtained:

1. Calculated gas pressures.
2. Experimentslly messured number of voids per unit velume.
3. Change of density of the irradisted specimens.

If the number of voids remains constant, only the gas pressure and change
in density need be known. The analysis is develcped in such a manner as
to evaluste the creep parameters of the material from the actual swelling
deta as functions of irradiation intensity, temperature, and material
structure. A rough draft report of the method of analysis and data needed
for its evaluation has been cireculated for comments.

Volumetric distributions of void shapes in irradiated specimens need %o
be determined in order tc evaluate the mechanisms of swelling. Only plane
or linear distributicns of areas or line segments can be determined ex-
perimentally, thus, an investigation of effects of various sphere dis-
tributions on linear and areal analyses was started. A method for deter-
mining sphere size distributions with & lineer snelysis of line segment
lengths from uniformly random distributions of spheres was found in the
literature. 8ince the actual distribution of voids in swelling specimens
may not be uniformly random, more general methods of areal and linear
analysis are belng sought.

Evaluation of Cast I & E Elements. A shipment of 1000 I & E fuel elements
prepared by American Bearing Company by static cesting were sampled for
examination of gemeral quality and metallurgical properties at this stage
of development. ZExamination of the material included chemistry, density,
micero and macrostructure, mechanical properties, preferred orientation,
and results of additional heat treaiment. These examinations have been
completed, and z report is being written concerning the results.
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Thermal Contact Conductance. The value of ex-reactor contact conductance
measurements on fuel element materials will be increased provided a more .
accurate method can be develcoped for applying the results to in-reactor,
conditions. The 3x3 EIR loop facility meakes it possible to measure the
pressure dependence of contact conductance of materisls under irradiation
and as a function of burnup. A prototype element of a four-rod cluster
designed 1o measure alumiaum-ursnium contact conductance in-reactor
passed an autoclave exposure. These elements are made with ellipsoidal
ends to avoid thermal ratcheting effects. A practlcal and easily fabri-
cated spider for this type of four-rod cluster was made and tested.

Continuing the ex-reactor measurements, contact conductance of Jjoints
between sintered UOp, stainless steel, and Zircaloy-2 were measured.
Improved accuracy in the results was obtained on the systems involving
uranium, stainless steel, and alumjnum in contact. Use of one inch
diameter instead of one-half inch dismeter specimens accounts for the
improved accuracy in contact conductarcs values.

Direct Casting of Urenium into Zircaloy Cans. Eccnomics of casting
ursnivm metal directly into Zirealoy cans show a substantial saving over
coextrusion. Preliminary work has indicated that bonding can be attained
in this manner. Zirealoy-2 I & E cans were fabricated from 1-1/2" and
1/2" tubing. These cans were bright HF stched and assembled into a
graphite mold. Thermocouples were inserted at the top, center and bottom
of the mold to record cooling temperstures. Three mold preheat tempera-
tures of 675 C, 785 C, and 820 C were investigated, while the uranium was
cast at 1475 C. Shrinkage of 0.015" per ineh of length aad 0.03C" per
inch of djameter was noted inp each casting. Metallography has not heen
completed, but preliminary examination revealed a uniform bord. Carbides
appear to precipitate along the grain boundaries, especially on the upper
end of each element, which could account for the weaker honds at that
position. :

AMuminum Clad Fuel Elements for High Temperature Exposure. Six aluminum
clad fuel elements axposed 3500 hours to 370 ¢ organic coolant by Coolant
Testing Operation personnel were examined. Three, eight-inch long, ALSI
bonded pieces displayed external evidence of diffusion in the forms of
bumps and slight bulging of the 2nd caps. Two I & E hot-pressed Ni bonded
pieces showed no external change except the dark coloration characteristic
of X-8001 alloy exposed ta MIPB. A1l five of these pieces gave a good
btond respcnse to ultrasonic tests. The sixth pilece was uranium, knurled
to increase contact area and canred in aluminum by sizing and welding of
the cap. A colloidal graphite layer effectively prevented diffusion
between the uranium and aluminur.

ETR Recirculating Loop Facilities. Imstaliation of the EIR 3x3 in-reactor
tube is now scheduled for the week of Octoter 9. A gamma heating exper-
iment will be installed in the facility at the same time and gamma heat
generation determined during the period in which icop cperation is

checked out. If no difficulties develop in the loop, the first fuel

-

experiment will be lcaded on or abcut Octoker i5.

(238323




Al-11 HW-57636

Placement of ex-reactor components for the 6x9 facility is essentially
‘complete. The in-reactor portion of the facility had to be redesigned
when Hanford obtained full-time use of the C-69 location to replace
half-time use of the €-39 location. This redesign is now complete, and
the in-resctor tube is out on bid. Beneficial use of the facility by
January 1959 is still planned.

Mcckups of the centrsl portion of the 6x9 process tube are being fabri-
cated for use in both the ETR critical facility and in the ETR proper.
The critical facility will provide comparative flux measurements showing
beth the flux levels present during operation with this facility lcaded
and other experimental holes empty, and the perturbation of those flux
levels as sdjacent experiments are loaded in the reactor. The mockup
placed in the ETR proper will te used to check the critical facility flux
values and to determine the rate at which activity levels build up io the
process tube. The latter information will be necessary in evaluating
problems which will be encountered when the in-reactor tube is removed
from the ETR.

2. . REACTOR PROGRAM

Coolant Systems Develcpment

Thermocouple Slug. The Doe alloy thermocouple slug in the high flux
region of KER Loop 4 continues to show a slight increasse in temperature
of the swrface with time. More data are needed at this loop cperating
temperature to show the temperature trend more clesrly. Preliminary
plans have been made to run a special thermocouple slug test in which
the specific power of the slug will be meesured. A KER nozzle cap using
a Flexitallic type gasket torgued to 40 ft-1lbs has successfully operated
cne week at 535 F and 1300 psi on EIMO-T7 with no leakage. If such
gaskets continue to coperate satisfactorily, they will be recommended as
replacements for the O-ring seals presently used on the KER nozzle caps
for the thermocouple slug tests.

Protctype Equipment for Heated Slug Rupture Tests. A successful test

run of 90 minutes wes made with a solid rod producing 6.5 kw {8500 amps
at 5.5 volts) to determine the compatibility of the generators with the
low voltage requirements. This power requirement of L6.5 kw is close

to that which will be reguired iIn testing twe coextruded rods of a seven-
rod cluster element with a rod dismeter of 0.63C inch and Zircaloy-2
thickness of 30 mils. Such a test will produce a surface heat flux
equivalent to an NPR fuel element operating at 200 kw/ft. Although some
difficulty is being experienced in -the fabrication of electrical insulating
pieces for the fuel element, it is expected the initial test will be com-
pleted during the first week of Cetober.

- Rupture Testing of Fuel Elements. A KER size, aluminum clad, rod-in-
* . tube fuel element, defected on the outside of the tube with a 25-mil
hole through the jacket, was exposed to 300 C water for one hour in a
water flow of &0 gpm. The fuel element was bonded tc the aluminum Jacket
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by the gas-pressure bonding technique. However, examination of the
fuel element after exposure showed that it had ruptured in a pattern
similar to unbonded elements. The whole uranium surface had been
attacked, and the aluminum can swelled to a maximuem of 2.9 inches.
Rod-in-tube fuel elements using coextruded uranium and Zircaloy-2
will he tested soon.

Raw Water Heat Exchanger Studies. The heat exchangers in the Dowtherm
Loop have run for a total of 79 days using raw water as the coclant.
Water conditions are 7 fps velcocity, inlet temperature &8'F, outlet
temperature 212 F, and a maximum pipe wall temperature of 310 F. During
this periocd a reduction of about five percent in the heat transfer co-
efficient was noted after 20 days. The coefficient has been quite
constant sipnce that time.

The raw water cooled heat exchanger test (ELMO-1) has been shut down
after one year's operation. A ten-mil rust-coleored scale formed on

the stainless steel tubes, and a 1/8-inch (average) barnacle type scale
formed on the carbon steel baffles after this time. Equipment will now
be installed to permit chemical addition to study metheds of removing
the scale formed.

Radiation Effsets on Aluminum Corrosion. Corrosion rates in 110 G,

pH 7.0 process weter for dummy fuel elements in the extreme downstream
portion of the test chennel (20L3-KE)} are estimated to be greater than
rates on upstream pieces by & factor of 2.2. This increase indicates
that some change 1s produced in the process water during passage through
the reactor which affects aluminum corresion. The extrame downstream
and upstream samples were exposed to equivalent and relatively minor
radiation flux. The increase factor of 2.2 was determined by statistical
analysls based on industrial control chart principles. "Scatter" in the
individual corrosion rate messurements was sufficient to prevent quanti-
tative estimate of this factor without stetistical analysis, although a
graph of the corrosion rates versus sample position did indicate a dif-
ference in rates at the two ends of the test channel.

High Temperature Testing of Aluminum Clad Fuel Elements. Several
aluminum-clad fuel elements were exposed in an out-of-reactor organic
loop (ORA-l) at 370 ¢ for a period of five months. One was an unbonded
element clad in 1245 aluminum; the uranium wss mechanically keyed fo the
aluminum snd utilized graphite as & diffusion barrier; two elements were
nickel plated, hot pressed, and clad in X-8001 aluminum {e.g., M-388);
three elements were standard lead dip pieces and also clad in X~8001.
All six elements looked good after the five-month exposure. The aiuminum
had only an extremely thin oxide film. The unbonded piece appeared to
exhibit no racheting although the organic loop had been temperature
eycled sbout 10 times during the test. The nickel plated pieces showed
ne bumps or pits and appeared to be in perfect shape. The AlSi pleces
had some very small bumps. All pieces will be transmitted to Fuels
Development Operation for detailed examinations and for metallographic
inspectiocns.
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-Nommetallic Materials Development

X-Ray Diffraction of Irradieted Graphite. A thorough analysis of x-ray
diffraction lines of poiycrystalline materials has indicated the types

of information which can be derived by the Fourier analysis of the line
shapes. By the use of the IBM 650 computer, the Fourier coefficients

of x-ray diffraction lines have been obtained for a seriaes of TSGEF
graphite samples irradiated to varying neutron exposures at 30 C and

500 C. From a consideration of the variation of the Pourier coefficients
with order of reflection, data were obtained on the crystallite size.

In the C, direction, the values decrease rapidly from an unirradiated
value of 150 & to 30 ® at 100C MWD/AT, and then slowly decrease to 20 R at
2400 MWD/AT. When two or more orders of reflection can be resolved, it is
feasible to obtain data indiecating the relative inhomogepeous distortion
in the lattice. In addition, from a consideration of the phase angles

of the complex Fourier ccefficients, it is possible to obtain the mesn
lattice spacing in an unambiguous manner. Two reports will be issued scon
on the theory and method employed and results of the peak shepe analyses.

" With the x-ray diffraction equipment now available irradiated graphite
exhibits & very low peak to background intensity rztic, preventing the

. accurate determination of lime shapes; hence, it has not been possible
completely to utilize the theoretical techniques which have been developed
for the analysis of x-ray data. Improved equipment is being obtained
which will result in = more accurate determination of line shapes of
irradiated samples.

Graphite Development. Samples of new types of graphite and of single
erystal natural graphite supplied by the National Carbon Company have
been prepared for short exposures in a cold test hole. Four series of
samples are included inm this test, and the irradiations are to be for 5,
10, 25, and 100 MD/AT. Included with the test samples are standard
samples of CSF graphite to¢ permit correlation of irradiation effects in
the newer graphites with effects in CSF. It is the purpose of the exper-
iments to elarify the nature of radiation damage in perfect crystals at
low neutron exposures where the damage centers produced are simple. It
is hoped that changes in dimensions of the crystals can be measured.
These will be compered with changes observed in the crystal lattice
parameters.

Testing of grephites for possible use in the NPR continued with receipt
of samples from the Speer Carbon Company. The new graphites were .manu-
factored from coke from Texas Lockport and Schio Lima. Iron oxide wes
- added at the time of mixing to increasse the density without a second
piteh Impregmetion. The physical properties of the resulting material
were similar to those resulting from the standard AGQT process. Puri-
fication was sccomplished by a chloripe treatment and resulted in a
purity nearly as high as thet obteined by the F process. Purity mea-
surements in the 305 Test Pile indicated a d.i.h. value of +0.550 apd
+1.022 for the Texas and Schioc coke msterials, respectively. F pro-
cessed material ususlly has a d.1.h. of about 0.96 to 1.10. The
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irradiation behavior of thesé promising materials will be studied in
the cooled and uncogled test holes.

Resistance of Elastomers to Immersion in Water Up To 175 C. A report

is being prepared under the above title. Although all the data ob-

talned in the program have not been thoroughly apalyzed some of the
important conclusicns are now clear. The best materials on the basis

of tests run up to 175 C in wster (in the absence of radiation) in

sealed systems for 1000 hours are the nitriles (Hycar 1002 is best),

the silicones {Silastics 82096 and S2097 appesr best), and the fluoro-
elastcmers (Viton A polymer compounded properly appears best). It should
be noted that because Eycar 1002 is only meoderstely resistant to heat

aging in air, any seal made of this meterial should not come in contact
with hot air for optimum performance. The silicones on the other hand

are deteriorated more than the Hycar in hot water but are superior in air
aging tests. They therefore should be used, if possible, in contact with
air. The Vitons on the other hand are about equally resistant to air and
water attack, but more work is required on compounding techniques to produce
a Viton with the hot water resistance of the Hycar 100Z2. :

Radiation Induced Oxidation to Plastics. A report, HW-57067, "Analysis
of Oxygen Diffusion and Reaction in Polyethylere," has been issued.

Work is currently under way to determine the effect of dose rate changes
on the reaction. The theory indicates that as dose rates decrease, more
oxidation will oceur for a given geamma dose, and the oxidation will de
distributed further into the sample.

Samples of irradlated Lexan have been sent to General Electric's New
Product Development Laboratory, Pittsfield, to determine the intrinsic
viscosity., This will help clarify the damage mechsnism to this material.
It is guite apparent from vacuum radiation studies that oxidation is not
an important factor in the degradation. '

Structural Materials Development

NFR =nd XKER Tublng. Three of the four NPR process tubes received from
Chase Brass and Copper Company have been cut in half and the six pieces
sent to Tube Reducing Corporaticn for reduction to KER size. These
tubes have been received and inspected by Tube Reducing Corporation and
gent by them to Allegheny Ludlum Steel Company for vacuum annealing.
Delivery of at least four tubes is scheduled for December 1, 1558.

Of the five NPR process tubes to have been produced by Mallory Sharon

on DDR-28, only two were considered as possible candidates for accept-
ance under the contract specifications. These two were lnspected at

the plant of Tube Reducing Corporation on September 22-24. Neither tube
passed this inspection, the principal defects being thin spots in the

‘tube wall from exXeessive localized OD grinding, and several internal

3
4

defects that appeared to be caused by lack of control in the sand blasting
operaticn. The inside and outside surfaces, the ID, and the straightness
of the ftubes were all within the specified tolerances.

z2
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Thermal Hydraulics Studies

Reactor Flow Hazard Studies. Experimental studies were continued to eval-
uate the seriousness of events following & rupture of = front hydraulic
connector to a process tube at C Reactor. The full secale heat transfer
apparatus was used to simulate an instantaneous rupture of a cannector
vhere the only flow then aveilable to cool the fuel elements was that
coming back through the process tube from the rear header. Tentative
results to date are summarized by the following:

1. Adequate cooling of the simulated fuel elements was demon-
strated for the case of a tube operating initially at 900 kw and
125 C outlet water temperature when the rear header pressure
was 25 psig or greater., For rear header pressures below 20 psig
the surface temperature of the simulated fuel elements was 450 C
and still rising when the runs were terminated because of the
probakility of damaging the test section. In these runs the
heat generation was decayed after scram according to & typical
reactor decay curve to a value of asbout 80 kw. At this point
the heat generation was held constant for the remainder of the
run.

2. One run wes attempted at a heat generation rate of 1250 kw end
8 rear header pressure of 20 psig. This run was terminated at
six minutes after scram when the test section melted due to
excessive temperatures. '

It was thought provable that the experiments were unduly conservative and
that conditions at the resctor might not be as severe as those experienced
in the laboratory. Plans were made to modify the equipment for a closer
simiation of actual reactor cornditions in an effort to determine at what
power levels and rear hesder pressure damage could be expected should a
front connector fail on a reactor process tube.

Bydraulics Studies. IPD Operstions at DR Resctor found & normel uranium
I & E element on which a piece of masking tape had been placed over the
female end of the hole chennel. The plugged element was brought 4o the
hydraulies laboratory for evaluation of the sericusnpess of possible flow
bleckage. It was found thet the masking tape would have been removed

by the water pressure during reactor startup and would have been unde-
tectable to opermtions.

Experiments were conducted to determine the extent of process tube pressuri-
zation due to critical flow (e.g., velocity of sound) in the outlet fittings
in the event of a rear pigtail rupture at the B-D-F type reactors. The
experiments did indicate the existence of critical flow pressurizatioxn,

but limitations of the hydraulies equipment prevented an evaluatlon of
Pannellit protection for a process tube operating with & missing rear
pigtail. Plans were made for further experimentation using the elec-
trically heated apparatus.
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Calibration curves were determined for eight K venturis which had been
reamed to larger than standard throat diameters. IPD will choose the
size which they wish to use as the verturi for K Reasctor I & E fuel eles.
ment loadings. '

Experiments indicated that use of a new slip joint pigtail would result:
in 8 0.3 ggm flow increase through a B-D-F iype process tube. Otherwise,
the flow characteristics are almest identical to the normal helisal shaped
pigtail. '

High Pressure Heat Transfer Apparatus. Construction was nesrly completed
on the heat exchanger test section. This test section was designed 4o
evaluate the feasibility of operating = heat exchanger with a 500 F carbon
steel surface in contact with cold Columbia River water.

Miscellaneous. Initial equipment was received on plant as part of the
project to increase the DC heat generating capacity of the heat Zransfer
laboratory to a nominal 2700 kw. Two rectiifier transformers and the
13.8 KV switch gesr were received.

Calculations were made to determine the heat transfer characteristics of
a proposed uranjum swelling test capsule. Required insulation to maintain
specimen temperatures over a range from 300 C to 800 € was specified.
Electrical heat requirements were also estimatad to mesintain near constant
specimen temperatures during power fluctuations arnd reactor shutdowns.

Design was continued con a test section to be used for determining heater

rod surface and cooling water temperatures when the rod is eccentrically
loecated within the tube. This test sectlcon was designed to fit in a short
heat transfer facility being provided for by a minor modification to the low
pressure heat transfer apparatus. .

Mechanical Egquipment Development

QOrganic Coocling System Compeonsnts. The MOIS-1 facilivmy opsrated for 105
hours during the month. All down fime was f¢r inspection and reinstalla-
tion of the mechanizal pump seals. Leakage through the Sealcl seal could
not be stopped, and the seal was removed. A swall leak has developed in
the John Crene seal and may aecessitate removal of the seal in the near
future. ‘

Shielding Studies

Attenuation Studies. The results chtained in testing ordinary concrete
beked at 100 C ars reported in "Neutron Attenustion in Ordinary Concrete
Baked a*t 100 C," (ZW-57575, E. . Feterson). The farrophosphorus concrets
test slabs are being baked a+t 200 C. The foils from the test on ferro-
rhosphorus zoncerete baked at 100 T have been zcunted, and the data have
been sant to IBM for procgessing.

Fast Neutron Spectrometer. The unit is operating ccntinuously. Minor
changes in the slectronic squipment are still required arpd are teing made
as needed.

12383219
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Thermal Shield Studies. Partial disassembly of the C Reactor shield plug
was agaln attempted. The cast irocn nose plece was successfully removed
and placed in its cask, Dose rates through the cask are low encugh to
present no problems in dispesal of the nose piece. In attempting to re-
move the cocling panel, only cne-half of the retaining screws could be
removed.

Preparatory work hes begun for NPR design test DI-1037: In-Reactor Test
of Borated Mortar Thermal Shield. A rough draft of a cdetalled test pro-
ceduwre has been issued for comments and approval by IPD customer personnel.

Eighteen ion chambers for measuring shield gamms ray attenuation have
been built, nine with two-wire cables and nine with three-wire cables.
These instruments have been zhecked for fluectuations, gquiescent current,
and responge to cable flexing, and appear to be szatisfactory.

WEAPONS - 3000 PROGRAM

Research and development in the fi=ld of plutonium metallurgy comtinusd in
support of the Hanford 234-5 Building Opera%ions and weapcns development
programs of the University of California Radiation Laboratory (Project Whitney).
Details of these activities are reported separately via distribution lists
appreopriate to weapons development work.

CUSTOMER WORK

Radiometallurgical Examinations

IP-148-AC Examination of Rupture From 0957-C {RM-247). The interpally and
externally cocled, enriched, fuel slement, which faiied in tube 0957-C, and
was classified as a "split” type rupture, was sectioned. A wafer was removed
two inches from the femele end of the piece, and a section one and one~fourth
inches long was removed adjacent to the wafer toward the male end of the slug.
The bond between the AlSi and uranium had parted completely around the internal
cati wall in both of the removed sections. Resction of the coolant with the
uranium was noted on the internsl surface in two locations in the central
portion of the slug. The build-up of corrosicn product as a result of the
reaction caused the internsl can wall to be displaced spproximately C.10 inch
into the cooclant annulus. The ome and one-fourth-~inch long section was broken
apart along the uranium cleavage lines, and the internal can wall was easily
removed from the section. Although the can wall was deformed by the reaction
between the coclant and the uranium, no penetration of the can wall was
observed.

Metallography Laboratories

Xéray diffraction esralyses on samples of the bonding layers from EHanford fuel
elements have made possible the identification of the compound USi,. By meaans
of special techniques and & precision back reflection gonicometer déveloped by

- the x-ray laboratory, four checks were made on & small erea of the compound

1258

330 bigiAgems

formation which confirm the identity of the layer originally suspected to be

Ly
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USi; on a metallogrephic section. The identity of the other compounds formed
during the caaning process is still being confirmed.

Work receptly ccmpleted on a series of compound layer samples indicates that
the presence of silicon inhibits tc scme extent the growth of the layer
formed between uranium and aluminum. Too great a concentration of silicon
will cause the formation of a compound which is quite brittle. The optimum
concentration of silicon in the AlSi portion of the duplex bath appears to
be near nine percent silicon. The temperature of the duplex bath also has

a decided effect. Temperatures below 605 C seem to promote formation of the
brittle compound while temperatures above 610 ¢ form the tougher UAl3z type
compound. However, toc high a temperature will cause growth of the compound
layers until they become brittle by virtue of their excessive thickness.

Samples Processed During the Month

Total samples processed 266
Photographs
Macrographs 33

Micrographs 283

Total 376

The following Trips and Visits Reports apply to activities om 2000, 3000, and LCOO
programs. Technical activities on the 4COQ Program are reported separately in

=) a/m@Mﬁ

For Msansger, Reactor and Fuels Research
and Development Operation

W Woodfield:kb

DECLASS s
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the molybdenum heating element failed at 1480 C. Upon examination it was again
noted that the Pu-containing pileces were of higher density than UOs, the 4if-
ference being roughly three percent.

Injection Casting Development. The prototype air pressure injection casting
equipment recently installed in 231-Z Building is bteing evaluated. Some diffi-
culty has been experienced with meking vacuum tight seals around the silicon
carbide dip tube on this equipment. There are many imperfect threads on this
ceramic part, and it 1s not possible to use conventional sealing materials be-
cause of the high temperztures involved. When this problem is solved, the
development work on this equipment will continue.

The Kux Machine Company has completed the design engineering on the fuel element
contaimment block which will fit their LOO-ton cold chamber die casting machine.
Fabrication of all components has been started and is expected to be caomplete by
October 6, 1958. Kux will then begin prototype casting experiments under the
direction of HAPO engineering personnel. These experiments are expected to take
approximately five days.

Extrusion Development. A number of 1100 aluminum, €063 aluminum, and U-Al alloy
billets were extruded to 0.500 nominal dlameter rod. The 1100 and £063 blllets
were wrought, and the U-Al billets were cast from melts containing 1.8, &, 10,
15 and 20 w/o uranium. All billets were extruded through a ratic of 27 to 1

(68 percent reduction in area) using oil dag as a lubricant for the container
and flat face shear dies. Billet temperatures ranged from 300 to 500 C, and

die temperatures ranged from room temperature to 200 C. Extrusion constants as
a function of billet temperature were determined; however, rﬂsults were not of
sufficient precision to give a good correlation.

The aversge maximum dizmeter variation from cne end of the extrusion to the cther
was 0.0008 and 0.001 inch for the 1100 and U-Al zlloy billets, respectively. In
all cases the smaller end of the extrusion was the first end through the die.

One very interesting item was discovered. The diameter variation appeared ic be
dependent upon the throat radius of the die as illustrated in Takle I. This

© variation in diameter could not bhe correlated with composition or extrusion
temperature. The average maximum diameter variation was the same whether the
extrusion was 10 feet or 2L feet long. This phenomencon was attributsd to the
cooling effect of the containmer. All of the rod extrusions were round within

an indicated reading of 0.0C05 inch or less.

TABLE I
Avg. Max. Dia. Var.
Die Throat Radius From end to end
C.005 ineh 0.,0005 inech
C.0l0 C.0CL
0.015 0.001 (two extrusions)
0.025% O.0019
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The ratio of the die throat diameter and extrusion diameter proved to be siightly
effected by extrusion temperature. 0On an average, extrusions made through the
same die increased in diameter 0.0003-0.000% inch when the extrusion temperature
was decreased from 500 to 400 C. This effect is attributed to the change in
springback, These experiments show that the 280-ton extrusion press can extrude
PRTR fuel element cores to size without any further sizing aperation. The ex-
trusion constant data indicate a capacity of three to four rods per extrusicn.

Prototype extrusion equipment was designed and fabricated for use in the 443,000#
Baldwin Universal testing machine. This equipment will provide initial data on
Al-Pu anéd core material for irradiation test specimens. Initial cold testing
proved very satisfactory, and the extrusion fixture was installed in the portable
testing hood. Tests will resume when a broken part has been replaced.

Ten 1100 aluminmm alloy extrusicns were straightened in the Sutton rod straightener.
Proper operation of the machine was found to be an art. All ten rods were
straightened enough to roll on a flat surface. These rods had excellent surfaces.
The straightener did not take out end-to-end diameter variations as might be ex-
pected. The quality of the extrusion determines the quality of the core.

Pyrometallurgical Techniques. A process for the recovery of Pu from irradiated
Al-Pu alloys was previously desceribed. Briefly, molien bismuth is used to ex-
tract the Pu from the Al alloy; results indicate no minimum limit to which the

Pu concentration may be reduced in the Al allcy. FPu concentration was reduced

to 0.1% Pu in one experiment, but no attempt was made to reduce this concentration
further. Chalk River (CRC-639) reported the partition coefficient (mole fraction
Pu in Bi/mole fraction Pu in Al) varied from approximately six to eight, depending
upon temperature. Comparsble results from the recent Hanford work have indicated
a slightly lower number, verying from three to six. The Pu is extracted from the
Bi with molten caustic soda. This extraction is virtuslly quantitative with a

10 w/o ceustic addition. The Pu concentration in the Bi may be reduced to

0.001 w/o. The Pu is then recovered by leaching the caustic with hot water and
acid. The residue, containing Pu in an oxidized state, is dried and added to an
aluminum melt which is mixed with cryolite. The Al reduces the Pu, and the
aluminum oxide which is formed is dissolved in the cryclite flux. In a2 small
scale experiment in which 8.8 g of Pu was extracted by Bi from a 2 w/o Pu-Al
alloy, 7.7 & was recovered in a 5.5 w/o Pu-Al alloy using this process, or a
recovery of 87.5 percent of the Pu extracted by the Bi in this experiment.

Although Pu is successfully extracted from an Al-Pu alloy bty Bi, the reverse
cecurs when Si is added to the system. Molten Bi does not extract Pu from an
Al - 11 w/o 81 alloy, and indeed the converse is true. Al - 11 w/o Si extracts
essentially all of the Pu from a Bi-Pu alloy. Also, although the chemical
analyses are not complete, the preliminary data indicate that S1 metal alone
will extract Pu from molten Bi., Granular Si metal was dispersed in a melten
Pu-Bi alloy. The Pu apparently formed sn intermetallic compound on the Si
surface which oxidized, glowing brightly, when the silicon particles flcated
to.the surface, The Pu-5i was removed from the Bi by skimming. The Pu-5i may
ne alloyed directly with Al, or the Pu may be separated by dissclution and pre-
cipitation.

(238340 | UNCLASSIFIED



UNCLASSIFIED A2-4 HW-5763¢€

A rather simple onme shot reprocessing scheme would be the extraction of Pu freom
an Al-Pu alloy into Bi followed by the extraction of Pu from the Bi by an ALS1
alloy. .

Experiments are being mede to determine whether the Pu concentration ian the
resulting ALSi alloy can be made appreciably higher than the Pu concentration
in the starting Al alloy. . Since in the Pu-5i compound, Pufs , which is formed,
the ratio of yi:x is probably 2:1 or less, & relatively small unt of Si would
ve required to extract the Pu from the Bi alloy. Thus, it should be possible
to meke an AlSi alloy with a Pu concentration substantially higher than the Pu
concentration of the initial Al alloy. Of course, to reprocess the Pu-Al-Si
alloy other pyrometallurgical processes would pe emplcoyed.

Fuel Element Rod Loading. The feasibility of loading & full length extruded
aluminum core into a closed end Zircaloy tube had not been previocusly demon-
strated. Preliminary insertion tests were run with makeshift equipment to obtain
data on clearances required. The results of these tests are shown in Table II.
All rods and tubes used in these experiments were vapor and swab degressed with
trichlorethylene but were not etched or pickled other then that treatment done

by tha tube fabricator. All rods were extruded from type 1100 aluminum allcy
wrought billets and straightened. Rods were seven feet, four inches or longer,
and the closed-end tubes were seven feet, five and one-half inches or longer.
Tube diameters were checked by air gage, and the rods were measured every six
inches using a micrometer. Each reinsertion became more difficult due to aluminum
pickup on the tube wall.

TABLE TI
' Jacket Tute
Rod* Dia. Material Min.Dia. Max.Dia. Avg.Dia. Results

0.503 £ 0.0005 Zircaloy 0.5055 Q.507 C.506 Rod was inserted and
withdrawn several times.

0.5Chk £ 0.0005 " 0.506€5 0.507 0.5068 Rod was inserted half-
way in. A dent gre-
vented any further
insertion.l

0.504 £ 0.0005 S. Steel 0.5055 0.5065 0.506 Red clipped in easily.

2.501 = 0.005 Zirecaloy 0.5025 G.507 Urknown® Rod slipped in excert
iast eight inches.

*Rods and tubes were dry and unlubricated.

i. Rod wes honed out from C.3055-C.3C7 <o 3.3005-0.307 using an aluminum rod
and grinding ccmpound. Tube was unknowingly dented tefore an insertion
test could be mede.

2. Due to the maximum diameter of the probehead (0.504") an air zage reading
cculd be made of the first half of the tube cnly. After the test the welded
end of the tube was sawed off and measured 0.5025" at a distance eight Inches
inside the tube.
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Plutonium Fuels Welding Develcooment. An extension tube has been installed on
the vacuum welding box, which will permit two rods to be placed in it at one
time. The tube is in the form of an air lock to meke it possible 1o remove
the rods without losing the inert ztmosphere in the main purt of the box.

The welding chamber for PFPP is being designed to accommodate 19 oxide rods
in a vertical position in case it 1s necessary to make a head closure on the
oxide elements.

UQ~ Fuel Development

Swaged UOo Fuel Elements. The irradiation of eight, four-rod cluster fuel
element assemblies in KER Loops 1 and 3 has continued successfully since
cherging of the material on August 4, 1958. The fuel elements contain natural
and 1.5 w/o enriched UOp swaged in either Zircaloy-2 or stainless steel jackets
to UQo core densities which are 81 to 89 percent of the theoretical. Six of

the elements are 18 inches long, and two are 12 inches in length; the individual
rods are 0.625 inch OD.

In.ancther production reactor, & three-foot long, stainless steel clad, swaged
fuel element charged in May is still under irradiation.

Under irradiation in the MIR and ETR are seven swaged capsules of natural and
2.4k w/o enriched UO0s. These capsules are to be ilrradiated to exposures of
more than 10,000 MWD/T, with mseximum core temperatures at approximately the
melting point of UDa.

Fabrication of nine swaged UDp (2.42 percent U~235) fuel rods 27.8 inches long
by 0.558 inch OD was completed, and the material has been delivered to the VBWR
for irradiation testing.

Irradiation of Tubular Fuel Elements. Uranium dioxide (eight percent U-235) rings,
2.3-inch OD x 1.8-inch ID x 1/2-inch long, are being fabricated for the second
six~-foot tubular assembly to be irradisted in the SRE as paert of a2 joint HAPO-AL
program. Three feet of the rings are being drilled with six 0.033-inch thermo-
couple holes. Approximately 15 pounds of eight percent enriched uranjum in
grinding sludge was reclaimed by chemical dissolution and solvent extrzction.

Irradiation of Unsintered Fuel. A plutonium-enriched fuel assembly has ccmpleted
one irradietion cycle in the MIR, generating a power of approximately 30 kw/ft.
The three-rod, Zircaloy-clad cluster is 11.4 inches long, and consists of one

rod of 2.47 w/o U-235 enriched UOp and two rods containing UOp with 0.88 w/o
plutonium oxide. The plutonium-bearing rods were prepared by diluting PuOs-UCs
mixed crystals with natural UO,; this phase of the work was performed bty the
Chemicel Reseesrch and Development Operation.

High Temperature UO- Irradiation Studies. The in-reactor, and ex-reactor, be-
havior of ceramic fuel meterials at extreme temperatures is being studied, Four
elenients containing loose, unsintered, enriched UQp in Zirecaloy-3 cans six inches
long and one inch OD were irradiated, and post-irradiation examination is being
continued. The following additional information has been obtained.
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1. The cladding failure in the second irrsdiation test was caused bty
insufficient cooling at the end cap of one of the two elements.
Coolant water was unable to reach the ares between the two elements.- .

2. A heat flux in excess of 700,000 BTU/hr/ft% was generated in the
region where the UQs had concentrated after sintering. UNo resction
was observed between the Zircaloy-3 thin-walled tube and the UDg.

3. The composition of the gases removed from the two test elements
from each of the two irradiations differed greatly. A large per-
centage of the gas from the first test was hydrogen, whereas
carbon dioxide was the primary component of the gas from the
second test. Identical UOp powder was used in both tests, except
that the UCy used in the second irradiation had been exposed to
the air for four months. The quaatity of fission gases released
was approXimately the same in both irradiation tests.

Thermal Conductivity of UQs. Preliminary data from the joint test program with
BMI indicate that 9L4.3 percent dense, unirradiated UOp has a lower thermal con-
ductivity than expected. Similar U0, specimens have now been irradiated and
are awaiting shipment toc BMI.

High Temperature UQs Studles. The utilization of high temperature generating
equipment for ex-reactor thermel studies is part of a program for conceiving
and evaluating improved ceramic fuel ccres for the PRTR. The carbon-arc image
furnace was operated at a power level of approximately 12 kw. A total of fifty
samples of UOp, Ul containing additives, UC, and UN were heated in a rlowing
helium atmosphere. In addition, samples of stoichiometric and non-stoichio-
metric UCp, UC, and UN were heated in a steam atmosphere. A high temperature
microscope was used for visual studies and motion picture studies of the high
temperature phenomena. Temperatiures were determined with a recording mulfti-
color pyrcmeter degigned and constructed for use with the image Jurnace.
Reports describing this pyrometer and its operating characteristics haeve been
prepared.

Corrosion Studies

PRTR Shot Corrosion Test. Corrosion tests of steel shot in inhibhited, softened
water have been completed., Tests with filming amine type inhibitors showed
some improvement over untreated water as shown in the table below, but not
nearly enocugh to te considered for PRTR use. The addition of faustic to in-
crease the water to a pH of 10 to 11 also showed scome improvement over un-
inhibited water, but the equipment was susceptible to plugging by precipita-
tion of caleium carbonate 1f the quality of the softened water was not con-
stantly meintained. It appears that some other means will be needed to minimize
corrosion of the shot., Possible altermatives are a corrosion resistant shot
made froem a material such as duriren or stainless steel. An inhibited recir-
culating system, which can be deoxygzenated, would also be satisfactory from a
corrosion standpoint.
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i Percent Flow Capacity
Suwerting We.  Wt. Loss  Testing Time Remaining at End

(1%) ~ (1v) (days) Inhibitor of Test
15.57 0.k3 48 None 9%
15.57 C.35 30 Caustic added- 30% (after acid treat-
PH 10 to 11 ment to remove some
CalCC4-flow increased
to 8L%)
15.57 0.31 30 12 ppm diethy- . 9%
lenetriamine
15.57 0.18 L8 12 ppm Cronox 192 9%

Use of Ammonium Fluoride as & Pre-Treatment Etch for Zircsloy-2. Zirconium alloys
are subject to corrosion from surface contamination. It is necessary to remove
coptaminants by a surfuce etch before meaningful corrosion testing can be performed.
A mixture of nitric and hydrofluoric acids is commonly used but is difficult to

" handle and evolves noxious fumes. Other etchants are being sought which would
eliminate these disadvantages. An ammonium fluoride-hydrogen peroxide-acetic acid
solution at pH 5 is currently being evaluated. The following facts have been
established:

1. The rate of dissolution of zirconium increases with temperature and
with smmonium fluoride concentration. Hydrogen is evolved. Ammonium
fluoride sclutions at room temperature have difficulty breaking
through the ZrOp film on the metal. This results in a slow uneven
eteh. :

2. While zirconium reacts with ammonium fluoride, the alloying ingre-
dients of Zr-2 (mostly tin) do not. These alloying ingredients
deposit on the Zr-2 surfaces as a black sludge. This sludge inter-
feres with the etching operation and results in an uneven stch.

3. If the etching is done at about room temperature, this sludge dis-
solves readily in concentrated BENOz. If the etching is done in a
hot solution, the sludge dissolves slowly in concentrated HNO3.

L, BSince the etching rate is governed by the unionized HF concentraticn,
the addition of a weak acid such as acetic acid increases the etching
rate. This solution will etch Zircaloy at room temperature, but the
sludge problem remains,

" 5. Since the sludge is predominantly metallic tin, the addition of an

: oxidizing agent should oxidize the tin to a scluble form. This is
one function of the HNO3z in the standard HNOs-HF etch. Sodium
nitrate, sodium dichromate, and potassium permenganate were added te
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the amnonium fluoride-acetic acid bath. All reduced the etch rate
and were all unsatisfactory. However, hydrogen peroxide was found
to prevent sludge formation. Hydrogen evolution was reduced but
nat stopped.

This new eteh sclution would have the following potential advantages:

1. HNo neoxious fumes zre given off during the eteh operaticn (hydrogen
is evolved, however, and small amounts of HF would be given off.)

2. The solution is a weak acid of pH 5 and could be handled more
safely than the standard HNO3-HF eteh.

3. It is possible that the solution can be used in stainless steel
equipment. Although ne corrosion rztes have yet been measured,
all work has been done in stainless steel heakers with no visible
signs of attack cover an eight-hour pericd.

4. The solution can be used at room temperature and could be buffered
to provide a constant HF concentration.

The solution would have the following disadvantages:

1. The solution is not as effective in removing zirconium oxide,
fingerprints, marks, ete., as the HN03-HF etch and does not
produce as bright an etch.

2. Evolution of hydrogen raises the question of hydriding Zr during
etching. ' '

3. Bydrogen peroxide is unstable and would slowly deccmpose on
standing.

L. As with the HN03-HF etch, accelerated etching occurs at the contact
points.

It may be concluded that although the solution is not as effective an etchant as
the HNO3-HF standard etch, it is easier to handle and work with. It is possible
the solution may be effective enough for use on a production basis. Further werk
will evaluete what degree of effectiveness 1s required.

PRTR Process Tubes. An order was placed with Tube Reducing Corporation for 130
PRIR process tubes. . Chase Brass is to produce the extrusicns from billets
forged by Heppenstall Compeny. Porging of the last of the ingots was witnessed
at the Heppenstall plant in Bridgeport on the morning of September 24, and the
forgings from the previous day's production were inspected. On the afterncon of
September 24, this latter group of forgings was in the shop of Chase Brass teing
cut to tillet size.

Sample lengths of tubing manufactured by a process similar to that to be used
for the 100 PRTR process tubes were tested to failure at 300 C. The calculated
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ultimate stress averaged 45,000 psi for the anmesled tubing. This value is
approximately 50% greater than results from tensile specimens cut from rolled
and anneeled strip. Fabrication and snnealing history are the most likely
causes for this difference. Analysis of subsequent tests on tubing having
varied fabrication and annealing histories will determine the cause and reprec-
ducibility of this phencmencn.

PRTR Jacket Tubing. On September 26, final modifications were made in the
atmosphere chamber on the rib-to-tube welding machine at New Rochelle Tool
Compeny. The first weld produced in this chamber locked good but was removed
from the chamber bvefors it was adequately cooled. The weld was bright on re-
moval from the machine but colored rapidly when expesed to air. A malfunction
of the mechine ruined the second weld and necessitated replacement of a part
befeure additional welds could be made.

In the effort by Nuclear Metals to produce ribbed jacket tubing by extrusicn,

a8 revision has been found necessary in the method contemplated for final sizing.
This was to have been done by extruding the tubing slightly undersize and ex-
panding to final dimension. Efforts have been unsuccessful thus far in expanding
this tubing by the necessary smount while msintaining it round. It is now be-
lieved that the proper methed would be to extrude oversize and drew down to
final dimensions. An attempt will be made to prove this method on the remaining
extrusions. The tubes thus formed will be below cur specifications by 30 mils
or 50 but will indicate the feasibility of the process. An attempt is being
made to produce one set of tubes to our dimensions. This has been accomplished
cn the smallest tube, but it appears that the twe larger sizes will be about
five mils undersize.

The initial shipment of Zirecaloy-2 tubing for the plutonium-bearing, 19-rod fuel
element was received from Wolverine Tube Company within nine weeks after delivery
of ingots to the vendor.

Radiometallurgy Laboratory Studies

Examination has continued on the ruptured UOp powder element {GEH-4-30). The

Zircaloy-3 cap, which was the water entry side, has been etched successfully,

end metallography is in progress. The results and conclusions are reported in
connection with the respective development program.

Thermal Hydraulics Studies

Thermal Hydraulic Studies Assccisted With the PRTR. Fabrication of the elec-
trically heated mockup of the Mark Il B element was 98 percent complete. It
became necessary to bore out the process tube to remove the shrinkage that
cceurred when the pressure tap connecticns were welded on.

PuIChgse requisitions were issued for materials to construet a full size
electrically heated mokeup of the Mark I fuel element.

Equipment was designed to determine local heat transfer coefficients along each
rod of a 19-rod cluster fuel element. A special sensing probe was designed to
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be used to replace any of six rods and will be movable along the length of the
fuel rods. The sensing probe consists of resistance ribbon wrapped arcund a
plastic rod. The ribbop will be heated by a small amount of DC power and the
ribhon temperature measured by thermocouples plsced under the ribbon. The power
supplied to the ribbonm, the ribbon temperature, and the bulk water temperature
permit local heat trensfer coefficients to be cglculated.

Plans were made %o run selected experiments designed to investigate certain air
cooling characteristics of PRTR type fuel elaments. As planned, the experiments
will ~cnsist of the following:

1. A short test section of an electrically heated outer Mark II B
element with associated duct work to simulate air cocoling in the
fuel examination cell.

2. A short test section of the Mark I element with the same duct
work as ip (1).

3. The use of a full scale Mark I electrically heated mockup for
determination of surface temperature in free air.

Response times were determined for prototype models of the O to 10 psi differ-
ential pressure monitors proposed for use on the PRTR. The response times for
both instruments (Panellit and Bristol) were between 0.75 and 0.9C second for
trip set at 75 percent of full scale while imposing a fiow reduction frem 1CO
percent to 60 percent of full scale. This is 3-1/2 to 4 times the response time
of the ¢ to 25 psi monitors but is not unexpected since the bellows displacement
of the O to 10 psi monitors is about five times that of the faster O to 25 psi

gauges.

Mechanicul Eguipment Development

Design Test PR-20 - Calandria Charscteristics. The conversion of the calandria
mockup flow system to recirculation is 90 percent completed. Flow monitoring
instruments are being calibrated by the Thermal Hydraulics Operatiocm.

Design Test PR-25 - Shroud Tube Bellows. Testing of beilows submitted by
various manufacturers continued. The new design by the Parts Engineering
Company is currently teing flex tested. The leak rate is approximately Two
cubic feet of air per hour at a pressure of two psi.

Aluminum ends were cast on two bellows that had previously failed the cyeling
tegt. The bellows were flex tested successfully; however, the leak rate was
excessive due %o the short embedded length of the bellow's ends.

Design Test PR-25 - Shroud Tube Collapsing Pressures and Installation. The
final report, BW-57089, has been issued.

Design Test PR-50 - Reector Piping Seal Testing. Nczzle cap assembly "A", using
two restrained flesitallic gaskets, was thermocycled 11C0 times with an average
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leskage of 0.2 cc/cycle. Testing was discontinued due to & 180° fracture of

the housing near the base of the seal surface. A large siress concentration
existed at this point. The reactor nozzles are being redesigned by Construction
Engineering Operation i¢ eliminate this stress concentration point.

Process tube assembly "A" is being prepared for installation on EIMO-7. A
prototype zas seal, inlet fitting shroud, and nozzle cap flexitallic gasket
will be included on the assembly. Process tube assembly "B" has been thermo-
cyeled 460 times without noticesble leskage.

The process tube ocutlet packing tests were completed. The successful packing
was an alumimm ring with a tear drop cross-sectiom.

Design Test PR-51 - Reactor Piping Structural Integrity. Fabrication of the
Jumpers and jumper piping for the cutlet face meockup 1s 60 percent complete.
The dummy nozzles for the same mockup are approximately 15 percent complete.
Flexure testing of outlet jumpers will begin in QOctober.

Design Test PR-563 - Process Channel Leak Detection Facility. The final report
is ‘being prepared.

8ingle Tube Prototype Mockup. The operating manual for Phase I has been issued.
Construction of this phase except for lagging and minor pipe work was essentially
complete. The remainder of the work will be done at the time of the installation

of the primary pump.

The hot test of this pump at the Byron Jackson Pump Company plant was siormed

after 48 hours due to excessive vibraticon at speeds about 2500 rpm. The p.rp

will be rebalanced and the hot test repeated. The mechanical seals performed

well at speeds to 2700 rpm, suction pressures to 1600 psi, and temperatures o
550 F,

PRTR Inlet Valves. Tasting of the 1-1/2" valves continued on EIMO-7 during the
month. The leakage is below measurable amounts with the present hooding and
collecting arrangements.

PRTR Eight-Inch Check Valve. The vendor has proposed internal counterweights
to meintain the required 109 opening when the valve is installed downward at an
angle of 17-1/2°. A drawing and the estimated cost of the change will te re-
ceived shortly.

Shielding Studies

PRTR Shielding. The review of the PRIR shielding was continued. The thickness
of the top shield for the fuel element examination facility and dose rates
through the fuel element cask shielding were calculated. '

PRTR Pracess Instrumentaticon. Several tests on the flow monitors are being re-
peated before issuing & preliminary report. One vendor reguested the return of
an instrument for further modification. Accelerated life tests on the uniis
are awalting final assembly of test equipment.
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The Zngelhard clamp-on resistance temperature detectors are continuing on the
thermal cycling life tests. COne of these units appears to have changed its
characteristics after cycling. Another unit was found to he shorted to its
case on arrival, and the insirument is being replaced by the vendor. Two
wrap-around prototypes were received from Aero Research, Inc. The connector
t0 the sensor of both units melted at 500 ¥ during the first calibration check.
These instruments are being returned to the vendor for repair.

A composite purchase specification was prepared which combined three specifi-
cations previcusly written for a temperature alarm system, a data reducticn
system and a power celculator. The composite specification was limited to
combining the three individual specifications without change in design. A
camparison of costs between this limited systems spproach and the individusl
gpecification method mey be possible. The final draft of the power calculater
report will be submitted as soon as the vendors ccmplete their estimates.

FRIR Design Development

Construction Status. The Phase I PRTR contract is approximately 24 percent
completed versus 37 percent scheduled. Difficulty was experienced in affixing
the hydromat membrane to the contaimment vessel shell. Additicmal problems

were encountered in the use of an automatic weldipg machine and in the repairing
of defective wealds.

The Phase II PRTR contract is approximately on schedule with about six percent
completed versus eight percent scheduled. Permission was given to the contractor
to accelerate the structural part of his work by completing the service building
in twe parts. The pouring of concrete during the winter months will also be
avoided by this change.

Design Status. A critical review of the Phase II] bid assembly was conducted
during the month and a majority of necessary revisions and corrections to drawings
and specifications were ccmpleted. The bid assembly was meiled to interested
contractors and building associations on September 17. Bids will te opened on
October 29. '

Invitations t¢ bid on Phase II-A (River Pump and Condenser Facility) were mailed
during the month, with bids scheduled for opening on October 23.

Fueling vehicle design was essentially completed during the month sxcept for
fiznal review and comment.

Fuel Element Examination Facility. The design criteria for the Fuel Element
Examination Facility (HW-b48116) was completed and approved, and 1s being pre-
pared for issuance at month's end. Funds were authorized for the design of

shielding and services to be performed by Construction Engineering Cperation.

Instrumentation and Control. The Minnespolis-Horneywell analysis of the suto-
matic controller for moderator level was essentially completed. Optimum ranges
and velues for proportional band, reset rate, and derivative action have been
established for all expected PRTR operating conditions. The instailaticn of
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manual’ control features toc supplement the automatic controller and eliminate
feedback effects during reactivity tests was considered in detail.

Several changes in the shim control assembly were made to achieve a more positive
seal and attachment to the top shield, simplified externsl wiring, and reduced
loading error in the position transmitting system. Assembly prototype parts are
being fabricated by APED, and delivery for on-site envirommental testing is ex-
pected in mid-November. ' '

PRIR Physics. Reactivity calculations were extended to include various lozdings
of the Mark I, 19-rod cluster UO, fuel assemblies (the most probable startup
charge) with 1.65 percent Pu-~Al spike fuel. Preliminary results indicate approx-
imately the same number of spike columns will be required for the Mark I loading
as for Mark II B in most cases. This is due primarily to the fact that the lower
plutonium concentration used in the Pu-Al assembly (1.65 percent instead of 1.8
percent} is offset by the lower negative fuel reactivity coefficient of the Mark I
U0z fuel compared with the Merk II B UDz fuel.

Pressurized Gas-Cooled Loop Facility. Revision of the project proposal for this
facility was undertaken to incorporate changes required to permit irradiation of
fissionable materials. The revisions will increase the project cost to approxi-
mately $800 thousand.

Shielding requirements are currently veing studied. Preliminary calculations of
radiation levels at the surface of a typicasl portion of unshieided loop piping
show an expected dose rate of about 1.7 x 107 R/{hr)(lcop fuel MW). The calcu-
lations were based on an activity-weighted gamma energy of 0.55 Mev associated
with an equilibrium concentration of fission-produced gases. Mainly, activities
asscclated with Xe-138, Kr-87, Kr-83, and Ba-140 and La-140 from the Xe-140 chain
were used. For celculation purposes it was assumed that fission gases were In-
stantaneously released from the fuel and that no filtration of solid elements in
the Xe-140 deecay chain occurred.

Core Components and Shielding. The first special pour of high siliceon iron shot
for use in the top and bDottom primery shields was attempted during the month
without success. The shot wes contaminated with nickel from the melting furnace,
and excessive pouring temperatures caused the shot to be deformed. Shot from a
good pour will receive an envirommental corrosion test.

Plutonium Fabrication Pilet Plant

Phase II Construection. Construction has progressed to the point that most work is
at or sbove ground level. A total of 800 yards of concrete are now placed, of

the 2500-yard total. Work is progressing in exact accordsnce with the contractor's
approved schedule and is 12% complete,

Phase IIT Design. Phase III design is approximately 45% complete. Group 1
mechanical design was essentially completed during the month. All oxide line
prodess hood drawings were completed, leaving Group 2 complete except for the
sintering furnsces. Comment drawings were received for the degrease-decontamin-
ation system. Scope requirements for the rolling mill were transmitted to CEO
for use in drewing up the detail scope requirements. Hood ventilation control
tests using & domestic gas reducer valve were conducted during the month. Under
the rapid response conditions required for control it was found that the mess of
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moving parts is so grest as to cause oscillation of the valve plug and stem.

A proposal for gas cooling of the 30 kw furnace was received from the F. J. Stokes
Corporation. Desgign bases were under review by Scope Engineering and Plutonium
Metallurgy Cperation at the end of the month.

The design development contract for the horizontal sintering furnace was mailed
to Harper Electric Furnsace Corporation, and negotiaticns for a design-development
contract for a vertical sintering furnsce were cancelled.

A general alarm system was added to the building scope. Alarms are provided for
the following: sump high level, building ventilation air supply temperature
(high-low alarm), autoclave system off-standard, ammonia dissociating system off-
standard, mein process water low pressure, main steam low pressure, and a push-
button personnel alarm in the radiography room.

A listing of maintenance shop equipment tc be located on the second floor of the
vuilding was prepared.

Procurement,. Requisitions were written for the following items: radicgraphic
unit and carriage dark roocm developing tenks, oxide finishing line, process
noods, ammonia dissociating equipment, and the following oxide line process
equipment pieces; blenders, ovens, jar mill, cut-off mechine, platen grinder,
oxide hapdling trays, and air gage dimensional inspection units.

S ry. Project construction completion is 12% and project design is approxi-
mately €1% complete.

GAS COOLED POWER REACTCR PROGRAM

Gas-Graphite Reaction Studies

The characteristies of the surface of graphite play an important role in graphite-
gas reaction kinetics. An apparatus previously constructed for surface studies
was modified to measure surface area and pore size distribution of samples for

gas cooled reactor studies. Nitrogen adsorption isctherms were obtained acecording
to the method of Brunauer, Emmett and Teller, and the surface area was computed
from these data. The surface area of an unirradiated sample of CSF graphite which
nad been oxidized to 1.8% was found to be 0.70 mz/g. The surface areas of two
sapples cut from adjacent positions in a graphite bar are being measured. One
sample will be irradiated i{m a helium atmosphere, and the other sample will bde
irradiated in an oxidizing atmosphere to determine the effect of oxidation om
surface area. This information will be useful in the interpretation of the kin-
etics of the COo-graphite reaction.

Four guartz capsules containing graphite and COp at pressures of 200, 300, 40O,
and S0C psi were recently discharged after an exposure of 160 MD/AT at’ about

325 €. The purpose of this test was to determine whether quartz would serve as
a satisfactory container. If no lesks have developed, the gas pressure and com-
position will be determined, and changes in the graphite weight and structure
will be measured.
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Several ftem. o Imtorast Ty otz 0.5 5.0.P. K. program wers d4iscussed with British
representdtlves from Windscale, Harwell, axnd Hawker-Siddeley Huclear Power Co.,
Ltd., during the Geneva Conference Some optimisrm was expressed ccncerning the
possibility of reducing the COp-graphite oxidation rate with gas phase inhibitors.
One of the more promising candidates is carbon monoxide. Several guestions con-
cerning the use of high concentrations of carbon monoxide for this purpose need
to te answered. These include the extent of inhi%ition achieved and the guestion
of deposition of carbon or other meterials in cocgler parts of the coolant circuit.
Experiments are being planned at Hanford to study gas pnase inhibitors.

The Hawker-Siddeley Nuclear Power Co., Ltd., had on display an interesting graphite
fuel can assembly. A graphite impregnation process resulted in a material with
high density {2 g/ce), high thermal conductivity, low porosity, and high streng<h.
It wes stated that in the latest material the permeability was too low to measure.
They are now devising a system using a radicactive gas to measure permesbility.

The possibility of obtaining samples of this material for testing at Hanford is
being pursued.

The U.K. -~ A.E.A. had on display & similar fuel can at the official government
exhibits in the Palais de Nation. In this case part of the can was cut away
showing the fuel elements. These were smal)l disks of fuel in graphite and
assembled on & graphite spline. Hellum will pass through a smell annulus of sbout
1/32-inch between the fuel and graphite can to remove fission products. The fuel
cans in the form of hexagons will be assembled into clusters of seven. Fuel ele-
ments of this type will be among the first tested in the High Temperature Gas
Cocled Reactor which was described in a paper at the Geneva Conference.

BASIC SWELLING STUDIES (FISSIONABLE MATERIALS)

The diffusion of the inert fission gases, krypton and xenon, and subsequent void
formation results in swelling of irradizted fuel meterials. This swelling appears
to be dependent upon irradiatiocn temperature, restraining pressure, burnup, burnup
rate, fuel composition and fuel material parameters such as purity, residual werk
and grain size.

In order to determine the effect of purity on swelling behavior, it is considered
necessary to obtain high purity uranium as & base material for the swelling
experiments. Electrolytie high purity uranium is available at Argonne National
Laboratory. The enrichment required for the swelling studies {3%) can be achieved
oy adding 90% enriched uranium in the proper ratio. Results of this technique
indicate that the impurities introduced are of a very low concentration. Pro-
curement of 48 pounds of high purity enriched uranium of normal isotopic concen-
tration has been initiated on the basis of expressed willingness on the part of
ANL to supply the materisl. Enrichment will be performed on site.

A small electrolytic cell has heen modified by the replacement of a stainless
steel electrode by one made of Zircaloy-2. The electrolyte composition is being
changed to allow 3% enriched wranium to be purified. It is anticipated that the
product of this cell will be of equal or superior purity to the ANL material en-
riched by remelting.
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Design modifications have been made on the controlled temperature swelling capsule
on the basis of heat transfer celculations. The capsule will contain four, 1 cm’
spherical uranium specimens. Capsule construction will provide heeting slements
to maintain the specimens at a selected temperature between 300 C and 800 C during
the entire irradiation. Specifications for temperature control instruments have
teen prepared. Eilther chromel-alumel or platinum-platinum rhodium thermecouples
will be used for monitoring specimen temperatures in this capsule. A decision =as
to firpal thermocouple type will be made on the basis of in-reactor tests. Arrange-
ments have been made to irradiate the capsules in front-to-rear "through holes”

of K& and KW reactors. The instrumentation will be situated in the X-0 level
rooms of these reactors.

The measurement of the pores visible in irradiated uranium continued this month.

A test was devised to determine if the pores which are observed by electron
micraoscopy in the ilrradiated uranium are present in unirradiated uranium or perhaps
introduced by the etching procedure. Unirradiated uranium was found to contain no
pores when etched by krypton ion bombardment for cne-half hour. At one and one-
helf hours of etching a few pores are discermible. After four hours, many pores
cann be seen in the uranium. Sinee the usual time of eteh for the irradiated
samples is 30-40 minutes, the pores observed in the irradiated uranium are probably
caused by inert gas bubbles in the metal unless irradiation changes the etching
rezctlion of the metal.

Volumetric distributions of void shapes in irradiated specimens need to be deter-
mined in corder to evaluate the mechanisms of swelling. OCnly plane c¢r linear dis-
tributions of areas or line segments can be determined experimentally, thus, an
fnvestigation of effects of variocus sphere distributions on linear and areal
analyses was started. A methed for determining sphere size distributions with a
linear analysis of line segment lengths from uniformly random distributions of
spheres was found in the literature. Since the actual distribution of voids in
swelling specimens may not be uniformily random, more general methods of areal

and lineer analysis are heing sought. '

UNCLASSIFIED
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPCRT

SEPIEMBER 1958

FISSIONABLE MATERTIALS - 2000 PROGRAM
METALLURGY )

A prototype shipping container for 0.95 percent U235 uranium fuel elements
was approved. This container surrounds each fuel element with 1/8 inch
of iren. Approval was also given for making future containers with C.109-
inch irca tubing.

Drawings of a Fernald designed shipping contajner were reviewesd for nuclear
safety. These are cadmium-lined boxes which Fernald hopes to use for ship-
ping in unrestricted guantities uranium metal pieces enriched to 5 percent
1235, The conclusions of the review are that these containers are not suit-
able for shipment of enriched uranium as proposed. Indeed trouble might be
encountéred in using these containers for unrestricted shipment of 0.95
percent enriched uranium. .

Comments were received from Livermore on cur empirical method of estimat-
ing critical masses for oralloy and plutonium shells. One existing piece
of experimental data could be used 2s a check. This check gave good agree-
ment between the critical mass predicted by the empirical method and the
observed data. Livermores plans to do more experimental critical mass

work on spherizal shells. The applicability of this method to water-
reflected hemispherical shells remains in doubt because no experimental
data are available for this geometry.

REACTOR

STUDIES RELATED TO PRESENT PRODICTION REACTORS ' .

Thecoretical studies of neutron thermslization nrogressed with the program-
ming of a calculation to check the szzond ten universal constants occurring
in fhe analiytical solution of this problem. In addition, a recursion scheme
for computing values of Laguerre polynomials was tested and found to be suf-
ficiently precise for use in calculating flux from the previously mentioned
analytical soiutiom.

The experimental portion of this problem comtinued with the measurement of
bare and cadmium covered gcld activities as a function of distance from a
hot<cold boundary. The purpose of these measurements was to determine how
to correct the activities of L detectors for fast activetion with room tem-
perature and hot moderators. To date, six PCTR irradiations have been made
with a temperature discontinuity present.

Pu and U235 feils were alsc irradiated ir the above experiment to determine
the neutron temperature as a function of position by this technique. These
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are the fells which will be used in a lattice in the TIR thermal columm to
measure the shift in neutron temperature on loss of water. This is the first
"hot" irradiaticn of these foils. Radiation Monitoring perscnnel followed this
irradjation closely and found no evidence of loss of Pu from the foils.

Buckling measurements were completed on solid and I and E elements in the

B, D, F type graphite lattica, The results shew that the gain in reactivity
upen loss of water is greater for the I and E slug thar for the sclid slug
by 6.7 &+ 3 microbucks. These results agree with a similar meassurement prev-
lously made on a lattice typical of C-pile.

Instramentaticn

Tee investigation of data storing devices continued. Design work was started
cn a2 system for utilizirng the magnetic-core storage elements on an experi-
mental radisisotope analyzer. The teachniques involved will be conaidered

for possible use in reactor astask effluent monitors.

Consultation was provided cn a possible monitoring system for the H reactor
alevator. Further work on this is expected o result in informastion suit-

abie as a bvasis for design so that the system can be included as part of a

project proposal concerned with charging while the reactor is operating.

Assistance wvas given to the stuck rupture removal +ask force in reviewing
and commenting on prcposals for toresccpe design and lighting. A test of
the feasibility of using a closed circuit TV system with the borescope was
attended. The tests indicatsd that TV 2culd be acupled %o the berescope
although less detail 1s observed tian with direct visual observation through
the toresccpe. Several problems are apparent from the fest, and it is pro-
tosed that we investigate further the techniques invoived.

STUDIES RELATED TC FUTURE PRODUCTION REACTORS

Work is contipuing on the fabrizaticn of lattice components +o be used in
& FCTR measurement of k,, for clusters cf 0.925.inch rods in a 10.5-inch
graphite lattice. Scme =f the special fuel elements for the test cell have
besn assembled.

Ar investigation has begun t2 ob*tain betier correlatior of existing exponen-
%ial pile data with lattice theory. A% pregent, the natursel uranium-
graptite data for sclid fuael rods are bteing re-examired with the aim of
Jeveloping improved methods % apalysis and presentation while similtanecusly
dcquiring background information.

Conclusizns have been reachked on the scale of effort required for an investi-
gatiare of the fuel temperature coefficient of the surface-tc-mass term in
ke resonance integral of patural ursnium. Nine measurements of k., and

i dko  are required using three diffsrent rcd sizes. The level of
Aeo ar .

FCTR effort required will be six shift weeks. Preliminary labbratory work
is being carried on now or a low priority basis.
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Eight bars of graphite were tesied in 305-pile. These bars will be shipped
to France as a portion of an intermational exchange of grephite simed at
cross checking graphite standards. .

The experimental radiation damage program has been suspended following
the termination of the ¢ne exempt man working on this program at the G. E.
Research Lsboratory.

STUDIES RELATED T0 SEPARATIONS PLANYS

Experimental work continued for determining the mipimm critical mass and
maxinmom buckling of z heterogemeous system of three percent enriched uranium
rods in light water. The diameters of the rods used were 0.925-inch and
0.600 inch. One suberitical multiplication measurement was done with the
0.600-inck rods (at a Hp0/U ratio of 3.41). It gave a predicted eritical
mass of 328 pounds, which is about 20 percent less than the predicted criti.
cal mass for 0.925-inch rods at the same water~to-uranium ratioc.

With reference to the k,, measurements on homogeneous systems of three per-

cent UO3-E,0 mixtures, experiments were begun in the PCTR for determining
koo 8t The E/U ratio of six. Previous measurements were taken at an H/U
ratio of 3.4. Detalled analysis of the latter data has not been completed.

Pive more tons of 0.95 percent I and B fusl elements were shipped to the
ORNL Critical Mass Labcratory for use in extending thedir criticality measure-
ments on random arrays to loadings closer to critical. Preliminary data was
received from ORNL on a uniform loading of these elements in water giving a
critical mass of about six tons. This number compares well witk predicted
critical masses from exponential experiments on wuniform arrays.

Nuclear safety considerations or consultations were made on

(a) Plutonium solution hardling systems

(v) Plutonium metal pickling tanks '

(¢) Storage of arrays of plutonium metal and powders

(d) A cadmium-lined shipping container for uranium enriched to 5 per-
cent

(e) Chemical processing of uranium enriched to 5 percent =37,

An empirical formula has been developed giving the volume ratio of water-
to~uranium for & random array of identical cylindrical fuel elements immersed
in water in terms of the dimensions of the elements.

One run was made on the monoenergetic neutron age measurement. A4 3/8-inche
diameter source was used in kerosene moderator. A second run was postponed
because of a reactor outage.

Difficulties were encountered in the operation of the source vacuum lock on
the first new mass spectrometer. Work on this iastrument has been suspended
while efforts are concentrated on the start-up of the second mass spectrometer.
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REACTOR DEVELOPMENT - 400C PROGRAM

Plutonium Recycle Prcgram

Values of k,, and £ have been calculated from the experimental PCTR data
taken with 19-rod Tl clusters in a S-inch ‘D20 lattice., The results are as
follows:

mod. Vocolant VAL VPu-A1
Lattice Coolant rUO; Vmed. % E £ km
g" Air 15.188 - 1.003 - 0.903  1.117
a" D0 15.188  C.062 1.003 -- 0.897  1.09%
g* Air 18.038 - 1,191  0.1875  0.50L  1.170
o D0 18.038  0.062 1.191 0.1875  0.898  1.153

Work at present is directed toward an experimental evalustion of the systematic
errors io k., caused by the presence of the moderator-containing cans.

Five values for the buckling of 19-rod UCy clusters ilr various Do0 lattices
have been collected from Chalk River documents for comparison with the FCTR-
PRP mezsurements.

A preogram for computing fusl isotcpe concentratiors as a funetion of exposure
on the Litton c-;;:npu"cer has besz ¢ e*:ea. A3 now programmed, the machine
plcks U35, Pels 239 “O Patt and Pue*2 concentraticns up to a local
2YPOSATE f 5000 mm.fm.

A metned for computing the trangmissior arnd refiection edefficients required
Por the gereraiized lattice diffusisn conmstants has been developed based
upor A variationel principle.

Tratrmentation

88 Toonled Reactor Progran

Delivery da%2s have been established for she warious romponents te be used
iz the POTR experiments. Tie 0o fuel pelie*s are scheduled tc arrive in
Jaruary 195G. By this +ime the other corponments needed skculd be on hand
for the first experiment. A few questions 55111 must be answersd before de-
rsiled fabrication drawings can be mede for the PCTR <core.

CRCSS SECTION PROGRAM

Tee instrumentation for <k KB three-crystal neutron spectrometer has been
completely installed and iz vperating routinely.

12383571
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Most of the operating time has been spent in studying mcrochromating
crystals, resclubtion, and intensity. The neutron intensity through the
first beam defining ccllimstors is only one-third of that calculated

from the assumed neutron density in the source block in the KE Reactor.

The assumed neutron density has been verified by Irradiation Testing (IPD)
personnel, so the reason for this loss of intensity is not known at present.

A high resoclution run was made through the 0.58 ev fission resonance in
Am24l and the .49 ev fission resonance in Npe37

BICLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL STUDIES

Atmospheric Physics

Testing of prototype air sampling equipment for the AF-AEC diffusion
experiments continued and neared completion. At the same time, final design
of the diffusion experiments nesred completion. Final agreement with Air
Force. personnel regarding the over-all experimental design is being sought.

Three field tests were conducted in order to scope the requirements for
measurements of the vertical distribution of concentretion during these
experiments. During two of these experiments, the vertical distribution of
concentration was successfully measured on the Meteorology Tower when the
source was at ground level and one and twe miles upwind from the Tower. A
third attempt to measure this distribution at eight miles from the source
failed when the tracer material failed to hit the Tower.

The measured vertizal distributions showed two interesting features: First,
the effective variance of the distributions agreed very well with similar
variances measured for sources 200 feet above the ground. This fact lends
considarable credence to our untested assumption that these variances from
previous experiments could be translated %o the region near the ground. The
second significant cbservation was that the maximm concentration occurred
at 40-50 feet above ground level. This feature could be due to erosion

of the underside of the plume by depositicn or it could be caused by a
tuoyant forece inherent in our generation methods. More detailed experiments
are required before these effects can be separated. Finally, it was found
that a 200-foot tower will permit adequate vertical measurements at dis-
tances up to two miles from the source. The observed concentraticns at
150-200 feet were less than one-tenth the pesk concentration.

The confirmation of the lack of a significant difference in the vertical
distridbution of concentration between the cases when the source is at ground
level and when it is at the 200.foot level permits a much extended use of
our earlier observations for hazards analyses until the more definitive
experiments are completed next summer.

DOSIMETRY

Paint, lacquer, lead wool, lead foil, tile, bolts, and threshold plates for
the body monitor were testéed for radiocactivity. The paint and tile were
found unsatisfactory; lazquer and vipyl tile will be substituted. Contami-
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pation was found on the threshold plates; sandblasting and washing removed
it satisfactorily.

A krypton-methane mixture was tried in the X-ray proportional counters.
Operation was satisfactory, but the background from Kr85 was too high.
Freon 13B1 (CBrF3) was tried but gave very small pulse heights probably
due to being electronegative.

Develcpmernt was started of an optimm procedure for body monitor measure-
ments for subjects expected to be at background levels. After study of five
subJects, the first procedure was judged unsatisfactory. Counting statistics
were poor and backgrounds taken without a phantom were too high. A second
procedure 15 now being tested. :

Installaticn of 2 new snalyzing chamber and magnet pole pieces on the positive
ion Van de Graaff was completed at mid-month. The machine has operated satis-
factorily since then,

™o gradusate students of the University of Washington began an experiment
with our Van de Grazaff machine that they will use for their MS thesis. Pur-
pese of the experiment is to measure the stopping power of 1 tc 2-Mev pretons
in gases. The Al {p,v ) reacticn is being used in the experiment tc deter-
mire the proton energy loss. A preliminary study of thls reaction lead to
important new information about it.

The electron Van de Graaff was shut down for annual maintenance, thus sus-
pending the calorimetry work there. The beam current integrator was modi-
fisd tc accept currents of both polarities and to activate or deactivate
sthar equipment at the end of an integration. A new cover was designed for
“he gamms-ray calorimeter that will permit changing sources without dis-
aszambling the submarine jacket.

The pulse method of reading pencil ion chambers has achieved an accuracy in
a single reading of about 5% at 1 mr total dose. Accuracy of 1% or bvetter
would meke possible many valuable latoratory experiments. Studies aimed

2% improving the accuracy to this level were begun. A method of using a
vibrating-reed electrometer gave equai, bub zo betier results than the pulse
methed.

A study was made of the correction to the energy-absorption coefficient
+hat ig necessary to account for the sbsorption of secondary gamma rays
{flucressence X-rays, Compton scattered rays, annikilation photons, etc.)
in ~avity icn chamber measurements. The correcticns had been thought to
e negligible but turned out to be important enough for some of our work to
require further evaluation.

INSTRUMENTATION

Tre investigation of detection techniques for use in radiation profecticn
instrumentation continued. Fabrication i1s in progress on 2 prototype hand
and shoe counter which employs a single scintillation detector for each hand
surface capable of detecting the alpha and beta-gamms components of contami-
pation. The alpha-caused pulses are separated electrically tc provide
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gseparate alpha and beta-gomma indlications. A tentative program for s study
of the use of light pipes for use with scintillation detectors was prepared.

Concepts in sensitivity improvement were incorporated in two alpha air
monitors on which fabrication was completed this month. The alpha air monitor
for the Biology Operation incorporates twec count-rate meters with the same
sensitivity but with different time constants in order to indicate burstis

of alphe activity. A monitor for the Purex Operation utilizes two high-
level alphs air systems and a differential alarm circuit with special filter-
ing to provide improved sensitivity. In both cases, the sensitiviiy was im-
proved over the high-level alphba air monitor by more than an order of megni-
tude. |

A prototype transistorized scintillation alpha A-C operated poppy was fabri-
cated and tested for possible use at Hanford. The background counting rate
is less than one count per minute and the instrument can easily detect a

50 to 100 d/m Pu?39 source, either as a point source or a distributed source
over a 2-1/2 inch by 3 inch area. Both count-rate meter and loudspeaker out-
puts are incorporzted. The instrument weighs 17 pounds and the cost is esti-
mated at about $750. The Calibrations Operation is having plant drawings
made. ' -

WASHINGTCN DESIGNATED PROGRAM

The vacuum system for this mass spectrometer was completed and is in satis-
factory operation.

A positive ion beam was obtalned from a uranium source. The observed mass
resolution was poorer than expected by a factor of two.

CUSTOMER WORK

Analog Computing

Several flux traverses (two grouwp theory) showing the charscteristics of
various loading configurations have been completed by IFD perscnnel. These
runs required approximately 3 weeks of this month's machine time.

Frequency response curves have been completed for the Do0O~He Dynamics of
the PRTR and for the kinetics of high power levels, power levels slightly
above critical, and subcritical power levels. Curves have been obtained
for Pu enrichments of 15% and 50%. These response curves compare favorably
with those obtained by the potentisl controls system contractor. Frequency
response curves for the combined, dynamics-kinetics, system are now being
obtained and should be completed in early October.

The first Litton Digital Differential Analyzer has been repaired at the
factory and is now back in service. The machine which was loaned to us
wh;‘.le ours was being repaired has been returned to Litton.
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Weather Forecasting_gnd Meteorology Service

Type of Forecast Number Made % Reliability
&-Hour Production 30 85.6
24 -Hour Ceneral 60 85.2
Special 127 89.8

September became the £ifth censecutive month and the seventh of the year
5 average warmer than normel. However, the departure was only C.5 degree
as -ompared to an average 5.0 degrees during the May-August period.

Precipitation totaling 0.05 inch was less than 15% of normal. This estab-
Llished Sephember as the third consecutive dry month after the first six
months of the yesr had all been wetter than normal.

Tnatranentation

Te sensitive, gamma, scintillation transistorized menitor was completed
and +ested satisfactorily. This instrument, designed for the Regional Moni-
+*oring Operation, employs a 5 inch by 5 inch terpbenyl in polyvinyltoluene
Jorganic crystal, a 5 inch phctobtube, two transistorlzed high-voltage power
surplies, a transistorized amplifier and a three-decade count.rate meter
cpart recorder circuit. Full-scale first-range sensitivify is 0.01 o/ hr
for Ca®0 or €st37. The instrument will be used for on-plant and offsite
routine sensitive menitoring from the air, on the river, ard on the land.

Tre experimental medium-level alpha air menitor was completed, tested, and
Aeiivered %o the Biclogy Operatior. It will alarm on a 6C mpe level of air-
borns Pu239 in about 20 minutes with no false radon-thoron background alarms.

Fabricaticn was completed cn the dusl alpha air mcnitoring system for use

af, Purex and testing was started. The system utilizes twc complete high-
Leve, aipha air monitors which act independently as two separate instruments.
Cnart recordings of the alpha activity for each moniftor are provided and each
can 2:und an alarm if the activity is high encugh., A differsntial alarm

ani relording system providss a means of reducing background effects so that
ar. alarm is sounded if the activities cof the two systems differ by more than
a rradetermined amount. The system is now being tested.

The zinc sulfide particle cowmnter is 3till undergoing fileld testing at the
Atmcspheric Physics Qperaticr. Operation ¢f the instrument has, thus far
seen satisfactory. The instrument emplcoys a phofiotube detector and a Pu® 39
activating source with a particle linear detection range of 100 to 19,000
parvicles per filter. The instrument is used in conjuncticn with airborne
parhicle movement studies.

Tne dog cocunter, for the Biology Operation, has now been in successfl opera-
tizn for several months at Biclogy. The scintillation system is used for the
determinatizn of the radisisotope present in the dog via photopeak pulse height
analyzis. Both the amount and location of the radicisctope, in vivo, can be

deggrmined. Results are chag+-rECﬂrded. Radicisotopes of interest est include
Pu239, sr¥0-y9, RrulO2, gullh, ang ¢sl3V.
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Evaluation was completed on & commercial air ionization dose-rote metor.
(Nuclear-Chizage Chalk River Cirzuit CP) Cireuit changes, calibration, and
evaluation were completed on & scintillation doge-rate meter belonging o
Frank Sanders.

Set-up procedures for scintillation alphs, beta, and gamma alr filter sample
counters were devised and documented.

One suggestion on meter unitization was evaluated for the suggestion system.

Preliminary steps towsrds evaluation of a2 commercial {Victoreen) remote-
ares monitoring system were institiuted.

ggtical

Supervision and engineering assistance was given during the installation of
the optical elements in the seven periscopes on the second remote crane at
Purex.

At the request of members of the 105-C Fuel Examination Facilities, the
problem of lighting the bore of an I & E slug is being investigated. Three
types of lighting and viewing heads were suggested. Work on two of the heads
will begin socon. ’

At the request of the CEO Field Surveys Operation, a right angle eyeplece
was designed for a transit. The eyepiece permits the use of the transit in
positions where there would not otherwise be head room. The right angle
attachment in no way alters the accuracy of the instrument. These units are
used to check the straightness of process tubes in the reactors. This wnit
is being fabricated.

A right-angle eyepiece was designed for an undervater telescope used in con-
Junction with the 105-C profilometer.

An estimate wes made for the Technical Shops of the cost of fabricating
an optical scrateh depth gage capable of measuring to 0.00005 inch. Parts
- for this instrument were ordered and the necessary fabrication sketches are

Ppeing prepered.

Assistance was given to members of the HLO Ceramic Fuels Development Opera-
tion in completing work on the arc image furnace and color pyrometers.

The routine optical shop work included the installation of the opties in .
the-periscopes at the Purex addition, the fabrication of three Tyroceram
bearings, and the preparation of a dozen aluminum accelerator targets.

Powt = B

Manager
Physics and Instrument Research
and Development
HANFORD LABORATORIES COPERATION
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Chemical Research and Development

ORGANIZATTION AND PERSONNEL

J. L. Daniel, Senior Scientist, transferred in from Employee Relations Operation
and was assigned %o Chemical Research Operatiom.

L. J. Xirby, Chemist I, traansferred to Employee Relations Operation from Chemical
Research Qperation.

H. Freund, Senior Scientist, terminated.
R. M. Peekema, Chemist I, terminated.
H. D. Warren, Engineer II, terminated.

RESEARCE AﬂD DEVELOPMENT

FISSIONABLE MATERIAL - 2000 PROGRAM

IRRADTATION FROCESSES

Automatic Analyzing Monitor

A paper discussing the Apalyzing Monitor was presented at the Second Conference cn
Analytical Chemistry in Nuclear Reactor Technology, Gatlinburg, Tennessee, on
September 29, 1958.

A provisicn was incorporated inte the instrument to permit backgrounds to be auto-
matically recorded once each 12 hours. Improvements were incorporated into the
printer circuit that resulted in more consistent operation. A transistorized
linear amplifier circuit was designed and assembled which showed desirable non-
overloading characteristics, and reasonable fraesdom from temperature fluctuatlous.
Trangistorized pulse height analyzers assembled showed undesirable temperature
gsensitivity, Ilndicating further refinements of the circuit.

Reactor Decontamination

Further experiments were performed to determine the optimum method for Turco 4306-B
disposal after use in reactor decontamination. Recommendation of conditions under
which trench disposal could be used were get fortk in a document.

Uranium oxidati'on Experiments

The uranium oxidation experiments were essentially completed during September. Ex-
periments were conducted on larger specimens (50 gram cylinders) in order to facili-
tate scale-up calculations. Extrapolation of the dats indicates that at 805 C a
normal Hanford reactor fuel element will completely oxidize in an air stream ia 17
hours. Temperature cycles caused by the heat of resction were of greater amplitude
than those observed for smaller specimens at the same alr {emperature. Higher air
flow rates also accentuated the temperature peaks slightly.

1238305
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Analytical Services

Thermal conductivity measurements from 77 F to 280 F were made on organic coolant.

Arsepic down to 1 microgram in aquecus samples was measured coleorimetrically. It
was distilled as arsine intc 0.001l normal iodine. Color was develcped with moly-
bdate and hydrazine sulfate reagents. .

A gamma spectrometer and detector unit have been assembled for use at 100-KE to
provide general acilivation testing. Having the spectrometer near the reactor will
permit measurement of short half-life products like A1=° (2.3 minute).

SEPARATIONS PROCESSES

Fead Preparation

Dingot Uranium Dissolution. Further instantaneous dissolution rate studies with
unirradiated Dingot uranium-silicon alloys indicate that about 0.05 weight per cent
silicon 1s required to produce an overall dissolution rate in nitric acid compar-
able to that of production Ingot uranium. Past cbservation of varying dissclution
rates with different samples cf both Dingot ard Ingct uranium dictates caution

in the interpretation of disscluticn rate comparisors based or experiments with

a limited number of samples. Experience with many batches cf production metal
would be required for a rigorcous comparison.

Solvent Extraction

Coated Pulse Column Plates. Testing of potentially crganic-wet pulse plates has
veen reinitiated (cf. EW-56185 C, p.2). Thes ccalescence charactaristics of linear-
Polyethylene ccoated stainless steel plates which have been platen-pressed, oxidized
stainless steel plates, zirconium plates, and pclyethylene Raschig ring sandwiches
between two stalnless steel platss were evaluated in a 3-inch dismeter by 3-foct
long glass pulse column. Only the platen-pressed coated plates exhibited coalescenae
characteristics egquivalant tc that of sclid polysthylene plates.

Anion Exchange Processes

Decontamination of Purex 1EP by Anion Exchenge. Coctinuaticr of the werk reported
lagt month indicatszs that Purex 1BP can he effect_ve*y decorntaminated by cne cycle
of anicn exchange using Permutit SK. Additicn of aiuminum ritrate tc the fluoride
centalning wash seluticn cuts down the plutenium logs withcus sacrificing the
zirconium rﬂmova¢ The use of a washk sclusior certainirg 7.2 M HNO3z, O, 056 M HF,
0.056 M Al(NC3)3 interposed tetween two ritric acid washes gave a zircerium-nicvium
decoutam_nation fuctor of 3.8 x 104 or Purex 1BP. The rutherium-rhedium acztivity
iz the eluted product was less than 103 #/m/ml. Optimum ccncertrations and volumes
for the wash solutions have not yet been essablished.

Higgins Ion-Exchange Contactor. The effects of resin push pregsure on resin and
slip water were continued on & special grade Permutls SK resic (greater than 90
per cent betweern 30 and 50 mesk) in lieu of the starndard grsde 20 ¢ 50 mesh
Permutit reported last month. Prelimirary results irdicate very similar behavior

12383b%
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of the two resins, except that the special grade resir requires higher push pres-
sures to produce a given resin flowrate or to produce jamming. A jamming occurs
at about 40 psig on the specisl resin as contrasted to about 25 psig on the
standard grade.

Plutonium Processes

Plutonium Oxide Chlorimator. When exposed at £00 C to a vapor phase containing
alr and carbon tetrachloride, platinum corrcded at about 0.1, Baker 413, Hastelloy
B and Hastelloy C at 5-7, Baynes 25 at 16, and 30k-L at 150 mils/mo. Considering
these and past data, if a chlorinator were toc be coustructed to operate in all
three enviroanments proposed for chlorination of plutcnium oxide - phosgene,
hydrogen chloride, and carbon tetrachloride - Hastelloy B or Hastelloy C would

be the best choice from s corrosicn standpoint.

Chlorinator Gag Scrubber. Studies have beern initiated to develop a scrubber to
handle the off-gases from the 234-5 plutonium chloride converter. A one-inch
diameter, three-foot long glass colummn packed with 1/L-inch stainless steel Raschig
rings was installed. A phosgene, carbon dioxide arnd chlorine gas mixture {8-to~i-
to-1 volume ratio) was fed to the urnit at a rate of approximately 100 liters per
hour. With & N NaOH fed %o the column at tern liters per hour, the following
observations were made:

(1) Column height is adequate for total abscrption under optimum conditions.
(2} The optimum absorption temperature is approximetely 40 to 60 C.

(3) Bicarbonate precipitation occurs in the lower packing section when a
caustic strength greater than 4 N NaOE is used.

(4) At temperatures greater than 60 C in the lower packing section loeal
scrubber upsets occurred.

(5) An unidentified dark brown "slimy” precipitate formed at the lower end
of the packed section.

A second unit containing carbon Raschig rings is presently being installed. The
unit consists of a three-foot long, 1-1/2 inch diameter section packed with
1/4-inch rings and & three-inch diameter "gas-feed" section packed with 3/8-inch
rings. Provisions are provided for controlling the scrubber temperature.

Corrgsion of 304-L by Hydrated PuCli. An estimate of the attack on stainless steel
hoods -by contact with hydrated PuCl3 was requested. Samples of 304-L stainless
steel in contact with PuCly, along with a water-saturated cotton swab, were sealed
in vials. After tweo months, the steel samples were severely pitted. The rate of
attack was estimated at about 10 mils/mo. While the environment involved is more
severe than anticipated in process hoods, a protective coating such as sprayed
plastic appears desirable.

123837 DECLASSIFIED
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Flurex Development

A sample of platinumeclad tantalum (Metals and Controls Corporation) was evaluated
as 4 possible anode material for the Flurex process. After about 1270 hours use

of this material at four amps/in.e, the platinum cladding was almost entirely re-
moved and the cell resistance roge rapidly. The average corrosicn rate during this
period was 0.026 mg/amp.hr. which is in excellent agreement with previously observed
rates for all-platinum ancdes. It was concluded that this material has no advantage
over all-platinum ancdes.

Similerly, a sample of Tirreloy B (Iomics Incorporated) is under evaluation. This
waterial is called "platinized tantalum” and does no*t have the lustrous surface
characteristic of platinum. The sample available is platinized on one surface

only. When both surfaces are in contact with anolyte (0.5 M NHNO3, ph 8-9) the
electrode resistance is high - characteristic of tantalum. If only the platinized
gurface is exposed, the resistance ig low and comparable to that of a platinum anode,
This behavior is not as yet explained. The average corrosion rate cobserved for the
first 66 hours exposure of Tirreloy B (platinized side only) was 0.085 mg/amp.hr.

Pyrochemical Prccessing

Padwvadsdanm AP Tladrm T srd el Wnceem s s At armd’';m P i wmMlsrdkmmtiim adma AT 7 e Tk



C-5 HW-57636

Submerged Combustior

Document HW-5462Lk, "Propesal for Plant Scale Submerged Combustion Test,” was

issued., Based upon 321 Building tests on a l-millicn BTU/hour submerged combus-
tion unit the ipstallation of a S-miilion unit in a 750,000 gallon 200 Area tank

is recommended. The recommended test unit would be used to concentrate 2,300,000
gallons of coating waste to regain 1,500,000 gallicns of storage spece worth approxi-
mately $540,000. It is estimated that capital investment ard operating costs would
total $25C,000 fer the proposed test.

Heat Transfer Studies - Packaged Waste or Fissior Products

Studies are being initiated to investigate the heat transfer problems associated
with the storage of large amounts of concenirated fission preducts (e.g., calcined
high level waste, large. fission product sources). Inltial studies are to be made
in a two-foot length of four-inch pipe. Nichrome V heating wires on half-inch,
equijateral triapgular spacing will be used to simulate unifcrm heat generation at
a rate of 14,000 BTU/cu.ft. These studies will be initially directed toward learn-

ing the effect of particle size on the apparent thermal corductivity of granular
sclids.

QObgervation Wells

The concentrations of radioactive material in ground water monitorivng wells adjescent
to the 216-A-24 crib continue to lncrease. All four monitoring wells near the site
now reveal coctamination in the ground water, indicating that 1ts source is prcbably
the boiling tank condensate discharged tc the 216-A-24 crib. The appearance of
radioactivity in the ground water beneath this site only four mocths after the

crid was put into service may indicate a rather short useful life for the facility.

Scil analyses were performed to evaluate the type of material encountered in dril-
ling well 699~35-54, now under congtruction {Project CG-T764%). The contracter
reports encountering consclidated "rock” formations cemented with calcium carbon-
ate. Samples from the site contained less than 0.2 per cent caleium carbonate, as
compared with 25-4LC per cent found in samples of typical cemented materials from
other locations.

High Level Wastes

Measurement of specific gravity and surface tepsion of synthetic, high level, Redox
wastes was ccoplicated by the crystallizaticn of solids as the temperature was
lowered. ¥For some of the wastes tested this effect reversed the normel temperatire
relationship of these variables. Measurements were made with wastes simulating the
composition as it is discharged to the tanks (1X), wastes concentrated to 3/L
volume (1.5X), and wastes concentrated to kalf volume (2X). Salt recrystallization
was found to occur at 20 C in 1X westes, 60 C in 1.5X wastes, and 75 C in 2X wastes.
The viscosities of these solutions appear to be much less affected by salt recrys-
tallization as the temperature decreases.

Laboratory research %o measure the permeability of soils for synthetic, high level,
Redox wastes at various temperatures was completed. The analysis and interpretation
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of data from this research 1s in progress. As part of this study an attempt was
made to pass unfiltered, synthetic waste through a column of Touchet scil at 100 C.
Even at a hydraulic head of 325 cm of water the waste penetrated but 20 cm. Scldids
present plugged the soll within a distance of a few millimeters.

Three tests similating the loss of Redox high level waste which had concentrated
to 80 per cent of the original volume were conducted. In all three tests the
waste erupted at the ground surface after 60 to 100 gallons were discharged below
tha center of a seven foot by seven foot plate buried some seven feet underground.
Examination of the soil beneath the plate revealed that the waste flowed to the
edges of the plate and then upward through the backfill material. The sludge
build-up, evident on the scil in contact with the plate, plugged the pore spaces
in the s0il and encouraged lateral spreading of the waste. This finding suggests
that previcus estimates concerning "maximum permissible leak before detection”
were ccnservative,

Dispesal to the Ground

lLaborateory %tests were conducted to study the rerovel of alpha parﬁicle emitters in
CAW {Recuplex) wastes by soils. It was found that about cme fourth of the alpha
particle Emisaions ip this stream originate from Pu33?, the remainder being largely
from Am .

30il tests indicate that adscrption of plutcnium is very low from these wastes.
This low removal may reflect the competiticn afforded by groas quantitles of alumi-
num salts in the waste or may indicate the formation ¢f a complex plutonium anion.
Isotopes representing about one-fourth of the alpha-particle radioactivity in the
waste were removed by an anion exchange regin.

TRANSURANIC ELEMENT AND FISSION PRCDUCT RECOVERY

Neptunium Recovery

Solvent Extraction in Purex. Batch extraction gstudies izdZcate that additicon of
dichrcmate in low concentraticn {e.g., 0.01 M) to The Purex HA system is probably
feasible as a means of insuring extraction of meptucium. Oxidaticon to neptunium{VI)
was rapid at rocom *temparature while cxidaticn of plutenium(IV} wag apparently slow
ag indicated by the fact that the plutconium distribuiion zcefficlert was not signi-
ficantly aitered by additicn of dichromate. This approach therefors offers the
poesibility of adjus®ing toth plutonium and neptunium to their most readily
extractable valence states, neptunium{VI) and plutcnium{IV),

Distribution data indicate that considerable reflux of fission product cerium
would occur in a Purex HA system containing dichromate. It is expected that cerium
deccontamination lost i the first cycle would be recovered in the second cycles,
nowever. Indeed, reccvery of cerium-14lt in pure form might *“ken be possible from
backeycled second-cycle waste.

Physical performance was satisfactery wizh dichromate-ccontaining feeds and Purex
plant I0O solvent (which hag been exposed to alkaline permanganate in the solvent
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treatment cperation}, Io earlier wcrk with fresh solvent, however, pocr phase
separation and formaticn of organic-scluble chromium{III) compounds was observed.

Laboratory studies indicate that neptunium should exist predominantly as neptuniun{VI)
in Purex 3WB (backeycled waste). Neptunium{VI) is favored by high acid and low
nitrite concentrations in boiling acid-citrate systems. Reduction cf neptunium{VvI)
by nitrite was found t¢ occur rapidly acd completely 2t 2 M nitrie acid but not at
higher concenirations.

Reagent grade mangarese dicxide proved ineffective as an oxidant for neptunium(IV)
in 2 tc & M BNO3 sclutions with amcunts of MnOz equivalent to 0.1 or 0.2 M.

Isolation and Purification of Neptunium. Abaorption of neptunium from boiled-down
Purex plant . ODW by Permutit SK was studied as a function of the concentrations of
ferrous sulfamate and uranium. As little as 0.005 M ferrous sulfamate gave satis-
factory loading of ceptunium. High uranium concentrations {e.g., 130 g U/1) sueh
as are presert in currert Purex 3WB gave very low resin absorption capacities for
neptunium. By asnalogy with earlier work with plutcnium(IV) it will probably be
necessary tc maintair the uranium concentratioc irn ZIW concentrate at 0.1 M or
less to Ilnsure the desired resin abscrption capacity.

Attempts to remove plutonium and thorium from neptunium solutions on Dowex 21 K

(50 - 100 mesh) by weshing with 12 M hydrochloric acid gave severe gassing. Recon-
version to nitrate and elution at elevated temperature gave a ccncentrated product
sclution but the geparsticn from thorium was not complete. Elution at temperatures
abeve 50 C produces considerable gassing, apparently due tc Sxidation of neptunium{ IV)
to reptunium(V).

Studies of loading on Dowex 1, X-4 (50 -~ 100 meskh) showed that high concentrations
of nitrite reduce neptunium to neptunium(IV) in 9 M nitric acid. This was coafirmed
by experiments in which tetraethyl ammonium nitrate was used as a selective preci-
pitant for neptunium(IV). In 4.5 M nitric acid, reduction to the neptunium(IV)
st1ll takes place in the presence of a driving force such as a precipitatiorn
reaction, but at a lower rate.

Solvent extraction of aeptunium with 30 per cect TBP is ap alteruate means of
separation of thorium acd neptunium. Adequate separation was demonstrated with
macrce concentrations of neptunium and thorium. With the approach being studied
oxidation to plutoniumiVI) would be necessary tc cobtairn separation from plutonium.
Oxidaticn by 0.1 M dichromate proved to be much sleower for plutorium than for
neptunium, however.

Reprocessing of Irradliated Neptunium. Solvent extracticn with diluted tertiary
amines is under investigation as an alternate to apion exchange for the reproces-
sing of irradiated neptunium. Interest in this approach stems from the fact that
severe radjation dosages will be encountered in this operation and the products
arising from radiation damage %tc tertlary amines apperently dc not hamper their
use. BExploratory studies indicate that good separation of neptunium and pluton-
ium from each other and of both from thorium, is possible, and that stripping from
the organic phase is satisfactory. Pormation of %wo crganic phases has been
observed with tri-n-octylamine sclutions in xylene and organic phase neptunium
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ccoeentrations of 5 g Np/lL or greater. This may not be a severe limitation, however,
and may pessibly be avelded by use of a different amine such as tri-lauryl amine.

Casium Recovery

Two additional one liter samples of Purex plant 1WW were loaded intc the cell during
the month in preparaticn for cesium recovery runs. Both samples coantained solid
material (presumably silicic acid) to the extent of about four per cen%t by volume

in the centrifuged samples. Measurements through the cell walls irndicated, as was
found previously, that most of the total 1WW gamma activity is ssscciated with this
precipitate. These recent observations further show that the presence of solids

in 1WW is not an isolated chance happening but rather a routine occurrence. Every
gample examined to date has contained sclids. The presence cf these solids can be
expected to complicate any contemplated prcocessing of Purex 1WW.

Full scale demonstraticn of the wet chemistry portion of the cesium recovery process
has been initiated using a similated partially-neutralized Purex 1WW. The fzed was
first neutralized to a pH of 6-7 using 50 per cent caustic and precipitation temper-
atures of 25 C and 90 C. Prior experiments have indicated formation of 15.8 and
10.3 volume per cent solids, respectively at the two temperatures. The slurry was
fed at five gallons per minute to a B~Plant type 40-inch Bird centrifuge for periocds
ranging from 90 to greater than 170 minutes {depending orn the centrifuge speed and
precipitation conditiong) before solide were visually detected in the centrifuge
effluent. In general, cake removal by 90 psig spray was ineffective. Removal by
both plowing and sprayilng was 8C-90 per cent effactive for cakes formed at low
gpeed centrifugaticn. However, hot 30 per cent HNO3 was required tc remove the

cake formed in high speed centrifugation.

Detailed drawings of the cesium isolaticn and packaging protctype ars 95 per cent
ccmpleted except for the maln suppert freme drawing. Work orders have been issued
for 25 to 30 per cent of the shop fabrication werk, '

Four test product ccntaipers were fabricated tc tes*t the propcsad metal "O"-ring
threaded cap seal. Preliminary data indicste that the seal iz satisfactory.

This seal has been tested with steam prassures as high as 600 psig and attendant
temperatures of 350 C. The gteam presgure was generatad by heating water in the
container with an electric furnace. The seal has alze teen subjected to cyelic
operation of alternate heating and ccoling without lcsing the seal's effectiveness.
Further tests are planped %o explore torques other than 50-foot pourds tc tighten
the cap and different seal grocve dimensions <o determine %tke allcwable tolerances.

A newly designed ion chamber for measurement cf Csl37 using a single lavite insulator
end a grounded guard ring at the cable connector end of the chamber has been tested.
It exhibits an excellent voltage plateau from 75 to 600 volts, iz a 60 R/hr radia-
tion Tield. Ancther chanmber cof similar design tut using a polystyrene insulator
because of its easgier fabrication will alac be tested and used if satisfactory.

Both types will be tested in a flux similar to tha* expected ir the cesium packaging
facility {8 x 10" R/nr).

{238312
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Strontium Recovery

Experimental work on the nitric acid stroentium recovery process has been completed
and & summary report is in preparstion.

Solvent extraction processes for strontium recovery are uander investigation, and
scouting experiments are being carried out with di-{2-ethyl-hexyl)} phosphoric acid-
Amsco mixtures. Abllity of ZEHPA to separate the allkaline earths from each other,
as well as te separate strontium from the other fission products, is heing explored.

Technetium Recovery

Studies are in progress to determine the path of technetium ir the Hanford separa-
tions plants and to evaluate methods of recovery. An unidentified beta activity
in the recovered nitriec acid from the uranyl nitrate calciper is suspected of
being technetium, and this stream 1s receiving first attention.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Neptuaium Analysis

The concentretions of the tbhree most stable valence states of neptunium in a solution
can be easily determined by controlled potential coulometry. The method consists of
three successive titrations in the same cell as follows: The peptunium(VI) is first
selectively titrated to neptunium(V), after whick all neptunium{V} is titrated to
neptunium(VI). The initial neptunium(V) and neptunium(VI} concentrations are cal-
culated from these results. The neptunium{IV) in the sample, which is not oxidiz-

able at the platinum electrode, is then completely oxidized by ceric ion. The

excess ceric ion is selectively destroyed by coulometric reductior efter which the

total neptunium content of the sample is determined coulometrically by a neptuniwm(VI}/V)
titration. '

The development of a radiochemical analysis method for peptunium-237 using anion
exchange separations has been completed. The method has some advanteges over the
TTA extraction method by veing applicable to solutions of higher salt concentra-
tions, and by having better plutonium, thorium, and zirconium decontamipation.

The recovery of neptunium is at least 90 per cent complete and a neptunium-239 tracer
is usually used to permit yield corrections. The neptunium is loaded on & small
Dowex-l, X-4 columm from a 4.5 M HNO: solution containing ferrous ion and semi-
carbazide to maintain the neptuﬁium(%?) and plutonium(IIl) states. After a mitric
acid wash, the neptunium is eluted with 0.25 M BNO, contalning a trace of cerium(IV)
and determined by alpha counting. Modifications fdr greater decontamination include
successive washes before elution with dilute HF in 4.5 M BENO, for better fission
product removal and with 12 M HCl containing HI for better taorium and plutonium
TENOVA] .

Analvtical Service

Two improvements were made in the mass spectrometer isotopic assay of plutonium.
Directly mounting aluminum-plutonium alloy on the filament gave data equally as
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precise as mounting plutcnium alone. If aluminum represents more than 85 per cent
of the alloy about 30 per cent longer sample pump~out time was required, however.
Secondly, the methcd for chemically purifying plutonium in dissolver solutica was
improved. The analyst sustained rather low radiation hazard even though cne milll-
liter of dissolver soclution was required. Purificaticn includes & lapthanum
fluoride strike, dissolution in saturated aluminum nitrate, extraction inte TTA,
stripping iato & M HNO3, absorption on Dowex-1, and elution with 0.35 M HNCy.

EQUIFMENT AND MATERTALS

Pump Development

A Randolph, Squee-Gee pump, a peristaltic pump under evaluation for possible
23k+5 metering service, has performed fairly well using s Tygcn tube while
pumping 5 M HNO3 at rcom temperature. Using a 1/2-inch 0.D. by 5/16-inch I.D.
tube the pump has cperated at a five liters per hour rate against a 10 foot
discharge head for 384 hours. The unit would prime with a G4%-inch section 1ift.
Speed control has been erratic but is helleved to be due to the Thyratroo electri-
cal unit apd to a slightly dameged ball btearing in the gesr-mchor drive. The
tubing is to be given irradiation tests before additiconal mechanical testing.

A Jacuzzi submersible motor-pump, & 21 stage 4-inch diameter brass pump, has been
operated for approximstely 400 hours, punping water at an estimated 6 GPM. Life
testing is being ccoducted to determine its suitability for cold chemical service.
No "hot" or corresive application 1s foreseen since the mc*or relies ¢m 2 mechanical
geal for winding protection.

Solencid Control Valve

The magnetic sclenoid contrel valve has prover partially satisfactery, yielding
satisfactery flow control over a 3«fold flow range. Currently the coil is being
changed to permit DC current use in an effort to ohtain greaser rangeability.

Conticuous Calciner Agitaters {2zZL-UA Buildipg}

Hinged-arm agitator arms (Mod IIX, dwg SK-2-43238) were redesigmed {Mcd III, SK-2-43238)
for the 224-UA Building ccntinuous caleiners af+er twe arm failures occurred due to
fatigue failure of welds. Each arm had operated a“out 300C Lcurs. A Mod IV arn

using a beam pin instead of a shear pin is being copsidersd in crdsr to reduce

fatigue stress in the arm,

Nop-Metallic Matarials Testing

Samples of linear pelyethylene which were in the Purex H-1 tank frem February 28
until May 22, 1958, were inspected. The samples were smcoth and strong. There was
2o evidence of chipping at the edges ncr gurface damage. Th2 total integrated dose
calcutated for *hese samples was 1.2 x 109 rad. A total dose of greater than 109
was estimated from the cclor change of the sample. With proper suppert this material
could te used in Purex HAF and similar solufions for at lsast 90 days. These data
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also indicate that, if supported to avcid high stress areas (greater than 1000
1b/sq in extreme fiber stress), the HA Column scrub section plates should not
disintegrate because of radiatior damage at up %0 1 x 109 rad.

Two blow molded linear polyethylene bhellows manufactured on special order by
Continental Can Company have been flexed to failure. The bellows were compressed
3/8-inch at a rate of 18 cycles per minute. Failure occurred after less than
105 ¢yeles. In their present form these linear polyethylene bellows are not
attractive for use in separstions plant pulse generators.

Two experimental polyurethane rubber gloves, made ir the B.F. Goodrich development
laboratory were tested in the usual solutions. One glove was O.004 inch thick and
the other was 0.008 inch thick. The material failed within 10 minutes in 60 per
cent nitric acid but lasted ome hour in 30 per cent and 24 hours im 1Q per cent
solutions of nitric acid. The 8 mil sample was penetrated bty Recuplex CAX im 4.5
hours while only *two hours were required by the thinner material. I% alsc failed
after two days in Purex EAX. EHexone, carbon tetrachloride arcd 50 per cent caustic
caused no noticeable effect. Gloves made of polyurethane rubber should offer much
more profection in the presence of Recuplex CAX than the gum rubber gloves used
at present. '

Haveg 093, a product of the Haveg Corporation was tested in the usual process
solutions (caustic, nitric, solvents) plus three special acid solutions (1 M HF-
1 M HNO3, 1 M HC1-12 M ENO3, 2 M HC1-5 M ENO3). The material wes unaffected by
30 days immersior at room temperature. Haveg 093 is offered as & msterial which
will withstand HF. It was noted that this material slowly lcses weight when held
at 100 C in air. Tests at the boiling peint of several scluticns are in progress.

FROCESS CONTROL DEVELCOFMENT

Agsistance to Chemizal Procesging Department on Process Control Instrumentaticn

The Purex XAF and XAP ganma absorptiometers became inoperative after eight months
. of continucus operation. The compensating ion chambar on the XAF unit developed
a leak and had tc be replaced. The scurce ard icn chamber on the XCP absorptio-
meter had tc be realigned after scme displacement which cecurred durirg a mainten-
ance job. Bo*h units have been restcred to service and have beer in continucus
use for three weeks.

Nitric acid concentraticns in excess of flowshest amounts have been detected in
Purex acid absorber overheads in recert weeks. At the request of CPD - R&E perscn-
nel, a dual range, 60 cycle conductivity instrument which measures nitric acid
concentrations from 0.1 to 1.0 and 1 to 10 grams/liter was designed, fabricated
and delivered to the plant. The system will have & reccrder readout in the

central control room and will asgsist in the control of the acid fractionator and
acid absorber to minimize acid carryover to the overheads.

Calciner Control Instrumentation

The programper to 2ontrol the steam purge during startup and shutdown of a calciner
has operated satisfactorily in tests in the semiworks. Arrangements are underwvay
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to install the programmer in the 224-U Building in the near future. The prograrmer
to control the main heaters on the calciner has beer designed and will be fabricated
when the proper switches arrive, The ccmbined cperaticn of these two programmers -
will effectively automate the calciner startup from stand-by *o full operation, and
the shutdown step back to the standby condition. ‘

¢-12 HW-57636

Preliminary semivorks tests with a Foxboro megnetic flowmeter indicate that it will
perform satisfactorily on 100 per cent UNE solutions.

NON-FRODUCTICN FUELS REFROCESSING

Mschanical Precessing

Initial tests with a 40-ton hydraulic shear using straight knives ard chopping
simulated fuel elements (porceslain-filled stainless steel tubing bundles) showed
that: .
{a) A 150-ton capacity shesr would be required for chopping the largest
lmown non-producticn reactor fuel element (N/S Savannah) without first
making smeller subaggemblies.

(b) Chopped segment end closure is more a fumction of element core material
than cutting pressure.

(¢) "Pine-size" chopping (less than one-inch segments) of large-cross-
section bundles is not practical.

Future work will continue these studies using shesr knives and elements of varying
materials and geometry.

"Wet” shesring of reactor fuel elements may be necessary to ccntrol dusting.
Ethylene glyccl is a candidate for shear bath liquid durirg the chopping of Na-bonded
elements since it is 2heap, water-soluble, has a high bciling peint, and will react
slewly with Na at water dilutions up to ten per cent. Beaker-scale NaK and ethylene
glycol reactions will be studied.

Fz2ed Preparation

Sulfex. Studies of the dlssclution rate of 304-L stainless stzel in sulfuric acid
indicate an optimwmr sulfuric acid ccncentraticn of 1-L M. Adeguate peretration
rates and terminal stainiess steel concentratiocns are chbtairved. Higher concentras
tions produce mere rapid disscluticn bu* would unnecessarily increase the size of
the off-gas system and aggravate ccrrcsion problems. EHastelloy F corrcdes about

20 and 10 mils/mo. in & M and 3 M HoS0), respectively. The presence of stainless
steel dissolution products reduces these rates markedly. Solution annealing of
walded material 1s required ¥c prevent preferential attack of weld me+al. Hastelloy
F specimens present durirng several laboratory dissclutions of 304-L stainless steel
in 3.5 M HpS0;, showed average corrosion rates of about five mils/mc. Corrcsion
rates for Hestelloy.F in 4 M HoSO, under beat transfer conditions {metal temperature
140 C) are in excess of 100 mils/mo. These rates are reduced to< 10 mils/mc. when
stainless steel dissoluticn products are present. The presence of either ferric
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ion or nitrate ion reduces mariedly the corrosior of Hastellcy F by sulfuric acid
solutions. However, ferric ion drastically reduces the disscluticn rate for 304-1L
and increasses the attack on metellic uranium. Possible use of nitrate ion as a
corrosicon inhibitor is being evaluated. Low sulfate concentrations (as might
occur from incomplete washing of Sulfex declad elements) have nc effect on the
corrosion of Hastellcy F or 304-L by core dissolution solutions (HNO3-UNH).

Niflex. A sample of U-95 per cernt Mo alloy dissclved at rates two~ to three-fold
lower thap Ingot uranium under Niflex core dissolution conditions. A trace of
solid was present in the terminal solution (O.24 M U}. About one volume per cent
solidhépresumably molybdic oxide) was present after the solution was concentrated
to Q. MU.

Preliminary tests indicate corrosion rates of about 200 mils/mo for Ni-O-Nel and
Incoaley 804 in boiling 1 M ENO3 - 2 M HF. Ni-O-Nel may alsc be satisfactory for
Sulfex and Zirflex decladding. Evelustion of Ni-O-Nel in solutions high ip nitric
acid concentration and low in hydrofluoric acid concentration {&s migkt be used
for nitric-hydroflucric acid core-only dissclution of alloyed cores) will be made.

Darex. Pilot plant operations were broadened to include the sequential dissolution
of stainless steel and uranium dioxide. Type 304 stainless steel 32 mil tubing
(one piece wrapped with.a small piece of copper wire to preclude passivation) was
dissolved smoothly and completely In 1.25 M ECl and 2 M HNO3 in twe to three hours.

The resultant solution was butted with nitric acid ard used for three separste
dissolutions of sintered or compacted UOp. Complete dissclution of the UQs was
obtained in 7, 5, and 4 hours at nitric acid concentratioms of 1.5, 3 and M,
respectively. The HUCl concentraticn was in the range of 1 to 1.2 M and the
terminal uranium concentration 0.3 M.

The chloride coacentration of the dissolver effluent was reduced from 1.25 M
(~r35,000 ppm) to 50 ppm by a four-step procedure: {a) concentrate the feed by
e factor of two, (b) add a volume of 60 per cent nitric acid equal to the volume
of ‘the original feed, (c) boil under reflux for three hours, acd (4} concentrate
slowly to 1/5 of the original volume.

Destruction of Oxide Films on Zircaloy. The rates of destruction of the passive
oxide film on Zirecaloy by ammonium-hydrogen fluoride melts increase with the hydrogen
fluoride concentration; however, the rate of attack of the underlying metal in-
creases even faster. The rate of reaction with metal is greatly reduced by satur-
ating the sclution with zirconium. Thus, the optimum solution for selective removal
of the oxide film is one low in hydrogen-fluoride and saturated with zirconium.

Zirflex. Additiopal Zirflex dissolution runs indicate that the ionic conductance
in the dissolver pot is at least an empirical index of the completeness of the
zirconium dissolution. With a laboratory-type conductivity bridge (mot capable
of & precision greater than *2 ohms) the conductance changes from about 0.025 mho
at the beginning of dissolution to 0.018 mho at completion. These values have
been reproducible in four runs, but differ from those values reported previously
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in that a lower fixed capacitance was used in the bridge circui+. An industrial~
type conductivity indicator recorder will te required to improve the precision
and ¢btain a continucus record of conductance vs. dissolution time.

Solvent Extraction

Stability of Process Sclutions. Studies on the stability toward precipitaticn of
Redox-type IA Column feeds (IAF) feed pcint (IAFS) and aqueous raffinate (IAW) solu-
ticns were essentlally completed for Darex derived feed soluticns and cortinued

for those derived by Niflex dissclution. Alloyed cores have not beer considered

sc far in these studies. They will be included iz future studies on Niflex dis-
solved feeds and cn feeds preparesd by HNOB—HF dissolution of allcyed fuel cores

ouly (separate decladding). The studies Sc¢ far can be summarized by *the state-

mept that stable solutions derived from eitier Darex cr Niflex dissolver solutions
are at a lower pH (ca. O) than current acid-deficisnt Redox IAF solutiors (pH ca., 1).

Oxidation of Flutonium in Darex and Niflex Feeds. In experimerts done to date no
difficulty has been found in oxidizing plutonium to Pu{VI) in either Darax or Niflex
feed solutions. Greater than 99 per cent Pu(VI) was obtained in less than one hour
heating at 95 £ 3 C when the socluticos were made 0.1 M in NaQCrQOT.

Solvent Extraction of Darex and Niflex Prepared Fesds. Bateh ccntact studies simu-
lating Redcx IA Column extraction of Darsx feeds were made in which feed acidity,
salt strength, and ursnium/stainless steel mole ratio ir the feed were varied. At
the minimum acidity for Darex feeds {approaching irstability “oward sclids forma-
tion) gross beta and gamma distribution ratios were higher by factors of two to
five than those cbtained in comtrol runs simulatirg a standard Redox #4 flowsheet.
Gross betsa and garms extraction inersaged markediy with irereased acidity. Uranium
and plutonium distribution ratics wers, in neerly all cases, as high as ¢r higher
than theose in the ccatrel runs. Bateh acrubbing o2 the crganics from thege rins
gave as grod or better decontaminstion as obtained in +hke czp*rcl rups. Among

the three generally mest extractable fission preduzts, ruthenium, zirccaium-nicbium,
acd cerium, no cne appears to be particularly limiting with respsc® tc decontamina-
tion. While JA Column decontaminmaticn approaching that in current Redox proces-
3ing is indicated by these studies for minimum scidity Darex feeds, it is probable
that in practice mere acidic feeds would be emploved az a safety fachtor against
solids formaticn., Lower decontaminatios Yy factors of from 10 to 100 might then

be axpected.

Mini mixer-setiler extfacticn runs (eigh®t exiraction stages - four seyub stages)
have been started with simuiated Niflex feeds spiked with dissclver sclutiorn. In
Preliminary runs. cverall grozs teta and gamma deceniamiration was lower by factors
of from 10 t¢ 20 than for a control run simulatirg a Redox flowsheet at low uraanium
concentraticn in the feed. In these runs the aquecus raffinate (IAW) was unstable
toward solids formation even when the feed was acid.

Redcx Processicg of NPF Feeds. Tentative run plans have Leen establishsd and trans-
mitted to ORNL frr the semiworks-scale demonstraticr of processing NFF materials
under mcdified Redox flcwsheet ccaditicns in packed columns. A total of ter radio-
activaely-"het" HA-BC column runs is propcsed: *we runs with baesic Redcx feeds and
flowsheets, fcur runs with varied Darex-ftype feed zclutions, two runs with
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Niflex-type feed sclutions, and one run each of Zirflex- and Sulfex-type feed
solutions. Ewmphasis will be placed on ccnfirming chemical compatibility of the
Tlowsheetls, defermining overall cclumn operating characteristics, determining gross
fission product decontamination performance, and obtaining waste loss data. The
start of the studies has been delayed until the first part of October. The studies
are expected to require about six weeks' tinme.

Further supporf activities for this program include the concentration and shipment
of the stainless steel solution from the first five Darex runs and shipment of
hexone and aluminum aitrate solution to ORNL.

Criticality Studies - Feed Materials Preparatlon. The feedstock for the second
PCTR criticality experiment (E/U atomic ratio of 6) using three per cent U-235
enriched U0y was prepared and delivered. Thiz shipment included UOB to which
boron had been added as a poison.

Analytical Sexrvices

Uranium in Darex sclutions was measured with the gamma absorpticmeter at a precision
of 5 per-cent, The uranium was first salted into 30 per cent TEP with aluminum
nitrate.

Bismith was measured colorimetrically with a bismuth - potassium iodide complex.
Low level uranium and preponderant aluminum did not interfere. - An error of about
25 per cent was not excesgive for immediate needs.

REACTOR IEVELOPMENT - 4000 PROGRAM

Potassium Chloride-Aluminum Chloride System

The behavior of plutmium in the A1C13-KC1l-Al system is apparently unaffected by
uranium present to the extent of about 15 w/o in the metal phase. Using a salt-
to-metal ratioc of 1.5 and s wranium-to-plutonium ratio of 100, about 7.7 per cent
of the plutonium and 92 per cent of the urenium were found in the metal phase.
These values agree, within experimental error, to the reduction yields cbserved
when uranium and plutonium are eguilibrated in this system independently of each
other.

The effect of sali mcdification on the reduction of uranium in the alkali aluminum
halide-aluminum system was investigated in preliminary experiments. The replace-
ment of potassium chloride with sodium chloride resulted in an increased reduction
yield for uranium, while the use of cesium chloride had an opposite effect. An
increased reduction yield was also noted when the potassium chloride was replaced
with potassium bromide. The above findings are in accord with the behavior expected
from theoretical studies (cf. EW-57225 C, p. 5).

Preliminary experiments were performed to test the possible removal of cerium from
& Ce«lilh spiked plutcnium-sluminum alloy by liquation in a magnesium oxide crucible.
Although the reaction is thermodynamically favored, holding at 800 C for twe hours
failed tc reduce the Ce-l144 activity of the metal. At 1300 ¢ some activity was
transferred to the crucible but data are incomplete.
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The behavior of cerium in the reduction cf plutonium by magnesium in the AI1CLKC1-Al
system was briefly studied using cerium-1hd tracer. Under conditions of §5 to 99
per cent reduction of plutonium, 65 to 75 per cent of the cerium was reduced. The
reduction of the cerium can be partially suppressed by addition of excess magnesium
chloride, however, it iz suspected that this would also result in a decrease in
plutcnium reducticn.

Zirflex Decladding of PRTR Pu-Al Fuels

Uranjum~aluminum alloy rods of 2.25 weight per cent uranium (as stand-in for plutonium)
were exposed to boiling 5.5 M NHLF ~ O.5 M NHyNO3 for 5 hours. Uranium losses based
on nominal content were 2.9 per cent which corresponds to 4 x 10°" grams lost to

+the solution per square centimeter. The rods were coated with a light green film

and had a nine per cent gain in weight.

Combustible Gas Apnalyzers

On the basis of information currently available, it appears that a combustible gas
anglyzer using platinum filaments will be suitable for dissclver off-gas analysis
for coantrol of explosive mixtures. Two geperal conditioms must be considered for
determining the lower explosive limits (L.E.L) in dissolver off-gases. In cne
cage, the L.E.L. must be determined in a mixture of hydrogen, oxides of nitrogen,
and air, such as in the acid dissolution of plutonium aluminum alloy fuel elements.
The other case, the L.E.L. must be established in a hydrogen, ammonia, alr mixture
such as 1n Zirflex dissolutions. The combustible gas apalyzer will werk satisfac-
tory with either of these systems but a problem still exists in that the L.E.L.
changes with composition and temperature. A literature search has revealed scme
information on the L.B.L. of these mixtures for room temperaturs conditions, but
little for higher temperatures. For initial application z very conservative L.E.L.
will be used until additional information is available.

BICLOGY AND MEDICINE - €000 PRCGRAM

Geology and Hydrclogy

Analysis of recent magnetometer survey data indicates the preserce of a ridge of
basalt conpecting the Yakima Ridge =and Saddle Mountain anticlines In the area
southeast of 200 Fast Area. This low, buried ridge divides the previously defined
Cold Creek syrcline into two depressicns In the tasalt surface.

Data frcm wells recently drilled due east of tke 300 Ares in the Colwrbia Basin
Irrigation Project disclosed an east-west trending, low but bread basalt ridge, .
reflected in part in the overlyiang Ringold formaticn. The ridge appears to be
the contipnuation of the northernmost of the two Yakima Ridge anticlines recently
detected and traced by magnetometric surveys. The anticline apparently turns
eastward znd crosses the Columbia River, its crest about 200 feet above sea
level, shout a mile north of the 300 Area.,

Pumping tests were completed in +thrae lccations to further evalimte aquifer
characteristics. The wells pumped were all located between the Hanford townsite
and the 300 Ares. In well £99-42-12 the mixed glacicfluviatile and upper Ringold

" ]
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aguifer wWas found ¢ have arn average permeability of abcout 5000 gal/ft2/day. 1In
well £99-35=-0 {the average permeability of the upper Ringeld aguifer was determined
to be about L0 gal/fte/day. In well 699-16~5 the silty Ringeld mquifer was found
to nave an average permeability of about 130 gal/ftefday. These permeabilities
are consistent with those measured for the same formetions iz other wells.

Further model tests were performed to determine the equipotential lines beneath
a simulsted crid. It was found that the laboratory model could be effectively
doubled in size by meving the "ecrib” to one edge and examining the moisture dis-
trivution under one-half the affected s0il volume. This produces no evident dis-
tortion of the equipctential lires.

Field Apparatus Develﬁpment

The field work for evaluating the magnetic methcd for gecphysical explcration at
Hanford was completed. A report was written which concluded that the method was
valuable particularly in copjuncticn with any local seismic werk. Negotiations

were initiated tc obtair professicumal cczsultan* assistance for complete interpretaticn
of the results of cur surveys.

Thermistor parameterz affecting the performance of a ground water veloclty probe
were evalusted. Externally heated probes proved less sensitive than self-heated
probes. Greater sensiftivity was schieved with the probe in a vertical position.
Sensitivity was alsoc increased by increasing the temperature ¢f the probe and by
increasing the lengtk.

Ground Waste Investigations

Previously it was found that the icns accomparying radiostrontium in a waste solu~
tion had more influence on the rate of removal of the strontium by soils than did
the ions initially occupying exchange sites on the seil. Tests were completed to
determine if this situation were equally true at low conceatrations of accompany-
ing ion. For this purpcse, soil colume tests were run with soluticos corntaining
2 ppm of the accompanying scdium or calcium ion. These concentraticns are about
0.1 of that of river water. It was found that ever of these low ccacentrations
the influenze of 4he accompanying icn on the uptake of strontium (0.1 ppm) for
solution by soils was approximately six times that of <he ions initlally saturating
the soll. This research indicates the importamce cf proper ckemical contrel of
waste streams discharged teo the ground.

Soil Chemistry ard Gecchemigtry

Tests-were completed %¢c evaluate the influence of temperature, phosphate concentra-
tion, end flow rate on the uptake of strontium by a calcidte bed. Of the three
variables, the temperature sppears to be most significsat. Through a l2-cm column
at a flow rate of 750 ml/cm@/hr the C/Co vaiue for a 0.005 M phosphate scluticn
containing 8r90 was found to be 0.88 at 25 C, 0.2 at 40 C, and 3.3 x 10°3 at

60 C. - The C/Co value varies by a&s much as 102 with phosphate concentrations

BECLASSIFED
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rangiag from 0.005 M to 0.05 M. The influence of flow rate is dependent on the
otber variables. For a 0.005 M phosphate solution at 60 C the C/Co velue variss
from 6.7 x 1077 at 50 ml/em?/nr to 3.5 x 105 at 750 ml/cm?/nr. ‘

It was established that vermiculite removes (sl37 from a phosphate solution by
cation exchange only, but strontium removal lavolves a chemical reaction between
the mineral and phosphate ion.

The removal of plutonium by bhauxite from acidic phosphate solutioms was found to
bte ilndependent of temperature and not sensitive to phosphata concentrations above
OC.0L M. The removal by a crushed bauxite bed is very senaitive to flow rate.
Significant plutonium removal occurs only at f£low rates less than 100 ml/cm@/hr.
This low flow rate may be a deterrent to plant applicaticn.

Rupture Mooitor Calibration

Tests of monitor response to an Sb:2% source (2 Mev gamma) over a two-day pericd
showed satisfactory reproducibility in easch of aix instruments. Significant dif-
ferences in response (by a factor of three) among the six instruments tested,
bowever, suggested a poor original calibraticn or inherent differences in sensi-
tivity, eilther of which would make a universal fission produet calibration factor
of limited value. Further testing with the source i3 scheduled.

Radicisotopes in Reactor Effluent Water

Results from additional activation analyses have confirmed some of the preliminary
findings reported in the June, 1958, report on the origins of P32 and As7€ in
reactor effluent water. Most of the P32 arises from activation of material enter-
ing the reactor from disscived salts present in the Columbia River water used.
Impurities in the alum may account for as much as cna-third of the P32, while the
sulfuric acid and aluminum corrosion account for about 5 per cent and < 0.1 per cent,
respectively. Almost all of the AsT6 arises from activation of material entering
the reactor from dissolved salts in the river water. Aluminum corrosion may contri-
hute one to ten per cent and the sulfuric acid contributes less than 0.3 per cent.
The previcusly reperted value for alum has not yet been confirmed.

Continucus removal of radioisotopes from reactor effluernt water on a column of alumi-
num turnings hes been followed for over 50C hours. The removal efficiencies for

P32 (after 220 hours), Mn56, Cub*, znb5, AsT6, and Np239 were measured as 70 per
cent, 45 per cent,88 per cent, 88 per cent, 70 per cent, and 25 per cent, respec-
tively. HRemoval efficiencies for some of these radicoisotopes are still increasing
somewhat with time.

Analytical Services

Cesium uptake studies were supportéd by sodium and potassium flame photometric
measurements. Matrices were acid extrzcts of plant and animal tissues. Indicated

-

error was about 5 per cent.

11 S
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The 320 Building 256 - channel energy analyzer was outfitted with an additional
lesd cave. It has & one-foot square accegs port and permits analyzing 3-quart
samples. Previocusly, sample size was limited to ome-half pint. Calibrations are

rroceeding.

Manager,

Chemical Research & Development
LP Bupp:bp
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A. Jo€l A. Hekenney joined the fxperimental A&nimal Farm as a Biolejical Scientist

on Sertember 15, 1558.

TECMIICAL ACTIVITIES

FI3SICNASLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Atmospheric Contamination

Concentrations of 1131 in thyroia glanas of Jjack rabbits were about two times

higher than a year ago.

ue/z thyroid
Collection Site Average Maximam Trend factor
wahluke Slope 8 x 1074 2 x 1073 -
Prosser Zdarricade 5 x 1074 7 x 1074 -4
I #iles SW of Redox 3 x 107k 5 x 1074 -

Fission proeducts were present in raboit tissues in the followlng amounts
which were below last year by a factor of 2:

Sample e ac/g wet wt. tissues Trend Factor
Average
3one 5 x 10-5 -
Feces 5 x 10~ -
Muscle 9 x 10-0 -
Liver 8 x 10‘6 -

Columbia Riwver Contamination

Contamination levels for beta emitiers were .about the same as a yzar ago.

ue/g wet wt, tissue

Samples Loec ation Average Maximam Trend Factor
FEinnows (entire) Hanford 3 x 10-2 3 x 107¢ + 8
Whitefish flesh Priest Rapids 7 x 10~¢ 1 x 10=> ot samplea last month.
Whitefish flesh F-1 2 x 1073 6 x 10™ + 2
Whitefish flesh Eingold 7 x 1074 2 x 10-3 -
Shorebirds flesh Hanford Reserv.S x 1073 9 x 1073 #
Gulls flesh L x 10-3 g x 10- *
Terns flesh Lx -% & x 10- *
Merganser flesh 1x 10~ 2 x 1073 #*
- Herons flesh 2 x 10-4 6 x 107k *
Jrebes {lesh 2 x 10- 3 x 10~ it
River ducks 1x 10™ 5x 107 *
# Waterfowl from the Columbia are sampled bi-anmnually.
JNCLASSIFIED
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Effect of Reactor Effluent on Aquatic Organisms

Young rainvow trout held in 3 per cent strength reacter effluent since June had a
mortality rate only slightly higher than control fish, their rate of growth was
greatly retarded, however. This strength of effluent has previcusly been
considered as threshold for toxleity and the greater effect observed this year

may well have resulted from the umusually high ambient temperature of the Columbia
River. '

Mechanical difficulties with the well water supply to the Aquatic Bilolegy Laberatory
were corrected and no mortality of trout held in this water was experienced during
tie month. )

BIOLOGY AND MEDICINE - 6000 PROGRAM

MSTABCLISM, TOXICITY, AKD TRAWSFER OF RAVICACTIVE MATERIALS
Phosvhorus
Approximately 350 young trout of a size suitable for an isotopic feeding test
were cbtained from the State of Washington Department of Came. As soon
as these fish have been acclimated to experimental conditions they will ve used
to measure the change in turnover rate of P32 under different temperatures.

Zine

Zarley grown to m%turity in plots irrigated with 100 per cent reactor effluent
contained 1 x 1077 ue Znb5 per ggam dry plant matter compared with an average
concentration of 5. 10"5‘pc ZnC2 per milliliter of effluent. ng efficiency
of uptake is even leas than it appears since about 1/3 of the Zn°-” added last
vear remains and was available for uptake this year. <The lower uptake uncer
field conditions than in the laboratory is presumably aue to poor penetration
of Zn®5 into the root zone. In columns containing loeal soil over 94 per cent
of the Znb5 was in the upper half inch even after several liters of water had
pagged through the colwm. Addition of salt greatly enhances movement of the
zn%? through the soil.

Strentium

Data are available through &L s from the experiment studying the retention
of a single dose of 3r70 and Calt> in mature rats as influenced oy tne total
calcium level of the diet. At all dietary calcium levels 5r¢0 is lost more
rapidly than Ca®? and does not appear to ve influenced by the level of Ca in
the diet. On the two lowest calcium level diets (.03% ana 0,1%) there appears
to be no significant turncver of the initially deposited Ca%”.

Preliminary data throyggh the 39-day sacrifice from the weanling rat exreriment,

in swhich 3r90 and Cabb are chronically fed with diets of various calcium cortent,
incicate nigher OR values (approximately 0.5) than those seen in mature rats.
There appears to be no significant change in the Oh values as a function of
gither time or dietary calcium level.

UNCLASSIFIZD
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Three adult miniature pigs were given 5r70-Y70 citrate solutions via the
intravencus route. The injected aoses used will zive a retained dose of
apgroximately 60 pe SriC-Y Q/kg bodgyweight, which is about 2000 £ MPC for
5r%0 in man. Complete blooa ma excreta data are being obtained.

Twe miniature pigs, 57 and 66 days of age, were placed in baby pig metabolism
cages and fed one 100-uc SrY0-y>0 feed pellet. fxcreta samples will be
collected daily for 15 days, after which the animals will be sacrificed for
tissue activity cetermination.

Preliminary examination of the data from the pi;s auministered Sr®0C intra-
zastrically shows the following: the feces and urine exeretion curves for

growing and mature pigs are very similar, the only apparent difference being

the magnitude of the curves relative to dose. A%t the higher wose levels a greater
rroportion of the 3r?0 is excreted in the feces and the attainment of maximum
excretion rates is delayed. Increasing the administered dose by a factor of five
(20 me - 100 pc in the growing pig, 100 mc ~ 500 ge in the aault pig) resul ted

in only a 2 - 3 feold increase in bone aeposition of SroY, Tne growing pig
retained twice as much Sr”0 in the bone fellowing a dose of 100 pe as cid the
adu.lt pig »

Alfalfa harvested from plots contaminated with Sr’° contained less ana less
Sr90 in successive cuttings made through the growing seascn. Whether this is a
seasonal effect or due to roots becoming established at levels deeper than

the surface contamination will be evident only after an additional year's
cropping.

Todine

Generally, higher &/U ratios (ratio of I*>% in the thyroid to quantity of I*3T
fed dailyj were observed in the experimental shesp for the month of September
as corpared to August 1958. This is a normal rise due to weaning of the lambs
and cessation of lactation.

The Q/D of all swine on 7131 feeding continued to drop this month. This could
be a contimuation of the cownward trend experienced with the extremely hot
weather this year. If thnis is true, the cooler weather now belng experienced
will probably be reflected in next month's Q/D's.

A new group of 8 weaned control lambs was started on 5 ac I131 per day
auring 2eptember. These animals will be kept for possible thyroid tumor
cevelopment. This will permit comparison of uterine and non-uterine fetal
exposure to I13l as a factor in tayroid tumorigenesis.

4 single dose of 3 me of 1131 was given to 13 ewe lambs. These animals will
serve as Eathological centrols for the 17 ewe lambs that received the same
dose of I13l (3 me) in Qetober, 1957. The animals in the new group will be
saorificed ai.six-month intervals starting twe years hence, for study of
pathological damage to the thyroid.

A éingle tracer dose of 5 mc of I*31 was administered to the 3-mc 1957 ewes
menticned above in order to determine the extent of thyroid damage at one year
after aosing.

Average uptake at peak was 17 per cent as compared to 50 per cent a year ago.
o UNCLASSIFIED
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Plutonium

The following expressions for tissue and blood concentrations and excretion °
rates were determined from data obtained over a period of arproximately 300 days
.following intravenous injection of plutonium into rats. All data are expressed
in terms of per cent of initially ingested dose.

SUMMARY CF PLUTONIUM TISSUE CCNCENTRATIONS

Tissue Concentration
(55/am)
Liver Bt"?Tta)
Kidney 1.247°55
Lung Log1t™1Y
Bone L.9e~ .0031%
Spleen 1.04 » ,68{b)
Ovary .1y + .10(0)
Salivary Gl. . a2 ¥ .12ib)

(a) Time, t, in days post injection.
(b) Constant values + std. dev,

SUMMARY OF BLCCD CONCELTRATION AND EXCRETION RATES

Time Period (days)
1¢t<308 Tetel0 10¢t<130 | 130454308

Parameter Units

Blood 7
concentration, B| %/ml 1.78x1073¢7"3

Jaily urinary

excretion, au/dt| %/day 0.66"1+2 [o.08Ly~ 1k 55105348
?2ii¥efing GF/dt 132441053 gy=1.2 3. ox10tle=5+9
3?3732?2§x§iti° 0.61t71+2[2:3570-3t1:068] 7 ox107 Tt L
TZ;:iefiif dE/dtl 2.05t"-32{12¢"1 7.7510°t~5

Gastrointestinal Hadiation Injury

ixperiments were initiated to stucy the 8ffact of chronic oral sub-acute coses
(C.5 to 1.0 me/da) of beta radiation (YY) on the gastrointestinal tracts
of rats..

UnCLASSIFIED
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Ragicactive Particles

Two dogs were exposed to plutonium oxide dust and killed immediately for
determination of quantities deposited in the respiratory and gastrointestinal
tract., Although the plutonium deposited in the deg was detectable in the
whole-body dog monitor, it is hoped in future experiments to increase the cuantity
deposited several fold to permit long-term study of the pulmonary clearance rate.

Fallout

Biological organisms, soil, and water were collected from stations representative
of seven different envirommental areas of Washington.

Relative Hiclogical Zffectiveness

lembrane leakage seems to be the system in which radiation damage can be most
readily tested biochemically. Potassium, phosphorus, and UV-absorbing compounds
all diffused out of irradiated yeast cells with the increase, relative to
unirradiated cells, greatest for K and least for UV-absorbing compounds.

Uptake of methylene blue was observed in only a very few cells even after

doses of 240,000 r.

Sectioned yeast cells previously exposed to Po2l0 show by auteradiography tnat
very little of the alpha emitter was within the cell.

Tests for Ability to Sense Ionizing Radiation

To observe for obvicus signs of distress in a radiation field, 4. melanocgaster
flies were placed in a glass tube which was then placed over a Very intense
source of beta radiation in such a way that the flies could move into or cut
of the field at will. There was no evidence of response of flies in the field
nor of an avoidance of the radiation field.

There is as yet no evidence of avoidance of areas of radiation by flies

reared in a population cage under conditions selecting against flies laying
thelr eggs in the radiation field. Avoidance was tested by rate of egg

laying in the two areas of the cage.

Acting Manager
BIOLOGY OPERATION

UNCLASSIFIED
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L, Lectures
a. Paers presented at meetings

R.F. Foster, "Acuatic Life Studies - An Incex of Raaloactivity Contrel,”
Sert. 2, 1956, hennewick hiwanis Club.

3.4. Kornberg,"Biclogical Zffects of I131 in Sheep ana Swine®
"Hazards Due to Inhalation of Radicactive ‘artlicles®
YRaciostrontium-Caleium Relationships in Plants and Animals"

Presented at Conference on the Passage of Fission Products +‘hrough Food
Chains , farwell, England, September 23-25, 1958.

R.F. Foster, "Biological Aspects of and Methods used in Control of Water

Pollution," (moderator for panel discussion) Inaustrial Wwestes Committse
of the Pacific Nortawest Sewage ard Incustrial Wastes Association,

September 25, 1958, Ypokane.

R.T. 0'Brien, "Post Irrauiation of Phosphorus of Yeast," wortawest crancn
of Scciety of American Bacteriologists, Pullman, Washington, Sept. 26, 1:5h.

0. Seminars

R. T. O'Brien, "Raciation Effects on Permeability Changes in Yeast,®
Sept. 23, 1958.

A. C. Case, "adioactivity Sounting 3ystems lsed by the 2iology Operation,”
Sept. 23, 1958.

Z. Publications

a. HW Publications

W. J. Bair, "Transleocation and Excretion of Pulmonary Depcsited Plutonium
Oxide," Document HW-56636 (UNCLASSIFIED) August 1, 1958.

b. Open Literature

Thompson, R.C. and Q.L. Hollis, "Irradiation of the Jastrointestinal Tract
of the Hat by Ingested Ruthenium~-106%, The American Jdournal of Physioclogy
194, 308-312° (1958).

danson, W.C., "Arctic Tern and Black Brant in Eastern Washington,"
Murrelet 3%, #1, 12 (Jan.-Apr. 1955).
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OPERATICNS RESEARCHE AND SYNTHESIS CPERATION
MONTHLY REPCRT

September, 1958

CRGANIZATION AND PERSONNEL

There were no changes in persconnel during September.

OPERATIONS RESEARCH ACTIVITIES

Economic Studies

The tagk force for evaluation of capital expenditures has progressed to the point
of estimating operating expenditures. This study will be completed during Cetober.

A rough draft describing some of the factors entering into uranium pricing was
prepared.

The dévelopmant cf computational programs for generating Hanford input-output re-
sponse simulation meodels was completed this month. A data preparation schedule
calling for a ctmputational target date of November 15, 1958 was agreed to by UR&S
personnel and IPD-FPD consultants. Steps were taken to gain the cooperation of the
Data Processing Operation in meeting the deadline of December 31, 1958 at which time
completed statistical models are to be available.

All snalytical work and pre-computstionsl data preparation on investigaticn into
the effect of R & D expenditures on CEQ activity has been completed.

oPD Control Study

Examination of book-physical inventory differences and their relationship to meterial
control was continued. A complete study of data from the material halence areas
established for the Finished Products Operation and Plutonium Recovery Operation was made
and +he desired characteristics of the system compared with the data. PFrom the study
it appears that control would be improved if (1) material balance areas were defined

by type of materisl processes as opposed to administrative areas; (2) an inventory
processing procedure was provided which would segregate scrap materisl by type and

time of generation; and (3) increased reliance wers placed on immediate "batech” or

"item” control techniques.

A complete historical study has been made of the uranium B-PIDs throughout CPD and a
report will be issued early in October. Of msjor interest are fluctuations which
are apparently due to the redefinition of material balance aress.

A report was issued exemplifying methods of utilizing available process control
information for the improvement of 55 accountsbility. A report was alsc issued cn
s survey of bias correctlion data for the past two years with recommendations as to
the -utilization of this data for the purpose of meking material balance corrections.

1238345
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Effort during the month on the Z plant information siudy was directed toward the
devaelopment of an appropriate code to identify the process steps and materials

for analyticel purposes. A coding system of this type is not only necessary for
purposes of the study but can also be adapted to producticn scheduling and quality
control. Immediate by-products of this study have been check weighing before any
operation where a change in state or form transpires and a renewved effort to de-
vise means of sufficient line storage at appropriate locations.

Qther

4 report deseribing a basic characteristic of employee communication which may.
prave useful for directing and/or predicting the results of varlous types of
pitlicity campaigns was completed during the month.

Work has been started in connection with a practical model for NPR spare equipment
and spare part procurement. The objective is to obtain minimum cost consistent
with both construction and operation needs arnd practices.

In connection with attitude survey activity, assistance was provided IPD personnel
in devising a method of analysis for & survey to be conducted in one of the reactor
cperations, and a new approach toward the development of & questionnaire for plant-
wide attitude surveys was suggested to the Employee Relatlions managers.

STATISTICAL AND MATHEMATICAL ACTIVITIES IN SUPPCRT OF RESEARCH PROGRAMS

2000 Program - Metallurgy

A regression analysis of log correosion rate on power to determine whether or nct
in the given experimental situation upstream and downstream regressicn functicons
were identicel was completed.

Dizcuszsions were held to firm up the experimental procedure to be used in ccnnec-
tion with proposed accelerated life testing experiments to investigate the relative
corrcasive propertlies of several aluminum alloys.

A s*tatiztical analysis was initiated on data from a recent experiment to inves<ti-
gate the hardness of various metals az & function of irradiation time measured in
spike cyecles.

2000 Program - Reactor .

Work continued on the analysis of NPR design experiments to investigate the physical
sreperties of zirconium alloys &s a function of temperature, stress, and time.
Acalysis of variance techniques are being used to establish the functional depen-~
dency of secondary creep and stress rupture time on temperature and stress for both
annealed and cold work zirconium alloys.

LCCO Program

In connection with studies of the mechanism and effects of the swelling cf uranium
fael, werk was initiated on the development of a mathematical model for the for-
mation of gas bubbles in irradiated uranium. Discussions were held to obtain back-
ground information and delineate the mechanism invoived. Statistical methods are

1236340
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also beihg considered for estimation of bubble formation distributions. from
electron microscope enlargements of two dimensiconal sample cross sections of
uranium.

A related estimation problem alsco under consideratior is the determination of

the distribution of pit depths resulting from molecular diffusion awsy from the’
interface of bonded metals. The estimation of the maximum penetration of uranium
into alumiaum silicon eutectic slloy and vice versa in bonded couples as a func-
tion of time and temperature is of particular interest.

5000 Program - Biology and Medicine

A final draft of the formal report on the multicompartment migration meodel has
teen prepared, and will be submitted to interested personnel of the Biology Qper-
ation. '

A sesmpling scheme was devised for the detection of malignant tumors in the lungs
of mice which has certain optimum properties. A rough draft report on the method
is currently being prepared.

STATZSTICAL AND MATHEMATICAL ACTIVITIES FOR THE PRODUCT DEPARTMENTS

Process Control (Fuels Preparation Department)

Assistance was given in setting up continuous methods of analysis for reject rate
ata arising from the external penetration tester. The primary purpcase is to
correctly differentiate "out-of-control” situaticns due to testing errors from
those due 1o a real shift in the product quality. I- this connection, data re-
sulting from & designed experiment to evaluate the scrting efficiency of the
tester were analyzed. :

Process Experimentation (Fuels Preparaticn Department)

A report was issued presenting the results of the analysis of data from a designed
experiment dealing with the effects of certain process variables on total bond
count of a fuel element. A discussion of the experimsntal design employed was
included.

At their request, a seriez of sesajions on statistics is teing rlanned for pre-
sentation to FPD perscaonel. Rather than using the lzeture type approach, it Is
planned that the sessions will consist of practice sessicns in considering prob-
iems typleal of those encountered in FPD and simulated on the Process Simulator,
with full group participation encouraged.

Froduetion Tests (Irrad. Proc. Dept. and Puels Prepar. Dept.)

A report was issued presenting the results of an analysis of partisl data from
przduction test IP-120-A-O4FP deeling with an evaluation of low hydrogen dingot
fuel elements. A second report will be issued when the complete set of data is
analyzed.
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An znalysis is being made of dimensional distortion data from IP-60-A. Four
trestments are inveolved, consisting of the possaihle combinations of low and
normel hydrogen content and recrystalized and not recrystalized material. The
Latin Square design was employed in addition to the use of solid charges of a
given treatment exposed teo various levels.

Rupture Anslyses (Irrad. Proc. Dept.)

Side failure experience data for I and E natural uranium fuel elements at the
X reactors were compered with the number of failures expected to oceur on the
basizs of the gsclid fuel element side failure experience.

A report was lssued presenting methods of comparing small "rates” such as rup-
ture rates, incidence of hot spots, and certain reject rates. In this report,
formulas were given for determining sample sizes at the experimental design
stage, and testing for statistical significance at the data analysis step. The
statistic employed is the ratio of such rates rather than the difference.

Tank Calibrations (Chem. Proc. Dept.)

Calibration data from two taniks, the A~2 and H-T7 tanks, were analyzed to estab-
lish the calibration curves and determine confidence statements for predicted vol-
umes, and two reports we issted. OJne of these reports included a rather complete
discussion of the whole calibration prcblem and specific recommendations for
improving future calibrations.

General (Chem. Proc. Dept.)

Tables were developed which give the minirum counting time on a counter with
kncwn background necessary to say with & % confidence that the source count
rate is less than N counts per minute.

CTHER STATISTICAL AND MATEEMATICAL ACTIVITIES

A statistical sgtudy of the precision of General Chemical Analysis Operation
determinaticons was completed and a report issued. Precision statements in the
form of 95% confidence intervals were constructed for several qualitative
analytical metheds, including organic and aqueous nitric acid titrations and
uranium analysis by the fluorimetric method, for both undiluted and diluted
samples.

A course on statistical methodology is being conducted for personnel of Theo-
retical Nuclear Physics Operation. To date lectures have been devoted to
fundamental statistical and probabilistic concepts; future lectures are to
cover non-parametric inference, confidence interval estimation, regression
analysis and related topies.

The final draft of a formal Hanford report on "Occupancy Probability Tables
3ased on the Multinomial Distribution for Equally Probable Events” has been
conpleted.
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OFFSITE VISITS AND VISITORS

There were no offsite visits or visitors during September.

Cod G s

Carl A. Bennett, Manager
OPERATIONS RESEARCH & SYNTHESIS

CAB: jbk
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PROGRAMMING OFERATION
SEPTEMEER 1385

A. FISSIONAELE MATERIALS - ZC00 PROGRAM

Neptunium-237 ~ Plutconium-238 Procsssing

The study of the preocess scope and costs iavolved in establishing facilities
for the processing and recovery of Np-237 and Pu-238 from irrsdiated Np-237
was coantinued. The Hot Semiwsrks ccould be -modified to provide s facility for
the routine processing cf irradiated Np-237 for about $1,000,000. A new
shielded pit-type facility serviced by a mobile crane could be provided for
about $2,500,000, This latter involves a remotely maintained "hot" cell and

a direct maintained "warm" cell. All proposzls invelve a combipation of an
ABC type solvent extracticn ecycls fcllowed by ion exchange for final isolation
and decontamination of the products. In the study of the process the principal
problems relate to the chemistry of Np and Pu reduction and oxidation and the
selection of suitable reagents for these processes.

B. REACTOR DEVELOFMENT - 4000 FROGRAM

1. Plutonium Recycle Program

Plutonium Evsluation

Machine computation procedures were refined and extended by the inclusion
of additional price schedules for enriched uranium and new data on the
cross-section of Pu-242.

At the request of the Division of Reactor Development, discussions were
beld in Washington, D.C. on September 25, dealing with a "crash" program
(Jointly with ORNL and ANL) %o appraise the ecommmic performance of
plutonium fuels of specific compositions in several specific power reactors
now under construction cr under serious consideration. These economic data
are desired by the AEC for background in establishing plutonium pricing
policles.

Fecilities for Cut-Off, Secticning, and Inspection of PRTR Elements

The study of the costs, timeliness, and value of alternate methods for
FRIR fuel examination and sectioning was concluded., Facilities could be
provided at 221-U plant &% a ceost of about $1,000,00C. Aside from this
high cost, timing could be unsatisfactory for tke FRTR schedule ami thus
would require additional costs for temporary facilities at 327 Building
in the 300 Area. It was concluded that an "all purpose” cell at 327 Building
- should be provided instead of temporary plus future permanent 221-U plant
- facilities. The costs would range from about $350,000 to $600,000 depending
- on type of construction and extent of auxiliariss provided.

1238408
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PRTR Hazards Analysis

Certain nuclear hazards aspects of the PRTR were reviewed with personnel
of the AEC Hazards Evaluation Branch at a meeting in Washington, D.C.,
on September 15.

High Exposure Plutonium Requirements

A study tc appraise the high exposure plutonium requirements of the PRIR

was concluded. Based on current plans for fueling the FRTR, it is estimated
that 34 kg of high exposure plutconium from an external source could be used
to advantage. This amount, uged in place of low sxposure plutonium, would
shorten by two years the time to reach a steady state, almost self-sustaining
condition in the reactor. About 22 kg from the MIR and PWR have already been
requested from the AEC. Analyesis of methods for cbtalning the remaining

12 kg indicates the least expensive and most expedient to be the irradiation
of depleted uranium in the Hanford resctcrs. This method is estimated to be
capable of providing the needed material in ample time at a cost of $13 per
gram more than.the cost of low exposure plutonium. Other methods, such as
irradiation of natursl urapnium or plutcnium, are appreciably more costly

and would require some unknown amount of develcpment work. The use of
reacters other than Hanford’'s, such as NRU, appears less desirable at the
pragsent time.

C. RADICLOGICAL CONSULTATION

A review of the possible environmental hazards accompanying the simultaneous maximum
credible accident and release of the liberated radicactive materials was made for the
preliminary hazards report of the critical mass laboratory. The present limits for
restricting the work of individuals who have positive quantities of plutonium in the
vody were reviewed. Critical points in the assessment of such limits are the
accuracy of the bicassay technigue for determiping the deposition in the individual
and the estimation of the probabllity that he will later beccme inveolved in an
incident where he will have a sufficlent quantity deposited to put him over the
limit,

Information was submitted to the Division of Biology and Medicine on programs at
Hanford in which fallout is measured in crder to inform them of the type of data
available. A brief review of unclassified information and programs relating to the
concentrations of radloisotopes in the environs was submitted to the Division of
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and comments submitted to the Committee Chairman. A review of the scope and possible
work of the subcommittee on Site Evalustion of the ASA N6 Committee was sent to the

Chairman.
D, OTHER ACTIVITIES

BLO Sclence Colloguium

Arrangements were made for the third session, at which Dr. Henry Eyring, noted
rhysical chemist, will speak on October 2.

ZAH Py ...

Manpager, Programming Operation

1LH McEwen:dl
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RADIATION PROTECTION CPERATION
MONTHLY REPORT - SEPTEMBER 1558

A. ORGANIZATION AND PERSONNEL

K. F. Baldridge and 0. M. Hanson were reassigned within RPO. During the month,
three employees--R. L. Watters, J. F. Evans, and Katherine J. Becbe--returned

to school. E. R. Wood was reactivated into Exposure Evaluation & Records oa
September 8, 1958. S. M. Bradbury was transferred into Radiation Monitdéring
from CPD on September 29, 1958. Blanche L. Acorn and G. H. Whitsett terminated
on September 12 and September 26, respectively. Six employees were transferred
tc other assigrnments, namely, W. L. Beem to HLO-Biology on September 1, 1958;
lequita J. Branum to HLO-Laboratory Auxiliaries on September 1, 1958; Bernice

R. Jones and Wanda L. Raines to HLO-Laboratory Auxiliaries on September 15, 1958;
Edith F. Snyder to HLO-Facilities Engineering on September 15, 1958 and L. L. King
to HLO-Laboratory Auxiliaries on September 29, 1958.

B. ACTIVITIES

There were no new cases of ipternal depositicn confirmed through biocassay analyses
in September. One case of localized overexposure to the skin resulted from cover-
all comtamination. The dose to the CPD employee invelved was about 1.05 rads
including 0.02 mr. )

A potential exposure occurred vhen & leak from an overhead line contaminated a
small floor area to a level > 200,000 d/m plutonium per probe area. The contam-
ination was spread to two rooms and a corridor and the protective apparel of two
employees before it was discovered and controlled. Decontamination efforts were
successful.

Investigation of a high badge result revealed the source of gamma radiastion was
in a hood in an adjacent rcom. Dose rates at the offlce wall were 30 mr per hour
and at the employee's desk 5 mr per hour. The total exposure was estimated at
less than 200 mr over any consecutive seven-day pericd.

There were no additional inguiries regarding the exposure report cards.

The steel plate for the Shielded Personnel Monitoring Station was received and

the three-inch floor plate was grouted. Vendor's bids indicated that a 20C-channel
analyzer could be cbtained at slight additional cost as compared tc the 10C-channel
analyzer originally specified. A supplemental approprlatiocn request was submitted

for the additional funds. Provision of the 200-channel analyzer will incresse the

rate of monitoring personnel apd provide for anticipated future expsnsion.

The Bicaesay laboratory records system was converted to electronic data processing
methoeds and is operating satisfactorily.

Il3l‘emisaion from separations facilities averaged 11.4 curies per week, primarily
from the Purex plant. Difficulty with the vessel vent system was suspected as the
gsource of lncreased emission. The average weekly emission rate for the past 12
months has been 8.1 curies.
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The 15 produce samples obtained frém the Franklin County Irrigation District and
mentioned in last month's report were analyzed by gamma spectroscopy during
September. The measurements indicated the absence of detectable gagma emitiers
except for natural potassium (K}, one positive measurement for Znb5 in corn
kernels, and one positive measurement for Rpt03-10 inhstrtﬁg beans. Analyses
for Crol, -z:95-m>B5, 1131, csl37, Balt0.Lal%0, and Cel'tl-1%% yere below the
respective detection limits.

The study for messuring highelevel gamma radiation with film was advanced substan-
tially. Two methods were demonstirated which can be used to measure 2,000 r of

1 Mev. gamma. One of the methods utilizes X-ray spectrometry and has the dis-
advantage of requiring a very high X-ray dose which damages the film. The other
18 by removal of the sensitive emulsion from the Esstman Kodak Type 2 film and
measuring the optical denalty of the insensitive emulsion with a comventional
densitometer. Further efforts will establish the accuracy with which large doses
can be measured using both of the methods. Several other methods were tested for
possible application, but found unsuitablas.

A j&ototype‘pencil reader vhich utilizes the pulse method was provided IFD for
field test in the 100-K area. A group of speclally marked pencils charged to &0
volts was also provided. The useful range of the pencils is about 150 mr at that
voltags.

The pulse pencil readsr used by the Reglonal Monitoring Operation was modified and
adjusted to provide ranges having pesk values of 18 and 30 mr. Further increases
in the range require an increass in the voltage of the pencils which 1s presently
20 wvolta. ' '

At the request of the AEC, arrangements were made for local fabrication of three
- pulse-type pencil readers for use in a background radiation survey.

A study was initiated to determine the nscessity of some of the calibrations work.
The approach 1s to ascertain if scme of the calibrations can be predicted with
aurficient accuracy from other calibraticns. The first application of this
approach wvas with the CP dose rate mster to determine whether the beta response
can be adequately predicted from gamma response (or vice versa). Resulta to

date are favorable. Upon ccmpletiocn of the analysis of the CP data, the approach
will be extended to other instruments and film,

The Pu-Be neutron source calibrated by the National Bureau of Stapdards was
received. Fhysical inventory of all of the radium in HILO was completed.

Prototype gamma monitoring equipment for use in the river monitoring stations was
calibrated and field tested., The respomnse to radium-gamma radlation was fournd to
be 230,000 crm equivalent to 1 mr per hour. The equipment was located at the
183-H settling bagin snd operated continuocusly for one week. The operating
characteristics of the instrument were satisfactory and it appears to have suffl.
¢lent semsitivity.

A plant-wide network of about 240 disaster monitoring stations was established.
Each of the locations 1s monitored with a neutroan badge from which the gamma

dcse wmay also be meassured. The film will be exchanged monthly and will provide
an evaluation of background radiation as well as a measure of the radiation in

the event of an incident. ——e—
muuiﬁty
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The RPQ display, "Radiation Protection at Hanford”, initially presented at the
Benton-Franklin County Fair was viewed by several thousand people at the Small
Business Procurement Fair in Seattle cu September 25 and 26, 1958.

C. EMPLOYEE REIATIONS

Negotiations with the Regional Monitoring field inspectors were completed with

the incorporation of these employees into the same seniority group and job
classification as the radiation menitors. The agreement was effective September 29,
1958.

.Of‘ET employees scheduled for ROF in the Radlation Protection Operation, all but
eight employees have been placed. Written notice was given a month in advance
to each employee scheduled for ROF on November 1. Placement efforts are con-
tinuing.

Negctiations were resumed with the HAMI'C on the Wonacott Grievapce which involves
the Union Jurisdiction of Radiation Monitoring employees. A proposal was made
which the Company has directed to the HAMIC in writing and which they are currently
considering as a possible resolution to this long-standing problem.

A Climate Review was held with all members of the Radiation Protection Qperation
staff participating.

There were four medical treatment injuries for a frequency of 1.75. No security
violations occurred during the month.

One suggestlon was submitted by an RPO employee. Two evaluations were completed.
No additional suggestions were received for evaluation. Two RPO employees
received awards totaling $20.

Radiation Protection Operation has 95.7% participation in the Savings and Security
Program.

D. BSIGNIFICANT REPORTS

BW-56827 "A Personnel Film Badge Neutron Dosimeter” by Frank Swanberg.

HW-56985 "Waste Disposal Monitoring Activities Summary, July, 1958 by R. M.
Bernpard.

HW-57304 "Weste Disposal Monitoring Activities Summary, August, 1958" by K. F.
i Baldridge.

BEW-57306 "Regional Monitoring Activities, August, 1358" by B. V. Andersen.

HW-57411 "Calculation of Drinking-Water Radiation Exposure from Columbia River
. Water Scurces” by H. V. Clukey and M. W. McConiga.

EW-57399 "Surface Dose Rate Measurements" by J. F. Evans.

EW-57608 "Monthly Report - September 1958, Radiation Monitoring Operation” by
A. J. Stevens.

Conf. Undoc. "Inventory of Radioactive Liquid Wastes to Active Disposal Sites -
1238400 ' June, 1958" by K. F. Baldridge. ~
B
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REGIONAL MONITORING - RESULPS (August 24 - September 21, 1958)

Activity Monthly Trend**
Sample Type and Location Type Average Unjits#* Factor

Drinking Water
Separations Areas Total Beta 7.0 x 10-7 uc/ee +5
Pasco ' Isotopic 0.2 % MPCqI -
Kennewick Isotopic 0.1 % MPCqy --
Richland Total Beta < 3.0 x 10-0 pe/ce --
Columbia River Water
Above 100-B Area Total Beta < 3.0 x 10-0 e/ ce “-
100-F Ares Isotopic 3.1 % MPCgT -
Hanford Ferry Total Beta 3.9 x 1077 uc/ee -
Pasco Isotopic 0.9 % MPCnr --
McNary Dam Total Beta 9.3 x 10-T - pe/ee +3
Vancouver, Washington Total Beta No Sample ue/ee
Waste Water
Outlying Test Wells Total Beta 1.2 x 106 (max) pe/ce --
Reactor Bffluent Retention

Basins to River Total Beta 19,000 curies/day --
Atmosphare
Groses Dose Rete -

Separations Areas Betea -gamma 0.6 mrad/day --

Residential Areas Beta -gamma 0.6 mrad/day -
I-131 Separatione Areas 1-131 9.5 x 10-13 uc/ce +2
I-131 Separations Stacks 1-131 11.4 curies/week +2
Active Particles - Project . b, ptle/100 m3 --
Active Particles - Environs - 3.1 ptle/100 m3 --
Vegetation
Separaticns I-131 1.9 x 10-6 uc/gm -2
Residential I-131 < 1.5 x 1076 ue/gm --
Eastern Washington and 6

Oregon I-131 < 1.5 x 107 ue/ gm -
Fissicn Products less

I-131 - Wash. and Ore. Beta 2.7 x 1072 e/ gm -2

* The 4 MPCqp 18 the percent of the maximum permissible limit for continuous
occupational exposure Lo the gastrointestinal tract calculated from drinking
water limits.

%% The trend factor shows the n-fold increase {+) or decreass (-) from last month,
where values of n lees than 2 will not be noted.

1236408 | HCLASSIETSD
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EXPOSURE EVAIUJATION AND RECCRDS

Exposure Incidents Above Permissible Limits

Whole Body Localized

September 0 1
1958 to Date L 10
Gamma Pencils

Pencils Faired Readlngs Paired Readings Lost

Processed 100-280 mr Qver 280 mr Readings
September 39,426 36 3 Q
1958 to Date 385,512 333 L7 20
Beta-Gamma Film Badges
Badges Readings Readings Readings Lost  Average Dose

Processed 100-300 mrads 300-500 mrads Over 500 mrads Reading Per Film Packet

_ mradg““! mrgs!
September 13,241 €95 51 13 40 3.5 16.93

1958 to
Date 169,977 6,656 272 T 367 3.03 10.13
Slow Neutrorn Pencils
Pencils Paired Readings Paired Readings Lost
Processed L-12 mrem Qver 12 mrem Readings
September 0 0 Q 0
1358 to Date 25,880 257 94 8

Neutron Film Badges .
Film Readings Readings Readings Lost
Procesgsed 50-100 mrem 100300 mrem Over 300 mrem Readings

Slow Neutron

September - 1,026 5 0 0 0
1958 to Date 1,026 5 0 0 Q
Fast Neutron
September 589 0 o] 0 0
1958 to Date 9,299 10 1 Q T
Bicassay September 1958 to Date
Plutonium: Samples Assayed 8 88k 10,606
Results above 2.2 x 10™° uc/sample bl 357
Fission Product: Samples Assayed 876 10,96k
Results above 3.1 x 1077 uc FP/sample A 23
Uranium: Samples Assayed 156 2,753
Confirmed Plutonium Depositicn Cases Q 15%

* Bringing all-time HAPQ total to 227.
- _ UNCLASSIFIED
12564040




UNCLASSIFTED G-7 HW-57636

Uranium Analyses

Following osure Following Pericd of No Exposure
Units of 1077 uc U/ee Units of 109 uc U/ce

: Number Number
Sample Description Maximum Average Samples Maxigum Average Semples
Fuels Preparation 35 2.4 b5 8.9 3.2 8
Hanford Laboratories 24 5.2 23 16 3.4 20
Chemical Processing 17 5.8 37 17 5.3 22
Chemical Processing¥* - - - - - -
Special Incidents 0 C Q 0 0 G
Random 0.4 0.4 1 0 9] 0]

* Samples taken priof to and after a specific job during work week.

Thyroid Checks September 1358 %o Date
Checks Taken Q 25
Checks Indicating >0.01 uc o 0
Eand Checks
Checks Taken - Alpha 33,268 390, 734

: - Beta-Gamma 22,340 315,768

Skin Contamination

Plutonium 34 265
Uranium _ 3 62
. Fission Product . 31 493
CALIBRATTONS
‘ Number of Units Calibrated
Portable Instruments . September 1958 to Date
CP Meter 927 8, 604
Juno 314 2,918
GM 1,305 11,895
Other . 217 1,983
Total 2: T 3 25 ¥ Eﬁo
Perscnnel Meters
Badge Film 1,051 10,327
Pencils 1,465 30,540
Other - kg2 %Ihig
Total 2,968 »32
Misceilaneous Special Services 3 6,716

Total Number of Calibrations

AR Keepe:RLJ:kc
| 236410 UNCLASSIFIED
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - SEPTEMBER, 1955

GENERAL

Safety performance of the Operation was considered satisfactory. There were no
major injuries; the minor injury frequency rate was 1.95 per cent, which is con-
giderably below average experience.

The absenteeism rate was 2.69 per cent, which is below average experience.

There were no security violations charged to the Operaticn.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 12,519 bours. The total shop work
backlog is 16,103 hours of which 50% is required in the current month, with
the remainder distributed over a three month period. Overtime worked during
the mdnth was 2.8% (498 hours) of the total available hours.

Distribution of time was as follows: Man Hours % of Total
Fuels Preparation Department 13883 15.0
Irradiation Processing Department 760 5.1
Chemical Processing Department 675 5.k
Hanford Laboratories Operation 8913 71.2
Construction Engineering Qperation 108 .3
Miscellaneous 180 1.5

Customer requests for emergency service increased sharply over the previous
month and necessitated an overtime level which approximated the average level
for FY-1958. The backlog increased slightly and currently stands at 5 crew
weeks.

Security performance was considered satisfactory with no viclations. Safety per-
formance showed improvement with no major injuries and 6 medical treatment injuries
versus 1l for the previous month.

RADTOGRAPHIC TESTING CPERATION

Average activity for Radiographic Testing Operation was recorded this month. -
A total of 6,077 tests were made, of which 1,135 were radiographic exposures
(including X-ray and gammaray), and 4,942 were supplementary tests. The
supplementary test work included dimensional measurements (micrometric and
radiographic layout), eddy current, leak detection, penetrant, borescope,
and ultrasonic (thickness measurements and flaw detection).

UNCLASS IFTED
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The feet of material exsmined was nearly identical to that of last month, amount-
ing to 12,842 feet. The number of pieces examined this month reflected the

drop in total number of tests, and amounted to 1,202 pieces. Work was done for
18 different organizational components, representing all of the operating de-
partments and service organizations. A total of 26 reports were issued, de-
tailing test findings with conclusions and recommended action. Radiographic
Tasting Qperation was .consulted on 15 different occasions for advice and in-
formation regarding general testing theory and applications for other than

the jobs tabulated in Part II.

Additional work has been done on the radiographic examination of thin walled
components for the Plutonium Metallurgy Operation. The work consisted of a
quite radical departure from the super voltage radiographic techniques cur-
rently being used. It involved the use of lower energy X-ray levels based
on the penetration of thinner sections. :

By the use of this new method, remarkable improvement in the radicgraphs was
achieved. Microstructural detalls hitherto unsuspected were revealed. In
addition, the true nature of what appeared to be a fault in one of the pieces

was demonstrated as being due to an entirely different condition than originally
though. Provisions are being made to evaluate additional production pieces using
this improved method.

Liaison work on the PRTR containment vessel is preogressing satisfactorily. The
contractor had fallen behind in his testing schedule to the extent that he has
obtained additicnal help from Industrial X-ray Engineers of Portland. The
progress reports and records being maintained for CEC on the radiographic
testing have proved to be very helpful and are being extended at their request
to inelude leak fests and penetrant testing.

Further work has demonstrated the feasibility of the radicactive isotope
application for the detection of rotting of wooden power poles. Using a small
(060 sourze, resolution of 1/2" of wood is possible in a total thickness of 18".

Testing Statistics

No. of Pt. of Weld No. of

Component Tests or Material Pileces DescriptiOn
A. CPD 87 103 1/2 29 30" diameter ammonia scrubbers, 55

Model 3, S8 silver reactor.

B. CEO 1385 3163 1/2 149 Project AEC 160, gas recirculating
gas loop. PRTR containment vessel.
SS welders coupons.

C. TPD 25 A1 10 CS pressure autoclaves, cinder ash
wash lines, 300 powerhocuse.

UNCLASSIFIED
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No. of
Tegts

Ft. of Weld

Coggonent

H-3

No. of

or Material TPieces

Description

D. HLO k3g2 9125

E. IPD Th 148 1/2

F. RUO 14y

TOTALS 6077 12,342

FACILITIES ENGINEERING CPERATION

Project Activity

8h2

21

Al tech. charts; Zr. clad U; W=,
Pu-Al fuel elements; 2, 5, 1¢, 1S,
20% Pu-Al cast rods; 10, 12, 1k,
15% Pu-Al wafers; U-238 Al-wafers,
Core locations and jig fit-up of
fuel plates. Pu dialatometer
samples. .505", .6%90", .938",
1.418", 1.802", 2.212" 1.D. Zr
tubing with 30 mil wall. Ex-
ternal ribbed Zr tubing; 3" 0.D.
extruded Zr tubing.

Welds on €5, air cylinder, air
receiver, and propane gas tanks.
Cross header on rear face 105-B,
afflvent and effluent lines, 105-D.

Linemen's climbers. Isotopic cali-
brations for power pole rot survey
program.

There were 20 authorized projects at month end, with total authorized funds of

$4,161,800.

The total estimated cost of these projects is $8,487,800.
Projects were completed during the month.
during the month and i1s awaiting AEC authorization.

twelve new projects are in preparation.

Two

One project proposal was submitted.

Pro ject proposals for

The attached monthly project report covers the individual project activity.

Engineering Services

Title

Modification of Elevatdr, 327 Building

Tnetallation of New Eood, Lab. 1h-A,
© 329 Building

Fabricate and Install XY Manipulator
in Metallographic Cell

1238413

Status

Security Fire Door Company has sub-
mitted Installstion drawings for

approval.

Hood fabrication is complete and
installation work is in progress.

Work is spproximately 80% complete.

UNCLASSIFIED
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Title

Extend Annuncilator System - L706-KB
Building

Provide Operating & Safety Improvements
340 Building Tank Pit

S+tudy of Cut-0ff Facllity for PRIR
Fuel Elements

Revisions to Office Space 328 Building

Revisions to Room 108, 3706 Building

Improvements to Process Pump House -
147-F Building

Additiomal Pasture - 100-«F Area

Provide Procurement, Asaistance for
- Die ..sting Machine

Removable floor Grating - 37hS-B
Building

Improvements to Traveling Crane -
31k Building

Bemoval of Obscolete Equipment - 231-Z
Building

Noise Attenuation - 3760 Building

Minimize Vacuum Pump Oil Spray -
325 Building

Replace Desert Cooler - Physics Lab.
3706-C Building

37.rm sash & Shade Screens for Buildings

Design and Drafting Services

Title

Cezium Recovery

238414

HW-57636

Status

Installation work remains to be per-
formed.

Installation work has started.
Engineering complete.

Work is essentially complete. Delay
wasd due to receipt of materials.
Service piping & lighting installation
has been completed. Benches & plerceway
remain o be insitalled.

Engineering work has started.

A lump sum contract for $9,000 was
given to Co. for preparing the pasture.

Work is 20% complete.

Engineering work was started during
the month.

Engineering work was started.
Vendors recommendation and estimate
for conversion work has been received.

Work scheduled *o start 9-20-53 and
completed by 10-2L-58,

Work is precgressing in a planned pattern.

Entrainment material is being installed
in present equipment.

Work is progressing.

Job complete.

Status & Description
———

The present scope of work indicates this
Job to be approximately 90% complete.
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Title

Pit Cover - 3745-B Building

Ceramlic Fuel Test Element

Accelerator Positioner - 3745-B
Building

Vacuum Annealing Furnace

In-Reactor Experiment Assemblies
for. 6 x 9 Facility in ETR

fpparatus for Physical Metallurgy
Sturdy of Irradiation Effects on
Mechanieal Properties of Uranium

Prototype Swelling Capsule

Fuel Element X-Rey Densitometer

ETR Criticsl Facllity

Gatling Gun Type Cask

Fuel Element Assembly Patterans

HW-5763¢6

Status & Description

Provide cover over pit 20' x 21" x 6
deep. Cover to carry a 200 pound live
load. Plate and beams to be removabls
without the aid of hoist or crane.
Check prints issued. Work 90% com-
plete.

Work completed.

Work completed.

Work in progress.

Work completed.

Work completed.

Capsulesg to operate at different
levels of power and temperature

to determine swelling characteristics
of uranium. Work 60% complete.

Job has progressed through the detail
stage. Installation date on blower is
pending information from Vendor. 80%
complete.

Design and detail a container for
reactor elements. Design work is
being revised to accommodate new
container dimensicns. Work 90%
commlete.

Work SL% complete.,

Two proposed agsemblies mwodify pre-
liminary designs. These modifications
are being developed so the assemblies
could be tested in the K Reactor exper-
imental tubes and also at Areco. This

. necessitated a basic design with three

variables becsuse of the three dif-
ferent sized tubes in which they will
be tested.
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Title Status & Description
Fuel Rod Separator wWork was transferred to CEQ for
completion.

Maintepance and Building Engineering - Landlord Functions

Painting - The following work was authorized.:

222.7 - Miscellaneous interior and exterior
141-F - Exterior trim

141-M - Exterior trim
1705-F - Exterior

108-F - Complete interior painting

326 - Exterior ccmpleted

Alterations - The following work was accomplished:
The Tower Control Room and Forecasters' Room, Meteorology, complete.
Work was initiated to increasse the lighting levels in:.

329 Building - Rooms 1-C, 2-C, 8-C, 12-C, 13-C, and 14-C

328 0 - Room 215
3702 " - Room 28
3760 " - Rocm 202

Repairs were made to roofs of 3705, 329, 306, and 3745-A Buildings.
Modificaticons were mede to thé electrical service in 3760 Building.

325 Gas Storage - The new wall has been installed and painted, and the
railing is being fabricated. Imstaliastion of the rail will complete the job.

3707-C Heating Installation - The heaters for the south end of the building
have arrived and installation work is scheduled to start immediately.

306 Roof Units - A work order to clean all roof unit traps has been issued
and work is in progress. Five perimeter units will be equipped with double
traps tc prevent coil freeze-up.

3706 Building, Rocm 313, Laboratory Renovatlon - The laboratory was ready
for occupancy 9-4-58. Touch-up painting remains to be completed.

[238L1% UNCLASSIFIED
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Miseellaneous

The Material Requisiticning and Standardization component completed §
requisitions, alterations, BPF's, and bid reviews during the month. The
total estimated cost of the requisitions issued was $11,500.

Work Order A-46582 « Survey and inspection of HLO pressure vessels is 100%
complete. Data sheets on inspected vessel together with operating recommen-
dations have been received.

A Third Party Inspection was conducted of the elevators in 32%, 324, 327
and 3760 Buildings. Orders have been issued to correct exceptions roted
during this inspection.

Drawings and specifications are cufrently being revieswed by the AEC for re-
roofing 1U6-FR and 222-U Buildings.

TECENICAL INFORMATION OPERATION

A new procedure which substantially reduces the keypunching load in Document
Accountability was instituted on September 10. The procedure eliminates
punching an individual ITEM card when multiple consecutive copies of a docu-
ment are added to the site accountability tape. The first and last copiles
are punched in designated flelds on a single IBM card, and the remaining
copies are added to the tape automatically by the 702 machine.

Three tltle listings of U.S. papers for the Second Intermational Conference

on the Peaceful Uses of Atomic Energy have been distributed to plant persomnel.
The three listings cover approximstely A0Q papers. Many requests have been
received for individual copies of the papers. One copy each of the Canadian
papers has been recelved, and these papers will be announced to plant per-
sonnel in a separate listing. We expect to receive microcards of the other
foreign papers in the near future.

The first 50 ccpies of the Technical Abstract Bulletin from ASTIA {Armed
Services Technical Information Agency), were received and aistributed to
interested perscnnel. We are receiving mumerous requests for reports listed
in the bulletin.

Arrangements are being made to routinely supply the Technical Data Center,
Schenectady, with four copies of all Research and Development reports
distributed from Hanford via TID 4500, the Standard Distribution List for
Unclassified Research and Development Reports. Placing HAPO reports in
the Technical Data Center will meke Hanford unclassified informgtion more
readily available to other compmnents of the Company.

.qur.showings of the British reactor films were given during the month. A4

fotal of 2243 individuals saw the films, representing all Areas and Departments
and HOO.
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A proposed meeting of the Company information specialisis appears nearer 1o
becoming an actuality. A tentative agenda has been prepared and is being -
eirculated for comment. The first meeting will probably be restricted to a
few people primarily concerned with the administration of technical infor-

mation activitles. '

The Specialist, Classification-Declasaification was a gpeaker at the September
Safety and Security meeting of the Process Design and Development group of
CPD'3 Facllitles Engineering Operation. Declassiflication procedures, status
of the Propogsed Hanford Classification Guide, and the new instructions on
2lasgification of maps and photographs were discussed.

The new instructions recently issued by the AEC Division of Clagsification

for +the clasaification of maps and photographs are proving unduly restrictive.
Since interior shots of all buildings except those "solely housing adminis-
trative activities" must be classified CONFIDENTIAL - RESTRICTED DATA, many
quite harmless photographs (of the lunchroom in the 234-5 building, for example)
mist be born classified. While they can be declassified, no provision has been
mede for doing this loecally, and processing the material through the normsl
declassification channels is very time-consuming. A meeting has been held with
AEBC Security, GE Security, GE Photography and AEC and GE classification per-
sonnel to attempt to resolve the problem.

Revisions to 0C-DOC-L4, "Deglassification Guide for Responsible Reviewers"
were received from the Division of Classification. These revisions relate

to the fabricatlon and metallurgy of plutonium. In addition, authority to
revise the Hanford Classification Guide to make it consistent with OC-DOC-Lh
was received, Topiles covering PRTR Fuel Elements will be revised to permit
unclasgified release of information pertaining to the design and fabrication
of plutonium alley fuel elements containing up to 30 atomic per cent plutonium.
Prior to this, SO atomic per cent was the limit. Corresponding topics in the
Proposed Hanford Guide will be revised to reflect the change.

The Divigion of Classification also advised that the topies in the approved
Hanford Guide covering the PRIR, apply to the design, coastruction and operation
of the Plutonium Fabrication Pilot Plant. Specific topies covering this facility
have been submitted %o HOO for approval %o inelude them in the Hanford Guide.

Review and typing of the Fuel Element Design Handbook (HW-51000) has been com-
pleted, and the report 1s being reproduced. Alsc, several parts of the Naticnal
Academy of Sciences' report on Inhalaticon Hazards have been completed for the
second working draft.

Working Volume Statistics

Document Distribution and Filles August September
Documents routed and discharged (copies) 15,561 16,645
Documents issued (copiles) 10,064 10,735
Documents sent offsite (copiles) 3,574 4,0kg
Document reserves filled (copiles) 784 785
Documents picked up and delivered 18,655 21,985

1238018 2CLASS D
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Document Accountability August September
Holders of c¢lassified documents whose files were 317 Lhs
inventoried
Documents inventoried in Files (copies) 8,937 20, L34
Documents destroyed or retired (copies) 3,316 6,134
Documents revised {copies) 781 792
Documents pulled and documents filed {copies) 10,884 15,040
Documents reclassified 328 682
Accountable copies of SECRET and DOCUMENTED 204,290 20k, 370
CONFIDENTIAL documents on site
Reference and Publication
Books.cataloged (new titles) 68 59
Books added to the collection (volumes) 217 137
Ready reference questions answered by professional staff 6l 133
_Literature searches by professional staff 109 . Okt
Reports abstracted (titles) 198 188
Formal reports prepared (titles) 1k 1k
. Offsite requests for BAPO reports (copies) 278 ohe
Reports released to CAP (titles) 20 32
Library Acquisitions and Circulation
Books ordered (volumes) 361 300
Periodieals ordered 33 11k
Books circulated (volumes) 1,380 1,667
Periodicals circulated (issues) 3,697 3,k51
Inter-library loans T2 55
Films borrowed or rented 27 20
Industrial film showings 58 g5
Bound periocdicals added to the collection g5% 1k
Library collecticn:
Main Library W-10 Library 108-F Library Iod, Med. Totals
No. of books 24,160 8,094 1,356 1,898 35,508
‘No. of bound 11,178 1 1,426 9% 12,701
periodicals
35,338 8,095 2,782 1,994 43,209
. f' July and August figures combined.
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Clasgification and Declassification August September

Documents, including drawings and photcgraphs,
reviewed for downgrading or declassificatlon 80 81

Documents submitted to Declassification Branch,
Qak Ridge T 12

Documents and papers (intended for orsl presentation 26

or publicaticn ) reviewed for appropriate classi-
fication 26 g%

# Tncludes 39 brief articles and 19 photographs intended for the January
. issue of GE Review.

LABORATORIES ADMINISTRATION

Manual, Property Management {August 29, 1958) was distributed.

Manual, Authorization and Performance of Work (September 22, 1958) is ready
for distribution.

Timely revisions were issued on six Organization and Policy Guides. As a
result of these revisions and the issuance of the Manual, Property Management,
sixteen CPGs hawe been retired.

Three new contracts were sigmed: No. DDR-35, Aluminum Company of America for
aluminum tubes; and No. CA=-199, M. J. 3innott, for consulting services on
metallurgical problems; No. DDR-L7, Harper Electric Furnace Corp. for a
furnace design.

Renewal contracts are being negotiated. The present contracts are:
No. MRO-12, RCA Service Company, Inc.;
No. MRO-13, Philips Electronics, Inc.;

Contract No. SA-53, Future Farmers of America, Inc. was pending for approvael
at the end of the month.

The property management was closed out oh Assistance to Hanford authorization
Wo. ATH-HLO-2-58, Solvent Extraction Study Using An Analog Computer.

A request was filled with Transportation and Majntenance COperation for five power
wagons, three pickups, and two station wagons for use by Atmospheric Physics
Operation for calendar year 1959 for the Air Force 5tudy Program. Two sedan
deliveries were reassigned within Hanford Laboratories Operation to balance the
usage of the vehicles. A sedan was replaced with a new one and a gedan delivery

was replaced with a new station wagon.
Manager i

LABORATORY AUXILIARTES

JL Boyd: jcw I 2 3 8 u z U
NCLASSIFIED




qHEIZISSYTONA
(#5=8 ) S10-0OR~TIY

. v919D U0{3061AW0o0 J08JIRU0]) F
+ 10108IUG) UOF3ONI38UC) Jid) PUB 802J04 JUEld XD £q poumao jJaed jJoa BepuTIUT xx
*919p [BNIOV x

‘euyy JOo uojsuerxe ue Jupjsenbsa A[juexand 8j aesuidue 3oefoxd
uogsmmo) eyJ e8P uoljerdwod pernpeyds 81y 466W q0UUBD JO}0RJFUOD BY} pus AASA[eP T9TL638W pofeTep oXiJls Jonxy eyj
*pojam@y8 ueeq sey Supmely JOOI pus guojgraded Jopaejul  -eoetd uy eaw smweq [eelg -peperduoo ueeq sey YJI0M J00Tq ©36.I0U0DH

SRuvmeny
1Togaedur " ‘4 - g3y juewng}suy 3 soigiud
WATMIOME Old AHFNOSNOD DHISN
26 -0T-01 [ 5410t 86-4-9 wilh 0601 3 A A V00 GGJ| fuipring g-gof ouy Jo uoysusdry gLL-vD
%06 -L-C ge-G1-G -4 *x18 TN | 000" G4Y

_ ) “OhEP TENIDY w4
"RE-HT-G Uo pejaels J0908a310) J4 PU® gG-lg-f UC JJIOA Pojaeq8 J07%08I3U0] UOT3OoNI}8Ue) L4dD *
c1eaoadde uvorssyumop Buypued ST UOTYA eJanjjuang 60TJJO J0J SPUN] 6J8 380D ey} UL pepniouy ‘os1y
*1800 PO}BMIISO U] 888OI0UT ‘oouey feowds eciyjo BuylSiXe pus Aeu eyl Ul guo(yfr4ed Sujrielsuy B Jojdeqjuco eyl (v)
gmoox 38ex oYy Joj Buiqueid oyj pue ([80}I30018
fa00TJ-eyy uo oTF3 3Teudss eyy JOo UOTFE(T¥Isu} oYy uo Juyseesdoad ST YaoM " JOOZ dn-91¥ng eyl perTelsu} S8y .JI0300IqU0D 64l

I1SNNYHNIH
uiageg "M VY apy sieng 3 Zo3ouey
MAIMNIONT O34 ANINOQdMOD BHIEN N
WTT-TT [ ge-o1-11 ] »gG-le-t 06 00T IG-GT-T1 [(9) 000 O4h§ | FurpTIng HIE o4l 03 SUCTIIPRY 69L-¥d
e -L-t = IL=RT-01 0b 00T 000 97

T-g4-£2~2-0a¥ — 9567 Xd ~ s303foid Jueld TBlauep

‘pemnsex 0979 .88A
SUTPTING SYq Uf BUlUS UL} Jopaejul °I1ed eyl Jo fTquesss uj efquoa; fus Wiy esneo jou pInoA ST ®O[Es jumo;) oYy POJLINBEY
J0p0823U00 oYL “dn 308 1noad ey} Je3Je Piasadn GABOUOD £17yBy1e ssa ejeid eseq eyj -goqeTd T{e° oyy BulTquUesss pua Buiues|o
£fyjuexino s| pus e3sTd eseq ey) 389 J030BIUOY eyJ, °©3}5 UO}}ONJIBUOD OU} U0 Pealids T160 POPIeIUs eyy oy seqeTd 1eeqs ey

1ISMMw I
uosyoEp ‘g ‘d uoppesedp HOTI0eM0L] UOTIEIPEY
WATINIONA O3S AMNHOSINOD DNISN : ButpiIng Lyl
g-¢i-21 | go-tE-21] ge-T1-¢ L9 001 16-H-2 000° oq1¢ | - uor3els BuTJ03JUOY TOUUOSIed PEPIOIUS §a9-¥0
16-61-21 -~ 16-g1-2 <9 001 000" 0&TH
*LRNOD ‘ABNOD *1sM0D wvnadvy | Tvniov Aiva 1209
HDIS30 NS 158 N2 1S3 “gamns | "oaMas | Junony -

iva *amoz| aivatamwas a1va "i8W05 | NDISE0 | o vruaans ..-.”H“..hn..-..-.“ﬂ ot ._.. S ......MM..“““

catvwissz | AALosuia] ONILuvis a5 oug MOtLvZIMOHINY :
GG61 ‘dequeldeg uiNow NOIlLwvHILO SIIMOLVHOESVY] TQUOINVH STa~JG-bo-0av - 1G61 Kd - 9398[0d4 Ul Te16U9))
. [ - MH 14043y 103M0Nd ATTHLNOW : NOILVDI41SSVID 13sana

. (=t TATAISSYTIONA

| 23857



THIATSSVIONA

{es=5 )} FID-NOLL~NY

939D TWNI0Y x

*g66T *z 1990700 uo AITTTORJ STY3 JO 961 TRIATouaq

urtelqo TTIM wied Teuruy Tejuswraadxd syl 394Ul pajoadxe 87 9] “UTQ pORF OTQUITeRA® U0 FUIYIOMSI pue eySnoay pes)

ut edoqe FujBuine faames adyd °) *A v JOJ PINGST Ul BBY AIPIO srom Axequsws(ddns ¢ cpereTdwon Fureq odv gwoly 461T
yound puw opett uaaq swy uotyosdsuy Lreutmirsad y  c9jerdwoo et Furqured puw PITTRISUT 21w guBnoJ) pas] puw TIB® (1Y
) ISMMvWIY
PAOTT °L °F AgoToTgq
¥IINIONT OFd Lnanodod onisn | ST9uTuUy vo Apnig 8dol08T I0F 9ITRTTTO8L | 96L-HDO
LTIt | 8% T-11 ge-c1-g 06 00T g4-ce-b 00goh ¢
*05-63-L | 95-I2-L | gh-8e-6 | ‘BN "3°N 000 64 & .

"93Bp TONIOYV

cuotgeaado ojut jnd uasq sevy P31 yganol oYy JIJe gLep Of OTNPLYIT uo Jowq

388 03 o1qw °q PINOYS JO3DEIJUOD JYL *eI0INI IYVIPSWMT Y UT SUp oF 4% BT9  °g6-GE-6 wo oa% g118-TTen Joao dn 128 g=nm

m* Fig  *pereTdmoo ussq §8Y STOU JO 393J O0gT JO 1®30% ¥ *OT pus ma% gTTeA uo BUPLTiIp ATIUAIIND ST JOHBIZUOD 2],
1S YW AN
qdTey "A°H | JUSHAO{oAS([ pue [OJIE589Y [eoFuan)
: HIAIRIDONG O34 JNINOE NOD DTNISN mma.m D%\
TRSIET [ga-TE-2t 9%-g-1 et 00T g5-91-% | 00064 ¢ ~ 9TIeM TuoTBoTOXPAR pus Teo1doT09D | #6L-HVD
#Q%-5T-5 - .- ga-l-1 g9 0ot 000° 6 § |

*QGe6T 1J8q0300 JO j2en 4S8BT Ul fogp ‘Broquoufy woaJ paddiys Sq 03 PaTnpPaYIL
87 ISTJII0e8a oyl °*seung AH JO Isismeyxe Jooxd-uofzordXa us JX0J PUw fyosl pue PTOJTU=W 2ptronTJo.tpkg J0J Spvu udtsep puw
pansgg] us9q 8wy J3pr0 Ioa [ejusuwsTddue y ‘pajetdmon usaq sasy EROTITPYE UOTINITIUSA TUR TT22 H ISAO wmrojyeid Jo Fopjuped

ISMEHY W IY
pAOTT °L °f quamdGTIAS pUR {OXB282Y [BOTWSY)
MIINIONA O34 ANIHOdNOD ONIEN Burpiing T2f - #9TITTIO8I
a6-T-2L | 65-16-1 a%-61-9 06 g aG-z2-§ 006° L2$ quomdoTsasq suotjesedsg 03 sUOTITPPY| 6LL-DD
- - -1 - - - ] 85924 06 001 006°Lz $
*18NO0D *LSHOD *1SNOD Tvniov | twniov aiva 1805
HB19Fa Ho1E3a HDIS 30 "a3uds | "aauds annomy | N wHERNN
""savacamos| arvatawoo 31va ASNOD | NOISAR | yoreveimoant | o L oo Loarosd
azivwiiea | Iapozsial owluvis | gs e A NfOua [NOLLvZiMOHANY
wmw.ﬁ Jaquajdeg minom MOILvEHILAO SAINOLYHOHYTT OHOANYH Almmlmmlmioﬂc« - wmm._” Id ~ gg9sfoxg QuerTg T9I8U3D
_ IS Loy 1HO4 38 1D310dd ATHINOW NOILYD121SSY1D 130Ny

ZT-H

EIATISSVIONN

-y



ALl VO L SN

(NS5 ) s10 ~WEL-N Y

g6-0t-6 &1 ED1q JOo svuwydaooe I0F 9318p Fulsor)
*IBIAYDLTAS UTem U3 10 gG-Q1-6 SPIq JI0F o Jush uotgeIadp UoT1onIasuoy

1SNUYININ
1rosaaduy *jey H9TIRITTXNY AI0mIioqe]
UWIINIONZ OId LKINOIWOD DNIGN SuipTIn st - $uol3mo BOTIT05 -
BT ] BT ] pearat 5 o G e 3 TG got 1IBOTLITPON TBOTII09TH | 609-HOO
*”mméﬂa.ﬂ R S 0 SN 000" ] ] _
#qup Tegodoayg pooﬁcnm%
238p uoljeTdmos qovajuoy H%
9318p Tenjoy y
_ °@S6T T 19q0390 gaw3s o0y le) SRV LT
“UOD  *NaoA g1y oysTduon O} YaTum ut sLmp ¢§ RE °0) UOTIONIZEUO) sruuyo faojowajuon UL °Q4-#g~-6 Denssy mnmzﬁmmhuuov
UotjerTeysur weaud puw (HCE-HDD) »msorsus esoud s «&ozﬁnﬁﬂum:w9¢ ‘ON 39BIu0) uo pavscag o) 90TI0N PUB PIBMY JO 20T90H
: ISNHYWNENY
TIoSI39aT ")y d % 4 #Tenyg % Jo7oway BurprIng
—_ HIAINIONI OF4 ANINCI WO ONISN $Z€ - eamsoTouy s§axg srong OPWRIS) | HOg-HD)
FBe-w2-21 [ 61-61-1 i oy SOt 85-2-9 0007 1Y ¢ 8
*Go-1-g - e o- ¥J45-61-9 BTN COT OOCATH
‘D PU®R g g *ON TTe) Fursn FY vuoTimiadg  cgu6T ‘zy JI9q0390 Jreqe Ho pIwn ag wwd £ "oy TTen pepyuTyEe
ST 4T pue pgatduc: uasq swuq Furuped 1TV ‘TBACWAT poOyY XIB9J® poiwTdea swm ummtoo TeuIdrI0 Byg, "PIITwIsUT s1am gqroddng
UnTo2 puw wesq Alvaodmeg TUS DOACWSIT mHuM HmMTO0 JuTjonigsqo oy *pesTdmoo useq wey £ oy TT3) up pooy 23wy ayg
) ] SSMHHYWMIAN
pAoTT °T T % ¥ eTang % Jojowey
: EIINIONT 034 ARINOdAWOD DNISN
 BLSU LT es-sT T QGL-L g - g9 09 G Z-TtZ BUTPTING - suoTjwsagiy £og-ahHu
L e TN 59 - "9y ¢
*18NOD *ASHOD "ASNOSD TIvNAidy TvnLdw VR LS00
HS1sag ND1S3g NOIS3g ‘aAHDS "a3MDS Lnony
Iiva *dwoa| 3siva‘awes Ilva 8803 | MeTEEm | T T ._.uu_.o.z.. e - S
ANID yad W] IvioLcisa e +L233Arond
EEA L TNE-5 | H)-—FUWK—Q DNILNYIS SS8IUN0Md L1DITOHLD [NOILYZINOHLR ' .
Qs6eT " aaquixydeg HINOW NOILVYEILO SEAIMOLYHOHEY 1 OCNGINYH T-Qu=-€2 2 oay - gu61T X4 - 5193013 JmeTq frIauan
BN - MH -Fmomum l—lomamﬂ_ >.I—Il—lzo: . ) NOILYDIAISSYD Ly9ang

£T- GITITSSTIOND

12384 Z7X



TITITSSYIONN .

{(es =5 ) S10—-QDEL-WYV

ayy 7% pauwtojdad Buteq oJ® SIPTITI08I pUBR JOPIBAI 2} U0 S7S53)

198 *n°[ omg ‘JaesdyojIms fEIBUIQITURTY] OMY
syquoll 388 pejlodes s» peddus qou SBM JOROESS STYEINIES 2],
e3utMBaD BUJ,

"B1ep PAaTNPLUSS st

. *queTd sJopusa
<apTe (-68T 9Yl JOJ Snq N0 AU ‘LE1q InoaTs ‘sqTun
sfueduo) 0TJI103TY TEJOUDSD oY} WOJLJ PAATROSL ULaq $APY STRIJAIPW BUTMOTIOJ BUf
rpeqeTduon u29q 10U SABY £T0JGUOY JOFRJBUSH JO UCTIEDOTSL J0J
ruoTydeoxa suo UYITM GG6T ‘62 Jequerdsg UO UOTSSTUMO) dY} OF PIPIEMIOJ SEM HIOM UMS dump =43 Jol 2Feyoed piq eyl

ISMEMYININM
UTRIsH "M °V % § sTe0d % 1030%3Y
u2INIOND 04 ANINOdNOD DNISN autprIng 0-681
66-1£-8 65~T1e~8| 8512l 0 66 [ ot 000 SLY$ - £aT{roed Furgraaush qeeH [RUOCTITPDY 199-92
ge-T 1L} #85-1-0T] 95-9-¢1 0 00T | 000" %99% _
QUb6Z SERTD Wwa¥Ford - mauwﬁnﬂu
uoTjonagsuc) Ul papnroul 10N quandnby
"UOTIRZTJOYINE JS]JEB S1FUCH:
“ ~pesooad 01 uotsTdep € losucds ayy Futpusd dn pyey Juteq ST Tegodoad 19eload ayg
ISMNVYMIY
TrosJasdul *) *H % ¥ 51ond ® J0j0oBsYd R B
MIZMIDNR DX ANIMNOINOD DNISH SutpTIng L2t -
3l auoN #4 0 0 auoy 00% 678 | 2ues) wofue) uol-GT 9G] JO UOTIBD[JTPOH
Ty 9uoN #*1 0 0 a3Ep 01 Suof

gof SUy 07 USXNE] PUE PRACWAS U33q OSTE KPY HIOM3OND -SNOBUETTI0ETW BYf,
PAPI] PUR DPOACWSJ UBA( OABY

*FuraooT @9%1d passyosyo oyj JO UOTIRTTEIFUT Y} UO Furesaafoad =T yaoMm HurprIng

*SuTpTINg 90¢ SU3 Jo 3PLE YJou syl uo paoeTd usaq
queTd 947sW BY3 JO SPTE Yllou 94} UO PIJEOOT edoM yoTyM sdojegedss suold4D pue £4997TJ Fevq oMl 2]

-mv-m-(_zuhl
UTAJRy "M °¥ a%ysrenyg § J010u34
HIANIONS OAd ANTINOAWMOD DNISN gurprrog HT1f - jusu
ge-Tt-11] 89 [T-11] 8%74c-9 L6 auUON 85-Z 9 000 618 | -drnbZ queld 3TeH 23°T08q0 Jo Teacwsy [ O7e-dI
- - - BUON gTN auoN 000 41H .
+1ANOD *LEHOD “19NOD “vniov | tvnloy aiva 1805
NB1930 ND1T30 Natg 30 ‘ganos | "aanos ANNOWY Lo3roNd I S
Aiva ‘emoa| Fivatamoo stva ....m...Hou HOIEAT | yopswvmmodnr | Lo P
asivwirsd | IAted3Mial ONILMVLS I A N foug  MOLLYZIHONLAY
mmmH nhmﬂﬁ_@u&wm HALNOM NGlLviHIdO EXITHOLYHOAY ] QNOANYH A..Gm.tﬂN..N:.Q"md. . mwm.mu.—. xd - m.HUMﬁOLn— qQueTd [elxeusd
AR 1HOd3Y LO3T0Ud ATTHINOW NOILYDtdISSYID Lioand |

QETJAISSVIONII
i-H J

A

[
L

1238



U4 LA Lo SV BJNLE

(8~ ) 410 ~Q0EL~NW

sgqaoddne eTqEAINS TTBIEUT 03 PIJSE od TtM (evyoT HUedd
sqaoddns Jo7elousd pulm 210U OM,
pue 006 601$ Jo umoure TInJ 3yl gutaoadde 2ATIORITQ DAY UL

"ETED (eN90V s ° 918D DOLNPOUOE

10J SUOT3EITITPOW 19BIFUOD Sutraedsad sT Y 8UL
Joj JoporIquod-qne syy) Lueduo) JTIOETE 9HNJ PuE® peTTel sA®RY
con DTXSATH Tedoush oyy £q paaravad usdq ey faqep uor}edUED SATIOSITP MaU ®B Futatd
suctetTAax Tesodoxd qoafoid ® pascadde pue peredsad OEV eyl

vguorqele B1EP (TZ) PosTasl 8U)} JO uolledTJqQe]

IeNHYyMIAH
pfoeTT *4 *0 d ¥ ¥ squouUnI}sul % CRRCY.OF| .
HIAIANITDHA O3d ANINO=INOD @Z-ﬂ:
65-1-¢ 65-T-2 | Ls—Se-L Ge 00T L9-01-1 005 G0TE | ylompoy BUTI9jeweTd] OTPEY $69-Y0
[ kwlg 22— | swds-6T-7 | L5-CT 2 ‘S°N 00T 00% G018 |

cgaoqendTURY PUB MES JJO—3nd 3y} JO SUOTREOTJTPoll aae pejerdwoo eq 09 JUTUTBWSI SWS1Y dn-qaeqs dofel *}JIoM T3y}
poratdmoo eaey uoTqeIed) UOTIOM JEUO)

ues oyl -porerdwod aq 03 FUTUTEWSI SWeIT dn-qae3s 43T ‘gesT ‘of Iequagdag uo suotTqdeox?a yjIm pejeduod seMm noaload syl

*sajep TeN)V x

spajeTduos oq 0} urewed dn-9JIB18 JO SWERY T[EWS SnOJUMN

~yaom-al STY pajeTdwon Toued yored 9Y3 JO JOPUSA BYJ *PBATSOAL U3dQ SABY BISTESE

18NN YNNI
utAJal ‘M Y 0 % " s1end § J1030®aY
UIINIONT 03 1NINCIWOD DNIEN Juipting L2€ -
#86-0E~6 g5-1-01 | 85~LZ-t 00T 00T Ls-02-8 000 0zh$ |TTeD uorqeuruexy pue JJO—Iny TeAsT USTH 28990
3#,6-92-9 = - 9581~ 001 00T N B

setuoad & yjyTm suoyd £q pajoejuos BuTaq 24® SIIpPLq an1qradsoad FurutEwey
ueaq Apesde 9ARY (SPIq OU 4 1Yl
peTapayse ATiusring *aFeqno JXeU 2y} Jo SWLl 28Ul 3% 2q [T STYL

*97®8p 03 pPrq BuC jo
speATadal U9aq 18f S8y PTq TBNIOE OU PUE PaLINgal
c¥ J5q0330 20J PA[NPOYSE €T UOTIRITIQERF 6 X 9 U3 JOF gutuedo p1d °J2qo100 ATIes J0J

TUoTISEUT § X € 9Y] gIEmM pasaoad o4 pessde sey sdITTTUL

rEMUY I
MOptY ' H . d 7 U sTon % J03088Y
WIINIONR OB ANFHOLNOD ONISH . .
Be-1-6 | 84"91-21 oL ¥ 68 00T LS CT-8 000" 002" 1§ g oy ut jusudinbi projired 189~V0
¢ T6 ouof | 9%-LT-6 SN 001 000 002 1%
*18NOD *1SNOD *1SNOD wniov | wwniov Aiva 1809
NOEIS3a NI 30 NSIS3T ”nu:uu *g3HDS LNNONY L33 - Lr NIEWAN
ALlva *WOD | ILWa'dMOD alva 18NOD | N91530 | wyoravruodnt qo.z ALt
AN uId NI - IYLiO) TAS3E 12ArodHd
O3ILYWNLLES u_’-n-.uu‘nn SMNIiHYlS SEFEIONGd 1DIAFoHd E-k‘“—ﬂb:.—-:( , T -
Q66T “4equeidog minow NOILvHIdO STINOCLYHOEY1 GHOANVH 0062 FEETD UM gsiy - S elAIT UDTIITEU0] L)
. . 14OdEY 1O3roY¥d ATTHLNOW ut papnroul JoN HuAHTINDE Lo 1votaissvio tavone Qv/.
L ol el - .

5

o1-g ATTITSSYIONN -

1238



(ETITSSVIOND

spaaedsad ussq 9ARY 5399YS HJIOM TBIBASS

ozueoEe(] "M “H
WIANIONG OAd

G %y eTend ¥ 1070960

LNANGHNOD DNIESN

65— 1-01

64-1-01

suoN

85-1-8

65-1-%

65-1-%

B9-92-8

000 01

000" 0718

119p futyss] oT1S

spanssT U28q oABY SEUIMEID
qou oA®y epuny udTssp sqetduoo se paaedsxd useq jou Y TNPIYIS TeIo1TJJ0 22Ul

qusumod Jnojy pue LTyjoows Furses.

f sTnpeyose (8%

ozueose] °M "H

T % § §1end § 1639994

wAIHNIDONG DN IHIMNOLA MO PHIEN
65-0t—-1L suoN ouoN 0 gz g¢~L—9 000 0218 | Surprind g€ ~ T
gs-ye-zt| - - - 85019 0 9% 000 018 |

Teroadde JoJ pejeUOATd Buisq ST f£4TTIo®T Bul

suyorqeaedead tesodosd joslfoxd Jo0F BEITAL:

Jo uorqrod pelrejsut A1ususmaad oY) uo pose

mopey *H a® Y4 erend ¥ J039esy
MIINTONA 034 AMANOAWOD DHITN )
auoll BuoN ouoN 0 b6 gs-Z1-C 000 0Lc¥ | MiI-$01 ~ queudin
85510t suoN | 89OCt 0 #3001 *000 G183 |
*1SNOD *LENDD "1LSNOD “wWAlov TYNLODY 3ivd ’ 1802
M1 N218 30 NOYEIT *QgAHIS "d3aHDS IHNOWY LOEroud a
ALva *anos| Irtvatdanoo F1va T1SNOT | NOIEAO | o) vWwEOSNI .
ANID ¥3d NI IYLOL "AST
a3LVWILSS IALOINIO| DNILUYLS | gSIuSONd LOITOUM MO LLYZ THOH LNV

gs61 ‘2sque

dog winon
L 905

- MH

HO1AvHILD SITHOLYHOEVY a¥OdMYH

1¥oday 103roud ATTHLNOW

0062 581D
ut pepnToul 30N

g1~



e L i Y Lt {96—< ) SI0—QOEL—~WY

»paJdedead usag Sey “spuny TRUOTATPYE 000° (1§ OFD Fuipiaoad ‘uoTqezTLoyqny aseoTay HI0M
pagTanl ¥ " pOATOSEl Ussq jou €Y SSIJTTTIoORI FUTTpuRy reToads §4T pue ploe oraonyyosply Jo 8sf] °S100p pue T[BM 24T1] Fuljedo]
uo steeydus yqTm Sutessafoud T udieeq uoqBUTUSEM-JEY UT TTU48 ST spuny qoelfoxd 1eq01 Sutysenbax Tesodoad qosfoad ayj,

IEMHYW I
pAoTT *J P q % § 5190y R J0%30E®aY |
HIZNIDNI O3d ANINOdWOD DNISH
0916 oUoN "S°N 0 1€ gs—ge- | 0007009 2§ §eTTTToRd Jueudotenal TeotdaniTedsn | WHL-¥D |
66-1-6] - - -l 86-08-9 0 ¢ 000 09%

*000°008$ °q 01 pejeUL}Ee SEM
T1 =%eqg Jo 3800 8yl 000 000°1$ <em I 833§ Jo 1£00 PajeRuWTlIs? Syl »poaedaad sem aqewrise 9scd AreurwTTadd & UOTSETUMO])
syq Jo qssnbsa syl ¥ °8WORJBAC EBM STNPSIS pUTUSQ FeT oyl Jo 1484 "Yuouw ayj Surdup panutrquod ] edeqq Jo udrss(

*pOTNPaYDE Usdq Jou
gpy (UOTYETTeISUT £58Xd) UDTIXBIISUDD sreyd puooaT U7 8SNBIBG PeYBTIQEISe Uesq J0U $BY I[NPIYSE UOTIINAISUCD T[BIAC UF

‘g6t *hy 2equaidsg uo Aupduio) UCTIINLIEUC) ETUUIOH O} PoOpIerE LoYT-(T-6%)IL¥ ol 1oeIjuo) Jepun pamrogrsed aq TTIM (Y08~HOD)
arnwa{dle £eead PUE USTJETTEISUT £ °T uoteTasy {esodoad joefoad U3 UT pojou §E UOTJR[[e)sUT €8aid JoJ STELIODE
g3Tm psardesd Butag ST e3TION uoTyeTdwoy Teotsdyd sul “8w6l ‘9¢ Jequeidsg uo guotqdeoxe y3rm pejerdwos sem qosload sTYJ

18N YNNI
UosHOEf *% *Q % 4 Sjusumajsul B so1sAug _
HIAINIDGND O3d ANINOGWOD DONIFN ?C_._,mhoﬂ.m@ SSCH Hdo._ﬁ..m.HO HMNIGO
66T -01 suoN { 65 4T 2 0 N 85-2T-6 000" 008" 18
& Te| - | 89S 0 Lz 000"5LTS BGOT X4 - UOTONIPSUO) MON

SSHYYWIAH
rrosaasuf “9 “H q % Y o7snyg 7 a0jdeay
HIINIONTD ORd ANINODWOD DNISEN SUQTIPPY soeULng
8¢ 3¢ 6 8% 1 01 85 0g-T aat 001 85-9T-L 000"ZL1$ pue £ssud juswdoressq sTong Jlumra) 84400
BogC ¢ 8o ¢ | o ceg | = EN 00t SOONZAL ;
*ALBNOD *ASNOD tASHNOD TWAALDY IVYNLDY Iivd 1800
NDISAQ ¥91530 NS 3a ”Mwnww .me_.“nn".ﬂ_ ARNONY 1Ddroud PR . MIEWAN
ALYO "4W0D | ALvadNod Jiva NOLLYWHOAN] wlOL 183 : . . Lo3Irowd
aslvwiisa AA1LDaMI0| ORILNYLS mnmﬂﬁﬂﬂuuﬂuu“nxn INOTLYZINOH1NY] o T
8661 °AAqua 13 Hg HINOW NO1ILvHISO SIIHOLYHOEY QHMOINYH Q0AT TEET) Wersody - £3Jalodd UoTiondasuoy
. 180438 12370dd A THLNOW ut pepnouf joN ueuwd ibd 5 1 vo1sissvn Lasana
& QA LATSSVING

1238571



_ QEIATISSYION(, : . (as=s ) .l..ll..lq

*UOTIRZTJIOUINE J39TW SyuoN 5

ruoTssTuO) oYy Aq pemeTass Jutreq ST Asuow Kaeuurrioad opo‘09¢ Sutissnbax esodoad qoefoxd eyl

WTAISH "MV JUSWOToAS(] % Uodwssoy [edTwey) :
ustReny Ole . ANINOANIOD BMIBN : vary OOt .
7 ¥ie | 6 0 0 SUON 000 00t¥ | - seTaTTToRd B9swM Alojeraqe] pesesioul | 4Tg-HDO
YA - - - »*T 0 0 uoN .

*19q0100 UT 7Ie)s Lew Maom s uotiedsd) uoromajsuo) -Furssaadord sse sPuUpARIp
TeI01001TYSI® pUe TEJIN)ONIs eyl cuolleduod Butawsu sa® SAUIMBID FUTIETTIULA pUR Buryeay 2y3 pur pelJIwvls Ussq EVY NIOM .
TeOTI109TE  “UOTIRT[RISUT Burpnout 000°o%$ Jo sjeuwtyse joefoid 8y} Jsno 000“L8 ST uoTuym 00 ghg L1ejruwtxoadde sem prq Suwzd
oyl °o1171ess Jo .hcdmmEOU M:ﬁh@@ﬂﬁ&ﬂm Jaaspg ST J48pplq Mot uaredde syyl pue YjuowW sSY3 JO NI9M 1SET 9yl FutInp peMITARI SIBA
sp1g *Fureeyoand fLq pajuead eem gsenbag STYL  °JIAPPTq aatyoadsoad v £q pejsenbar sem gT Joqusidsg 01 awyq JO UCTRUMIXS ue
‘xsaoMoy ‘gohT ‘g Jaquejdeg Joy petnpauos sem Futusdo prq TRUTSTIQ °PIQ dURID 8Y] JO DJIEME Sutpuad dn pTey usaq swy udyeeq

UTAieH "MV | G % ¥ 67ord ¥ 10300en |
Futpling [ZE - UOTITPPY e¥elolg
IJW!HIN 09-1¢ ¢—1-2 0 9 pue FUuTAT=02M 2AT10POTpRY ToseT YITH
— Pe-tel} - ~ ) 8ete D 0 Zl

~gefueys udteap qsed o) enp aTnpayss puryeq 1 uSisep eug

. ~Futpasvord g1 uoTyeAROXe puRy pue

peowtd Bureq ale suroy Juyrgooy SYJ °HIOM ULIOF 8Uj JI0J pojorduod useq STY SUOTIBASTS pur SSUL[ [[PM pur uwmyeo 103 gnale] _
Pi®Td °oBuwryo u¥isep Jueves ¥ Jod gv aadoaop paleARINS FBM pus yldou Iyl “gebT ‘1z loqueqdeg UO PAJIOATISD oJdam FBRUTIc0] eyl

> @N[I]E JOTJIED JOJOW 89U O anp aMpeYdIs putyaq aIeM oym ‘fueduwoy 19918 °o[mog ‘aojorijuos-gns ' £q ‘g3utq003 Sul JoJ Tee)}s
pButorojutelr yo Areatrop Futpued pefeyop useq sey uoTjontisuoy cLuedwo) Buyog °d "€ U JO €S0YUY BJE UMOUE =IaTupyog
— _ : L
ozuaoseq °M °¥ quaudoTeas] ¥ yYoJessay TeITwaY)
WEIMIONE OBd ANBHOIWOD DMISN
[ 6§-0¢9 65014 | 89-1-8 T 18 gs-Tz-4 000" 4668 £3TTroRd KusTwayooTpRY [AA2T UITH 6NL-¥D _
CBegl-it )~ - | 85519 b g8 | 000700 18
. * Sy "AENOY TVYAALSY | TenLdY Aiva 1809 |1
... N . . NaIsag Jaanas *QIHDS ANAOMY ASBIONd 2404 per———"
aAve sl SAvgTamad aAwt: ABNOD L2 NOILYRBOSN) ~+rADL "LEOR ADErTNS
SBAVIHASS !..monu.n_ orsuval | endubikg foatoNd INOLLYEIZOHLNY
BS6T J0qUaId"E uanom | WOIAVESA0 SPIBOLYNASYI GUOSNYMN 5961 Ad - UOT)ouIFeUO) MAN
.,.._m. @..L.m_ - S 4 hﬂgmc hluuama >§g : #O1AY I 0VID LE0ENG

- i —un
o qardlesy W

233428



AT AT SV IO

ON

oN

o

saf

saj,

Bl 81 po1oTL89y
01 S8300Y

Buigss TenUUy ° DOSSY
goys8M TBIIZENPUT

Buryosy S2TJ01BIOQET

z318D ‘Y q0y ewmedh eydly
*6l-vy 199foad ao0g
aP199p [TRISp 9,I03081%

pury ‘qri
e -uoy sa0xddwe § maTAdY

suyzaag *

‘Temnosxad FSIL UITA
smaTqoxd uoTl}swIOIUY

wonusyg *I'H  TBOTUD8] TEnhM SENDETQ

rgpaodax *Taasq R YoL8383Y

Jo wotieotTand 3 w1y

_giedord ssnostp B ‘ToU

~uosisd TNV U TH TOSTETT

gunny "q H “OJUT ‘Y233 8endSIg

Pl 0ElU0) ITSTA J0J uoseay
Teuuostad

notiezado c0JuT

oLt - oot ol UOSUEBAZLS "H°D 109 1hoqe LiBST
uzsaphn " IS “QJuT Mmu%ﬂﬂuma
09LE - 00 o nogUaAd1g D' JO SPusyoxs senoelg
GRESRETA-IER -dtnbs g senbruseq
U/ - fu1-y Buypreldss
‘oot 2 B-CUT ON RYz08 “u'H UOT3E}TNENOL YOS,
DALY A B 80 TR TUAL) STSTA IO Uovedy
SRUTPY NG PI10TLISSR YPUT0sIad “MTH

5 suaiy Uy 3TRODY

grgl-md ) E1T-H

95-92-6
‘up fouaenodg R G2-6 qoequajsoyd *q Y
*ITI ¢quouariLI10qBI0  gS-0L-6
-qey TRUOI}BN SUuoBIy  § 62-6 uedtung "X ‘d 'd
- JTTe) ‘oostousid UBS QS-61-6
-ourfron g euyog ‘d'd X QU6 pzoanseg ‘M ‘H
aBpTY 8O
uorsuayxy g4-91-6
822TAISG ‘OJUT ‘Yol % 41-6
*TTI “quoma
Rioner0q¥l QG-gI-6
TeuoTIBN suaelIy 2 g-6 uagaphn *J KaTITUB
SEsappy pas  JLETA ey
pa1teTA Auedme) Jo
ELRCN |
SNOTIVTIVLONT HAHLO Ol SLISIA
‘uy ‘uesg )TUM
"yog YBTH UBMG 91TUYM Q5-42-6 83uapnlg 89@r) 9OUILDG
*JTTBD ‘H0YTLITTBA souysed ‘[ "L
03 @Y gs-te-6 INeqUIPISM PIEUISY
+JTTR) ‘oosiuuBly GBS
r0p gn -wdaqg £si-x gs-te-6 TINGTTW “H 3S90IH
982IppPyY % pajuas “rTSTA BN
-axdasy wotgezTuUedi X0 _ o,
z0 Aueduon gx18( o '

SYOM QHOJNYR OI SLISTA

QAL AL SSYTONT)

1236429



UNCLASSIFIED HW-57636-

EMPLOYEE RELATIONS OPERATION MONTHLY REPORT

GENERAL

At month's end, the staff of the Hanford Laboratories Operation totalled 1193, in-
eluding 562 exempt and 631 nonexempt employees. Of the total exempt employees,
there were L99 with college degrees, including 478 technical degrees as follows:
BS - 269, MS - 106, PhD - 103. There were 32 nonexempt employees with college
degrees.

EMPLOYEE RELATIONS

Attitude survey follow-ups have been conducted within the Reactor and Fuels Research
and Development Qperation and the report is currently being prepared.

Preliminary plaaning 1s underway for the next attitude survey. The survey 1s tenta-
tively scheduled for March 1950. .

FPERSCNNEL DEVELOPMENT

Fourteén nonexempt positions were filled during the month with 15 continuing open.
Currently, there sre three jransfers pending.

Placement of excess Radiation Protection personnel is continuing at a satisfactory
level with a total of 8 who had not been placed by the end of the month.

COMMUNICATIONS

The most intenmsive mass communications program of 1958 was conducted during September
in support of the new Savings and Security Program.

As a part of a program to improve HIO mass media and distribution systems, the
Hanford Laboratories News was discontinued in order to promote a more intense ef-
fort in other areas.

It appears that HILQ tours for school groups are lncreasing during the remainder of
the fiscal year., To date, there have been four scheduled and one was conducted
during September for students of White Swan High School.

HEALTH, SAFETY AND SECURITY

laboratories personnel worked a total of 186,581 man-hours during the meonth with
oo disabling injuries. Since September 1, 1956, a total of 4,709,121 man-hours
have been completed with no disabling injuries. The medical treatment frequency
for September was 1.23 as compared with 1.86 during August.

There were 2 security viclations during the month, bringing the total for the
calendar year to 36.

" UNIGN RELATTONS

One meeting was conducted during the montk by the Company and the HAMTC regarding
the Wonacott case, Although the two groups were closer to agreement than in

the past, there were some differences of opinion, particularly pertaining to
Monitors' use of dose rate instruments. The Company is rewriting the proposal

1238450
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in an attempt to arrive at a mutually agreeable basis for settlement of this case.

Regional Monitor negotiations were completed on September 26 with the signing of
a contract by the Company and the Union representatives.

The Maki arbitration case was scheduled for hearing in Portland on Qctober 6. It
is anticipated that five to six weeks following that date will be required for the
arbitrator's decision.

Cne grievance was recelved during the mpnéh of September, The grievance was sub-
mitted by a CPD employse claiming that non-bargaining unit persconmel in Plutonium
Metallurgy had been performing pargaining unit work. The Step I answer was satls-
factory.

PROFESSIONAL PERSONNEL PLACEMENT

During September, employment offers were extended to & PhD candidates. Three can-
didates accepted our offer and one was placed on the roll. One of those accepting
employment will be placed in HIO. In addition, employment offers were extended

to 10 experienced BS/MS candidates with 6 accepting and U placed on the roll.

Qf these numbers, 5 will be placed in HLO. Qffer action to Program BS/MS candi-
dates was confined to employees on leave of absence to the military service.

In this area, four offers were extended with cne acceptance and cne employees placed
on the roll,

Firm recruiting dates for all schools to be visited by Hanford recruiters during

tae fall have now been established. PhD recruiting will begin Cctober 16 at Iowa
State College. BS/MS recruiting will begin October 6 at Oklahoma State University.
Overall Company requirements for PhD's are down slightly from last year--from 346
to 322, while BS/MS requirements are up substantially from 400 to 600. HAPC's
requirements for PhD'sgpe roughly the same as last year while Program BS/MS require-
ments appear to be up substantially from approximately 20 to approximately ©5.

Philip A. Ard, who suffered a disabling injury on August 18 due to contact with
a 13.7 kilovolt highline, reported back to work on September 23. Medical restric-
tions require that he avoid rough cr heavy work.

All summer program participants have terminated to return to their respective
schoal activities. Assignment supervisors report that Program members' perfor-
mance and contributicns were very satisfactory.

EMPLOYEE CCMPENSATION

Nonexempt Compensation 3tudy is proceeding on schedule with six progress reports
having been issued o date,

Thirteen suggestions were approved for awards totalling $275 at the September
meeting of the HLO Suggestion Board. The average year to date suggestion award
for HLO was $24.8]1 with a retio of awards to savings of 12.1%.

R. Rider, Katherine Beehe, R. Percy, J. Loe, and J. Poe terminated during the
month to attend colleges of thelr choice under the General Electric Educatlional
Loan Program. Each employee received a loan in the amount of 3300.

{23843 1
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Effective October 1, the participating agencies in the Nucleonies Good Neighbor
Fund were changed. The agencies now covered are the (Cancer Scelety, Heart Asso-
ciation, Benton-Franklin United Crusade, Yakima Valley Good Neighbor Fund, Prosser
United Good Neightor Fund and Sunnyside Good Neighbor Fund. Appropriate publieity
will be furanished to all HLO employees. '

At month's end, Hanford ILaboratories participation in the Savings and Security
Program of those eligible employees was 95.3%.

Hanford Laboratories' participation in the Employee Benefit Plans is as follows:

Year Savings

1558 Insurance Pengion Plan Stock Bonus Savings Plan

Mar. 99.7 98.6 ' 61.9 8.7

June 99.7 $8.9 61l.L 7.6

Sept. 99.7 98.8 6.6 £.5
Manager

Employee Relations

TG Marshall:tr

12381
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TABLE II. NCNEXEMPT EMPLOTMENT

Yonexempt Employment Status Aug. Sept. Nonexempt Transfer Bequests Aug. Sept.

Requisitions Transfer Requests
At end of month 23 15 Active cases at end of mo. Sk 57
Cancelled 0 1 Cancelled & )
Received during month 25 7 New during month 7T 10
Filled during month 12 14 Transfers effected 2 1

Candidates Considered

Total applications W L8
Total transfer requests
from other at HAPO & 8

TABLE IIT, UNION RELATIONS

Grievances Processed - Jamuary 1, 1958 to date

Total processed 25 (includes 3 non-unit grievances)
Sten I
Answered satisfactorilys 15
Step 1T
Pending Step ITI discusgion 2
Answered
Setisfactorilys: 8
Pending time limit 0
Pending arbitration decision 1

# Step I grievances which Council inﬁicated 2 desire to discuss at Step IT not
acheduled for discussior within three months are considered settled at Step I.

%% Step II grievances in which the Council formally applied for arbitration but

forswhich no further action is taken within three months are considered settled
at Step II. :

1238433 UNCLASSTFIED
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C - Techrnical Graduate and Technician Training Program
Month Ending September 30, 1958

TG Program IT Progranm
Number personnel on assignment 37 16
(HAPO TG Program 35)
{West. District E.P. 2)
Distribution of assignments by Depts.
HLO 10 11
CEO 1 )
R&UD 0 1
FFD 1 0
IFD 22 L
CFD 3 0
Distribution of assigmnments by functions
R&D or Engineering 33 15
Other 4 1
| 2 3 8 u 3 5 UNCLASSIFIED




UNCLASSIFIED S J-1 HW-57636

FINANCIAL OPERATICN MONTHLY REPCRT

Personnel
There were no changes in Financial Operation personnel during September.
Activities

Geperal Accounting Operation

Preparations are under way for establishing the approved central storage area
for HLO equipment and material in the 325 Building basement. A job descrip-
tion for the assigned Financial man was submitted to Wage Administration and
8 job rate established, A letter was prepared for distribution to all HLO
Control Custodians and Property Representatives advising them of the forthe
coming storage area. Property Accounting will in the interim make an
inventery of all existing storage areas and provide each custodian with a
listing of equipment for his review. Listings of equipment determined to
have no foreseeable need will be circulated within Laboratories prior to
issuing & Declaration of Excess. Lsboratory Auxiliaries are currently pre-
paring an IR to cover & truck access to the 325 Building basement and other
work required for the storage area.

Field work and the reconciliation in cornection with the physical inventory
of uninstalled cataloged equipment in the custody of lLaboratory Auxiliaries
OCperation is complete and a report of results issued. PFour hundred sixty-nine
items were inventoried valued at $1,048,74l compared to FY 1958 inventory of
380 items valued at $862,778. Three items were added to reccrd valued at
$1,850 compared to 50 items valued at $31,529 in 1$58. All equipment was
located during the current physical inventory as well as in the FY 1958
inventory. No missing equipment and only three pick-up items indicate ¢close
control by custodial personnel and the use of proper procedures in transfer-
ring or retirirng equipment.

The annual physical inventory of Remctor and Other Special Materials was
taken September 29 and 0 and will be reconciled 1o include all mmterial
held in inventory as of 8 o'clock a.m., September 30, 1958. In addition
to HLO Financial personnel, a team from the Commission, consisting of one
Financial and cne Property man, also witnessed the inventory. A report of
results will be issued upon completion of the reconciliation.

Work is progressing on a review of ELO composite depreciation rates. In con~
nection with the review, a reconciliaticn of the fimal unitization of Project
CA-546 with the preliminary unitization voucher prepared in March 1557 was
made., This was necessary to insure that the total dollar value of the
project ($1,589,259) was properly recorded in our plant and equipment sub-
actounts.,

The Property Management Manual issued under the direction of HLO OFG 08.11

was distributed during the month of September. This Manual was prepared to

Present in one publicaticn the property management policles, procedures and

requirements of HLO. Control of the distribution of this Manual will be

maintained by Property Accounting and all revisions will be distributed to
] 2 3 8 [} j bregistered holders.

UNCLASSIFIED




UNCLASSIFIFD J=2 HW-57636-

The running analysis of estimating accuracy on appropriation requests is as
follows:

No. of Authorized Actual {Over)

AR's Funds Cost Under-Run

Cver-Run

By more than 10%

Supplement Required 30 $130,768 $183,079 ($52,291)

By less than 10% 33 203,528 211,462 (7,934)
Under-Run .

By more than 10% Wiy 263,815 177,289 86,526

By less then 10% 35 237,004 230,426 6,578

In ccenpection with inventories, we have designed a new form for recording
physical inventories that will be used plant-wide, alsc a stapdard form was
designed for use by all custodians in meking up quarterly inventories. Previous
tc this time, 2 number of different quarterly lnventory reports were used by
custodian personnel.

Cogt Accounting

The HLO Target Budget for FY 1959 has been reviewed and approved by the Manager-
HLO and subtmitted to the General Manager - BEAPQ, In preparing the Target
Budget, the authorizatlons for HLO Research & Development Programs and work
spensored by the Product Departments were used as the target. The only ares

of ELO activity where the Target Budget differs from the current budget is in
the area of General Qverhead. To reflect the cost reductions maede in the
general overhead functions over the past years, a schedule was included in

the Target Budget submission which compares the amounts included in the Target
Budget for these functions with FY 1957 and FY 1958 actual and previous budget
dats for FY 195G.

A revised authorization has been received from UCRL for Project Whitney opersat-
ing expenditures for FY 1959, increasing the interim authorization of $200,000
to 3600,000. There is no change anticipated in the present FY 1959 authoriza-
tion for equipment in the amount of $30,000.

A revised financial plan is fortheoming from HOO=AEC which reflects a reduc-
tion in authorized funds for the LO00 Program. Other programs are unchanged
from the September 15 Finasncial Plan,

Preliminaerily it appears the AEC has apparently recalled the funds authorized
in the September 15 Financial Plan for the Waste Disposal and Fuel Cycle
Development Programs.

A uniform system for accumulating costs by individual prototypes was developed
during September and appropriate instructions issued to the R&D components.
Hereafter, we will use the new system for all prototypes over $20,000 for all
R&D components except the Mechanilcal Equipment Development Operation. MEDQ
has been using account classification codes to ldentify prototype costs for
acproximately one year and we do not feel that it would be practical te
change.

1238437
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A procedure for accumulation and reporting on all R.D.S. work orders and purchase
orders as well as individual pieces of prototype equipment was published during
the month. The format of the report will provide total estimated costs, expen-
ditures to date, and balances to complete for each R.D.S. item. It is planned
to issue the report monthly.

A new work identification code was established to separstely identify costs
assoclaeted with the special isotope separations work requested by CFD., The
code and title are .64 - Special Separations and will be funded from CFD -
Separations R&D funds. -

A report was issued for the first time in September showing costs of the U.S.
Air Force "Atomospheric Diffusion Studles”.

Personnel Accounting

Consclidated Reports and Statistics in Schenectady requested that we prepare
on IBM cards certain salary administration statistics in accordance with a
gulde for coding and punching such cards. This job 1s similar to that
performed in October 1957. Completed punched cards are to be forwarded to
L. L. Weiss so as to reach him by October 15, 1958. We anticipate mailing
cards by October 10,

As of this date duplications of personnel records formerly mailntained by
Salary Administration on exempt employees have been discontinued. All informa-
tion except the appraisal form has been removed from the personnel folders
formerly maintained by Salary Administration and each individual record has
been compared with those in the Personnel Accounting personnel folder to
determine that an original is on file and 21l duplicates have beern destroyed.

Auditing

Fleld work on the Audit of Material Furnished AEC Contractors continues. Pro-
gress during the past month was small because of work on the Traveling Auditor
memorandum follow-up and preparation for the Business Review.

The repert of sction taken or to be taken on Traveling Auditor recommendations
was completed. A need for further action wes indicated for (1) attempting to
eliminste Technical Shops tool room attendant end material hapdler slack time,
(2) investigating the feasibility of eliminating accelerator overtime by con-
verting to mechanical refrigeration systems and (3) reducing the lag in remov-
ing completed items fram the EWIP.

The audit schedule for the year ended July 31, 1959 was submitted to Contract
Accounting for its consolidated submission to the AEC.

Measurements

Interviews continued with the different managers. Measurements has been dis-
‘cussed with 25 managers to date, Consolidation of business review information
1s under way. An ocutline of recommended measurements reporting for the
remainder of CY 1958 is nearing completion.

1236638
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Procedures

Central Stores will stock Huron Copysette (carbon attached manifold tissue).
As soon as & stock nurber has been assigned the HLO secretarial force will
be Informed. This action was prampted by & suggesticn from an HLO employee.

Preliminary contactz have been made with Data Processing and Stores personnel
concerning the weekly store order cost distribution run in an effort to change
the input and cuput siightly. The change will be the additicn of the name of
the man who slgned the store order. Initial reaction was not teoo favorable
but Stores is going to examine possibilities more clesely. Such a step would
eliminate the need for distribufing store orders by Stores and sorting and
filing by cost groups. This 1s dependent also on acceptance by the Auditor
and Manager -~ Cost Accounting.

Payroll Statistics

Number of HLO Employee Changes

During Month Total Exempt Non-Exempt
Employees on Payroll at Beginning of Month 1 232 584 cug
Additions and Tranafers In 21 & 15
Removals and Transfers Qut (60) (28} {32)

Employees on Payroll at End of Month 1 193 gég éé%
Cvertime Payments During Month September August
Exempt $ 5 838 $ 7 600
Yon-Exempt : 5 41l € G48

$11 2&2 $1h LL8
Gross Payroll Paid During Month
Exempt $hsh 617 $463 984
Non-Exempt 272 558 k2 365
3121115 3306 o
Participation in Employee Benefilt '
Plans at Month End ¥o. Participating % Participating
September August  September August
Pension Plan : 1170 1 186 98.8 98.7
Insurance Plan

Personal Coverage 1 228 1 2k8 99.7 55,8

Dependent Coverage 797 T99 - -
U.S. Sevings Bonds

Stock Bonus Plan 735 755 61.6 61.9

Savings Plan 77 36 6.5 7.0

1238439

UNCLASSIFIED




UNCLASSIFIED

Insurance Claims

Employee Benefiis
Life Insurance
Weekly Sickness & Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Total

Good Neighbor Fund

Number participating
Percent perticipating

wwsue /bk

{2334840
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September August
Mumber Amount Tumber Amount
- - 1 $18 700
7 807 10 718
37 2 630 2l 1525
_2_@ 11l 322 57 5 528
_1_153 $14 759 gg 426 501
September " August
763 789
64.0 &h.0

Manager - Finance
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INVENTORIES OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been examined
for possible inventions or discoveries, |

INVENTOR TITLE OF INVENTION OR DISCOVERY

.M, O. Rankin Medium-Level Continuous Alpha
- Air Monitor .

UNCLASSIFIED
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