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SUMMARY

BUDGETS AND COSTS

Fiscel year to-date costs are $8,208,000 &t the end of December or 4&% of the
$17,759,000 FY 1958 Mid-Year Review Budget. December costs of $1,440,000
showed a slight reduction from November.

Cost-budget relaticnship of end programe through December are, for the most
part, satisfactory. The muthorization for FPD Research and Development is 60%
spent and reduced spending will be required during the balance of the year.

Plutonium recycle costs are only 37% of the annual budget however, the annual
budget is based on $3,500,000 {excludes $500,000 equipment} as compared with
$3,000,000 (excludes equipment)} contained in the financisal plan. Large
expenditures for prototypes and off-site services will substantially increase
the spending rate for this progrem during the last half of this fiscal year.

CPD Research and Development - Separations is 62% of the budget; the budget for
Separations Processes for Non-Producticn Fuels is only 6% spent. Combined the
two progrems are 4T% of authorized funds.

Reductions in FPD and IPD Process Technology took place in December as planned.
While additional reductions appear necessary, it is planned that costs of these
two programs will remain within authorized funds this fiscel yesar.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

IBM computations indicate that in PRPR operation on steady state fuel cycles
without segregation of plutonium according to exposure history, maximum
exposures are attained at 3-5% rather than zero processing loss. These
meximum exposures, with D,0 reflector, are about 6000 MWD/T for the uniformly
enriched reactor and about 3700 MWD/T for the splke enriched resctor.

The PRPR preliminary safeguards analysis was reviewed by the General Electric
Company Reactor Safeguards Committee on December ©. Although the commitiee
agreed that the reactor design met all present safety standards, further
study of the degree and conseqguences of metal-water reaction following an
incident was recommended and will be done.

The design of PRPR Phase II (service area) and Phase III {reactor and
auxiliaries) is 15% complete. Scope changes include removal of the turbo-
generator and assoclated changes, and modification of the wall between the
lover face access room and the process cell.

The LeFlell Magufacturing Company (Los Angeles) succeeded in mechanically
forming the flanged and tapered sections on short, prototype PRPR Zircaloy-2
process tubes. Although further study is required, the outlock is guite
Tavorable.

Zircaloy-2 end'fittings fabricated from bar stock by machining have been a
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substantial element in fuel assenbly cosis. Examination of vacuum cast
parts made by an off-site vendor indicates excellent quality at considerably

less cost.

Frequent ruptures have cccurred in attempting to swage to high density sin-
tered and ground UQ, powder contained in thin wall, 1" 0D, Zircaloy-3 tubing.
In a test at & vendor plent this did not occur using & stationary spindle
{inverted) swaging machine.

Unsintered UQ, powder specimens ilrradiamted in the MIR have shown no incredase
in fission gas release with increesing exposure in the range of hundreds of
MWD/T .

Bxamination of Zircaloy-2 end Zircaloy-3 specimens after prolonged exposure
in H-Reactor led to the following comclusions: &) rates of reaction with
reactor ges can be predicted from ocut-of-reactor test data, b} cold worked
zirconium, Zircaloy-2, and Zircaloy-3 are ennealed and recrystallized in less
than three months at 410 C, ¢) 450 C appears to be the upper temperature
limit for prolonged exposure of Zr to resctor atmosphere, and d} aside from
the effect of annealing, 1000 days of exposure had little effect on mechani-
cal strength.

Two-tube charges of experimental hot-press cenned and vacuum canned I and E
fuel elements have been discharged after irradiation to about 800 MWD/T at
8 power level of sbout 50 kw/ft. No ruptures occurred and all test elements
appeared to be in good condition.

Preliminary corrosion tests of four experimental aluminum alloys prepared by
a commercial vendor have glven results inferior to those obtained on alleys
of the same chemical composition prepared by ANL. Effects of variables
assoclated with metallurgical history are indicated.

Exposure of conventicnal, asbestos-insulated thermccouple wire for eight
hours in en inert atmosphere at 600 C resulted in & 2000-fold reduction in
electrical inmsulstion resistance. However, burnout of impregnating material
and/or other carburizing substances with oxygen restored the Insulation
resistance to greater than the old value. A loss of electrical resistance
of this magnitude would invalidate the temperature-reading of the thermo-
couple and explains the premature failure of many asbestos-insulated
thermocouples in Hanford reactors.

Near saturation cof the physical distortion of CSF graphite csused by irrea-
diation at 30 C has been c¢bserved for the first time in samples recently
discharged with an accumulated exposure of 5725 MD/T-

In ex-reactor loop tests of two weeks duration employing MIFB coolant at
TOO P, fuel elements with nickel or graphite diffusion barriers clad with
aluminum, steel and Zircaloy-2 exhibited an absence of the distortion pre-
viously chbserved under similar conditions employing A131 or no diffusion
barrier. Magnesium coupons were found to be extensively attacked by traces
of water in MIPR.

WANEEE



5
#
[

2.

)

ix HW-5La8k

Chemical Research and Development

In Non-Production Fuels Reprocessing, some 20 different processes are being

. studied for technical and econcmic feasibility with reprocessing of plutonium

nd

recycle fuels included in the scope. More work on chloride removal from

Darex dissolver sclution by either solvent extraction or boil-off techniques

is reported. Corroslon tests are narrowing down meterials suitable for
dissolver construction. Haynes 25 alloy locks promising to contain HNO,-HF
gsolutions potentially capable of dissclving either stainless steel or zirconlum.

Continued study of urenium, plutonium, thorium, and cerium oxide solutes in
molten potassium-sliuminum chloride with subsequent reduction reactions to
produce metallic uranium, thorium, or plutcnium has brought to light some
potentially simple and interesting decontamination or partition processes.

Use of tri-laurylamine as & specific plutonium extractent is reported to be
more promising than previous alkylamines tested.

Basic chemical feasibility of piutanium recovery from Purex 1WW wastes by
anion exchange locks encourasging although several practlcal problems are yet
t0 be answered. Absorption desorption kinetic studies are reported for
various anlon exchange resins.

Economic apalysis and laboratory exploration was initisted on "dry" storage
methods for Purex wastes. Complete dehydration to stable salts retained in
steel pipes is visuslized. Methods of stabilizing or calgining gel wvastes

continue to e studied.

Potential substitution of steinless steel in lieu of platinum for Flurex
anodes may be economically attractive.

Two independent mechanisms are reported to account for the effective removal
of strontium ion from solution by calcite in the presemce of phosphate ion.

Physics and Instruments

The reactivity loss which will result from loading I and E slugs in the K
reactors was determined by experiment in the PCTR. This difference, 240
inhours, was determined with an estimated error of = 40 inhours by develop-
ment of an improved technigue for using the PCTR in difference-type
megsurements.

Work continued on determining the nuclear physics parameters for cluster type
fuel elements for the NPR program, and progress was also made in the program
10 develop improved methods for calceulating such information. The calcula-
tilon of the isctopic compositlon of plutonium produced in reactors having
meoderator temperstures up to 1200° C received speciml attention.

The gathering of experimental information peeded in setting critical mass
limits for the chemical processing of slightly enriched fuel elements
continued. This program has now been broadened to include consideration of
enrichments up to 1.4%. Problems will exist in both the dissolvers and the
caleiners at these concentreticns. Data were obtained on randomly stacked,




1% enriched, I and E slugs. and on oxide mixtures of low water conient. For
the latter the maximum enrichment which will have k less than unity under
any conditions has now been established as 1.02 * 0.02%.

In the Plutonium Recycle Program, PCTR experiments were completed on the
Mark IT annular fuel element and the data are now being anslyzed.

Continned high demand for PCTR time necessitated two-shift operation through-
cut the month.

The simuletion, from an atmospheric physics standpoint, of "slow simmer"
reactor disasters continued. Tracer materials emitted from 1C0-H and 100-B
heve been megsured at distances up to 8 miles from the source and at dilu-
ticons of 10 of the source strength. Since experiments to date have been
under only one set of atmospheric conditions, no genersl conclusions can be
drawn.

& body monitor shield has been constructed in 329 Bldg. of 100-pound bags
of crushed talc.

The development of the pulse method for reading pencils was completed and
extensive field testing by Radiation Protection Operetion is under way.

Satisfactory progress was made in the development of instruments for radia-
tion detection use. Satisfactory operation of a scintillation, transistorized
alphs hand counter was demonstrated by completion of two months' use without
eny maintenance or recalibration being required. Progress was also made cn
the development of nine other instruments or major components.

Work in the basic data field continued on programs mentioned in previous
months. A significant increase in beam current of the Van-de-Graaff has
been achieved by lmproved alignment.

4. Biology

P32 conteminetion in whitefish available to fishermen &t Ringold increased
to & point where the consumption of 0.3 lb/week would furnish the offsite
MPC {for drinking water). The same level was also found in the flesh of
ducks .

From the standpoint of gross beta emitters plcked up by Columbia River fish,
there appears to be no adventage in retaining reactor effluent for decay of
short-lived jisotopes.

Prompt treatment with chel-330 appears to be superior to EDTA for the
removal of plutonium from the body.

Three malignant tumors were found lﬂ mice after administration of Pu23902
and one after administration of Rut 602 The latter is the first reported
lung malignancy caused by & beta emitter.

Calcigm phosphate, and carbonate were all effective in reducing depositicn
of Sr°? and CalS , but in varying degrees for the twe isotopes. Sodium
increased the deposition. The results attest to the complexity of the

|".l[;':|_ﬂ!
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interrelationships invelved and point vp the inadequacy of the commoniy
accepted concept that calcium will behave simply as an isotopic diluent of
strontium.

Technical and Other Services

Two cases of plutonium deposition were confirmed; one case inveolving a contamin-
ated minor injury and a small excision of skin. Initial ploassay analyses
indicated less than ten per cent MPL in both cases. The total number of cases of
plutonium deposition on record is 212, of which 168 are on the active rolls.

An ROF of thirty cleriesl employees in the Radiation Protection Uperaticn was
announced to be effective in January. This was necessary because of earlier than
expected gains from improvements in the f£ilm badge and pencil programs.

The iodine-131 emission rate averaged seven curies per week which included g
single emission of 14 curies from the Redox sand filter.

Statistical and mathematical assistance on 37 separate problems was given to
other HAPO components. The following items are typical:

1. Control charts currently meintained for I and E fuel element production
were reviewed and changes recommended.

2. Fission product gas activity data from & U0, irrediation experiment were
analyzed with respect to surface ares, packing density, enrichment, neu-
tron flux, and exposure time.

3. Radlation exposure data from different tasks within the "Z" plant are
being analyzed with the objective of correlating with processing variables
in the resctors and separation plants.

L. Assistance was given in & determination of confidence limits on data for &
critical mass study concerning rendomly dumped fuel elements.

All projects are proceeding substantially on schedule with the exception of
CA-658, Shielded Persomnnel Monitoring Station; Project CA-681, Hanford Equipment
in the ETR; and Project CA-695, Radiotelemetering Network.

Four project proposals were submitted during the month. These were as follows:

CA-TEQ - Expansion of 3745-B Building $ 195,000

CG-785 In-Reactor Studies Equipment, 105-KW $15,000%

CA~T49 - High Level Rediochemistry Facility $1,070,000

CG-660 - Modification and Additions to the Metallographic Cell
(Extension of time)

¥Preliminary design only.

Project CA-784 - Alterations to the 327 Building - was retwrned unapproved by
the ARC.

Completion notices were issued on two informel requests: TIR-224, Biology Con-
trolled Activity Water System, 100-F Area and IR-232, Repair Damage and Additions
to Heating System, 747 Building.

ZUTI0Y
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A successful demonstration run was made with the vacuum furnace installed on
Project CG-620 which removes the exception to the completion of this project.

The modified IBM system introduced last month for control of classified docu-
ments is working very satisfactorily. It is not yet possible to analyze costs
since billings so far include conversion costs. Additional savings in
Technical Information were obtained by transferring security control of S8
sccountavility date sheets to the S5 Accountebility Operation.

Information was transmitted to AEC regarding situwations vwhere compliance with

the existing Hanford Classification Guide will be particularly difficult.

Drafts of certain sections of the Hanford Classification Guide have been prepared
by the respective product departments.

Supporting Functions

1. Finapeial

A Financisl Plan, dated December 20, 1957, has been received from HQO-AEC for
FY 1958. A summation of the contents of this plan which makes comparisons
with HLO's needs as forecasted in the Mid-Year Budget Review is being pre-
pared for distributicn early in Januvary. Highlights of the new financial
plan are as follows:

{(a) 2000 Program Research and Development has been increased to provide
$1.7 million for NPR work this fiscal year.

(b} 3000 Program Research and Development was increased to $333,000 from
$164,000 in the preliminary financial plan.

(¢) LOOO Program Research and Development decremsed from $4+.0 million to
$3.5 million, including equipment. A meeting was held with HOO-AEC
operating and budget personnel to make a strong bid for the recovery of
these funds. HOO-AEC 1s advising AEC Washington early in Janousry of
the serious effects this reduction will have on the plutonium recycle

. pProgram.

(&) 6000 Program Research and Development increases from $1.8 million to
$1.92 million to provide additional funds for radicecology and other
necessary work.

Eight patent awards were paid and the stock delivered during December.
During the year 1957, 24 awards were granted, 9 of which were to inactive
employees. '

Listings of equipment, found missing in the current HLO physicel inventory
of uninstalled cataloged equipment, were prepared and distributed to Level 3
Manggers, requesting that the equipment be found or action bhe taken which
will permit the equipment to be written off the books. At present 225
pieces valued at $141,000 were not found during the inventory.

2. Employee Relations

At month's end, the staff of the Hanford Laboratories QOperation totalled 1158,
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including 507 exempt and 651 non-exempt empioyees. There were 422 exempt
employees possessing teclmical degrees including 222 BS, 103 MS, and 57

PhD's.

Detailed planning for the AFSWP Training Program was completed during the
menth. A group of nine medical people will arrive on January 6 for & six-
weeks' course.

The proposal for the 1958 Summer Institute has received informal AEC approval
and will be offered on a "Q"-clearsd basis.

There was one additional PhD scceptance received during December and two new
PhD's were placed on the roll. Total PuD acceptances for the recruiting
year to date are eight and nine open offers ocutstanding. Two acrceptances
were received from experienced BS/MS candidates.

Fighteen suggestions were reviewed and 14 were approved for awards totaling
$490 at the December Suggestion Board meeting. During 1957 HLO paid a
total of $4,652 in suggestion awards.

Negotiations with the Field Inspectors comtinued during the momth. Differ-
ences between the Company and the HAMTC were brought to light but were not
resolved.

Three grievences were received during the month of December: one was filed
by & Radiation Monitor and involved personnel monitoring; one by & Service-
man regarding transportation; acd the other by a Painter in FPD concerning
Jurisdiction. All three are at the Step II level. During calendar year
1957 there were a total of twenty-three formal grievances processed, includ-
ing one non-upit grievance.

A coordinated HAPO-wide study of the semi-technical jobs was undertaken
during the month following a comprehensive review of the data received fram
the Northwest area and AEC wage surveys.

Atmonth's end eech Level 3 Manager had discussed his salary review with
the Manager, Hanford Laboratories. Statistics for the HLO review are cur-
rently veing prepared.

During the month a total of three million man-hours was completed, qualifying
HLO for the National Safety Council Award of Honor. During December
Laboratories personnel worked a total of 186,17F hours with no disabling
injuries.

There were 33 medical treetment injuries giving & frequency of 1.77 as com-
pared to 1.49 last month. For the total calendar year the total freguency
was 1.71.

There were seven security vioclations bringing the total for the year to 88.
For the last four months the total was 15 viclations.

An analysis of the scores of 35 selected attitude survey guestions was
plotted using the scattergram method. These plots will be used in
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discussions with HLO menagers and superviszors in an attempt to develcp a
better understanding on their part of attitude survey results and to assist
in developing improvements for future surveys and programs directed toward
improvements in our cperations. Sensitivity survey results have alsc been
analyzed and will be discussed with individual managers and supervisors.

Members of a Columbis Basin College science class visited HLO facllities
on December Z1 and Richland science students toured the facilities on

December 23.

There were no reduction in forece notices given during December. Two
Servicemen were removed from the payrcll due to HAPO bumping, following
notices given during Nevember.

Fo ) i

Acting Manager
HANFORD LABORATORIES

PF Gast:kss
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Btudies

Effect of Grain Size. The effect of grain size on the high temperature
agueous corrosion of 1245 alloy has been studied. Samples were exposed
at 305 C and 290 C. The samples were rolled and heat treated to produce
coupons with grain size varying from about 0.1 mm to 1 cm diameter.
There was ne observed variation in corrosion rate or intergranular-
corrosion induction period with grain size,

Ancmalous X-8001 Corrosion. Two coupons of aluminum alloy X-8001 {for-

merly known by Alccs's designation: M-388, nominal 1% Ni, 0.5 Fe, 0.2 8i)
were exposed for iwo hours in water at 200 C. These were exposed as
control samples along with coupons of alloy 1245, Hanford can stock.

Both of the X-8001 coupons developed cone shaped eruptions about 1/8 inch
in height. Corrosion penetration into the coupons below these mounds was
about 1/32 inch or about half-way through the coupon. Normally this
exposure will produce only a&bout 0.02 mil of uniform corrosion penetration.
These corroded samples are unigue. Efforts to reproduce these results have
failed. There has been no explanation made of this snomalous corrosion
behavior. Temperature excursions or poor water quality are ruled cut be-
cause the 1245 alloy coupons which were expased at the same time corroded
in the expected normal manner.

Protective Autoclave Films. The corrosion product film formed on aluminum

Ly

in distilled water or steam at 170 C provides a considerable amount of
corrosion protection during subsequent exposure to water at lowver temper-
atures. In order 1o determine whether a similar protection occurs at
higher temperatures, samples of X-800l alloy were autoclaved in distilled
water at 350 C ad were subsequently exposed at 300 C along with fresh
samples. Another set of samples were autcclaved at 300 € and were subse-
Quently exposed at 250 C along with fresh samples. In both tests there
was no protection provided by the autceclave film formed initially at the
higher temperatures. At first, the fresh samples corroded mere rapidly
than the previously autoclaved samples. After a periocd of time, when all
the samples had corroded the same amount, the corrosion rates for the
fresh samples and the previously autoclaved samples became identilcal.
These observations substantiate theories that the uniform corrosion of
aluminum in static water systems is entirely controlled by the thickness
of the corrosion product film. The fresh samples corroded at an initially
faster rate until their corrosion product films attained the same thick-
ness ags those on the previously autociaved samples after which the corro-
sion rates were the same. Since there is very little dissolution of the

e DECLASSTIER
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corrosion product in a static system, this state of equivalent rates was
reached rather quickly, a few days, in these tests.

Corrasion Product Formed in Water Containing Phosphates. Coolant Systems
Development provided samples of X-&C01 aluminum which had been exposed in
EIMO-6 at 300 C to water adjusted to pH 4.5 with phosphoric acid, and
EIMO-2 at 180 C to water adjusted to pH 4.0 with phosphoric acid. X-ray
diffraction identified the corrosion product film formed at 180 C as the
basic aluminum phosphate, augelite. The x-ray pattern obtained from the
300 C corrosion product film could not be identified as augelite, boelmite,
or any of the ASTM standards. Electron micrographs were obtained of the
corrosion product films. The 300 € film was similar to boelmite films
previocusly cobserved. The augelite film formed at 180 C was considerably
different from boehmite, the augelite c¢rystals being more elongated and
more evenly distributed. '

Evaluation of Experimental Aluminum Alloys for NPR Fuel Element Cladding.
Caps and cans of four experimentz]l aluminum alloys have been obtained from
Hunter-Douglas for testing in the KER facility. Since the KER loadings are
scheduled for sbout January 1, 1958, accelerated comparisons of the four
alloys have been required. The laboratory evalusation will depend on the
results of three tests: 360 C refreshed water, 1000 psi steam at 350 C,
and 500 psi steam g% 500 C. The results now available are shown in the
table below:

% Composition Corrosion Performance

Alloy N Fe 51 T1  DBe Zr 380 C Water 500 C, 500 psi SteamiC)
A-1 c.80 0.05 0.01 0.1k Failed, 10 da. Failed in 37 nrid

A-2 0.81 0.56 0.02 0.1k 0.5 mil, 18 " " w3g v {e

c-1 0.51 0.51 0.18 0.16 0.08 1.2 " 18 ¢ " noyyow Af

c-2 1.83 0.k9 . 0.16 0.14 0.08 0.05 0.5 “ 18" " w13 v (8)
x-8oo1{a:P)1.0” 0.5 o0.2 0.5 " 18" " 16 (400 psi)
M-bool®) 1.0 1.0 0.2 0.5 " 18 " " ool v

Hotes:

(a) X-8001 is the new Aluminum Alloy Committee designation for M-388.

(b) These two well characterized alloys are included for comparison
purpcses only.

{c) This is a destructive test. Time to failure is a qualitative
measure of resistance to intergranular attack.

(d) Alloy A-1 was intended to duplicate ANL Alloy 198X, which withstood
50C C steam for 12 days, with blistering.

(e) No previous test for compariscn. Alloy A-2 is similar to X-8001
(e.g., M-388) except for the addition of Ti and the lower Si content.
Note apparent improvement over X-8001 in 500 C steam.

(f) Similar Chalk River alloy blistered in 10 days in 500 C steam.

{g) Similar Chalk River alloy blistered in one week in 500 C steam.
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As noted in the table the alloy A-1 is merkedly inferior to samples of

the same composition from smell Argonne laberastory melts. Alloy macro-
composition appears to be satisfactory so the poor behavior is tentatively
attributed to metallurgical history. To a lesser degree alloys C-1 and

C-2 are alsoc below expectations, presumably for similar reasons. On the
basis of autoclave tests alloy A-2 is the most promising. It is the only
one of the four alloys which apparently has any advantage over X-8001,
based on these laboratory screening tests.

"Under some service conditions certain heat treatable aluminum a&lloys are

prone tc stress corrosion. Corrosipn tests were requested for the allioys
A-1, A-2, C-1 and C-2 under bending stress. At 360 C the bending stress

was relieved after ten days with no evidence of localized attack. Tests

will also be performed at lower temperatures.

Corrosion of Zirconium and Zirconium Alloys. A group of Zirealoy-2 and -3
corrosion coupons which showed the least attack in one-day tests in 360 C
water and 400 C, 800 psig steam, also looked best after fourteen days in
the same systems. This relation, if found generally true, would make rapid
quality testing of Zircaloy practical.

Six of eight scheduled exposure groups have been discharged after 54, 160,
and 514 hours in 360 C water, and after 24, 72, and 336 hours {1b days) in
400 € steam at 800 psig. There was a general increase in oxide film weight,
but this is occurring st a diminishing rate with time. Replicate samples
which appeared sound at 24 and 72 hours have sound counterparts after 336
hours. Those which showed signs of failure after the shorter intervals
shov progressive feilure at the extended exposure.

Hydrogenstion and Tensile Testing of Zirealoy-2. Tensile testing of dupli-
cate vacuum-annesled Zircaloy-2 specimens at room temperature, 100, 20C,
300 and 400 C is in progress. Four of a first group of twelve specimens
having 100 ppm Ho have been prepared for testing. In the interest of homo-
geneity it has been found that a maximum of four samples can conveniently
bte hydrogenated simultanecusly in the existing apparatus.

Organic Coolant Studies. A study is under way to determine the solid-
liquid-vapor phase diagrams of the binary and ternary mixtures of the
candidate organic coolants, biphenyl, ortho-terphenyl, meta-ferphenyl,
napthalene, and phenanthrene. 8Six of the binary solid-ligquid phase
diagrems heve been completed. Large regicns of solid solution were ob-
served. Listed below are the eutectic mixtures, melting points, and
regions of solid sclution.
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Eutectic Composition Eutectic Regions of
(mole percent) Melting Point Sclid Solution

65% biphenyl - 35% meta-terphenyl k5.5 C 0-k5% bipﬁenyl
41% biphenyl - 5% ortho-terphenyl 30.0 C 723222 :
55% biphenyl - 45% napthalene ho.c C 63:28; :
7% ortho-terphenyl - 23% meta-terphenyl 39.0 € ;33%82 ortho-terphenyl
65% ortho-terphenyl - 37% napthalene 31.5 C g:igg : :
41% meta-terphenyl - 59% napthalene 50.0 C :g:igg meEa-terpEenyl

The four remeining binary mixtures and the ternary, biphenyl-crtho-meta-
terphenyl, are in progress.

Ceramic Ceatings on Uranium. The study of ceramic coatings on uranium slugs
has been completed. Several corrosion tests were run on these slugs in

130 C water. These tests indicated that the low melting glaze {lead oxide,
silicon dioxide, sodium oxide) had poor resistance to hot water. A formal
report on this subject, HW-53666, is being issued.

Rediometallurgy Examinstions

Examination of Heavily Corroded 1245 Aluminum Fuel Jacket from IP-35-4 (BM 207).
A standard eight-inch solid uranium fuel element from production test IP-39-A
was submitted by Research and Engineering, IPD, tc the Radicmetallurgy Labor-
atory for examination. IP-39-A was a production test toc compare the in-reacter
corrosion properties of M-388 alley slug cans to 1245 aluminum cans. The

slug, which had a heavily corroded 1245 aluminum jacket, was part of series
99-F and was irradisted in tube 1362-B at & calculated power of 20.5 kw. The
caleculated surface temperature of the slug wes 115 C, and during the 62 days

of operaticn above 100 C, 18.13 gm of Jjacket metal was lost through corrosion
attack.

Dismeter measurements at six polnts along the length showed a maximum of
1.436 inches and a minimum of 1.415 inches. Can wall measurements of a
wafer from the minimum diameter region of the slug geve maximum and minimum
can wall thickness of Sh and 28 mils including 11 and 13 mils of AlS1., Mex-
imum corrosion of the can wall occurred 180° from one of the rib marks with
the least corrosion situated between the rib marks.

Production Test IP-32-A Irrediastion of Insulated Slugs (RM 176). Three
four-inch cored insulated natural uranium fuel elements were exposed to
about 600 MWD/T in the KW Reactor through hole. BSectioning of slug #85
revealed that temperatures above the alpha phase were experienced by the
plece and that a molten drop may have formed in the core of the slug.
Redial cracks were visible. Large radial grains were visible on section
wafers in the as-cut condition. An enlargement of the diameter had
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occeurred and the core was partiaslly closed up. The core appeared to have
shifted off center from its initial axial position. Metallographic exam-
ination of wafers from opposite ends of the sample is continuing.

Examination of Two 5/8-Inch Cored Uranium Slugs From IP-30-A (RM 192). One
of the 5/8-inch cored uranium slugs from IP-30-A has been sectioned longi-
tudinally end two wafers were removed, one from the center of the slug and
the other one inch from the cap end.

In the wafer sectioned from the cap end of the slug the ALSi bond had parted
from the uranium over & circumferential distance of 3/h-inch and the uranium
under the unbonded aren was filled with micro cracks, indicating local heat-
ing. Examination of the other two samples is 1in progress.

Cluster Fuel Test - GEH-4-B (EM 181). The four-rod natural uranium fuel
element cluster, clad in 304 stainless steel, was disassembled and the com-
ponents were measured. Three of the uranium rods decreased 35 mils {0.45%)
from the pre-irradiation lengths of 8.000 £ 0.002 inches; the length of the
fourth 4id not change. The ocutside diameters of each of the clad rods had
increased 1 mil (0.18%) and the diameter of one of the uranium rods with
the cladding removed had increased 3 mils {0.60%) over the pre-irradiation
diameters of 0.562-inch clad and 0.500-inch unclad.

Longitudinal and transverse sections were removed from one rod for metallo-
graphic purposes and one sample from each rod was obiained for burnup
analysis. No evidence of bonding was seen at the uranium-stainless steel
interface as the cladding separated from the rod when the longitudinal
section was made.

Examination of GEH-k-1L Wafer Slug (RM 155). Metallographic examination of
wafer segments from the GEH-4-1F uranium wafer slug disclosed a reduction
in wafer thickness from the nominal unirradiated thickness. The can wall
was sound, with no evidence of corrosion. The A15i bond between the jacket
and wafers was also in good condition. The AlSi bond between wafers was
somewhat eracked, possibly as s result of the reduction in thickness of the
wafers. Analytical results indicated that the U-235 burnup was 0.097 a/o.

Examination of Production Test 105-3N Supplement 4 (EM 108). Elevated
temperature tensile tests were conducted in vacuum at temperatures of 450 C
and 600 C on two additional uranium samples with an exposure of 150 MWD/T.
Ancther sample with an exposure of 300 MWD/T was also tested at 300 C. The
results of these tests, compared with previous data, disclosed that, at an
exposure of 150 MWD/T, ductility decreases with an increase in temperature
in the 300 to 600 € range.

M-388 Clad UOp I & E Slug GEH-4-6-38 (RM 204). The nine-inch I & E slug
Trom URB-4-5 was received alter irradiation for one cycle at the MTR. The
fuel material was UOs, cold pressed and sintered to 92% of theoretical
dengity. Examination revealed no evidence of corrcsion; warp or other
dapage. Diameter measurements along the slug showed a2 maximum diameter
increase of 4 mils over the original diameter of 1.476". Examination of
the as-cut surfaces from & cut mede approximately four inches from the

DESLASSIHED




EECT ?EMSSI FIE“ AL-6 HW-5428h

base end of the slug disclosed the ususl cracked structure observed in
irradiated UQp. There was no evidence of melting.

Thermocouple Slug from GEH-4-H (RM 211). This test consisted of one I & E
thermocouple slug with UOp washers as fuel. The siug was discharged from
the MIR after a short irradiaticn upon indication of a possible leak. Ex-
amination failed to disclose any lesk. Diameter messurements showed the
slug had increased s maximum of 36 mils in diameter over the original di-
smeter of 1.476". The slug was then leak tested in a bubble tester in an
effort to locate a defect in the can. No leaks were discovered.

Corrosion of Irradiated Uranjium in MIFB (RM 171). Metallographic examin-
ation to determine extent of corrosion caused by the interaction of mono-
isopropylbiphenyl on irradiated uranium at elevated temperatures and pressures
has been completed. It was determined that a 24 g sample of 1945 MWD/T
uranium which had been exposed tc MIPB at 400 C and not greater than 300 psi
for 9 days haé not suffered any internal grain boundary corrosicn, Corrosion
was limited to the external surfaces of the sample, and there were no cor-
rosion pits extending bveyond the usual irregularity of the corroded surfaces.

Basic Metallurgy Studies

Electron and Optical Microscopy. The study of the microstructure of clad-
ding and fuel meterials is a direct way of detecting radiation dsmage in
these materials. Two techniques are being used: (1) metallographic exam-
ination of polished and etched surfaces, and (2) fractographic studies.

Replicas of fracture surfaces of irradiated uranium are currently under
examination in the optical and eleetron micrcscope. Two levels of irradi-
ation have been studied, and scome comparisocns with non-irradiated fractured
surfaces can be made on the macro scale. There is an increase ln the number
and the size of cleavage facets as the irradiation level is increased. On
the submicroscopic scale, pores have been found on the surfaces and their
number alseo increases with the level of irradiation. These pores have never
been observed on non-irradiated fracture surfaces. This work is continuing
with specimens irradiated to higher levels and fractured at varying temper-
atures.

Effect of Present Pile Atmosphere on Uncocled Process Tubes. Examination
of the zirconium, Zircaloy-2 and Zirealoy-3 specimens that were exposed in
the 100-H Reactor X-test hole was completed and the following genersl con-
clusions were made:

1. The rate of reaction of zirconium and Zircaloy-2 with HAPO
reactor atmospheres can be predicted from ex-reactor zirconium-
air reaction dats as obtained by Kendall, HW-39190.

2. Cold worked zirconium, Zircaloy-2 and 3 are annealed and re-
erystallized in less than three months of in-reactor exposure
at 410 C.

3. 450 C appears to be the upper temperature limit for prolonged
gxposure of zirconium to reactor atmosphere. Beyond this
temperature limit scaling becomes exceszive.

| 2%
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L. Aside from the effect of annealing, the 1000 days of exposure
had little effect on the mechanical strength of the test
specimens.

A comperison between calculated and observed weight gain for zirconium
exposed to pile gas showed a reasonably close correlation between cal-
culated and observed values.

Diffusion Studies. A knowledge of the interdiffusion of various uranium/
barrier metal/clad metal combinations is essential in the design of fuel
elements. Diffusion is being studied in U/Ni/Al, U/M-388, U/2r, and {U-Zr)
alloy/Al couples. The effect of thermal cycling on U/A18i diffusion is
also being determined. Four vacuum furnaces together with a new control
panel have been installed for this work. Initial tests indicated that
several medifications were necessary; these are now being made.

Two U/ALl couples which were irradiated at 200 C {392 F) and two U/Al and
two U/ALS1 couples which were irradisted st 250 C (482 F) in the MIR are
now being ceross sectioned by radiometallurgy. Three cross sectional planes
perpendicular to the diffusion interface in the U/A1Si couples have been
polished and examined. Diffusion has apparently occurred, as indicated

by small nedules along the diffusion interface. Examination of these
couples is continuing. The temperature of irradiaticon, which was calcu-
lated from heat transfer deta, will be recalculated on the basis of
integrated flux determinations obtained from burnup measurements.

Hanford Irradiastion - PT-3NA. The design of advanced fuel elements depends
upon some knowledge of the effects of radiation on the significant mech-
anicel and physical properties of the fissionable material. A program to
obtain this information for beta heat treated uranium is under way. During
the month two elevated temperature tensile tests were made in the Radio-
metallurgy facility. The first was performed at 600 C on a specimen exposed
to 0.018 a/o burnup, and the elongation was 5.8%. This test duplicated a
similar test reported last month and confirmed the marked decrease in
ductility observed at 600 C ccmpared with specimens with the same dburnup
tested at 300 and 450 C. The 600 C specimens develcped square, britsle
appearing fractures. The second test was performed at 300 C ¢n a specimen
exposed to 0.031 a/o burnup. The percent elongation in one inch for this
specimen was 2.23 compared to 0.7 and 4.5 at room temperature and 60C C,
respectively, showing nearly & linear increase of ductility with testing
temperature. Further study is reguired.

The Effect of Irradisticn on the Properties of Thorium. The purpose of
this test is to determine the mechanical properties of thorium after ex-
posure 1in & fast neutron flux. The informetion obtained will aid in
interpreting effects of irradiation damage abserved in wanium. Thorium
being face centered cubie should not be subject to complicated structure-
dependent effects present in dimensionally unstable uranium which is
orthorhombic. BSix tensile specimens of thorium were canned in Zirecaloy-2
capsules with NaK for exposure in the MITR. Capsules 25 and 26 were loaded
in the L-52-8E position during the December 9 shutdown. Capsule 27 will
te loaded in the same position during the December 30 shutdown, and




capsules 28 through 30 will be loaded in the same position as space becomes
available.

Th-U-235 Alloy Fuel Material. The third of six capsules of Th-U-235 alloy
fuel material being irradiated at the MIR in 0.5% increments to 3.0% burnup
has been received at the HAPQ radiometallurgy faclility. This third specimen,
which is restrained by about 0.120" of zirconium II, has attalned a calcu-
lated exposure of about 14,000 MWD/T or 1.5% burnup. Two previous specimens
of the material at 0.5 and 1.0% burnup have exhibited remarkable dimensional
stability but have suffered a severe loss of ductility.

Pre-irradiation Study of Thermocouples. A knowledge of the errors in
temperature measurement using thermeccouples in a neutron flux is essentlal
for the quantitative evaluation of the effects of neutron irradiation cmn
materials. Due to a lack of such information, a program of measuring thermo-
couple stability in-reactor is currently in progress.

Due to gas leaks in the panel board, the ex-reactor tests for lifle and
stability of chromel-alumel, copper-constantan and iron-constantan have been
temporarily halted. Efforts are being made to correct this condition, but
the panel will be by-passed in the event that the leaks remain.

Two sections of electrical lead wire have heen fabricated by swaging. These
consist of 25 aluminum tubing over twe 1lb gauge wires. 3Both copper and
alupinum wires are being tested. Magnesia insulation is used in each
assembly and no difficulties were encountered during the swaging.

Radiation Damage to Molybdenum. Molybdenum and zirconium are being studied
by x-ray diffraction techniques after irradiation to improve the basic
understanding of radiation damage in metals. The kinetics of damage re-
covery at elevated temperatures are alsc being studied.

As mentioned previously, annealigg studies of molybdenum irradiated to
various exposures from 6.5 x 1040 10 6.7 x 1013 nvt revealed that radiation
damage as measured by shifts in the lattice parameter is removed in two
discrete temperature regions. We are now in a position to compare the

high and low temperature kinetics.

The "low" temperature mechanism (25 C to 200 C) is a first order reaction
with an activetion energy of 0.25 ev. 1In the next temperature range

450 C and above) studies to date indicate that no integral reaction order
is evident. It is thought that two or more rate processes may be operating
simul taneously. Furthermore, isothermal curves obtained at 500 C show that
the initial rate of damage removal is a function of the amount of damage
present. More highly dameged samples show larger initial rates of recovery
than those samples with less damage. In the low temperature region the
reaction rate 1s independent of the defect concentration.

These studies show that radiation damage is removed by not one mechanism,
or by two, but by several. These mechanisms differ in nature and are a
result of the nature of the metal, its history and structure, and the
nature of the defects present.
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A Theory for Neutron Damege to Metals. The purpese of this program is to
advance the theory of irradiation damage to metals by neutrons. A series
cf metals representing the common metal crystal types was irradiated at
Brookhaven, Hanford, and the MIR under various expcsure and temperature
conditions. These metals include copper, nickel, titanium, zirconium,
iron, molybdenum, and type 347 stainless steel. Post-irradiation measure-
ments of mechanical and physical properties of these metals were initiated
at KAPL and will be completed at HAPQ.

The design of a vacuum tube furnace facility for the study of annealing
effects on irradiation damsge is nearing completion. A design for the
apparatus required to determine the effects of neutron damage on electri-
¢al resistivity has been completed. The construction of a tube storage
faeility for "low-level" specimens is nearing completion.

New Fuel Flement levelopment

Insulated Fuel Elements. Radicmetallurgical examination of the three cored
insulated uranium fuel elements which were irradiated in a K through-hole
facility to 620 MWD/T is continuing. It was previously mentioned that the
fuel element cladding increased in diameter 0.015-0.024k inch but that the
uranium diameter was unchanged. The uranium has been subsequently observed
to have increased in diameter 0.018-0.023 ineh. This 1s the first instance
of appreciable diametricel growth of the uranium core of irradiated insulated
fuel elements. The uranium core of the upstream fuel element has been
sectioned and examined. The grain structure indicates that nesrly all of
the urznium has been in the beta phase (660 C) or higher temperatures.
Swelling of the uranium into the axial core hes indicated partial gamma
phase cperaticn and in one location possible melting. Radial cracking on
both the inside and the outside surfaces has been cbserved. The fuel
elements were designed toc operate in the alpha phase only (660 C), and it
is possible that at initial start-up such conditions prevailed. The fact
that metallographic examinaticn reveals beta phase temperature range
operation and higher suggests some phencmens asscciated with the many
startup-shutdown cycles of a HAPO type production reactor which has somehow
increased the effective insulation between the uranium core and the clad-
ding and resulted in progressively higher operating temperstures in the
uranium fuel. Detailed investigation is continuing.

A cored insulated fuel element eguipped with an axial thermocouple and an
hydraulic rupturing mechanism has been loaded into its basket and shipped
to the MIR for in-reactor rupturing during operation. The purpose of the
experiment is to demonstrate the rupture behavior of an operating insulated
fuel element. The Reactor Safeguards Committee has approved the inten-
tional failure of this fuel element during operation within a few hours
after the MIR reaches full power. The calculated maximum temperature in
the fuel element at rupture will be about 900 C. Loading of the fuel
element and rupturing at full power will be scheduled for about February 1lh.

Co-axial Tube Fuel Element. The co-axial tube fuel element is of interest

because it mzy offer a better split failure resistance then a corres-
ponding sized corsd fuel element. Two ceo-axial tube fuel elements, cne
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of which is equipped with an axial thermocouple, have been loaded into the
MTR and are presently operating at 67.5 kw/ft average power. An initial
stepwise increase to full reactor power at reactor startup resulted in a
maximum temperature of 500 C in the thermocouple element. Since that time,
the temperature has increased to 625 C in steps as the flux pattern in the
GEH-k test facility is changed. Since the average fuel power is still

67.5 kw/ft, it is doubtful that the full increase in temperature is due to
the changing flux pattern, but it may be the result of a decreasing U-U
interface thermal conductance. Two additional stepwise power increases
from a low to full MIR power are hoped for before completion of the current
MIR cycle. The behavior of the axial temperatures mey indicate whether any
serious ratcheting phencmena or creep effect may be experienced by the co-
axlal core during power variations or transients.

Cold Closure Jacketing Process. Methods to incorporate the various steps

of the cold closure aluminum jacketing process into an efficient mass pro-
duction procedure have been discussed with three Chicago press manufacturing
companies. These companies will submit suggestions as to how this could be
achieved, after which evaluation of the different approaches will be made

to obtain a basis for further actions.

Post-Irradiation Examination of Experimental T & E Fuel Elements. The last
two tubes each of hot-press camned and vacuum canned I & E fuel elements
{with their controls) which had been irradiated to approximately 800 MWD/T
at about 50 kw/ft, under PT's IP-4i-A and IP-45-A, were discharged

December 3 on an unscheduled shutdown. Owing to the fact that the experi-
mental basin facilities in 100-C Building were undergoing repairs, it was
not possible to apply the differential temperature technique for determining
the residusl heat-transfer quality of these elements before they had cooled
tooc leng. However, on the basis that a region of poor heat transfer would
be expected to result in the develcpmen*t of an observable region of accel-
arated corrosion on the surface of the Jjacket, it is concluded that the

heat transfer properties of all the elements involwved (both test and control)
remeined adequate throughout their entire exposure period.

‘The only evidence of deterioration observable on any of the elements was
with respect to features not associated with fabrication methods:

1. Embedded black particles in the Jacket surfaces were frequently
surrounded with an accreticon of corrosion product which when
removed left depressed areas in the jacket wall.

2. There was a proncunced tendency for elements downstream from
center (both test and control)} to develop calcareous deposits
on the side opposite the tube ribs. The appearance of these
deposits was typical of that seen on "hot-spot" failures, except
much milder. Thus, it appears that the diameter chosen for
these elements is too great, resulting in too much constriction
of the coolant annulus, with overheating of the element surface.

None of these effects had progressed far =nough to jeopardize further service;

in faet, no reason was found to indicate that the entire test time might not
have been at least deubled, with cone exception: a deep corrosion pit near
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the mouth of a control element exposed to 600 MWD/T. This pit was small
in diameter (1/16 inch) and represented a weight loss of perhaps 100 mg.
The outstanding conclusicns to be drawn from these two tests are:

1. The superior ability of I & E type elements to withstand
irradiation for extended pericds is well demonstrated.

2. The OD of I & E elements should be reduced t¢ prevent over-
heating downstream.

3. BSteps should be taken to prevent pickup of embedded particles
following fabrication and to eliminate particle-bearing
elements at the time of charging.

4. The fact that fuel elements canned by methods radically
different from standerd methods are able to withstand pro-
tracted exposure when adequately inspected and culled is
well demcnstrated. Confidence in these canning methods
is strengthened.

Lead Dip Segmented I & E Fuel Elements. The post MIR irradiation examin-
ation of GEH-4-14, I & E Al1Si canned segmented fuel element with M-388
aluminum cladding, has been completed. The fuel element was exposed to

830 MWD/T, as determined by burnup analysis, during its five-cycle residence
in the MTR. There was no significant change in length, but the dismeter
increased at individual wafers from 0.012" minimum to 0.048" maximum. A
rippled effect was produced on the surface of the fuel element by the vari-
ations in diametrical growth, but there appeared to be no mechanical demage
or stress type corrosion assoclated with the ripples, nor was there any
indicaticn of incipient failure. An extreme difference in grain size of
the M-388 cladding material was observed with fine grains prevailing on

the external surface and coarse grains prevailing con the inner surface.
This grain size variation was probably induced during canning cperations.
The dimensional instability displayed by the fuel element probably results
from different irradiation growth of different wafers as influenced by
wafer fabrication and treatment history. It appears that the problem with
wvafer fuel elements as presented by this exsmination is that of variable
irradistion growth of individual uranium wafers.

Currently, irradiation performance of the segmented I & E (washer) fuel
element is being established by reactor charging of the KER and C-size
geometries. Fifty KER-size segmented I & E fuel elements have been fab-
ricated by lead-dip cenning. These elementis will be closed and tested
for metallurgical soundness. Improved design of the canning tongs sub-
stantially lengthened the tong life and increased the fabrication yield.
Tools and components are being assembled for fabricatlon of a C-size I & E
segmented fuel element production test. Elements are to be ready for
charging in February 1958,

Hot-Press KER-Size Segmented I & E Elements. Hot-pressed KER-size, seg-
mented (washer) I & E fuel elements are being developed to jointly evaluate
the irradiation performance of the washer concept and varicus sluminum
alloy Jackets at 300 C reactor coolant water temperature. The equipment
required to assemble and press the 1.8-inch diameter elements has been
procured and is operating satisfactorily. Three fuel elements have been
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completed and destruetively examined. The most seriocus defect noted was
uranjum-aluminum diffusion at the corners of the washers. Nickel plating
was limited to the washer edges, and misaligmment allowed small areas of
the bare washer face to contact the aluminum Jjacket. FPlating procedures
and equipment are being developed which nickel-plate around the corners
of the washer to coat a 0.010 wide vand of the washer face.

Rod Cluster Fuel. Rod cluster fuel elements meet many of the requirements
for plutonium production in pressurized water tubes cperating at 300-350 C
tulk outlet temperature. Rupture safety advantages of four- and seven-rod
clusters have been tested Iin the Hanford EIMO loops. Irradiation testing

at low exposures and temperatures has been carried cut in the Hanford H and
K Reactors and in the MIR. To extend this experience to high temperature
water, twenty-four-rod cluster fuel elements were charged into the KER Loop 3
in late September. This fifteen feet of charge is operating at a bulk outlet
temperature of 235 C. The preésent exposure is about 900 MWD/T. Goal exposure
is presently 1500 MHD/T, sinece similar fuel rods have been successfully ex-
posed to 1000 MWD/T.

A four-rod cluster element wes irradiated to 550 MWD/T in the MTR and dis-
charged in May. This element contained 0.500 inch uranium rods also clad
with stainless steel, but was irradiated in 40 C water. Radiometallurgical
examination is being compieted during December. The beta heal treated
uranium cores decreased about 0.035 inch in length and grew in diameter by
0.002-0.003 inch. No warping occurred. The fuel cores in all cases filled
the c¢cold clearance gap between the core and clad. Uranium oxlde present on
the rods before irradiation deces not appear after irradiation; however, no
core-clad reaction could be detected in metallographic examination.

Ruclear Metals, Inc., has produced 127 feet of coextruded uranium as a part
of their development subecontrzct. This rod is natural wranium clad with
¢.030 inch of Zircaloy-2. No end plugs were provided. Ten three-inch
samples have heen cut froem this shipment at ten foot intervals. These will
be bored, end plug welded, destructively and non-destructively tested prior
to production of 12-inch length elements with welded end plugs. These 12-
inch elements will be assembled into four- and seven-rod clusters for
operation in the KER Loop 1 with 280 C coolant temperature. The KER Loop 1
test date remains March 1958, and the fuel assembly deadline January 15.

Six Nuclear Metals, Inc., coextruded rods with 0.020-inch Zircaloy-2 clad
have been counter-bored, fitted with end plugs, welded, and zutoclaved.
Some bulging of the clad occurred during machining, but this can be pre-
vented with better tool design. An end clearance of 0.02% inch was used
between the cap and core end. No collapse of the can occurred at this
point during autoclaving. Autoclave duration was 150 hours in flowing

350 ¢ water. Heliarc welds on three of the specimens were not corrosion
resistant. Vacuum electiron gun welds on the remaining three were corrosion
resistant. Uranium rods with 0.007 inch stainless steel clad suffered clad
wrinkling and cellapse under the same conditions.

Four seven-rod cluster fuel elements were Tabricated for the second KB
through-hole irradiation. In one fuel element were installed two
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thermocouples to measure the central core temperature of two rods. These
fuel elements were made fram 1.3% enriched uranium rod ¢.500 inch in
diameter and clad unbonded in 0.030 inch stainless steel jackets. Goal
exposure for this irradiation is 2500 MWD/T. The calculated core temper-
ature is 350-400 € et 85-100 kw/ft specific power.

Restraint of Urapium Swelling by Zirconium Cladding. Data have been re-
ported on the swelling rates of unrestrained uranium irradizted in the Loo-
S00 € and 600-700 C temperature ranges. To date no data are available on
the swelling of unalloyed uranium restrained by high strength cladding and
irradisted with a 300-350 C ecladding surface temperature and a maximum fuel
temperature in the range 450-600 C. An experiment planned for irradiastion
in the MIR was not charged as planned because of the failure of a mechanicel
water tight seel on the experimental assembly. A second assembly is now
being built with the same basic design ac the first except for the use of
stainless steel instead of Zr-2 for the capsule material. This will enable
all seals to be welded, reducing considerably the chances for reacior water
ceming in contact with the NaX in the capsule. The fuel rod in the capsule
will be irradiated with calculated surface temperatures of 300-350 C to an
exposure of 2500 MWD/T.

Truline Washers. One of the methcds being developed for the fabrication of
Truline washers is the upsetting of rod stock. The chief advantages of the
method are: (1) scrapless production of washers with accompanying economy,
and (2) built-in Truline feamture eliminating additional fabrication. An
experimental die set was designed =znd fabricated to test the feasibility of
upsetting 11/16 inch diameter rod to KER-size washers (1.696-inch outer
diameter). Rod blanks, 0.686 inch diameter, 2 inches long were beta heat
treated at 730 C, water quenched, and vacuum znnealed at 600 C to produce

a fine-grained, stress-free, low-hydrogen meterial. Alpha rolled, recrystal-
lized stock of the same dimensions was also tried. The blanks were preheated
in 0il to 350 C, but the die set was not heated. Pressing to 100 tons pro-
duced approximately 65 percent height reduction in the as-rolled material

and approximately 72 percent in the heat treated stock. The as-rolled

stock produced a square upset section due to the orientation of the rod and
tensile cracks were present on the flats of this section. The heat treated
stock did not completely fill the die cavity with this pressure. It appears
necessary to preheat the die set and use higher pressures to produce the
desired 8L percent height reduction. Provision is being made to heat the
dies with heat lamps.

Thermal Conductance of a Contact Between 25 Aluminum and Zircaloy-2. Pre-
liminary experiments have shown contact conductance of a 25 aluminum -
Zirecaloy-2 joint to be related to the direction of heat flow through the
Joint. The contact conductence is greater im the case of heat flow from
25 sluminum to Zircaloy-2 than when the flow is from Zircaloy-2 to 25
aluminum. Conductance values in the former case were similar to those of
metallurgically bonded materials. Pressure at the contact surface was
maintained at s constant 940 psi. All joints had surface roughnesses of
6.5 microinches root-mean-square. The aluminum specimens, calibrated by
the National Buresu cof Standards, were used for heat flux meters. Conduc-
tivity of Zircaloy-2 was evaluated from measurement of the temperature
gradient in the Zircaloy-2 specimen.

horen
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Advanced Studies Program for Tritium Production. The increased severity of
operating conditions ir advanced design reactors requires that a speciazl
study be made of the feasibility of producing tritium in these reactors.
A proposed design for a tritium-producing element consists of an aluminum
clad-Al-3.5% Li alloy rod separated from a concentric fuel bearing tube by
an annulus of coclant water. The cooclant is expected to be near 300 C.
Two aluminum alleys for cladding the tritium-producing inner rod meet the
requirements of low neutron cross section and show promise of meeting the
requirements of low corrosion rates and low permeablliity to gases produced
in the target material. In the initial phase of the experimental work it
is planned to investigate the permeation rates of hydrogen through these
alloys. Samples of these alloys have been received and are being rolled
to the desired thicknesses preparatory to meking gas permeaticn specimens
from them. A device to permit experimental determination of permestion
rates has been completed and is being helium leak tested to determine the
integrity of its gas seals.

Input data, based on the proposed tube and rod design, is being prepared
for the IBM 650 to caleculate the ratlos of neutron flux in the fuel and
target, as compared to those in the K Reactors, for several combinaticns
of target rod dlemeter, inner and outer coclant annwlus thicknesses, and
fuel tube thickness. From these flux values calculations will be made to
determine the approximate heat generation in the fuel and target and the
amounts of tritium generated.

High Temperature - High Pressure Bake Testing of Fuel Elements. As was
mentioned in the last monthly report, spectrochemical analysis of the can
wall of an A1Si bonded fuel element that was bake tested 1500 hours at

450 € indicated that diffusion had taken place so that SO ppm U at the
surface of the element cladding was observed. The ALS1 bonding layer had
also disappeared as the Si had homogenized in the aluminum and had perhaps
diffused into the uranium. Alpha track autoradiographic techniques have
indicated a diffusion of uranium into the cladding, but quantitative mes-
surement has not yet been possible. "Hot spots" were observed in the
aluminum cladding by this technique, but it has nct been determined as yet
whether these were produced by the effect of diffusion or by specimen con-
tamination during sample preparation.

Metallographic examination of the baked specimen verified diffusion into
the uranium as evidenced by the formetion of a $.020" thick alloy layer.
The A1Si braze layer was 8lso observed to be gone with only remnants of

the eutectic struzture and "sluffed off" bonding layer particles remaining.
Spectrochemical analysis of the exterior surface cladding of a cold pressed
Ni plated uranium fuel element taked at 450 C for 212 hours revealed no
detectable U or Ni diffusion to the surface. Additional tests and analyses
are being made to quantify the effects of time and temperature at the vake
test pressures on diffusion in fael elements.

Bake testing of I & E wafer fuel elements at 240 C and 500 psi and 340 C
and 1200 psi {5 being done to determine the effect cf these conditions on
dimpling due to AlSi perosity and yielding of the aluminum ¢ladding at or
near wafer interfaces or fuel element buikheads. The anly effect noted
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after 75 hours at 240 C and 500 psi was a slight indentation in the clad-
ding at one wafer interface or bulkhead. The test is being continued at
the second set of conditions, 340 C and 1200 psi.

Lithium-Aluminum Fuel Element Clesures. Considerable difficulty is usually
encountered in closing lithium-aluminum elements by standard production
welding methods; therefore, it wes decided to investigate the feasibility

of closing them by electron bemm vacuum welding. Four elements were closed;
three had been sized affer assembly and one had not. The internal and ex-
ternal welds were completed and zppeared satisfactory although there was

some spatter on the element which had not been sized. Radiographic exam-
ination showed the welds to be sound. Micro examinations are now in progress.
Tentatively, it appeers that this is an acceptable method of c¢losing lithium-
aluminum fuel elements.

Vacuum Melting Furnace. The induction heating section of the NRC vacuum

melting and casting furnace has been placed in operating condition. A melt
of uranium metal was made while operating at cptimum operating conditions.
On the basis of this successful melt, the furnace was considered acceptable.
Installaticn of the centrifugsel casting mechanism is now in progress.

Fuel Element Design Handbook. The Fuel Element Design Handbook, which is a

handbook intended to describe factors and data used in designing reactor
fuel elements, is under preparation. Thus far, only Chapter 700 on Thermal
Stresses is ready to be published. A draft of this chapter has been given
limited circulation in order to ¢btain declassification and suggestions in
regards to its orgenization and material content. A first review of
Appendices A10C, A200, A30C, and AMOO is completed and revisions are being
written. The first rough draft of section 201l on Uranium Fuel Material is
almost completed. This particular section is of importance because its
form and content will serve as a guide for other sections of Chapter 200 on
Fuel and Fertile Materials.

REACTCR PROGRAM

Coolant Systems Development

Ex-Reactor High-Temperature Studies. Operation of ELMO-2 continued at

180 C and a pH of 4.0 adjusted with HoPOL. This test, to determine the
effects of gperating at low pE and mogerate temperatures, has Deen in
progress for h-l}E months. Examination of the sensitized and non-sensitized
304 stainless steel coupens disclosed no intergranuler corrosion. After
three months, the corrosion rates of M-388, M-400, and M-457 alloys are

all 0.09 mil/year. The M-257 and X-221% alloys have corrosion rates of

0.2 mil/year after the same period.

EIMO-3 is a new loop for testing rupture behavior of fuel elements. This
loop vhen completed will replace the present ELMO-4 which is inadequate

and dees not meet code requirements. The drawings for the fabrication of
the ELMO-3 have been completed. Construction materials that were not on
plant were ordered and will be on plant by the end of December 1957. The
canned motor pump originally intended for the loop, to permit simulation
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of KER flow rates, will nct be available for about four months. When this
pump does arrive, it may be more desirable to use it in the ELMO-7 loop.
However, fabrication of EIMO-3 will proceed and a smaller pump capable of
25 gpm will be used untll the larger pump is available.

EIMO-4% was idle during the month. It is planned to use this loop to test
rupture behavior of fuel elements until ELMO-3 is ready to operate, prob-
ably around the latter part of January.

A test was started in EIMO-%5 to determine the effects of operating at high
pE. This test will essentially be a pilot test for operation of the carbon
steel in-remctor loop (KER-1). The two important variables being studied
are corrcsicn of zirecenium, stajinless steel, and carbon steel and crud
formation. An operating pH of 10 was chosen because this pH is considered
to be the optimum for systems containing zirconium and carbon steel. The

PH will be adjusted with LiCH. The first test at 290 € has been in operation
two weeks., The carbon steel samples (SA 212, 1032, 1051} are all in excel-
lent condition. Sensitized and non-sensitized 304 stainless steel also
aprear in excellent condition. Previous operation of the locop has been with
varylng S10, concentration. The concentration has now been decreased to
normal. Replacement strip heaters were obtained for the line heater.

These heaters will enable the loop water temperature to be maintained more
censistently.

Corrosion tests were started in EIMO-6 to determine the corrosion rates of
selected aluminum alloys under conditions presently assumed to be ideal.
These conditions are: pH = 4.5; cencentraticn of H3P0u = 7 ppm; ratic of
aluminum surface to volume of water = 450 cmE/gala The alloys being tested
are A203X, M-388, X-2219, M-L0O, M-198, and two alloys based on these de-
veloped by the AECL and ALCAN. The present test at 300 € has been in
progress two months. The corrosion measurements of all the alloys being
tested are within the limits of error of the weighings; accurate rates

- are not determinable after such a relatively short exposure under these
conditicns. Coupons of the alloys obtained from the Hunter-Douglas Company
(&1, A-2, C-1, and C-2) were charged into ELMO-6 to cobtain corrosion data.
The test will run concurrently with the existing test.

ELMO-7 is presently being used for testing behavior of NPR, KER, and PRPR
fuel elements and for testing flow characteristics of PRPR fuel elements.
Tter 20 days exposure at 240 C, slight depressions were noted on the
Elephant and Cow slugs. Examination showed that the metal was pushed
into voids in the AlSi layer. The ELMO-7 45-hp Byron-Jackson canned motor
recirculation pump failed in ordinary steady state operation at 240 C.
From all electrical tests made, apparently the stator winding has burned
out. If this Is the case, Byron-Jackson representatives say that from 9C
tc 120 days will be reqguired for repair. The pump is being removed from
the loop for shipment to the Los Angeles Byron-Jackson plant. The pump
will be replaced with the small 10 hp Byren-Jackson pump originally in-
tended for use in the ELMO-3 slug rupture test loop. Present plans are to
return the ELMO-7 iloop to limited service by the end of December 1357.

T~
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Several changes in the EIMO-8 instrumentation were approved. A delay in
securing high pressure velves for the locp probably will delay shipment
of the loop about two months or until September 1, 1958.

The test to determine the effect of operstion at low pH and high temper- -
atures wes continued in ELMO-9. Operation at 250 C and pH 4.0 with H POy
was temporarily halted to replace a loop heat exchanger which developed

a leak. A crack has been obgerved in the piping exposed to cooling water.
Metallographic exemination will be made to determine possibility of stress
corrosion cracking.

Preliminary estimates were completed on the cost of setting up the 3706
Loop in 185-D Building and adapting it to test rupture behavior of fuel
elements under heat transfer conditions. This estimate totaled $36,000.
As socon as funds are approved, the work will be started.

High Temperature In-Reactor Loop Tests. The conversion of KER-1 to test
operation as a zirconium-carbon steel loop continusd. The Zircaloy-2
process tube is ready to be installed.

The KER-2 loop was operated with Cow slugs at an average outlet temperature
of 175C and a pH of 4.5 with H.PO,. It was discharged after 96 operating
days. The loop was recharged with lead-dip canned Elephant slugs and will
cperate at 235-240 C at a pH of k.5 for two months. Exemination of the Cow
slugs is in progress. The loop was on process water twice during the month,
one time for 19-1/2 hours to make alterations in the service water supply
line and the other time for discharging and charging of fuel elements.

The KER-3 loop has operated for 61 days at an average outlet temperature
of 224 C with stainless clad cluster elements. Exposure to date is 520
MWD/T. The loop was on process water three times during the month for a
total time of 35 hours. The periods on process water were caused by (1) a
loose fuse connection in the flow transmitter caused a variety of circum-
stances which caused the loop to dump, (2) alterstions to the service
water supply line, {3} 105 Operaticns neglected to reset the flow instru-
ment after & tube pressure test and the loop dumped. This loop caused two
reactor scrams during the month. The first incident was caused by the
loose fuse connsction, and the second cccurrence was caused by an instru-
ment mechanic removing a thermocouple without bypassing the trip.

The corrosion measured on the M-388 clad Cow slugs from the KER-4 lcop
efter 62 days exposure at 190 C and a pH of 4.5 with phosphoric acid was
too low to be measured with accuracy. The leop remained out-of-~operation
during the month so the canned motor pumps could be repaired. ITmpellers
in both pumps are to be replaced with the new balanced impellers by the
end of December 1957. It is hoped to have some hot-pressed Elephant slugs
to charge into the loop the first part of January 1958.

Orgenic Coolant Studies. ORA-1 waes discharged for inspection after two
weeks operation at 700 F. Semples of 28 and M-257 aluminum, carbon and
stainless steel, and Zircaloy-2, all appeared to be in excellent condition.
There was no sign of any distortion on the hot pressed, nickel diffusion

DECLASSIT
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barrier fuel elements or the graphite diffusion barrier element. The mag-
nesium coupons were extensively attacked by the traces of water in the MIPE.
A second two-week exposure period will be completed by the end of December
1957.

The Santowax M run was termineted in ORA-2 and all scheduled testing is
completed in this loop. The loop will be dismantled at some as yet un-
decided date. An improved procedure was devised for analyzing the irrad-
iated eutectic and Santowex (M. The tars are distilled from the mixture,
and the distillate 1s analyzed by infra-red methods.

(RA-3 operated almost continuously throughout the month. There have been
no indications of heater coking.

The design scope and cost estimate of ORA-4% using a side test hole has been
completed. Three scope drawings, SK-1-2205, SK-1-22063 and SK-1-22064, were
issued. The cost estimate using solid coolant is $100,000 and using liquid
coolants about $o4,000. It was decided to alsc scope and obtaln a cost

estimate using a front-to-rear test hole. This has some obvious advantages.

Gamme irradiations of MIPB are now completed up to exposures of 5 x 109 R.
The rate constant for gamma decomposition has been determined to be € x 107
per Roentgen. Tests are continuing to determine if various commercizl lots
of MIFEB all behave similarly.

Low Temperature Corrosion Studies. Production Test 105-55C-E, to determine
the effect of pH on corrosion of fuel elements and components in present
reactors, continued during the month. The metal from four tubes cperating
at 6.0, 6.5, and 7.0 was discharged for examination. Weighed metal was
charged into the tubes for the next phase of the test.

Tube #2943-KE, charged with dummy slugs containing flux-monitoring gold
foils, has operated for WO days at 110 C outlet temperature. The test is
scheduled for approximately 20 days exposure. Fifteen foils have been re-
covered from the first charge. Work is in progress tc recover as many as
possible of the nine remaining foils. The four-ineh dummies from this
first charge were jnadvertently disposed of in the burial ground.

Under ceriain conditions in the reactor (high temperature and/or long
exposure), excessive pitting of the M-388 has been noticed. The pitting
oceurs prineipally on the end piece and appears to be related to some
combination of the geometry, pressure, temperature, and corrosive conditions
of the reactor. In an attempt to duplicate this pitting out of the reactor,
a BDF tube was placed in the 1706 mockup assembly and was charged with al-
ternating M-388 and 1245 eclad fuel elements. The tube is being operated at
120 ¢ with an inlet pressure of 250 psl and an ocutlet pressure of 45 psi.
The pieces have been exposed for about 60 days of a total planned 150 days
exposure.

A second set of four steel samples was removed from the bucyant sample
rack in 107 XKE "A" basin. These samples have not yet been weighed. The
plastic "float" bottles (which became brittle and cracked, permitting the
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rack to sink) were replaced with welded aluminum pontcons. One of the
steel chains had broken, but the other chaln was still strong enough to
support the full weight of the rack. Both chains were replaced. All
stainless steel, aluminum, and teflon portions of the rack are still in
excellent condition, and polyethlene spacers {which were protected from
direct sunlight) are in good condition.

&2
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Service Work. One nickel plated slug and one slug with 1/2 inch wide
zine rings on each end were discharged and visually examined. The nickel
plated piece showed no adverse effects even though the plating did not
cover all of the aluminum surface. However, the zinc rings of the other
slug failed due to improper bonding to the aluminum jacket. These pieces
are designed for in-reactor studies for controlling reactivity.

Two corroded sensing chambers from K water plant differential pressure
cells were received from IPD, with a2 request for infermation as to possible
causes of the pitting corrosion and recammendations for prevention or
control of this attack. These sensing elements are apparently aluminum.
Samples of gelatinous material found in these chambers have been analyzed
spectrochemically. Results of these analyses show appreciable amounts of
silicon present. This indicates that the gelatinous material contained
activated silicd (sodium detection was not attempted). The damaged elements
will be sectioned and pitted areas will be examined. Alloy material and
the presence of activated siliea will be confirmed by further anslyses. No
prevention or contirol recommendations can be made at present.

Testing was continued in EIMO-1 to determine the rate of fiim build-up on
heat exchangers cooled with raw water. After four months operation, a
slight build-up of scale was noticed, but no decrease in heat transfer
coefficient was observed. The test is scheduled to continue for 12 months.

Decontamination Studies. A test 1s being started to evaluate corrosive
effects of decontaminating solutions which may be used in the present
reactors, the PRPR, or the NPR. All tests so far indicated no excessive
corrosion from the use of Turco. The tubes are being decontaminated and
descaled for closer study.

Thermal Hydraulic Studies

Flow Hazard Studies. Experimental heat transfer studies of the responses
of reactor process tube assemblies to imposed hazardous operating conditions
continued. Experiments were made simulating the transient response of C-
Pile I & E fuel elements in a C-Pile process tube to sudden step reduction
in flow of amounts from 20 percent to 85percent of normal flow. Tube
powers for these tests were 1250 KW and 500 KW and the initial bulk outlet
water temperature in each case was 125 C. The data indicated that with

the 2-1/2 second delay between time of Panellit trip and start of effective
power reduction, the surface temperature of the simulated fuel elements did
not exceed 350 £, even for the case of an 85 percent flow reduction. In
all cases the pressurization within the process tube after flow reduction
was not great; this indicates that a high pressure Panellit trip backup in
case of sudden and severe cone sereen plugeging is not present, and a low
pressure Panellit trip is essentisl.

G ET AN
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There were a few significant differences between the results obtained with
the test section simulating I & E fuel elements and those obtained previously
which simuwlated solid slugs. The initial decrease in Panellit pressure after
a flow restriction upstream of the Panellit tap was not as great for the

I & E case as for the solid slug case. This was attributed to a greater
amount. of hoiling at the top of annulus resulting from the eccentric position
of the I & E element in the process tube. A&lso different for the I & E case
were pressure fluctuations atiributed to boiling conditions which varied
with recurring heat shifts between hole and annulus. It is thought that as
boiling commenced in one flow chamnmel, an jncreased pressure drop in that
channe] caused a tendency for a reduction in flow leading to higher temper-
atures and more boiling. The higher temperatures in turn caused a2 heat shift
to the opposite channel which caused increased boiling in that channel as
beiling conditions Iin the first channel were alleviated. The resulting
pressure fluctuations were small in magnitude and fairly rapid.

Reduction of the large magnitude of data asscciated with the transient
experiments was made easier with procurement of zn autcmatic data reducing
mechine., It appears that time required to resd data charts will be reduced
50 percent or more with this new apparatus.

Hydraulic Studies. Laboratory data were obtained of the relationship be-
tween pressure drop and flow for undersize I & E slugs for BDF type reactors.
The data which were reported in HW-54218, show that these proposed fuel
elements have only about 59 percent of the pressure drop of & comparable
solid slug charge. However, preliminary approximstions show that critiecal
flow conditions in the outlet fittings will restrict the normal tube flow

to about 47 gpm with a normal front header pressure.

Data were obtained which extended the critical flow data for BDF type rear
fittings from 4O gpm to about 52 gpm. The data indicated that the pressur-
izatlon in the rear fittings is appreciable at high flow rates. For example,
at 120 C it tekes a rear header pressure of 79 psig to prevent critical flow
at L6 gpm.

Calculations were made to determine the flow split in a special train of
I &E slugs in a K tube with a 1/8 inch cable running through the holes.
This {train, made up to C-type I & E slugs preceded and followed by mint

slugs, will be pulled back and forth in the tube for front to rear flux

contral. Results of the calculations indicated that the annulus to hole
flow split would increase from 2.61 to 4.7 for C I & E slugs in a K tube
and that boiling within the hole could be prevented by using a shortened
slug train.

Work was continued on possible test section designs for studying flow and
heat transfer using seven-rod fuel elements. One design which was com-
pleted and is being comstructed consists of 0.625 inch rods spaced 0.05
inch apart. These rods, 42 inches long, are made out of Hastalloy "C"
metal. Thermocouples are to be installed in milled axial slots on the out-
side of the heater rod. Other designs with different sized rods were made
and will allow the spacing between rods to be adjusted. The use of Hast-
alloy in these test sections is new and, although the material is difficult
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to machine, it has a high electrical resistance that changes very little
with temperature.

Operation of the high pressure electrical heated apparatus was resumed
after installing & Byron-Jackson canned motor pump. However, after one
day of satisfactory operation, a leak developed between the process fluid
and the cooling weater. After it was determined that a stress crack had
developed in the steel head separating the two liquids, the manufacturer's
representative advised repairing the crack by welding.

Organic Heat Transfer Studies. A new flow control system composed of
various sized needle valves was fabricated and instelled in the organic
heat transfer apparatus. In addition, a new disc type filter, designed to
remove all particles 40 microns or larger, was installed immediately up-
stream of the flow meters. Trouble was experienced with one of the Potter
turbine type flow meters in that the bearings had become "gummed up” during
previous operatiomn. It was found that normal operation could be restored
by cleaning with benzene.

Mechanical Equipment Develcpment

Organic Cooling Systems Components. The organic test facility (MOTS-1)
operated for a period of 200 hours during the month at temperatures up to
175 C. The Dura Seal Type PT Mechanical Seal cperated for a period of

45 hours with & leaskage rate up to one pint per hour. Increasing the ro-
tating speed of the seal from 2000 to 2400 rpm increszsed the leakage raie

to an intolerable value. Examination of the seal revealed that the graphite
sealing surface has started to wear. A seal housing is now being adapted to
test a John Crane seal (Type 3).

The extra heater for the organic facility was fabricated and will be in-
stalled shortly. The heaster consists of two sections of twe-inch pipe
in series and contains six 2-1/2 KW calrods.

The fabrication of the organic fire test spparastus was completed. The fire
tests will be conducted during the month of January.

Irradiation Test Engineering

Shielding Studies. Foil data for the magnetite concrete heated to 200 C
were anaelyzed and curves plotied for attenuation traverses and side to
side traverses. The fast neutron relaxation length increased by about
five percent compared with the 100 € w®mse., Intermediate energy neutron
leskage increased, as indicated by measurements made with the lucite in-
tegrator, but the increase was not significant in terms of dose rate.
Transverse siresming seemed about the same as in previous tests. The
magnetite siaebs were heated to 300 €, and the irradiation for the first
test was completed. A second foil loading was installed, but most of these
foils will not be counted unliess the data from the first test are inade-
quate or erronecus.
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Two ordinary concrete experiments were run last month. The foils from the
first experiment have been counted and the dsta sent to IBM for processing.
The foils from the second experiment are currently being counted.

A design test proposal for attenuation measurements cn ferrophosphorous
concrete was issued (HW-S54166). The test slab design was revised so that
all test slabs were made eight inches thick with slots through the middle
and on top to receive foil holders. The new design requires only a total
of six slabs to fill the test well as compared to 11 slabs required in the
previous design; thereby, facilitating slab loading and unlcading. The
test slabs were poured and are currently being cured.

The literature survey on irradiation damage to concrete was completed. A
report on the survey resulits 1s being prepared.

The construction of the thermal shield tanks was completed. Fabrication
of erates to contain the aggregate under test was started and is 70 percent
completed. A method of loaeding foils into the shield tank was developed
and tested. Installation of the tank is scheduled during the month of
vanuaery. A detailed test description is being prepared.

At the request of the Reactor Mcdification Design Development Operation,
attempts were made to obtain the neutron leakage associated with a VBR
assembly of 2 new design to be installed in the 105-KE Reactor. The neutron
flux was too high for the equipment on the first attempt. A new, less
sensitive tube was found to be defective during the second attempt. A mea-
surement will be made of the neutron leakage after the installation of the
VSR assembly.

The 7/8" gold foils used in attenuation tests have weight differences as
large as 10 percent. To compensate for the weight differences among the
foils, weight correction factors were applied to the measured activity of
the foils. To establish the validity of applying a weight correction
factor, twenty 7/8" gold foils whose weight varied as much as 10 percent
have teen irradiated in the same neutron flux in the 305 Pile. The measured
activity from these foils varied only 1.8 percent, thus showing that no
weight correction need be applied to the measured activity.

Tc cbtain the desired attenuation data from test slabs, a minimum of two
foil loedings was required. The first loading consists of bare and cadmium
covered gold foils. The second loading censists of bare gold and cadmium
covered sulfur foils. A test was performed in the 305 Pile to determine

if a gold foil and & sulfur foil can be enclosed in the same cadmium cover
without distorting the resonance flux. The test showed that there was no
distortion of the resonance flux within % 1 percent; hence, it is possible
to combine the two foils into one loading. Combining loadings in this
manner effectively reduces the time for atsenuation messurements by a factor
of two.

DECLASSIFIED.
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Hornmetallic Materials Development

Thermocouple Development. Insulation resistance of & duplex silicone-
impregnated, asbestos-insulated, chromel-slumel thermccouple and a similarly
insulated iron-constantan thermocouple were measured before and after labor-
atory exposure in an inert atmosphere at 627 ¢. Corroborating previous
results at Hanford and elsewhere, the insulation resistance of the chromel-
alumel thermocouple pair dropped from 200,000 to 120 olms in eight hours;
the iron-constantan dropped from 130,000 to L2 ohms after the same exposure.
However, after passing oxygen through the furnace at 600 C, the insulation
registance increased again to greater than 100C Meg-ohms. The initial drop
in resistance is belleved due to the thermal cracking of resin impregnants
in the insulaticn, leaving & conducting residue of carbonaceous and/or other
degredation products. This would explain many of the thermocouple failures
which have occurred in the Hanford production reactors. Restoration of the
high resistance by the passage of oxygen at 600 C is explained by oxidation of
the conducting residue.

Five TP-103A experimental thermocouples have been delivered to IFD for in-
stallation in D Reactor in mid-January. Four are chromel-alumel couples,
three of which are insulated with vitreous alumine and one with porcelain,
the other is a Geminol couple with vitrecus alumina insulation.

Thermal Conductivity Measurements. Graphite samples are being machined for
the cylindrical radial flow method and alsc the spherical envelope method
of measuring thermal conductivity. Measurements are being attempted on
virgin TS-GBF graphite in the comparstive method apparatus. All of these
methods are designed to messure thermal conductivity at high temperature.

High Temperature Graphite Irradiations. The GEH-9-6 assembly was charged
into the MIR L-42 position December 9 for a three-cyele irradiation
(Cycles 97, 98, and 99). This schedule was obitained for Hanford after it
became apparent that KAPL-37-2 would not be ready in time to oceupy the
facility as previously planned.

Control temperatures of 1025, 975, 750, 750 C were realized after startup.
With the exception of the 1025 C sample, all samples are at the predicted
temperature of control; the fourth unit (1025) was intended to be twenty-
five degrees higher, but insufficient gamma heating was available to maintain
the higher temperature without risking burning out the resistance heater on
this semple. The principal limitation at these temperatures is the melting
point of the platinum heater which operates at several hundred degrees above
the sample temperature when at maximum power. This necessitates conservative
power ratings to prevent hester burnocut. The 975 degree control point was
selected so thet & contraction rate comparison could be made with the
previous 975 degree irradlation in GEH-9-5.

The control units for the Hanford graphite irradiaticns (IP-224) are 70%
complete and will bpe ready for testing next month. This equipment will
control irradiation temperatures in the range 30 to hoo C.
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Lovw Temperature Graphite Irradiation. Near saturation of the physical dis-
tortion of CSF graphite caused by irradiation at 30 C has been observed for
the first time in samples recently discharged with an accumulated exposure

of 5725 MD/T. This occurs in both parallel and transverse cut samples.

The rate of expansion of transverse samples apparently decreases after 4500
MD/T and saturates at about 3.2 percent expansion near 5500 MD/T. Contraction
of parallel samples exposed at 30 C saturates at about -0.9 percent length
change. Further confirmation of these data will be made in the near future
when samples with an exposure in excess of 7000 MD/T will be discharged.

Chemical Studies of Irradiated Plastics. Results of radiation catalyzed
oxidation of Irrathene 101, 201, U-101 and U~201 have been obtained. The
201l's contain an antioxidant; the U-101 and U-201 are polyethylene materials
similar to those used in meking the Irrathene but have not received the
electron irradiation.

Carbonyl Absorbance in Polyethylene

Thickness Radjation Dose, Roentgens
Sample  (mils)  (Nome) 5 x 10° 10 x 10° 50 x 10° 100 x 10°
U-101 5 0.029%  Q.0L7T 0.136 0.788 1.13
U-201 5 0.039 0.066 0.106 0.750 1.01
Ir-101 10 0.052 0.135 0.215 0.755 1.17
Ir-201 10 0.058 0.090 0.171 0.635 0.863

*Note: Absorbance numbers are approximately proporticnsl to
carbonyl present..

In general (correcting for thickness differences) it is observed that the
101's oxidize more than the 201's as expected. Furthermore, the U-101 and
U-201 oxidize more than the Irrathenes, indicating that the initial cross-
linking done in making the Irrathenes has increased their oxidation re-
sistance. The magnitude of the two effects in preventing oxidaticn, i.e.,
presence 0Of antioxidant and initial crosslinking, seemsapproximately egqual.

A sample of Macrofol (g polycarbonate)} irradiated in air and in vacua to
a total dose of 1 x 10% shows identiecal hydroxyl increase. Hence, it is
concluded that a chain clevage reaction occurred in both cases rather than
an air oxidastion.

The mass spectrometer results on polyvinylehloride show a large evolution
of COp which would came from the plasticizers present in the material. It
is significant that no chlorine gas or compounds were evolved indicating
no appreciable attack of the main polymer chains. This is substantiated
by physical property data.

The mass spectral clevage pattern of three types of polyethylene indicates

the effect that crystallinity has on radiation stability. This is shown
in the following table:

1261009
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Evolution of Hydrocarbons from Polyethylene

Material Mass Ho CH, CpHY CaHy CuHy CsHy Cgly
Marlex 50+ % 97.8 0.1 1.1 0.4 0.1 - -
Alathon 3, NC-10 % 97.5 0.09 1.1 0.6 0.4 0.1 0.1
Irrathene 101 % 96.88 0.28 2.32 0.22 0.26 0.03 -

+Due to incomplete vecuum, 0.5% (Os + N») found.

The highly crystalline {~.95%) Marlex 50 shows little evolution of gases in
the C), - Cg range. Evolution of these hydrocarbons is attributed to side
chain branches which would be lacking in the crystalline material. The low
evolution of these gases in Irrathene is attributed to the erosslinking of
these side-chain branches with the initial radiation that the material re-
ceived. The effect of crystallinity on other chemical changes, i.e., oxi-
dation, is being investigated as well as application to mechanlical properties.

Radiation Vulcanizing. Preliminary results indicate that gamme vulcanizing
of silicone elastomers significantly improves their resistance to immersion
in high-temperature sealed water systems. This method eliminates the chance
for residual catalyst reacting with the polymer as is the casge when the
materials are vulcanized with heat and conventional peroxide catalysts.
Radiation curing also eliminates the necessity of a 2h-hour post heat cure

at 480 F.

Structural Materials Develcpment

Zircaloy-3 B-D-F Process Tubes. Inspection of the eight tubes received
during November from the Superior Tube Company is continuing. Although
eddy-current tests revealed possible flaws in all tubes, single and double
wall radiographs indicated that there were no cracks or discontinuities in
the tubes. Testing with & Vidigage (ultrasonic resonance) instrument dis-
closed thinning of the wall in selected areas by as much as 10 to 15 percent
of the nominal wall thickness. These pericdic thin spots are now believed
to be the explanation of the eddy-current "flaws”, and are not considered
serious enough to prevent installation of the tubes in the Hanford reactors.
Based on an analysis of all test results, it is concluded that these tubes
should be suitable for in-reactor experimental use,

Thirteen additional extrusions, equivalent to a maximum of 26 finished BDF
tubes, were tube reduced, inspected, and annealed during the month. The
final tube reducing operation is in progress, and i1f successful, contract
DDR-5 should be completed by early February 1958.

The Allegheny Ludlum Steel Corporation has processed 15 exitrusions through
the first of four tube reducing steps. These tube blanks are being inspected,
conditioned, and vacuum annesled prior to the second tube reducing step.
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NPR Type Process Tubing. Zircaloy-2 ingots were shipped to the three
companies who will endeavor to fabricate proeess tubing of the type to
ve used in the new high temperature reactor. Design and fabrication

of tooling is progressing at Reactive Metals and Allegheny Ludium Steel
Corporation. Chase Brass has produced short extrusions suitable for
initisl welding experiments. These welding experiments demonstrated the
need for improved dry box design and construction of larger capacity
welding equipment.

KER Type Process Tubes. Ten "ribless" extrusions have been tube reduced
to size. Surface condition of all tubes is satisfactory although the
smaller cold reductions produce the best surface finishes.

Advence Studies

Fluidized-Bed Reactor. The H_ O fluidized pellet-bed reactor concept
proposed by C. Anderson and further studied by E. R. Astley and L. Johan-
nesen is currently under investigation. Study to date indicates a need
for a better determination of fluidizing velocities required for variocus
possible water entrance jets. Reectivity change during the exposure of
the initial fuel loading is to be investigated with a mechine program,
and the results will be compared with the values reported by Astley.

WEAPONS - 3000 PROGRAM

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

CUSTCMER WORK

Corrcsion and Coatings

H Reactor Rear Face Pigtails. The corrosion of several stainless steel pigtails
from the rear face of H Reactor is being evaluated. These pigtails were cleaned
on the reactor with Turco 4306 B (a sulfamic acid-sodium chloride-ammonium
Tluoride cleaner) on September 23, 1957. The pigtails were removed from the
reactor November 18. The purpose of the investigation is to determine whether
any serious damage was done to the rear face piping oy the cleaner. The fatigue
iife of one of the pigtails as determined on a fatigue test machine was com-
parable to & new pigtail under the same conditions. The examination of the pig-
tails by an eddy-current testing device which is being developed showed two pig-
tails with possible corrosion areas. These areas are being evaluated by metal-
lographic techniques.

Radiometallurgical Examinations
Hot Spot Failures (BRM 196). The examination, requested by IPD Process Analysis

Operation, of four hot spot failures from KE Reactor was continued. All of the
slugs are 1/2" cored natural uranium, canned in 1245 aluminum alloy jackets.

26T Biﬁmﬁmﬁ
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Feilure No. 831 was one of two slugs selected for detailed examination. It
was irradiated in tube 1480-KE to an expasure of 532 MWD/T, at an average
tube power of 1092 KW. A transverse wafer was sectioned from the hot spot
zone for metelleographic examination. The jacket was found to be severely
updercut for about two-thirds of the circumference. The uranium within the
undercut portion reached temperatures well above the beta transformetion
temperature, while that in the bonded zone did not exceed this temperature.

A large group of macro-veoids was observed between the edge of the core and
hot spot. HNumerocus micro-veids were also found distributed throughout the
heat-affected zone. These voids apparently resulted from the nucleation and
growth of fission gases at temperatures estimated to be in excess of 9C0 C.
No evidence of melting was observed. The unusually high temperatures-reached
by this slug and the consequent formetion of fission gas bubbles in the uranium
appear to be responsible for the release of radioactive gases in the reactor
storage area which was observed following the discharge of this piece.

Additiona)l iron anslyses of 1245 aluminum jacket samples from hot spot failures
were completed by Anelytical Chemistry. The results are tabulated below:

Failure Exposure,
No. Tube No. MWD/T Can Mfg. Wt. % Fe
831 1480-KE 532 Alcoa 0.21
863 3572-DR 208 Hunter-Douglas 0.17

Examination of Ruptured Siug from 1178 XE (RM 202). With examination of the
ruptured slug from 1178 KE completed, IPD requested examination of & second
non-ruptured slug with similar in-resctor experience to determine whether beta
phase transformaticn temperatures were reached in the core. The non-ruptured
slug was irradiated to 515 MWD/T in 2374 KW and was discharged August 27, 1957.
The slug was badly warped for a distance of 3-3/L inches from the cap end.
Maximm werp was 60 mils * 10 mils at two and one-fourth inches from the cap
end. Metallographic examination of a wafer removed from the center of the slug
revealed an area 0.425 inch in diameter at the core of the slug which had oper-
ated at or nesar uranium beta phase temperatures. The recrystallized area was
crogs hatched with both macr¢ and micro eracks.

Metallography Service

Laboratory tests have been completed on the Buehler sutometic polishing sttach-
ments which are mounted in & glove box to facilitate polishing of metallographic
specimens of low to moderate levels of radicactivity. Most metals can be pol-
ished to a specular finish successfully with the mechines; however, aluminum and
cther soft metals require that en sdditional manual polishing step of five to
ten minutes duration be used. This should not pose any problems of radiation
over-exposure toc the operators' hands, however, since generally adequate shield-
ing is afforded by the bakelite mounting material used to contain the specimens.

DECLASSIFEDL
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Samples Processéd During the Month

Total samples processed: 148

Photographs:
Micrographs 146
Macrographs 58
Total 204

The following Trips and Visits Reports apply to activities on 2000, 3000, and

4000 progrems. Technical activities on the 4000 Program are reported separately
in HW-54284 A2,

Manager, Reactor and Fuels Research
and Developument Operation

FW Albaugh:kb
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PLUTONTUM RECYCLE PROGRAM

MONTHLY REPORT - DECEMBER 1857

REACTCR & FUELS RESEARCH & DEVELOPMENT OPERATION

Plutonium Fuels Development

Al-Pu Alloy Capsules for MIR Irradiation (ZEH-3-24). Two Zircaloy-clad capsules,
one with am Al-12 w/C 5i-1.65 w/0 Pu &lloy core and onme with an A1-1.65 w/o Pu
alloy core, are presently being irredieted in the MTR as part of the GEH-3-24
test. Irradiation and examination of two similar cepsules Eﬂuebeen completed.
The two capsules are being irradiated in & flux of 2.9 x 10 nv or greater.

As of December 1, 1957, the total exposure on the capsules was estimsted to

be 6.01 x 1020 nvt and 6.07 x 1020 nvt or about 40 per cent burnoaa of the Pu
atoms. The original goal was to obtain a total of about 7.5 x 107 nvt or

g Pu atom burn-out value of about 50 per cent.

Because of difficulties encountered in the radiometallurgical examination

during the dejacketing cperaticn on the initial peir of irradiated capsules,

four dummy capsules (steinless steel cladding and Al cores) were fabricated to
evaluate various dejacketing schemes prior to the next irradiated capsule examins-
tion. Two of the cores were a slip fit in their respective tubes and two were

8 shrink fit (0.0005 -- 0.0015 inch interference).

Al-Pu Alloy Clusters for KER Irrsdiation. The four-rod cluster with swaged

Al cores, Zircaloy-Ill tubes, Zircaloy-11 end caps, and stainless steel rod
holders or spiders was examined after 19 days exposure to 240 C pressurized
light water coolant (pH 4.5) in the ELMO-7 loop feeility. Definite buff-colored
bands were noted on the welded ends of all tubes. One tube which was welded at
a different time then the other three showed the corrosion product to a lesser
degree. The bands covered the 0D of the tubes uniformly from the end downward
to a distance of about 5/1€ inch. This zone roughly spproximates the weld bead
plus the heat affected area on each side of the welded bead. No pitting was
detected. It .s presently believed that insufficient atmosphere purification
during the welding step may have contributed to the feormation of the buff-colored
bands. The cluster was recharged into the loop to continue the test which is
scheduled to run 50-60 days initiaslly, and then to a total of 120 days.

Two, four-rod clusters with Al cores and stainless steel cladding and rod holders
are being prepared for hydraulic tests. One cluster was completed and -delivered
Tor testing and the completed rods for the second cluster are ready for final
assembly. Zircaloy jacketing components for the two clusters to be irradiated
and the flux monitoring cluster for the 305 pile tests are under fabrication.

The A1-8 w/o Pu and Al-12 w/o 8$i-8 w/o Pu alloy cores for the pile tests have
been cast and machined, analyzed, and asre being dimensionally inspected.

UNCLASSTFIED
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Casting of .Al-Pu Alloys. Several Al-Pu alloys were cast at 700 C into 1/2 inch
diameter rods from which tensile specimens will be machined for mechanical
properties determinations. The compeosition of the cast alloys was Al and Al-2,
-4, -6, -8, -10 and -13 w/o Pu. However, since centerline shrinkage voids
occurred in most of the rods, the alloys will be recest at a lower temperature
in order to eliminate this problem. Three extrusion billets, 2-31/8 inches in
diameter by 8 inches long,were cast. Radiographs of two of the billets showed
very few intermal voids. The third billet was not radiographed. Chemical
analysis results of samples taken from veriocus sections of the billlets have not
been completed.

Pyrcmetallurgical Techniques. Pyrometallurgy offers several methods of recon-
stituting irradiated Pu bearing fuel elements through separation of a Pu bearing
phase from the principsl alloying elements. Two methods of obtalning segrega-
tion in the Al-Pu alloys are: (1) slow cooling of the molten alloy thrcugh the
two-phase {liquid plus Al) region in which primary crystallization of Al occurs
until the liquid reaches the eutectic composition {about 13 w/o Pu), and

(2) adding an element to the molten Al-Pu allioy to form & high melting Pu phase
which precipitates out of solution. The Pu phase may be separated by liquationm,
sedimentation or filtration. Two melts of Al-1.7 w/o Pu alloy were slowly cooled
through the liquid plus Al region. Samples were taken from sections which were
first and last to solidify to determine the degree of segregation. Chemical
analyses have not been received on these samples. Silicon was added to a third
melt of Al-1.T7 w/o Pu alloy in order to reduce the melting point of the alloy anéd
form e high melting Pu phase which should precipitate and settle in the solutiomn.
Chemical anslysas of samples taken from this meli have not been received.

Vacuum Injection Casting. A method of febricating Pu containing fuel elements by
vacuum injection casting the core material directly into the jacket is being
developed. One type of injection casting apparatus presently being evaluated
employs air pressure to force molten Al into lfe-inch diameter tubing. The

alr line to the pressure vessel on this equipment was a 1/4-inch pipe and the
time required to pressurize the chamber to 0 psig was 10-15 seconds. It was
found that the Al would scmetimes freeze before filling the tube. An air
receiver or accumulator is being instelled which will increase the volume of

air flow end, hence, decrease the time required to pressurize the chamber.
Another type of injection casting apparatus which also uses alr pressure to
displace molten Al is nearly completed and will bs evaluated when it is available.

Mechanical Pressure InJection Casting. The development of a methnd of mechanical
pressure injection casting of Al-Pu fuel elements is progressing. The casting
eylinder has been reworked and the clesrance between the piston and the cylinder
walls is now satisfactory. Effectively cooling the lower portion of the casting
cylinder and the hydraulic cylinder head sesms to present the greatest provlem

at this time. Initislly, cooling coils were omitted; howsver. it 1s now obvious
that cooling of the hydrasulic cylinder connecting rod is essentlal. Cooling
coils will relieve the heating problem. Radiographs of the three-foot section

UNCLASSIFIED
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of pressure cast rods showed porosity at the top of the casting. The bottom,
however, was sound, indiceting that the melt first froze in the casting tube and
that molten metal was forced intc the shrinkage cavities as solidification
progressed downward.

Extrusion Program., Aluminum tubing has been satisfactorily extruded for use in
fabrication of fuel elements for MTR irradiation. The tubing was extruded at
500 ¢ through & shesr die and over a French mandrel. The finish on the as-
extruded externel and internal surfaces was very good. An Al-1.65 w/o U rod
3/h-inch diameter wes extruded,using the same billet temperatures of 500 C. The
Al-U alloy extruded the same as normel cast 25 aluminum. Installation of the
pressure sensing and recording instrumentation eguipment will not be attempted
until the modifications for increasing the capacity of the extrusicn press from
125 tons to 284 tons are completed.

Zircaloy-II1 Tubing for PRER Fuel Element Develcpment. The six seetions of
Zircaloy-IT]1 tubing received from Wolverine Tube Company for PRPR fuel slements
have bveen under continuing examination. Spectrographic analysis of the material
is being made. The tubing is alsc being analyzed Tfor oxygen and hydrogen content.
The Radiographic Testing Operation issued a report with the results of their
radiographic examinetion and eddy current testing of the six tubes for side wmll
defects and irregularities. The summary is as follows:

Raediographic Examination

Re jects 2 tubes (excessive die and gall marks)
Questionable Rejects - 3 tubes {die and gall marks)
Satisfactory 1 tube (moderately die marked)

Eddy Current Test

Satisfactory - & tubes

The spot check radiographic examination covered 32 degrees of the totzl
circumferential area of 360 degrees. A total of 240 lineal feet of tubing was
examined.

Welding Development. The final closures and assembly of the NFD type 19-rod
cluster fuel element containing Al core material and stainless steel Jjackels have
been completed. This fuel element will be used for hydraulic testing studies.

A tungsten inert gas spot welder has been installed and put into operaticn for
Joining the split length end fuel rod holders on the four-rod cluster type fuel
element assembly. .

Experiments have been initiated to determine the feasibility of ceold welding Al
for cladding flux moniteoring samples.

Fabrication of = portable duml purpose inert gas and vacuum welding chamber is now

underway. This device serves the seme purpese as the vacuum welding box; however,
it is much smaller and cheaper to construct.

UNCLASSIFIED



URCLASSIFIED A2-h HW-54284

Facilities. Cell 1 has been cleared of process equipment, the flcors have been
resurfaced and ventilation and filters are being provided. The swage,
axtrusion press, and two rod straighteners will be located in this space. The
oxide preparation hood in Cell 5 is being activated and the hydrogen sintering
furnace will be attached tc this hood. Necessary safety devices and controllers
for the operation of this furnace will then be installed.

Long tube furnaces are required for annealing PRP-iype fuel elements. A
prototype furnace has been mocked-up to determine the feasibility of heating such
a furnace by passing a high current through the tube. The equipment consisted
of & 56 amp, 220 volt auto transformer to feed the primary side of a step-down
transformer. The maximum current output of the second coil of the step-down
transformer is 2000 amps at 6.5 volts. A 4-inch OD tube, 12-feet long with a
0.120~inch wall was comnnected to copper bus bars and three-inch thick MgO pipe
installation was placed arcund the tube for 10 feet of its length. Ten feet
of the tube was used to carry the current load and approximately 8 feet of this
length was unifromly heated to 1200 F from rcom temperature in less than one hour.
is seems to be a successful and simple method of heating a tube furnace. An
insulating liner will be required for annealing high conducting materials such as
aluminum,

Plutonium Fuels Pilot Plant. Deslgn efforts cn the Plutonium Fabrication Pilot
Plant by Construction Engineering Operation were reduced to & base minimum about
November lst due to leck of funds. This situaticn has continued through December
and all design efforts will be suspended January 1, 1958, if new funds are

not made available. Schedules made in advance of November 1 are now unreslistic.
and new schedules will have to be drawn up when funds again become availsble.

The engineering assistance provided by PMO has been continued during this perdcd.

gge Fuel Development

Swaging of Uranium Dioxide. Simultaneous compaction and cladding of ceramic
materials by swaging offers promise as a method of fuel element fabricaticon at
reduced costs. In previous studies with a No. & swage, U0, densities of approxi-
mately 90 percent of the theoretical were obtained by swaging pre-sintered and
ground UC, powder contained in ocne-inzh 0.2. stainless steel tubing having a
0.060 inch wall thickness. Efforts to duplicate this result with one-inch

0.D. Zircaloy-3 tubing having = 0.C3C wall frequently have led to ruptures as

the density of the UC, powder approaches 3M-85 percent of the theoretical. This
difficulty apparently was causad by the combined effeots of work hardening,
defective materizl, and the thinness of the tubing. Attempts to anneal the
Zirealoy between swaging passes have not eliminated such ruptures. ©Difficulties
in swaging the thin clasdding material suggest the desirsbility of "inverted" swages,
which may esxert less stress on the swaged material. In a demonstration experiment
by the Sutton Engineering Company, spe:imens of one-inch 0.0, were successfully
reduced tc 0.563-inch O0.D. in & single pass through a Farmer-fNlovrton 4.die.
stationary-spindle . inverted® swaging machine
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The fabrication of relatively large sintered and ground UG, contained in stainless
steel also was swaged in the No. 8 Fenn swaging mechine in Building 314. The
final pass was made through a 1.440-inch die and resulted in an element having

an outside diameter of 1.456-1.%87 inches. The density of the UQ, after swaging
was 85 percent of the theoreticel. Further studies with this swage will be
discontinued until a feeding mechanism and improved dies are obtained. The
smaller swage can be used for the cladding studies now being emphesized.

Febrication of Uranium Dioxide by Combined Pressing and Sintering. The sintering
of uranium dioxide under pressure as a2 means of fabricating high density UQO, has
resolved itself tc a problem of obtaining a die material sble to withstand

desired pressures and temperatures. Inconel dies gave indications of satisfactory
performance if a suitable design is used. GJraphite did not permit the use of
sufficient pressures. Alumina and Graphitar are being investigated as possible
die materials.

Iscstatic Pressing of Extruded Rods. Uranium dioxide rods fabricated by extrusion
frequently heve voilds and cracks at their centers efter sintering, because of
density gradients across the diameters. FPhotomicrographs of sintered, isostaticelly
repressed, extruded rods, and of sintered extruded rods which were not isostatically
repressed, reveal that the grain size in the iscstatically pressed rods js larger
than in the extruded rods, and that the extruded rods have many small cavities

vhich are not found in the isostatically repressed rods. Porous, sponge-like

areas are sometimes found in both materials, but the density of the UC, in these
areas is much less in the extruded rods than in the isostatically rePrgssed rods.

A much higher guality UC, element is obtainable by isostatic pressing.

Uranivm Dioxide Powder Preparation. Fabricetion of sintered uranjum dioxide fuel
elements to specified densities reguires accurate control of oxide particle size,
cold-pressing pressure, and sintering temperature. Particle size control of

the uranium dioxide powder to be used in prepering fuel elements for the PRPR will
be obtained initially by using a continuous ball mill and air classifier unit.
Bquipment for this purpose wes installed and operated successfully during the

past month. Preliminary experiments with the equipment produced T pounds per
hour of oxide that was cold-presged at 20 TSI and sintered at 1600 C to 93 percent
of the theoretical density. Optimization of the equipment is expected to increase
the rate of production of a suitable oxide powder.

Sintering Studjes. Activation of U0, powders by ball milling and oxidation-
reduction treatments has been used t0 lower the sintering temperatures required
to preoduce high density U0, shepes. During the past month Ti0. additions

were used U0 increase UOp sintered densities. The most significant result

was an increase of 16 percent in the theoreticel density of untreated "FWR
grade" U0, powder with a 0.75 U/O addition of TiOE, Studies are planned to

evaluate smeller mdditions of TiO2 to U02 powders.
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Vacuum Cast Zircaloy-2 End Fittings. A substantial part of the cost of massive
nested tubular fuel elements is found in the end fittings. An economical production
method for fabricating Zircaloy-2 end fittings may be vacuum casting. Two sets

of vacuum cast parts recently ordered from Oregon Metallurgical Products have

been received and appear to be of excellent quality. The structural properties

and density of these units are being determined and compared to those of parts
fabricated from bar stock by machining methods. This methed of production

appears very encouraging for small quantities of test element fittings, ms well

a3 for production quantities. Results of the testing program will be reported

ag tests are completed. .

Welding Development. The tubular fuel element being developed for the Plutonium
Recycle Program regquires a gupport system to accurately fix the locaticn of the
several components within the fuel element. The support system consists of
three rib-type supports attached 120 degrees apart arcund the jacket. Over-
lapping resistance spot welding is being evaluated for this application. A
special jig and welding heed hes been constructed and several test specimens have
been fabricated. The test specimens are now being corrosion tested in 680 F
water and other specimens are being checked for atmospheric gas content in the
weld regicn. From the results obtained to date by this methed it appears thsat
this application may be developed into a suitable method of attaching supports.

External Pressure Resistance of Large Diameter, Thin Walled, Zr-2 Tubing. A

test wes conducted to determine the maximum permissible void space gap in a

3.058 inch dismeter by 0.030 inch wall Zircaloy-2 tube subjected to PRER
operating temperature and pressure. A section of the tubing, 6-3/4% inch

long, was loaded with a tight fitting (0.003-inch diametral clearance) mandrel
which contained a series of evenly spaced, deep, circumferential grooves,

0.650, 0.500, 0.375, 0.250, 0.185, C.065, and 0.032 inch wide. Caps were

welded to esch end of the tubing and the entire assembly wes autoclaved at

1075 psi end 553 F for 20 hours. The cladding extruded intoc geps wider than
0.250 inch. Intrusion into the 0.250 gap was barely perceptible and showed a
reduction in diameter of approximately 0.008 inch. There was no intrusion of
cladding into geps smaller in width than 0.250 inch. This indicates that {1) small
edge chips are permissible on the uranium dioxide core pieces, and {2) void space,
which 15 necessary in the fuel element to permit expansion of the Ud, under
irradiation, may not permit collapse of the cladding if the space is uniformly
distributed aslong the length of the fuel material. Further ex-resctor studies

are being completed, and irraediation tests are being planned.

Fission Gas Release from 70, Powders. One of the efforts tc radically decrease
fuel costs is concerned with evaluating the in- and ex-reactor behavior of
unsintered powders, either locsely compacted ar compacted by swaging. In either
cese, fission gas release is a possible limitation. The extent of fission gas
release as a function of burnup is one of the most important of a anumber of
varisbles. GSixteen cazpsules containing loosely packed UQ, were irradiated in

the MTR for one and two cycles. Statistical analysis of the results reveals that,
within the limits of experimental error. there is no evidence c¢f any increase in
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the guantity of fission products released; as a function of exposure. In fact,
neither of two groups of samples having degrees of enrichment varying by a factor
of 2, indicated any increase of released fission gas as & result of doubling the
exposure in the MTR. The effects of other variables such as surface area,
packing densities, and degree of enrishment are being analyzed, but the analysis
will not be completed until accurste burnup analyses are availsble. Other
radiation experiments probaetly will be necessary to separsate & surface sree
effect from other factors, and to determine whether exposure becomes =a
significant varisble at extremely high buraurs.

High Tempersture Characteristics of U0.. Determination of the volume change in
U0s upon melting is desirable for safe design of fuel elements. A glass enclosed,
induction heating furnace has been assemtled and vacuum lesk tested. Tungsten
pycncmeters, radiation shields, and UC» specimens have been febricated for UO2
melting studies. Solar furnaces and the recently develcped plasma jet furnace
also have been considered as heat sources Ior high temperature JOp studies.

A fourth possitility is & carbon-arc imsge furnace, a model of which has been
constructed and is now being evaluated. The unit consists of two six-inch
diameter parsboloidal mirrors, 24.0 inches apart and enclosed by a transite

box. The mirrors are so arranged that when a carbon erc is placed at the focal
point of one of the mirrors; energy is focused onto the substance to be heated
at the other mirror. Preliminary experiments, using arc carbons 0.2350 inch in
diemeter, drawing 100 smperes and coperating at 50 volts, preoduced furnace
temperatures 0f approximately 1500 C. Extrapolation of this data indicates

that 15 KW will be necessary to praduce a furnace itemperature of 3000 C. Eguip-
ment is being designed to operate under these conditioms.

Thermel Conductivity of U0-. The effect of irradiation on the thermal conductivity
of U0y is one of the most debated subjects in the U0, field. Arrangements have
been mede with the Irradiation Testing Operation to have 8 number of test elements
irrsdiated at Hanford. Assembly of the test elements is nearing completion and

the writing of = production test was completed. Arrangements were made with the
Bettelle Memoriml Institute tno determine the thermal conductivity of the irradiated
and unirradiated UO2 specimens.

Oxide Fuel Elements. If the rit supports ou the tubular oxide fuel rods for
the PRPR could be removed, fabricatiom problems of the cans would be reduced.
When the rods are supported from the top they are mecharically stable; but sheuld
they deflect due to febricatisn inaccuracy cr operational changes, a thermal-
mechenical instability msy arise. A fuel element has a thermal-mechanical
instability if its deflection due to & peripheral temperature gradient in the
clad is greater than the fusl element deflection needed to cause this temperature
gradient. In order %o test for instability, one assumes & virtual temperature
gradient and calculates the corresponding deflection. If the deflection due
to the virtusl temperature gradient causes a2 temperature gradient in the clad
greater than the virtual gradient, the fuel element is unstable. Assuming
channeled flow in a tubular fuel element with a rod diameter equal to the original
jameter plus twice the eccentricity at burnout flow condition, the center rod
of the PRPR tubular fuel element would be unstahkle if at least one central spacer
were not added.
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Further complications arise in a fuel element which is eccentric due to manu-
facturing inaccurecies or deflections caused by irradiation behavior. 1In these
cages, an initial deflection causes temperature gradients which create further
deflection. No stability calculations have been made for the thermal-mechanical
stability of initially deflected fuel elements. In horizontal fuel rods, the
effects of bending should alsc be inecluded as an initial deflaction as well as the
above possible defects. PFurther work on the combined effects of mechenical,
thermal, and hydraulic stability should be performed. The results of these
investigations will be included in Chapter 800 of the proposed Fuel Element Design
Handbook.

Thermal -Hydraulic Studies

Progress continued in installing the piping for the PRFR calandria and mocdersator
mockup in 185-D. This piping work, which is being performed by Minor Censtruction,
is approximately 10 percent complete.

A small velocity measuring instrument was developed to measure the moderator flow
distribution within the calandria mockup. The instrument consists of a small
propeller arranged such that each revelution will be counted by breaking continuity
between a light scurce and a photocell. Preliminary calibration indicates that

the meter will messure veleocities as low as 0.1 foot per second.

A search of the litersture concerning subccoled boiling burnout was conducted Iin

an effort to determine the boiling burnout conditions for the PRPR fuel elements.
Limited calculations indicated subeocled burnout is highly improbable for the Mark II
and IJI tubular fuel elements. Upon loss of flow or increase in heat flux, it is
likely that bulk boiling conditions would be established before the element
experienced subcooled burnout. This means that the subcooled boiling burnout
limitations do not apply to the tubular fuel elements and attention should be

focused cn burncut under bulk boiling conditions. Data which apply to these

latier conditions are quite scarce.

Design Test Proposal FR-1C. Work was continued con buillding an elestrical heated
mockup of the Mark II fuel element for experimental use in the higzn pressure heat
transfer apparatus. Bids on purchase requisitions for materiazls were received and
orders were placed although it appears that construction of this three-piece =lement
will be gquite diffir~ult. Teolerances on dimensicns must be close and it is difficult
to get manufacturers to bid on the waterials nezessary tc match the electrical
resistance of the test section to a value necessary for use ia the experaimental
apparsatus.

Coolant Systems Development

Report HW-53672, issued during the month, centains recommendations for the optimum
pH for PRFR coolant and moderstor if sluminum process tubes are used. The
calculations were based on the data obiained from H Loop. In view »f the recent
studies conceruning the effect of extended aluminum surface, these reccmmendations
may be unduly conservative. This was pointed sut in the report. A& review was made
of the literature relating %o chloride stress zorrosicn of materials considered

Tor PRPR. A review of crevice corrosion and galvanic :xorrosion is continuing.

UNCLASSTFIED

-2

-
D

P25



UNCLASSIFIED AzZ-9 HW-54284

test is being started tc determine corrosive effects of decontaminating solu-
tions on FRPR component materials under static conditions and sub-bailing
temperatures.

Examination of the Zirecaloy-3 clad mockup of the Pu-Al four-rod cluster proposed

for irradiation testing in KER has shown evidence of corrcsion on &1l but one end cap
weld. Corrosion was indicated on the tubing cledding in all weld affected areas.
Also,epproximately 180 degrees full length of all cladding tubes but one showed
evidence of corrosion. Test conditions were 240 ¢, 775 psi, 4.5 pH. Examinations
after 280, 450 and 565 hours of testing indicated a steady build-up of corrosion
products.

Mechanical Equipment Development

Design Test PR-20 = Calesndris Characteristics. The connecting piping between the
calandris and the moderator storage tank is being fabricsted and installed. The
evaluation ¢f the necessary instruments to perform the moderator dump tests and
the moderator level control tests continued during the month. The campletion
date of this design test is being re-eveluated.

Design Test PR-2Lk - Calandriz Shroud Tube Bellows. The bellows flexure test was
re-rurn using the required flexure. One bellows failed in the convolute section
after 7500 cycles. Tests on the feasibility of re~welding the bellows have been
delayed until the receipt of shroud tubes. Proposals are being prepared for
btellows corrosion tests.

Design Test PR-25 - Shroud Tube Collapsing Pressures and Installation. The design
of a suitable experimental facility to determine collapsing pressures was completed
and fabrication begun. A purchase requisition was prepared for the aluminum plate
for the installstion tests. Preperation of a proposal outlining the design test
was started. The test completion date is March 1958.

Design Test PR-50 - Reactor Piping Seal Testing. The revised completicn date
of this design test is April 1958.

Seal No. 1 - Inlet jumper to inlet piping connection, Seal No. 7 - Outlet jumper
to cutlet nozzle connection, and Seal No. 8 - Outlet jumper to outlet header
connection. All three of these seals ere l—3/h inch flared tubing fittings.
Difficulty was experienced in cbtaining acceptable flares for these seals. An
appropriation request was prepared and is being processed to purchase a power
flaring machine.

Seal No, 2 - Inlet jumper to process tube connection. Twelve flares were
fabricated for the test assembly before four successful flares were secured.
The flares were hydrostatically tested to 3000 psig and required 700 ft-ibs of
torque to seal. These flares were fabricated by hammering the tubing inte

a 37-1/2° die, polishing with a valve seat reaming tool, and then annealing.
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Seal No. 3 - Inlet gas seal. The work on thils seal has been completed.

Seal No. 4 - Process tube to outlet nozzle. Test Assembly A was hydrostatically
tested to 3C00 psig. Bnd 1A employing a flexitallic gasket with 70O ft-1lbs of
torque had no leakage. End 2A employing a delta gasket with 800 ft-1bs of torgue
had a very slight leakage above 2500 psig. There was no progress during the
month on Test Assembly B which will use nlckel gaskets.

Seal ¥o. 5 - Nozzle cap seal. Cap Assembly A wvas tested om EIMO-T for a periocd
of 280 hours. This test was an isothermal run at 460 F and 775 psig. End 14
employing & flexitallic gasket with 100 ft-1lbs of torque per-bolt had no leskxage.
End 24 employing a self-emergized "0" ring has an initial torgue of 100 ft-lbs
per bolt. After 160 hours of testing leakage was evident. After re-tightening
to 125 ft-1bs torque, gross leakage stopped.

Seal No. 6 - Qutlet gas seal. Reccmmendations were received from varicus packing
manufacturers on the type of packing tc be used in this seal. Dura Metallic
Type D and Johns Mansville Style 873 were ordered.

Design Test PR-51 - Reactor Piping Structural Integrity. The revised completion
date of this design test is July 195C. Progress on most porticns of the test has
been delayed due to the lack of a firm design on the jumper arrangement. During
the past month, the design of the jumper flexing machine proceeded. The design

is now 95 percent complete. Fabrication of the machine will start early in January.

Design Test PR-63 - Process Channel Leak Detection Facility. The design of an
electrically hemted test facility was started. The completion date of this design
test is July 1958.

QOther Activities

Single Tube Prototype Facility (Phase I). Construction work was temporarily halted
on December 12 until the long term delivery components of the facility are received.
Tt is anticipated that construction will resume by February 1, 1658. The facility
is now approximetely 32 percent complete. ‘

Single Tube Prototype Facility {Phase II}. The design is scheduled for completion
during the first week of January. Procurement of materials and equipment is
proceeding through Construction Operaticon channels.

Components. Process Pump - The vendor is delaying comstruction of the pump at
our regquest until a final decision is reached cn the horsepower rating of the
motor. 14 Inch Gate Valve - The order was placed with the William Powell Company
on December 19. Delivery of the valve is scheduled for July 1358,
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Eight Inch Check Valve - The requisition for this valve with an option clause

for two additional valves was re-written. A specification was added that the

valve must open with D.16 psi pressure drop for & flow of 370 gpm. Comments

are now being obtained from Construction Engineering Operation and Advence Engineer-
ing Opersation. :

Injection Pump -~ Revised guotations were received and are being evaluested. Although
the injection method of cooling the process pump seals is net being planned now,

the injection pump is needed to meintain the water veolume in the Single Tube
Prototype Facility {Phase II! during the 45 minute cool-down period. The order

for this pump should be placed during January 1558.

PRPR Inlet Piping Valves - Two l-l/E-inch Powell angle valves and one Z-inch
Hammel-Dahl angle valve with 1-1/2-inch weld ends and with a 1/k-inch drain valve
incorporated were ordered. These valves will be tested on a high pressure, high
temperature facility.

Process Tube Development

PRP Process Tubes and Jacket Tubing. Orders have been placed for ten prototype
Drocess tubes. Experimertal fabrication of tube flanges and tapered sections has
been completed and sample pieces are being evaluated.

The last lot of seamless fuel-jacket tubing (sizes ©.505 inch, 0.598 inch, and
0.938 inch I.D.) has been shipped by the vendor. Nuclear Metals, Inc. has
produced a few external ribbed tubes {0.750 inch I.D.). Although dimensions and
surface conditions appeared to be acceptable, the preduction of a good rib-to-
tube bond requires additicnal development effort. Satisfactory progress has been
made on fabrication of welded jacket tubing. Ten tubes have been received out of
ar order for 50 tubes in the 3-inch-diameter size range.

M-388 Extruded Fuel Jacket Tubing. Ten experimental compartmented tubes have been
extruded from M-38%8 aluminum allcoy by Harvey Aluminum Company and delivered on-site.
The cross-section of the ten-foot-long tubes is made up of a nominel 1.5-inch-
diameter outer tube and a concentric nominal O.6-inch-diameter inner tube with

the two tubes being integrally connected by six equally spaced radial "spokes", as
in a wheel; hence, the "wheel element” name for this tubing. The six radisl
compartments will be filied with UOE by the Ceramic Fuels Development Operation.

Corrosion of Aluminum«Nickel-Titanium Alloys

It has recently been determined that some aluminum-nickel alloys with titanium
additions corrode by a logarithmic rate process rather than & parabolic rate process.
A series of aluminum slloys of varying nickel-titmnium concentraticns has been

cast st Hanford, and asdditional samples have been received from the Kaiser Aluminum
Corporation. These experimental alloys will be subjected to laboratory corrosion
tests as part of a program of evaluating the optimum nickel-titanium concentrations
for resctor operating conditions.
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Plutonium Fuel Cycle Analysis

Cycle Analysis. Work has progressed on the formulation of & fuel econcmics
program which will be carried out in the IBM 650. A rough draft on the methods
for determining the economics of fuel elements is nearly completed. This draft
treats in detall the fundamental bases for the study together with required
refinements as well as the methods to be used in placing the study in a form
suitable for IBM £50 calculation. The program allows the use of both positive and
negative dollar values for each of the plutonium isotopes. Processing charges are,
however, made only against plutonium-239 and 2i1.

A study was started on the value of plutonium as compared with uranium-235 based

on maximum attainable exposures in ‘several thermal reaectors. Successful completion
¢f the study should allow the formation of accurate value ratios for various
qualities of plutonium, both with itself and with various qualities (% burnout)

of uranium-235. Use is being made of existing machine codes for the IBM 650

to determine the amount and quality of plutonium as a function of irradiation time.

Generalized Plutonium Recycle Analysis. The G.P.R. Code was used to examine the
effect of process losses on reactor operation. The following ceses have been run
for the PRPR using Mk IIb fuel elements. Using Westcotts notation for spectral
index, r = 0.05, 0.07, 0.08, 0.10 percentage process losses of O, 2, 4, 6, & and
10 were examined at 80 C. At a constant r = 0.08, temperatures of 20 C, 80 C,
200 ¢ and 400 C were examined for process losses of 0O, 2, 4, 6, 8 snd 10 percent.

The closest case to PRPR operating conditions is r = 0.08, T = 80 ¢. For this case
cne finds that at 5 percent process loss, there is approximately 500 MWD/T gain

over the zero process loss case. At greater than § percent loss, the exposure
beging to drop. Por a uniform loading with D,0 reflector, the maximum exposure is
6000 MWD/T. For a spike loading, the maximum, which also occurs near 5 percent loss,
is about 3700 MWD/T. -

Investigation of the effactive cross section for Pu-240 is underway with emphasis
on the self'-shielding factor.

Fuel Element Invastigation. A two group calculatisn of heat generation in & PRPR
Mk :la fuel element irvadiated in an E-Z0 test loop in the NRU reactor has been
completed. Calculation of the U-235 concentration to give an initial heat genera-
tion of 1200 KW indicated an enrichment only slightly less than natural uranium.
This study was carried out at the request of the Fuels Develovment Operation.

Sefeguards Analysis. The PRPR preliminary safeguards analysis was reviewed by

the G.E, Reactor Safeguards Committee on December §. As a resuli of guestions and
comments by the Committee further study will be made of the effect of metal-water
reaction following an incident.
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A revised study of the kinetic behavior of PRPR has been completed. Since the

first study was completed {HW-51398), a measured value for the metal temperature
coefficient has become availeble. In addition, the analog computer program was
rescaled such that overloeds would not occur on strong transients, hence giving more
reliable dats for the worst incidents. A metal ftemperature coefficient of 1.51 x
1072 4 k/& was used, based on a measured value of 2.4 x 10-5 for an all U0, loading.
Anelysis of the data indiceted a reassessment of pressure transients to be in order
since they are expected to be slightly higher. However, it is believed that they
will still be well within building design allowances.

PRPR Shim Rod Control Worth. The Murray Method of evaluating ome ring of off-axis
control reds is being epplied to determine PRPR shim rod centrol worth. This is
a two-group analysis programmed for the IEBM 650.

Experimental Reactor Design

General, The design of Phases II (the service arems) and III {(the reactor and
auxilieries) is about 15 percent completed. Additional design funds were released
during the month by the Atomic Energy Commission.

Scope changes incorporated in the PRPR design during the month include: 1) removal
of the 1500 KW turbo-generator, together with the structural and mechanical features
provided to accommodate it, in response to an ARC directive; and 2} modificetion

of the wall between The lower face access rcoom and the process cell, to accommedate
pressure equalization and to facilitate the installation cof piping.

Core Components. Flexural tests of a prototype shroud tube bellows of stainless
steel with aluminum end rings manufactured by the U.S. Flexible Metallic Tubing
Company -were successfully completed. Additional corrosion tests of the bellows
are contemplated.

Helium Gas System. A preliminary proposal from Autoclave Engineers for Hofer
diaphragm-~type compressors for the high pressure helium compressors in the FRPR
locks very encouraging. The compressors appear to be of adequate size and within
estimated cost. It is believed that diaphragm-type compressors would be superior
to American made piston compressors from a wear and leskage standpoint.

Instrumentation and Control. Proposals received for design of the PRFR shim
control assembly were opened on December 23. Seven Tirms expressed interest

in this Jjob; five of these submitted estimates of design costs, varying from
$17,000 to $95,000. One vendor proposes to design the sssemblies on a fixed-

price basis. A review of the proposals did not give sufficient basis for selection
of a single firm. TPurther contacts with the interested vendors are planned during
the meonth of January, before a selection is mede. :

A revised list of electrical motors and contrel lecations has been prepared and will
be circulated for comment.
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A number of discussions was held during.the month on selection of a primary
coclant activity monitoring (rupture detection) system. The two systems being
seriously considered are the scintillation-type monitor scoped in the instrumenta-
tion criteria (AW-48101) and a total-gamma monitor utilizing GM tubes as sensitive
elements. Considerstion was also given to combining the activity monitor sampling
system with the primary coolant bleed-off to the purificatiom train.

Reactor Analog Studies. The investigation of the gas balance and moderator system
dynamics is now ucderway with completion expected early in January. Some work

has been done on the combining of the gss and moderator system with the physics
kinetics system already availabla.

Process Piping and Equipment. Scope revisions 101-1, 103-1, 113-1, and 114-2 were
issued during the month. In order, these requested removal of total steam flow
instrumentation, installation of extra stator windings to permit cperation of

two primary pumps at one-third speed for shutdown cooling, reduction of the
reflector heat exchanger tube surface by 50 percent, and removal of the process
cooling water by-pass around the small heat exchangers and the zecolite bed.

Five manufascturers of boiler equipment were visited during the month for the
purpose of developing information on fabrication technigues and commercial heat
exchanger specification practice. This Information will be used in writing a
recommended specification for the PRFR steam generator which will result in reduced
febricaticn costs.

Manufacturers visited were Combustion Engineering, Foster-Wheeler, Yuba, Babcock &
Wilcox, and Griscom-Russell.

Reactor Fueling Equipment. Bids were opened December 23 on proposals for design
of the reector fueling equipment. Eight firms submitted proposals or expressed
interest; three declined. Proposals have been reviewed, but it is not possible to
select one of the firms on the basis of the information received. Further contacts
with the bidders are planned before a selection is made. Four bidders submitted
design cost estimates, verying from $1L4,000 - $74,000. One bidder proposes to

do the Jjob on a firm price basis.

Pressure Equalization in Containment Vessel. Calculations were made on pressure
buildup in A and B cells following rupture of the main primary cooclant line to
assist in estimating the consequences of a major reactor incident. QGreater venting
area 1s being Iincorporated between cells to facilitate pressure equalization and
reduce loads on the structure.

UNCLASSIFIED
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION
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FISSIONABLE MATERIALS - 2000 PROGRAM

REACTOR
STUDIES RELATED TO PRESENT PRODUCTION PILES

Dry 7-1/2" Latiice Temperature Coefficient

Work on the analysis of the danta was contlnued. A study of the errors ilnvolved

in the FCTR measurements of _ 1 JdKoo relative to those incurred in making acti-
koo I

vation measurements of the lndividusl parameters involved was begun.

Thermal Neutron Flux in a Medium with a Temperaturs Discontinulty

Work on an alternative scheme for solving the pertial differential equation of
thls problem bas been started. Suggested by Professor J. L. Powell, it involves
the use of partial difference equations based on & network of discrete points
in two dimensional energy-position space. It has the advantages of furnish-
ing numerical results directly and of being applicable to systems with arbi-
tary tempersture patterns in the medium,

K-Plle T and E Versus Solid Fuel

The large square driver array of the PCTR was used for the first time in mak-
ing graphite lattice meesurements. In addition, a buffer array of symmetri-
cally positioned 1/2" diameter uranium rods were used around the central core
of nlne cells. The spectrum of neutrons in the test cell was varied by simply
changing the pumbers of 1/2" rods in each buffer hole.

Very preliminary estimates on the errors indicate that the following values
of kg are accurate to s 0.002 and the differences to « 0.001.

Solid Solid - I and E I and E
Dry 1.0579 0.0071 1,0508
Wet 1.0358 0.0062 1.0296
Dry-Wet 0.0221 0.0212

The measured thermsl utilizations are as follows:

Sclid 80lid - I and E I and E
Dry 0.909 -0.001 0.910
Wet 0.868 0.000 0.868
Dry-Wet C.041 0.042
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The specifications om-th®“lattices are (in inches):

Reactor Type ODyy Iy ODean IDean
k Solid 1.336 1.4k
(7-1/2" Spacing) I and B 1,384 0.481 1.57h 0.375

K-pile Process Tube OD 1.806
K-pile Process Tube Thickness 0.066
Tube block coring in test lattice was 10 mils on radius.

Ana.lc_:i Co:gpu‘ting

A series of mumnms was completed on the boll-out problem using constants appropriate
to the X reactors.

STUDIES RELATED TO FUTURE PRODUCTICON PILES

Lattice Measurements for Cluster Type Fuel Elements

In order to provide experimental information concerning the resctor parameters
of cluster fuel assemblies, the program to measure material bucklings for
bundles of 0.926" diameter wranium rods has been resumed. Previous measure-
ments using bundles of 5, 6, or 7 rods in a 14" lattice were reported in
HW-43441 (Physics Research Quarterly Report, January, February, March 1356).
Additional measurements which have been completed since that time are for the
same 5-rod cluster with weter coolant in a 10-3/8" lattice, and for the same
7-rod cluster in both a 7 and a 10-3/8" lattice, with and without water cooclant
for each case. The bucklings have not yet been derived for the cases using a
™ lattice.

Bucklings in a 10-3/8" Lattice Spacing

c/u Hp0/U al/u B“fgling
Rod Assembly Atom or Molecule Ratios (10-%cm™2)

Cluster of § 52.0 0.70k 0.52 - 12%
Cluster of 7 aT.2 o) 0.45 13%
Cluster of 7 37.2 0.258 0.45 25

* Completed in second quarter of 1956, but not reported in
Quarterly Reports.

The uranium rods have now been assembled in seven-rod clusters with a 70 mil
gap between rods. Measurements are about to begin with this fuel assembly
in 7, 10-3/8, and 14" lattice spacings.

Graphite Cross-Sectlon Measurement

The graphite samples that will be used in an experimental determinaticn of
the absorption cross section for reactor grade graphite are heing machined.

b}
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The experiment will be carried out in the PCTR with the heavy water tank in
the core to reduce slowing down of fast neutrons in the sample. The "dih"
of the graphite samples wes debermined in the Hanford Test Pile and found
to be 1.24 & 0.006.

Correlation of Exponentisl Pile Bucklings

The correlation study has resulted in some success in calculating externslly
cooled fuel element lattices. Calculations will continue with increased water
volumes; and internally cooled element latiices to see I1f any serious discrep-

ancies appear.

Development of Methods of Calculating Reactor Perameters

A. Buclkling Program for Machine Calculaticns

Fairly extensive changes have been made in the routine buckling program
(BKLOCL) to accommodate new two-region harmonic and end correctioms.

An adaptation of the floating decimal utility program, for use with
BKLOOL, is in for assembly.

B. P-3 Program, Solution of Simultaneous Differential Equations

A utility-type program (SOLNXN) for solution of simultanecus linear esquae-
tions of order 3¢ n 449 is now being debugged. This program will be needed
specifically for the revision of P-3 program, but has been written in
genersl terms so that i{ may be used as & subroutine in a larger program,

or as a program complete in iteself, The scheme was devised and flow-

charted by Data Processing Operation.

The revised P-3 program is approximately 804 written.
C. Program for Bessel Function Calculations

A subroutine which extends the allowable arguments for the modified Bessel
functions K%,’ixl ’ I ; 8od I, beyond X = 10 has been written and is belng
debugged. s"is & reprog}a.mins of a subroutine which was written in
early 1956 but which hae inadvertently been lost in the interim.

D. Conversion to Floating Decimal

A utility program has been written which changes to floating decimal form
numeric input data of any type. The flow chart for this program was drawn
by Data Processing Operation. Debugging is complete and a symbolic deck
is in order for use ms a subroutine with any program.

E. TFast Effect Study

The investigation of fast effect has been completed. A new and more ac-
curate method of determining the value of cadmium ratio from experimental
data hes heen developed, but even though it lowers the stated probable
error considerably, the values cbtained by this method are in close agree-
ment with those obtained by the present method. It 1s therefore concluded
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that the added time and effort involved in the more accurate method are
not Justified.

The final figures on the ratio of fast fission to thermel fissiom, o ,
have been obtained and a report is being complled.

Plutonium Isotopic Concentrations at High Neutron Temperatures

Values have been calculated for the plutonium isctopic concentration versus
exposure for neutron temperatures up to about 1200° ¢ and exposure of 500
MID/T and 1000 MWD/T. As @escribed in the November report, linearized equa-
tions and Tripartite cross sections were used. The empirical value r = 0.046
which was used in these calculations, while duplicating low temperature results
rather well, i3 inconsistent with the wvalue of 0.13 obtained from cadmium
ratio measurements. The reason for this discrepancy is being sought.

A possible improvement in the formulation of the Tripartlte cross secticn
formulations to extend thelr range of wvalidity to higher r is also belng
investigated. This amounts to replacing the step function tramsition to 1/E
flux by a linear transition. The effect of this modification, which should be
of most importance for the 0.3 ev rescnance of Pu-239 and Pu-2hl, is still to
te determined.

A cosine weighting correction is also being applied. The analytical evalua-
tion of an integral encountered in this correction is being investigated.
An agymptotic series expression for this integral has been obtalned.

Instmumentation

The investlgation continued on %he experimental cross-correlation detector.
Tests with a 0.3 microcurie Pu=3? source indicated a substantial improvement
in the 17-kev x-ray photopeak definition over that obtalned with a count-rate
meter.

An experimental system was assembled to determine the feasibility of the utl-
lization of active components for generating a wilde-range, accurate logarith-
mic device. Some limitations were observed and develcpment effort is presentily
directed tc improve the system.

STUDIES RELATED TO SEPARATIONS PLANTS

Measurement of kg for U0z - HyC and Uranyl Nitrate - Hz0 Mixtures

The purpose of the "criticality" experiment is to determine the maximum safe
U-235 enrichment for homegeneous systems of uranyl oxide and water and of
uranyl nitrate and water. Recent measurements were taken with U3 - HpO
mixtures for three different enrichments at an H/U atomic ratic of about bL.
The resuits of the data analysis are given below:
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Enrichment % HoO by Weight (Atc:/gatio) koo
1.006% + 0.002% 10.77 3.85 » 0.05 0.986 &+ 0,005
1.071% ¢ ©.003% 10.64 3.78 + 0.05 1.005 + 0.006
1.157% & ©.003% 10.52 3.73 & 0.05 1.031 + 0.006

The maximm safe enrichment for a homogeneous mixture of UOz and HpO is now
given as: 1.02 » 0.02%; for this enrichment value the highest k  which can

e obtained is unity; the safe enrichment value was previously given as 1.03%.
These additional measurements with the U03~HpO mixtures were conducted in

order to define more precisely the limiting enrichment value and the uncertainty.

The first measurements were taken in the PCTR for determining kD% of enriched
uranyl nitrate water mixtures. These measurements were taken with "miniature”
tanks in order to determine the approximate enrichment values for use in
preparation of large tanks for the full-scale part of the experiment. Only
approximate values of ko, can be obtained in the "ministure" phase since for
this case the buffer thickness is not sufficient to provide the correct neutron
energy spectra incident on the test cell. The enrichment values of the test
cells were: 1.2%, 1.5%, and 1.8% with a buffer enrichment of 1.5% and 1.8%,
2.1% and 2.4% for a buffer enrichment of 2.1%. The mixture was: UOz (NO3)2

+ 6 HpO. The data is being analyzed.

Buckling Measurements for Fuel Elements in a Randem Array Versus a Uniform
Array

With reference to the E-metal dissolver problem, the buckling has now been
measured with four different random distributions of 1.66" 0.D., 0.94" I.D.

fuel elements with 1% enrichment; the fuel elements were 4" in length. The
bucklings are Listed as follows:

Buckling for Random

Exp. No. H20/U (by volume) Distribution
38 1.48 ¢ 0.03 2139 xB
39 2155 B
%o 2428 aB
41 1480 B

The average value is 2050 pB. The buckling for this type of fuel element,
aluminum clad, positioned in a uniform array at the same HQO/U volune ratio
is estimated from previous measurements to be 2750 uB. The effect of the
aluminmm process tubes on the buckling was caleulated to be 325 uB. The
value which is to be compared with the random cases (bare fuel elements)

is then 3075 uB. Thus, these results indicate the buekling to be reduced
roughly 30% for the fuel elements in the rapndom arrsy.

These data, together with previous data on 0.925" solid fuel elements in &
random array, are being studied by personnel of the Research and Synthesis
Operation to determine the confidence limits of the errors to be associated

BE A

’ £
FARVEE RS

.-)L}



B-6 HW-54284

with the measured values; the results will be reported when the analysis is
complete.

Additional meassurements are bheing taken with 1.37" 0.D., 0.L48" I.D. fuel
elements with 1.44% enrichment for four different random distributions; two
of these measurements were completed this month.

Plutonium Critical Mass Labaratory

The Preliminary Project Proposal Revision No. 1 of the Critical Mess Labora-
tory (Project No. CG-T31l) was approved by the local AEC Project Review Boerd.
This proposal requests authorization of $175,000 for the design of & Plutonium
Critical Mass Laboratory to be located at Hanford. Before these funds can be
made available, it is necessary to have approval from the Washington AEC
office; the final word c¢n this request is expected to be fortheoming about

February 1.
Nuclear Safety, Critical Mass Copsultations

1. 234-5 Building Nuclear Safety

a. The design of a new recirculating pump system for solution in the
THT tank of Hood No. T wvas discussed with personnel of Facilities
Engineering and a final pump design and location approved.

b. Tracings for the Hocd 42 plutonium metal dissolvers were approved.

¢. A tracing on the design and locaticn of a filter for THT sclution
in Hood No. 7 was approved.

d. A new continuous filter for plutonium oxalate slurries was studied
and approved.

2. Advanced Process Technology

At the request of the Advanced Process Development Qperation of CPD,

a study was initiated to determine the nuclear safety requirements for
processing fuels of 1.0-1.8% U-235 enrichmert. Preliminery critical
mess data was given to CPD for planning purposes in comnection with
processing possible E-N lcads. Maximum safe critical slab thicknesses
and cylinder dlameters were determined for heterogeneous systems {dis-
solver problem) with enrichments in the region of 1% to 1.8%; safe
cylinder diameters were estimated for homogenecus systems (calciner
problem) consisting of UU3-H20 mixtures with enrichments up to 1.5%.
This preliminary study is nearing ccmpletion.

Discussions of the criticality preoblems involved have also been held
with perscnnel of Facilities Engineering of CPD.

3. AEC Technical Assistance
Twe meetings were held with persomnmnel of the Hanford AEC Operations

regarding the nuclear safety in the prcduction quantity shipment of
Model Pit 65.

[267 00
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L, Miscellaneous Studies

a, A study has been made of the criticality parameters for homogeneous
mixtures of UO3 and water. With the avallability of new information
on the densities of UDz-water mixtures, density corrections have
been made to the neutron ages and diffusion lengths used in HW-5136h,
"Nuclear Safety in Processing Uranium Solutions of A1l Enrichments,”
for systems containing less than 5% U-235. This will allow a relaxa-
tion of some of the restrictions on critical mass and vessel geometry
as reported in the above document; the results will be presented in a
separate document. '

b. A study is being made to determine the critical mass of E-metal when
surrounded by & heterogepeous system of natural uranium and water.
This problem is of interest since the probability exists of mixing
natural uranium and E metal, either intentionally in dissolvers for
processing, or otherwise in storage and handiing. Two and one group
calculations are being carried out; the two group, two region calcula-
tions have not been completed.

Neutron Age Measurements

One run was made on this messurement using the small diameter neutron source in
water. Difficulties were again encountered in source handling by Irradiation
Testing personnel when the source support rod was bent while loading the source
into the shipping cask. It appears probable that adequate corrections for
source position error can be applied both for this small diameter source run
and for the preceding large dimmeter source run. A scheduled run using a dummy
Na-Al source to investigate the effects of local gemms produced neutrons had to
be postponed because of 2 reactor outage.

Mass Spectrometer for Plutonium Analyses

The construction of this spectrometer is proceeding asccording to schedule in
Technical Shops.

REACTOR TEVELOPMENT - LOOO PROGRAM

STUDIES RELATED TC THE PLUTCONIUM RECYCLE PROGRAM

Theoretical PCTR Study, The Effect of a Cavity on Neutron Flux

Kumerical evaluation of the thermal flux expression in the vicinity of the
cavity bas disclosed errcrs in some of the expansion coefficients. It is be-
lieved that these errors have heen located by a recheck of the derivation of
the expression. Numerical reevalumtion has not been completed.

Resonsance Escape Probability

The cslculations of the resonance integrels for each of the 18 resolved
resonances of U-238 have been received from Data Processing. With these data
now available, the rescnance escape probability determination can be completed.
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PRPR Annular Fuel Measurements

Bxperiments on the PRPR MK II A annular fuel elements were concluded. The re-
sults of the experiments are now being calculated. The following constants
were measured for these three-plece annular fuel elements in the 8" triangular
lattice with the coolants noted:

Coolamt — _f oo
Alr -92u46 1.0549
D0 .9208 1.0493
HzO LTokL 1.0022

The errors in k, due to spectral mismatches and incorrect poisoning are being
avaluated.

Flutonium Spike Measurements

Preparations have been completed for taking measurements on the reactivity value
of a fuel element containing enriched fuel (Pu-Al} in a matrix of fuel columns
containing unenriched fuel {matural uranium). The preliminary considerations
which have been made on the interpretations of the PCTR dats show that there
will be errors incurred which are somewhat larger than those for umiform
lattice systems. However, this is still thought tc be an acceptable approach
%0 a problem which is otherwise very difficult.

Analog Computing

The second phase of a study on the PRPR neutron kinetic equations was completed
at the request of Advance Engineering Operaticn.

The programming has been ccmpleted for the PRFR gas and water control dynamics
study and the computer circuits are being checked cut.

Instrumentation

A design study was completed on a system for slug rupture detection by measur-
ing the amount of fission product activity in the primary coclant. It was con-
cluded that a system employing seperate G-M detectors for each sample tube
would be mere reliable and less costly than the previcusly proposed Icodine
Menitor.

CROSS SECTION MEASUREMENTS PROGRAM

Pu-239 and Pu-241 Low Energy Fission Cross Sections

Approximately half of the data have been collected on the variation of the
Pu~239 and Pu-241 fission cross sections from 0.0027 to 0.0052 ev. These data
show the expected l/v variation over this interval tc precisicns of 6 to 1.5
percent for Pu-239 and 15 to 3.5 percent for Pu-2Wl. Total cross section
neasurements were made on a platinum sample simultanecusly with the fission
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measurements. A considerable amount of spectrometer time wes lost on reactor
outage.

Absolute Fission Cross Sectlons

Attempts were made tc re-evaluate the weight of the HLO standard U-235 fisslon
foil from alpha count anslysis by the Analytical Chemistry Operation. Results
to date have not been of the required precision on the determination of the
U-234 to U-235 alpha cownt ratio.

The precision with which the area of the U-235 deposit can be obialned was
estimated for the HLO and Harwell standard U-235 fission foils. Estimates were
1.0 percent for the HLO foil and 2.0 percent for the Harwell foll obtained from
repeated traveling mlcroscope determinations of the diameter of the deposited
uranium.

Time-of-Flight Measurements

The Van de Graaff alignment was improved by centering the accelerated beam

in the midplane of the anslyzing chamber and parallel to the pole faces. The
adjustment increased the target current to the rated maximum of the machine or
about one=-half of this for best energy resolution. In addition, the beam posi-
tion on target is very nearly the same for protons and deuterons.

Several runs were maede on "thin target” Be(d,n) neutron spectra. An over-all
resolution of 2 millimicroseconds was achieved at 1.5 meters flight path. The
resolution of the neutron peaks observed comperes favorably with data taken at
ORNL at & S-meter flight path. Peaks were observed at neutron energies of 6,08,
5.39, 3.99, 2.55, and 1.33 mev, unresolved peaks at 0.95 and 0.89 mev and a
possible peak at 4.39 mev. Resolution at present is still limited vy deuteron
burst width. Considerable improvement must be made in the background for future
measurenents.

Subthreshold Fission Measurements

Analytical Laboratories have encountered considerable difficulty in electro~
depositing Np-237 fission foils. Efforts are still in progress to obtain the
Toils by electrodeposition.

Three Crystal Spectrometer

Consultation was given to Construction Engineering on the spectrometer installa-
tion and specification testing. Installation is proceeding sccording to CEO
schedule.

TEST REACTOR OPERATION

Operation of the PCTR continued routinely during the month. There were seven
unscheduled shutdowns, six of which were due to electronic failure and one to
operation error. Noise in the channel 2 period circuit caused four shutdcwns,
and the remaining two were due to a faulty "out" limit switch in the "C" safety
disk circuit.

The testing of the annular fuel in the 8" D0 lattice was completed during the
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month. The K reactor I and E wet versus dry reactivity measurements were comp-
leted. k., measurements were started on U0z . NO3 -~ moisture mixtures.

Twowshift operation continued all month.

The installation of the thermocouples in the TTR thermal column has been comp-
laeted. The final check of the wiring i1s in progress.

The wiring of the heaters in the oven has been completed, and testing is sche-
duled.

One graphite sample for Materials Develorment was compared to their standard
in continuing the experiment to determine the amoumt of boron that will ve
depesited in graphite exposed to BF3 gas at elevated temperatures.

There were no wnscheduled scrams during the month.

BICLOGY AND MEDICINE - 5000 PROGRAM

BICPHYSICS RESEARCH

Atmospheric Physics

A second experimenial determination of the dilution and distribution of alr-
borne material which emanates from the 100-Areas and moves across the Wahluke
Slope was completed. During this experiment, the generator was placed just

west of the 100-B Area and air samplers were located approximately cross-wind

at distances of two and eight miles from the source. The wind direction was
predominantly SSW and the wind speed varied around 20 mph. Analyses of these
concentration measurements and those taken during November have been completed;
interpretation of these data must be confined to the "slow leak" situation (the
source was continuous and was located approximately six feet above ground level).
Also, in both cases, the temperature stratification was slightly unstable and
the wind speeds were moderately steady around 20 mph. The airborne concentra-
tions ohserved under light wind speeds and stable temperature stratifications
may be considerasbly higher; only future experience can provide a2 rellable answer
as to how much greater they may be. On the other hand, the average concenira-
tions observed at a fixed point may be reduced below those observed when the
wind is light and highly variable in direction and the temperature stratifica-
tion is highly unstable (& typicel summer afternoon situation).

The cross-wind distribution of airborne concentrations at two miles NNE of the
100-B Generztor site exhibited a clear meximum. However, at a distance of
eight miles, this distribution was extremely broad (at least six miles) and
the maximum, while present, was nct clearly defined. At distances of three

to five miles from the 100-H site, no maximum was evident. This lack of a
classical cross-wind distribution pattern 1s not surprising when one considers
the distances and roughness or irregularity of terrain involved in these
experiments.

The data do give reliable estimates of typical concentraticns which may be
expected under the conditions of the experiments. These are swmarized in
the following table:
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Wind Direction Distance Average Time of

Generator and Speed from Source Concentration®* Averaging
Site (mph ) {mi ) (units/m3) {hrs)
100-H w22 3 5 x 10~8 3-1/2
100-B SSW 20 2 1 x 107 2-3/4
100-B SSW 20 8 2 x 2078 2-3/4

* Adjusted for zn emission rate of one unit of material per second.

It is interesting to note that the ratio of the concentrations at two

and eight miles is spproximately equal to the inverse of the ratio of these
distances. Extrapolation on the basls of this fragmentary result shows
that no significant further reduction in concentration below that observed
at eight miles will be achieved within the confines of the Wahluke Slope
under the conditions of the experiment.

A wind erosion experiment was completed at the new site for this work.
DOSIMETRY

A shipment was received of rocks that tests this summer showed to de low in
rediocactivity. The rock was finely-crushed talc and was packed in 100-pound
sacks, These were made to form an enclosure approximetely four feet in inner
dimension and with walls, floor, and celling at least two feet thick. A
rolling dnor of the same material is not yet complete. This shield will

be used for Body Monitor studies and other low background work.

During tests of this rock shield, it was found that the case of the large
Nal crystal for the Body Monitor had developed a leak., This time the
crystal was slightly demaged. Arrangements are being made to send it back
to the manufacturer for remounting; this will be the second remounting.

Two people with hand wounds involving pessible plutonium contamination
were examined with thin Nal counters. One gave no result but the other had
about 0.001L4 microcurie in a finger wound.

A plutonium coincidence counter in which there was no light pipe was tried.
The purpose was to aveold Cerenkov radiation background. The counter worked,
but the efficiency was so low that it ig not practical. A light pipe was
made of plastic scintillator; the hope is that rays that would produce
Cerenkov radiation will produce instead scintillations that can be biased
out.

The 0.5 mr insertion reading of the pulse reader for pencils was found to
be due to contact potential between the materials of the percil and the
reading Jjig. Use of aluminum for both did not eliminate the trouble;
apparently oxidation made the surfaces different. Peinting both with silver
paint reduced the insertion reading to less than 0.1 mr. A few checks with
pencils over periods of two to four deys indicated thai they could be used
for measurements of background levels. In one test, a pair of Landsverk

VAR
i 7 ,j'!

i
L I



SS gﬂ Eﬂ B-12 - 51280

pencils were worn for three days in a shirt pocket and another pair was worn
taped in the man's crotch to compare genersl body dose with dose to the gonads.
In this test, the two were equal at 13 jr/hr. Radiation Protection Operation
has begun extensive field testing of the pencils for use in reglonal monitor-

ing.

Reglonal Monitoring Operation has taken over use of the large plastic scinti-
llator for their regular program.

The calorimeter at the electron Van de Grzaff was found to now be in agreement
with electrical measurements of power input to within & few percent. The chief
source of error now appears to be measurement of the Van de Graaff voltage.

A methed of reducing the error is belng developed.

A recent paper was found in the litersture that predicts an average energy
for the plutonium fluoride neutron spectrum in agreement with our experimental
results reported last month. It thus appears that the early work on this
source was probably in error.

The Van de Graaff accelerator operated satisfactorily during the month. Nuclear
Physics Operation is developing the use of the time-of-flight system and the
vernier chronotron. In the course of this work they have improved the align-
ment of the acceleratcr and ralsed the cutput current to its rated maximm
value., The calibration constant of the magnetic rescnance system of energy
control was changed 2% by this realignment; this 1s a significsnt change but

has no consequences other than the necessity for recalibration.

A system was developed to permit use of the 256-chennel apalyzer in the proton
W measurements.

INSTRUMENTATTON

The scintillation~-transistcorized alpha Hand Counter has now operated success-
fully for about two months with no maintensnce or recalibraticn of any kind
necessary. The instrument is in general use by 329 Bldg. persomnel. It _
will detect fifty d/m of Pu contamination easily and consistently and can be
used as new instrumentation for the PRFR project and as replacement for any
four-fold, Estimated production cost i3 $2000 per unit with a provision for
an external cable-comnected scintillation probe and loudspeaker for general
clothing or shoe checking,

The medified ccombined alpha, beta, gamma Hand and Shoe Counter is nearly
ready for use with new zine sulfide alpha deteciing screens installed and
tested. The alpha section (scintillation type) will consistently give a de-
tection register ratic of source to background of five to-one for a 500 a/m
alpha scurce; thereby giving an ultimeste alpha detection limit of about 100
to 200 d/m. A S0-millimierceurie uranium nitrate source consistently gives
at least three times backgrcund. With the addition of a blower and some
cables, the combined Hand and Shoe Counter will be in building operation.

Development work for the pcortable scintillation-beta-gamma dose-rate melers
is about completed. BRemaining work is cf & design nature t¢ insure adapta-
bility of different phototubes, ete. The instrument has five linear ranges
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from 0-0.5 m/hr up to 5.0 R/hr.

Evaluation testing will start in January on two newly completed Fast Neutron
Seintillation Dose-Rate Meters with the detectors modifled to enhance sensiti-

vity between 0.1 and 1.0 Mev.

Development work was completed on the portable transistorized gamma energy
analyzer, and several printed circuits for it were designed and fabricated.

Two experimental prototypes will be fabricated for field testing and evaluva-
tion. Minimm window width available is 40-Kev giving adeguate resolving
characteristics. The instrument, as now set up will determine isotope photo-
peaks between 100 Xev and 1.5 Mev. This can be varied, as necessary, for lower
or higher energies.

The newly developed transistorized pulse amplifier has been fabricated on a
plug-in printed circuit form to be used in portable pulse-type instruments of
the scintillabtion type.

A new Scintillation Remote Area Monitoring System wes devised, prineipally from
available commercial instruments. The system uses cne high-voltage supply,

one chopper-stabilized DC amplifier, alarm, recorder, and a stepper switch at
the central station. The remote stations would be scintillation detectors
(phototubes and NaI or anthracene crystals) cabled to the central station up

to 1500 ft. eway. Sensitivities as low as 0.0l mr/hr are possible with stab-
ility and reliability.

Several types of source holders (Americium and Plutonium) were tested for the
zine suifide particle detector for the Atmospheric Physics Operation in order
to reduce background counting and to improve the couwnting efficiency.

The dust particle counter was used in conjunction with an oseilloscope and
camera to ascertain how the pulse spectrum appeared. By carefully welghing
and measuring particle samples from SO micron to 500 micron sizes, the photo-
tube counting efficiency was determined to be about 1%.

The electronic portions of the Dog Counter for Biology have been assembled,
cabled and tested for operation and instrument cabinet heat rise with good re-
sults. The mechanical portions of the system are about half fabricated with
expected completion in February, 1958.

Bvaluation and modification of the Scintillation Beta-Gamma Dose-Rate Meters
is continuing and evalustion work on the Victoreen Remote Area Monitor was
continued. Evaluation of a personnel dose alarm {"pocket screamer") was
started. Acceptance tests and reports were completed on 30 betiery scintilla-
tion poppies, 7 HAPO G-M's, 22 HAPO CP-TP lon chanber dose-rate meters, and
5000 Victoreen pocket pencils.

WASHINGTON DESIGNATED FROGRAMS

The construction of the mass spectrometer for this program is proceeding
according to schedule in Technical Shops. Special vacuum valves were de-
signed and successfully fabricated for this machine.
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CUSTCMER WORK

Analog Computing

Computer running time has greatly improved over previous months. The computer
Bas now been in continuous cperating condition for approximately alx weeks.
Minor troubles still exist but they do not affect the over-all operation.

A computer program and schedule for calendar 1958 is belng prepared.

Weather Forecasting and Meteorology Service

Type of Forecast Number Made % Reliability
8-Hour Production 93 81.0
2h-Hour General 62 T7.5
Special 168 8.5

December wes warmer and dryer than normal. The period from the 17th to the
28th was very windy, although there was fog on fourteen of the first seven-
teen days, no mora occwrred during the remainder of the month.

Demand for the 24-hour general forecast as evidenced by the number of calls
answered by the recorder was 30% over demand in previous months. Peak demand
of over 1600 calls occurred the week ending December 22,

Gumbel 's asymptotic theory of largest values was applied to the annual flood
{or high water) of the Columbia River 2s measured st Trinidad for the period
1913 threough 1957. From this analysis, 1t was determined that the recurrence
period for a flood of the megnitude observed in 1948 is about sixty years with
a two-third probability that the true recurrence period lies between twenty-
six and 180 years. Future experience will, of course, depend upon controls
exercised by new dams.

Assistance to the Industrial Byglene Operation in the experimental determina-
tion of airborne cxldes of nitrogen in the vicinity of 300 Ares process plants
and lahoratories was continued.

Qptical Service

An optical system was designed and fabricated previocus to this month for the
purpese of permitting the Reactor Charging Machine to be remotely aligned
with a process tube nozzle. During the past month, this system was tested in
the Optical Shop. Performance was good. The system was then installed on the
Charging Machine where it proved satisfactory for visual use. Some modifica-
ticns are being made to make possible a better TV picture.

An arc furnace employing two mirrors tec focus the heat flux of a carbon arc

was tested. This unit was built for Ceramic Fuels Development. A tempera-
ture sufficient to melt copper (1100°C) was reached at the focus of the second-
ary mirror. New and larger (12-inch dia.)} mirrors have been ordered and pyrex
mirrors are being fabricated from round bvottom flasks. The unit is intended
for experimental work with UOp at high temperatures.

tzutzen
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An optical profilometer designed here and fabricated offsite has been received
by 105-C Metal Examination Fazilities. The components were tested at the
Optical Shop. The mounts for the objective lenses were modifled to accommodate
both large and small dizmeter fuel elements. At the time the instrument was
designed, measurement of large-diameter fuel elementz was not contemplated.

The routine Optical Shop work included the fabrication c¢f 13 glass bearings,

a target assembly far the Reactor Charging Machine Perisccpe, a modified lens
mount for the 105 Puel Inspection Facility profilometer, a borescope head,

and low-power lens mounts for a Purex Remote Crane Periscope. An Arc Furnace
was assembled, a Zeiss Winkle camera was medified, and two lead glass windows
and four lead glass bricks were polished. An elbew eyepilece for the 105-C
Fuel Inspection Facility was installed and two lenses were resurfaced. Repair
work was completed on a crane periscope head, a borescope head, a small Lenox
borescope, two microscopes, and an Underwater Perlscope.

Lot F Inat—

Manager

Physics and Instrument Research
end Development
HANFORD LABORATORIES OPERATION
PF Gast:mes

DECLASSIFIED
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Chemical Research and Development

ORCGANIZATION AND PERSONNEL

J. R. Morrey, Chemist I - L, was hired and assigned to Chemical Research Operation.

RELATIONS

The Hanford Operations Office has advised that the Summer Institute of Nuclear
Energy - Chemical Processing will be repeated at HAPO in 1958. Similar to last
vear, Dr. ¢. A. Rohrmann is planning and organizing the training course with the
help of many HAPO people. Plans this year call for twenty participants, twice as
many & last year.

RESEARCH AND DEVELOPMENT

FISSIONAELE MATERIALS - 2000 PROGRAM

IRBADIATION PROCESSES

Analytical Service

Co58 and Cof0 in reactor effluent cooling water are being separated by potassiun 8
cobalt nitrite precipitation and electrodeposition. Separstion is needed for Co?
because other radicisotopes have interfering gamma energies.

Perhaps the 1706-KE coolant radioanalysis laboratory can be transferred to facilities
of the Purex {202-A) Analytical Control Laboratory. If so, CG-757--Coolant Radio-
analysis Laboratory Expansion (HLO portion of Project CG-78l--Service Building
Additions to 1TO6-KE}, $77,500 estimate, would not be needed. Main obstacle: The
Purex laboratory has stainless steel hoods and duct work which would not stand the
required heavy use of hydrochloric acid in coolant concentration steps.  The ob-
stacle is not unsurmountable. Feasibility should be known early next month.

Automatic Analyzing Monitor

Semi-routine operation of the analyzing monitor was achieved during the month.
Operation of the instrument unattended for periods of 16-24 hours pointed out the
need for improvements for sustained use. A feature added as a result of this ex-
perience is a circuit to prevent sample delivery in the event of heater failure or
.if the motor cireuit indicates trouble. Improvement was also incorporated in the
cup reject port to insure positive removal of the used cups. Other modifications
in the cup-handling machanism improved the reliability of operatlon. There appears
to be some difference in the action of cups recently received from those used to
make the esarlier tests which has reguired some adjustment. Effort will contimme

to insure cup handling with no malfunction.

The Np239 channel background proved to be excessive under the conditions imposed
by the present location of the instrument and effort continued to reduce this
background“to a workable value. Shielding experiments demonstrated that the
problem arises to a large degree from radiation from the 107 Basin waler discharge
gump in the adjacent room. Most effective corrective messure proved to be lowering

P20 T25
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the upper shield one inch directly over the sample, thus closing any pathway for
scattered radiation to the lower crystal. This measure will be avoided if at all
possible since it will involve added mechanism to raise and lower this shield,
between samples. Wall shielding for the entire instrument may prove to be the
moat effective solution. Beta counter background was reduced to acceptable levels
through shielding the counter from the bottom.

Uranium Oxidation-Melting Experiments

Calibration of flowmeteras continued in preparation for the uranium oxidation ex-
periments. The experimental work was not started, however, because of a delay in
the shipment of the resistance furnace. It 13 now expected the first esxperiment
will be carried out in January.

Two hundred uranium samples measuring one-eighth inch in dlameter and one~inch lomg
were received and are being stored under silicone oll %o prevent oxidation. A
cursory examination of thése samples revealed the following facta.

a. Weight, unpolished, is5 3.99 + 0.0k g per specimen.

b. Welght losg af'ter a light polishing with 2/0 polishing paper was
about 10 mg.

¢. Microscopic examinatior {30 X magnificaticn) showed that the samples
contained many pits and longitudinal cracks. Polishing with heavy
emery cloth followed by 3/0 paper eliminated some of the surface de-
fects, but it will not be possible to cbtain a perfectly polished
surface.

Pission Product Prom Ruptured Fuel Elements

Auslytical results of s suspect rupture in Hgader 32 at 105-KE shoved Ba240 to be
only twice that in the control tube. The Sr 9-90 value was about ten times that

in the control. The results are so0 much lower than anticipated 1t seems possible
that the sampling may have beenh from the wrong tube. If the rupture monitor was
actually signaling this corcentration of fission produet, it would have a sensi-
tivity of 0.02 per cent of the working standard release rate (0.3 curie per minute ),
which is not compatible with other measured senmsitivities ranging from 0.6 per cent
to 60 per cent.

SEPARATICONS PROCESSES

Purex
Mini Runs

A mini run was made testing the modified Purex first cycle flowsheet describeqd
last month, in which irradiated uranium is processed in turn through the HA, 1B,
HS, and 1C columms. The shielded 2l-stage mini unit was used as a dual-purpese
HA unit. Unshielded 16, 19, and l6-s+age units were used for the 1BX-1B3, HS,

and 1C units, respectively. The HA and 1C units were operated at ambient tempera-
ture, the other two units at 50 C {about the maximum temperature deemed feasible
in the plant).

1249252
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The flowsheet used in this run was as follows:

Entry Point (No. of
mini stages below
organic effluent in

Stream Composition Relative Flow each unit)
EAP 1.65 M U, 0.92 M ENO3 75 10
BAX 30% TBP in Purified Soltrol 365 21
BSS 3.0 M HNO3 67 : 1
1BX 0.5 M ENO3, 0.03 M Fe*+, 33 8

0.06 M NH,SO :
1BS 30% TBP in Purified Soltrol 33 16
3WB* 8.0 M HNO3, 0.05 M Fen(S0)); 25 12
1cX 0.01 M HNOq 455 1
HSR {as found) - A

* Synthetic stream.

Dacontaminsation results obtained were as follows:

Ru-Rh Zr-Kb
BAF/HAP 1.9 x 103 0.k x 103
BAF/1BU 3.1 x 10% 3.9 x 10
HAF /HSU 6.5 x 10% 6.5 x 10
HAF/1CU 6.7 x 107 1.4 x 105

It is of interest to note that in the cese of ruthenium extensive scrubbing in
the HS unit produced an additional decontamination factor of only about two in
that unit but resulted in a 1C unit decontamination of ten. The fact that the
decontamination factor for zirconlum-niobium in the IC unit was only about two
suggests that more extemsive scrubbing in the HS unit might have resulted In more
substantial zirconium-niobium decontamination in the 1C unit. A second run was
attempted in which the HSS flow rate was doubled; however, the HAF was exhausted
before steady state conditions were attained.

DECLASTTET

-
L

A
&

P22

-~



0 ‘HE“ c-k BW-5428Y

Niobium Pentoxide Scavenging

Niobilum pentoxide, precipi‘ated from a potassium hexaniodate sclution and dried at
110 ¢, proved highly effective as a scaw r for zirconlum-nlobium in dilute dis-
solvar solution. The decontamination factor for a four-inch deep bed of Hb20

averaged LOO for %% volume throughputs of dlssclver scluticn at a superficilal rate

of 30 gal/(nhr}(ft

Citric acid, tartaric acid, versene, scdium oxalate, cxalic scid in 3 M nitric acid,
and five per cent oxalic acid wers tesbed ma elutriants for the fission products.
Only the last two showed any slgnificant promiaze as elutrlants, and hoth of these
regilted in partlial dissolution of the bed.

Calcination of Nbg0s at 800 C converted the oxlde to a form insoluble (visually)
in oxalic acld. Th?s was tested as a scavenger by pagsirg synthetic 2UC {2 M U,
0.3 M EN03, 0.002 per cent aged disszclver solution )} through a six-inch deep bed

at a superficial rate of 60 gal/{ur){ft2). The zirconium-niobium decontamination
factor deecreased from an initial value of 3% to 10 after 20 throughputs and 7 after
60 throughputs. This decrease in effactiveness can probably be ascribed to the
loss of surface in caleinaticn, Further work is planned to determine optimum pre-
cipitation and dryilng or calclnaticn conditicna for producing an insoluble, yet
effective, Rog05 scaverger.

Another synthetic 2UC was scavanged by precipitating about 2.5 x 10-3 M Nby0c in
the solution, digesting 15 minutes at 60 ¢, and Til%ering through a silica gél bed
which had previcusly heen used to scavenge a2 similar sclution. The zirconium-
niobium decortamination factsr was 16, of which perhaps half can be ascribed to
the 510y bed, based on the previcus experience. The rather gelatinous NbpOg pre-
cipitate essentially plugged the bed; however. oz drying overnight, the bed was
found 4o regain i%ts flcw capacity.

Degradation Studiss

Chemical degradatior of Shell E-23:2 {apd mary cSher hydrocarben diluents) produces
compounds which etrongly zomplex ziresalom-rictium. The zirconium-nicbium thus
tied up, however, iz not compietaly fixed ir Toe sslvent phase but exhibits ab-
normally high B§'s. To invesiigets quantitahivaly *he possibls effect of degraded
diluent in limiiing “hs cverall decortamicetim factor through one selvent extrac-
tion cycle, Shell B-2342, degvaded by shaking with & M BHNC3, 3.05 M NaNO, a2t 50 C
for seven days, was pui tbrough the following procsdura:
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Solvent Gamms

Activity, Eg
Step c/m/ml
1. Diluent washed at 50 C successively with - -
0.01 M KMnO), in five per cent RagCO3, five
per cent NagC03, and 0.5 M HNC3.
2. Contacted with dilute dissolver solution. 3.2 x th -
3. Scrubbed witn 2.4 M HNO. 2.2x 10" 14
L. Scrubbed again with 2.4 M HNOs. 2.0 x 10% 2.1
5. Stripped with 0.0 M HNO3. 2.0x 104 15
6. Diluent from above steps composited and 1.6 x 10% -
made up to 30 per cent TBP.
7. "Thirty per cent TBP contacted with cold "HAR" 1.3 x 10t 1.2
to give HAP'U concentration.
8. VHAP" scrubbed with 2.1 M ENO3. 1.2 x 104 I
9. Stripped with 0.19 M U to give ICU 1.1 x 10* 16

U concentration.

Although the gammea Eo wag very high in the "C" contacts, enough activity transferred
toc the agueous phase == from the degraded diluent alone -= to limit the decontamin-
ation factor of the product tc a gamma ratio of 12. Ea 8 under scrub conditions
were so high that no more than one scrub stage would be effective 1o decontaminating
the diluent. OCamms material balances were excellent, indicating no surface favor-
ing compounds were present as are generally found in plant solvent.

BS apd IC Gross Gamms Equilibria

Further studies to characterize the behavior of fission products under HS and IC
coluomn conditions were made. The primary objective of the work was to determine
the potential IC column decontamination factor as & funetion of the HS column de-~
contamination factor. IBU from mini run 10-29 was used as feed, 3 M HN03 (0.0hk
M U) as HSS, and 0.19 M U as ICX. Basically the procedure involved successive
equilibrations of the IBU with HSS, while a portion of the IBU after each scrub
vas reserved for equilibration with the ICX. Thus IC "feed stage” equilibrations
were made after O, 1, 2, 3, 4, and 5 HS scrub stages. The results were corrected
for UX,. The following table summArizes the results:
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GSC o/min/ml
HS Contacts (50 C) IC Contacts (25 C)
Stage No. org. Aquecus EJ org. Aqueous Eg_
IBU (feed) 36, 600 - - 36, 600 - -
1 5, 660 €2, 000 0.091 21, 700 1k, 700 1.5
2 2,720 3,570 0.76 k110 1,320 3.1
3 2,490 T8 3.2 2,330 403 5.8
4 1,730 361 4.8 1,880 159 12
1,590 21k 7.4 1,690 73 23
6 . - - 1,570 43 37

These results confirm that the more activity scrubbed from the solvent prior %o
the IC column, the higher will be the E.g_ and, in theory, the higher will be the
decontamination factor in the IC columm. By plotting these data as equilibrium
lines on an X-Y operating diagram, the following correlations were derived, re- .
lating HS decontamination factor to the number of theoretical stages and the L/V
(aqueous-to-organic flow ratio)} and the IC decontaminaticn factor to the HS de-
contamination factor. In all cases, the IC column was assumed to have four stages
and an L/V of 1.5:

HS and IC Decontaminstion Pactors as a Function of the L/V and Number of

Stgﬁgs in the HS Column
HS IF HS - IC F
No. of Stages HS L/V = 0.1 HS L/V = 0.5 HS L/V = 0.1 ES L/V = 0.5

1 3.9 6ok 6okt 13
2 T.2 12 15 37
b 1L 18 30 140
& 13 20 ko 180
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IC Decontaminstion Factor as a Function of HS
Decontamination Factor

HS Decontamination Factor IC Decontamination Factor
1 1.3
> 1.8
10 2.5
15 )
20 9.5

As a matter of some interest, the HS equilibrations were similar to some made 40
days earlier with the same IBU feed and reported last month. After correcting for
decay, the two equilibrium curves were surprisingly congruent, indicating little
or no effect of aging (at least not after an initial aging of one or two days --
the period between preparation of the IBU and the first equilibrations).

Solvent Extractlon

Purex IC Column Studies. Studies directed toward the development of a cartridge
for the Purex IC Column to provide increassed capacity under Phase II Flowsheet
(EW-47889) conditions were continued.

Efficiency tests in a 3-inch-diameter by 9-foot-high glass column were made with
a cartridge consisting of groups of four stainless steel sieve plates (0.125-inch-
diameter holes, 23 per cent free area) alternated with single polyethylene sieve
plates (0.1875-inch-diameter holes, 33 per cent free area). All plates were on &
2-inch spacing, and a 0.5-inch pulse amplitude was used. Variatlon of temperature
and aqueous to organic flow ratio (A/0) gave the following results:

Pulge

Volume Velocity Temp., C. Frequency, % U
Gal./Hr.Sq.Ft. ICX ICF Ao Cycles/Min., Loss
1173 50 35 1.0 70 1.3
670 25 25 1.0 90 11.3
1173 50 35 1.0 80 1.3
1173 50 35 1.0 60 5.0
1173 50 35 1.0 70 2.5
1290 50 35 1.2 63 1.9
1250 50 35 1.2 k9 L.8

Complete evaluation of the above results camnct be made until H.T.U. values have
been caleulated. However, they appear sufficiently encouraging to schedule
additiconal runs.

12471257 EPLASS
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Spiral Cartridges. Capacity tests in a 3-~inch-diameter by 3-foot-high column con-
taining a spiral baffle were continued. General observations were as follows:

1. Results of A-type extraction runs indicated that when either a standard
cartridge or a spiral cartridge with a 3-inch pitch were operated under
*nixer-settler” conditions (same amplitude and frequency in both columns),
the waste losses were approximately the same. This was true even though
channeling occurred in the spiral cartridge.

2. An attempt to measure "stagnant column backmixing” (with pulsing but with
no stream flows) was made by filling the column with 0.0l molar sodium
hydroxide solution and a trace of phenclphthalein indicator. Approximastely
125 ml. of 60 per cent nitric acid was added to the top of the column and
the time required for the color line to move through the columm was re-
corded. Spiral cartridges with a pitch of 2, 3, and 6 inches as well as
standard type cartridges were tested. This type of backmixing seemed to
be indspendent of pitch and primarily a function of puised volume unless
severe turbulence was caused by the use of sisve plates with smaller than
normal free area. Thus, an increase in the amplitude or frequency decreased
the baclmixing time. Generally, values ranged from 2 minntes at frequencies
of 100 to 14 minutes at frequencies of 50. A 5 per cent free area plate
gave a value of 3 minutes at a frequency of 5C.

3. Tests of a spiral cartridge with a 2-inch pitch were performed in an HAX-
water aystem. Even this small pitch allowed fairly good performance as
long as the frequency was kept high and the ampiitude small. At a l-inch
amplitude, the column wes inoperable above a total volume velocity of
400 gal/nr.-sq.ft. When the amplitude was 0.25 inches flooding frequencies
‘for 200, 40O, 600, and 800 gal./hr.-sq.ft. were 105 £ 5, 95 + 3, 85 £ 5,
and 85 ¢ 5, respectively. -

Plagtic Plate Geometry. Studies to evaluaie the wetting characterisiics of plastic
plates were continued. A 3-inch-djameter by 3-foot-high glass pulse column contain-
ing alternately two linear polyethylene and four stainless steel asleve plates

(0.08 inch diameter holes, 21 per cent free area) with l-inch plate spacing was
used :2s . in previous tests. The pulse amplitude was maintained at 0.6 inch.
Variables studied were as follows:

Volume velocity: 420 and 840 gal./nr.-sq.ft.
Plastic plate free area: 10 to 40 per cent.
Plestic plate hole diameter: 1/16 to 1/4 inch.
Aquecus to organic flow ratio {A/Q): 0.1k to 1.3.
Solution composifion:

I. Purex A-type scrub sectlon conditions (aquecus = 7 g. U/L.
and 126 g. HNO3/L). Results have been reported previously.

IT. Low acid system {agquecus = 0.0l g. U/L and 0.7 g. HNO3/L}.

III. High acid system {aquecus = 0.004 g. U/L and 95 g. EN03/L).

12471258
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-General observations were as follows:

1. Coalescence improved significantly with increasing free area and was relatively
independent of hole size.

2. Coalescence was generally good with system I in which uranium was present and
poor-to-fair with the other two systems.

3. A "zebra" effect (alternate layers of organic- and aqueous-continuous emul-
sions) was not obtained with the low acld system because the stainless steel
piates could not be maintained aquecus-wet.

b, A "zebra" effect was obtained with the high acid system only when the nitric
acid was in equilibrium in the aquecus and organic phases.

5. The flooding frequency at 420 gal./hr.-sq.ft. was in the range 90-100 cycles/
min. for the high acid and low acid systems and was independent of hole size
and free area. This is about 10 cycles/min. higher than for the Purex scrud
section conditions.

6. Increasing the volume velocity to 840 gal./hr.-sq.ft. decreased the flooding
frequency about 10 eycles/min. with uranjum absent as compered to a decrease
of 20 cyecles/min. with serub section conditions.

TJO3 Studies

Work this month was concerned with the characterization of UO, powders produced in
the miniature calciper and with a study of the fluidizing chardcteristics of plant
product U03.

Characterization of the UQ; product of the miniature calciner runs reported in
HW-53961-C, p. C-6, disclosSed very low surface areas and slow reduction rates in
the absence of sulfate. -

PROFERTIES OF U03 PRODUCED BY CONTINUQUS

CALCINATION OF 100 PERCENT UNE

5 Surfgce Ares Time for 97%

NH),/U Ppul M</g BReduction - Sec
- - 0.3k 3260
0.02 200 0.30 3040
0.01T* 0.20 2690

* Added as ammonium nitrate.

With 2000 ppm sulfur present, surface areas ranged from 0.82 to 0.95 and reduction
times from 730 to 1030 seconds. On the basis of the above messurements, there

BELHA
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appears to be little difference between the use of ammeniated feeds in the contin-
uous calcination process as compared to pura UNH. The ammoniated feeds (in the
absence of sulfate) also resulted in production of much greater guantities of dust
and fines {ef. HW-43061-C).

Since HAPO UGy product is subsequently put through a twc-siage fluidized bed reduc-
tion process, it is desirable to know how the fluldizing characteristics of the
powder are related to its physical propertiss. A sample of product U0, known to
oparate satisfactorily wvas examined with respect tc particle size distFibution,
fluidizing characteristics, minimum mass velocity for fluidization; particle shape
factor and angle of fracture. Simiiar examination of samples prepared by mixing
known particle sizes was also made and comparisons were drawn. The detailed find-
ings will be reported in a forthcoming document; the following represents &
high-gspot summary of the work to date.

1. In the caae of HAPO U0,, mora tran 80 per cent passed through a No. 200
screen {0.0029 inches giameter) and over 35 per cent passed through a No.
325 screen {0.00l7 irckes diameter). The geometric mean particle diameter
was 0.0019 inches.

2. An "ideal" particle sign distribvution was determined from theoretical
considerations, and a sample having this distribution was synthesized.
Upon screening, 8.5 and 1.5 per cen® passed through 200 and 325 mesh
sieves, respectively. The "idezal™ mixture was substantially beiter than
the production powder in all respects reiatad to fluidizatlon.

A "poor" powder was alsc synthesizsd of whkich 50 per cen®t passed through
the No. 325 screen and 100 per. cent passed through the No. 200 screen.
This material was substantially pocrer than producticn powder.

3. The angle of fracture of the "ideal" material was 45°, for the production
powder 65° and for the "pocr” powder 80°. Measuremect of the angle of
fracture provides a simple and eff2ctive means of predicting the behavior
of the pcwder towards fluildization. If the angle of fracture is less than
60° the material will pr<bably te saiisfactory. If gr=ader than 60°
channeling and generally poor operation arz likely to cezur.

L4, The presence of a high percentage of 325 mesh fines in UQ, pewder is
detrimental to its fluidizing properiies. Althougk the pfesent material
is apparently satisfactcry, a redustion in the fires would represent a
significant imprcvement.

Continuous Caleination

Addition of Ammcnia. As reported las% morth an astempt was made Io operate the
pilot plant scale continunus caleiner wish 10D per cent UNE feed coniaining 2.4
per cent ammonia and from O tc 300 parts per miliisr sulfur cn a uracium basis.
The operation was plaguad with caking, pcor keas transfar, ard bed throw~ocut, and
the calciner was judged tc be incperable. In addifticp the performance of the
concentrator used to prepars the 100 pzar cent UNE had beer impalred insofar as
its capacity was concerned.

1267240
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Observetion of the concentrator internals after 1last month's run revealed extensive
scale build-up on the steam coils which resulted in relatively poor heat transfer
and accounts for the limited capacity of the unit. In addition a heavy, yellow
precipitate, presumably ammonium diuranate, was found at the bottom of both the

concentrator and the 100 per cent UNH storage tank.

Two runs, differing only by feed point temperature, were made this month. Operating
conditions were as follows:

Feed Point Temperature: 290 and 260 C.

Feed Composition: 100 per cent UNH containing 1.8 per cent ammonia,
600 ppm sulfur end -0.5 M nitric acid.

Agitator Speed: 66 rpm
Pindings include:

1. No precipitation was found in eilther the concentrator or 100 per cent UNH
storage tank.

2. The concentrator performed satisfactorily at through-put rates in excess of
300 1b. water evaporated per hour.

3. No cake build-up was observed during the 290 C calcination run. On the other
hand, during the 260 C calcination run, a scft, chalk-iike build-up was formed
at each feedpoint zone. However, the build-up did not cause uneven shell
temperatures nor impair the operation in any manner.

L, The operating bed level remained constant during both runms.

5. Sphericdal-shaped particles, with very little dust, were produced in both
runs.

6. Average U0, production rates were 180 1b./hr. at 290 C feedpoint temperature
and 220 1bl/hr. at 260 C feedpoint temperature with equivalent heat in-put.

Laboratory examination of the product is incomplete at this time.

On the basis of the successful operation, s recommendation has been made to Pinigh-
ed Products Operaticn that a plant test would be feasible.

The U03 produced during these runs will be shipped to K-25 plant for evaluation.

Continuous Calciner Agitators - 224k UA Bullding. Hinged-arm agitator blade and
shear pin failures in H- and K-cell calciners demonstrated that:

1. The hinged-arm agitator assembly (SK-2-43238) will sustain severe shocks and
loading {due to foreign objects in the bed, lumps of uranium oxide, etec.)
without gross damage to the shell or agiltator.

12412561
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2. The two-plece welded blade and shear pin with 3/8-inch notch diameter are in-
adequate for long period service.

On the basis of these failures, a one-plece blade and increased ncteh diameters
(7/16 and 1/2-inch)} will be recommended. This will give a better balanced design.

Ion Exchange

The pressure drop and flow characteristics of the anion-exchange resin Amberlite
1RA-L01, 20-50 mesh particle size, were investigated in the moving bed ion-exchange
contactor. In & water system with a combined feed and scrub flow of 3.0 1./min.

& 4-inch resin push (6-inch water push) was obtained with an air pressure of 10 psig.
In an acid system {ca. 6.5 M HNG3 XAF and XAIS) with the same flow, however, an air
pressure of 30 psig was necessary to obtain a l-inch resin push with & 6-inch water
push. After 12 hours of succeseful contipnuous operation under these conditions,

the resin was removed from the unlt and sent t¢ the Purex plant.

WASTE TREATMENT, FISSION PRODUCT RECOVERY

Speclal Geological Studies

The contract for the fixed-price portion of the CA-TO0 well drilling project was
extended to February 1, 1958 to allow completion of the additional wells and foot-
age suthorized to be drilled by the Hateh Drilling Company. Their portion ef the
project is now about 90 per cent complete, with two wells In process of completion
and one yet tc be begun.

Qbservation Wells

Radlostrontium persisted in the ground water beneath the 216-3S-1 and 2 cribs in
200 West Area as indicated by samples from adjacent wells. No radiostrontium or
radiocesium was found in ground water samples from any other site. BRadiostrontium
detected in one sample from a well near the 216-A-8 crib was shown to be the result
of sample contamination in the laboratory and subsequent samples from this well
contained no radiostrontium.

Detectable ground water contamination appears to have spread eastward from 200 West
Aree and westward from the 200 Bast Area has joined in the relatively permeable
aquifer between the two areas. This very low concentration of radicactive material
is moving tc the nortiawest and to the south in the ground water. Special samples
were taken from wells in the BC Crib and trench area. Thesz facilities have re-
ceived large volumes of scavenged waste disposed by cribbing and specific reten-
tion. A measurable ground water mound exists beneath the site but no radiocactive
material bas previously been found in the ground water that could be attributed to
these disposal facilities. The special samplas taken from BC monitoring wells were
simltanecusly collected from various depths. A few of these samples indicated the
presence of radiocactive contamination at depth ir the ground water while none was
found at the ground water surface. The concerntrations cobserved were very low and
the results of repeated sampling not completely consistent. It is believed possible
that these resulis may indicate sinking of high-density scavenged waste in the

1247242
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ground water. The approximately cne-million curies of radioactive material discharged
to the BC site is expected to ultimately produce low-level contamination in the water

table beneath this facility.

During the first week of operation of the new Gable Mountain swamp all of the cool-
ing water from the Purex plant was discharged to it. This flow, ranging from seven
to nine millions of gallons per day resulted in a 0.2 foot rise in the watler level
in a well 4000 feet from the discharge line outfall. During the second week of
operation the flow to the new swamp was reduced 1o about one-third of the total
discharge, about 3 million gallons per day. It is estimated that after discharge
at this rate for one year the mound beneath this swamp will be about 1.6 foot

above the pormal ground water level.

Disposal to Ground

Samples from three batches of irn-farm scavenged waste were evaluated by means of
s0il columm tests. All three of the samples resulted in a rapid £a137 breakthrough
and one alsc displayed a brealkthrough of 5r90 in less than one column volume. As a
result of these acil reaction tests it was recommended that the wastes not be dis-
charged to cribs.

Preliminary date from two additionel soil columm tests with Purex belling-tank
condensate waste icdicate ultimate crib capacities of 8.5 and 19 column volumes.
Previous tests resulted in calculated crib capacities ranging from 9 to 27 éolumn
volumes. The poor reproducibility of these data is ascribed to variations in waste
composition and to excessive sensitivity to unavoidable differences in the test
celumns and analyticel results. No method is apparent for properly integrating
these results to obtain a true crib life, It is therefore necessary to accept a
conservative estimate based on the lowest calculated life, with a recognition of
the probability that the erib will be useful for some longer period.

Experiments are in progress to evaluate the s0ll reactions of samples of Purex
process condensate (216~-A-5 crib) by means of scil column tests. Very preliminary
results indicate a possible crib life of about 17 column volumes. The crib has
actually received 23.6 column volumes to date and nc evidence of long-lived iso-
topes in the ground water was observed. FPurther tesis of this waste are planned
and special monitoring samples from adjacent wells were scheduled.

Research conducted to evaluate soil column variables in waste-soll reaction tests
ipeluded experiments using scil satursted with magnesium rether than with calcium.
This change was originally made to facilitate analysis of the effluent since mag-
nesium salts on the counting plates proved to be less hygroscopic than those of
calcium. It was found that solutions passed through the magnesium saturated soil
did not attain full equilibrium breekthrough as expected. Part of the radiostrontium
tracer used in the tests was permanently retained in the soil! by some mechanism
having a much longer equilibrium time than the normal ion exchange reaction. A
bypothesis that this mechanism involved a strontium-calcite reaction was supported
by experiments with soils previously flushed with acid for the latter celcite-
free soils did not show non-eguilibrium retention of strontium. It has now been
found that strontium solutions containing up to 1000 ppm calcium do not display

F2017263
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evidence of this calcite reaction with strontium although the same soils continue
to retain part of the strontium from sclutions containing up to 1000 ppm magnesium.
It is felt that the dats indicate a calcite-strontium reaction in which calcium is
capable of competing with strontium, but in which magnesium does not compete. If
further work bears out this theory it might be possible %o use the mechanism to
extend the life of certain Hanford cribs by neutralizing the wastes with magnesium
carbonate or hydroxide in place of limestone.

The two betches of in-farm supernatant liquid (26 and 27) scavenged thiﬁ month by
CPD contained Co%0 below the recommended test dispesal limit of 4% x 10~% ue/ce.
However, since batch 26 demonatrated poor cesium adsorpticn and bateh 27 poor cesium
and strontium adsorption in soil columm tests, they were discharged to the 216-BC
specific retention trenches. Two batches {spproximately 1,000,000 gallons) remain
to be secavenged prior to termination of the in-farm scawenging program in the 200
East Area.

Recuplex agueous waste which is sent to the 216-2-10 cavern has plugged the soil to
the extent that a pool exists which is about 4-1/2 feet deep. Thus the cavern is
functioning as originaelly planned. However, the plutonium bearing waste is sent
to0 the ground at pH 2.5 which 1s not conducive o optimum soil removal of plutonium.

It was recommended that wells to ground water be provided in the vicinity of the
234~5 Waste Cribs. This resulted from the fact that plutonium was found in mud
sapples from two dry wells at depths of only fifty feet above the regional ground
water table. The wells are necessary in order to moniter the ground water and fo
evaluate the status of the present wasie cribs.

Gelling of Wastes - Field Work

Observation of the alumincsilicate gel in the test disposal pit east of the 300
Area revealed that the moisture content of the gel rear the surface has increased
from 80 per cent to 85 per cent {wet basisz). The mcisture contert in the gel near
the bvottom of the plt remaired at about 75 per cent. The increase in meisture con-
tent near the surface was at first thought tc be due to condensation of water
vapors from the air; however, the uniform 46 F temperature of the gel, which is
greater than the average air tempereturs, rules out this possibilily. Although

no evidence of gel shrinkage has been observed during the past month the material
does have a decidedly firmer texture than was previously coted. is may be due
to the low temperature of the gel hed.

A proposed procedure for a laboratory-scale test to demonstrate ard obfain data
on the self-siniering of gelled Purex high salt and coating wastes was prepared.
Utilization of heat generated by radioactive decay of fission products to achieve
self=sintering temperatures in wastes contained in a gel matrix may kave potential
as an ultimate disposal method. Preliminary investigatiors will be conducted to
determine proporticns of the various solutions which wher combined will produce a
satisfactory gel.

Preliminary laboratory inveshtigations concerned with the drying of syrthetic coating
removal waste by mechanical methods indicated that drum-drying of liguid or gelled
coating waste may have practical applicatior as a disposal method. The objection-
able feature of gel disposal per se is the subtseguent 1253 of contaminated liquid
from the gel to the soil. Partial or complete dehydration of the gel prior te dis-
posal should eliminate this undesirable characteristic: A small drum-dryer was
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constructed and will be operated to evaluate drying characteristics and economics
of this dehydrating method. Solubility, and later leachability, tests of the
final dried product are planned.

Ultimate High-Level Waste Disposal

In cooperation with CPD personnel, a study wes begun on the processing, economics,
and justification for alternate methods of ultimate high-level waste storage {Purex).
Work was done on calculations of heat generation rates and maximum waste temperatures
anticipated in pipes cooled by air, The ultimate storage method assumes retention
of calcined wastes as dry sclids.

FISSION FRODUCT RECOVERY

Cesium Recovery

Additional data were obtained during the month on the effect of temperature and
several other variables on the precipitation of cesium with zinc ferricyanide.
The findings are summarized in the following paragraphs.

The effect of temperature is shown in the following table. The temperature coeffi-
cient is much greater than expected and leads toc a A H of adsorption of about

- 13,000 calories. Because of this large temperature effect, it may be necessary
(in a plant scale application) to provide some cooling to overcome the temperature
rise caused by the heat generated in 1WW by fisgion product decay.

EFFECT OF TEMPERATURE ON CESIUM
RECOVERY WITH ZINC FERRICYANIDE

Conditions: 2 M NaNO3, 0.1 M Fe, 0.1 M HNO3, 0.001 M Cs,
0.01 M Zn, 0.005 M KzFe(CN)g

Tempersture, °C Cesium Recovery*, %

0 a9.2

10 G8.3

20 86.5

25 o4

L5 78

€5 56

85 32

¥ Bach number is & mean of four experiments.

A fectoral experiment was set up to ilnvestigate the effect on cesium recovery of
the various constituents expected in a2 plant 1WW socluticn., The dats were subjected
to statisticel analysis, and a number of significant dependencies were established.
The data are presented in the following table. It will be noted that substitution
of potassium nitrate, ammonium nitrate, uranyl nitrate, or chromium(III) nitrate

DECIAS
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for sodium nitrate has no effect., Similarly, aluminum nitrate at concentrations
up to 0.2 molar has no effect. High corcentraticns of sodium nifrate or ferrie
nitrate are detrimental;, and even very small corcentrations cof anickel have a very
adverse effact. It is also seen that the extent of ceslum precipitation is highly
dependent on the concentration of cesium and of zipe ferricyanide. The most un-
usual effect, however, is that of sulfate, which improves cegium recovery when
present at concentrations of 0.1 to 1 molar.

EFFECTS (¥ CERTAIN VARIABLES ON CESIUM RECCVERY

Conditions: 2 M NaNC3, 0.2 M Fe{N03_‘s3, 0.1 M HNC3, 0.00L M CsNOg, 0.0 M Za{NO3)p,
and 0.005 M K3Fe{CN)g unless otherwise specified.

Reagent Concansration, M Cesium Recovery, %
NaNO3 2 89
NalNO3 3 86
KalNC3 L 79
NaNO3 5 66
Fe(No3}3 0.3 82
Fe(N03 3 0.4 8l
FELNC3)3 d.5 63
A1{NC3)3 0.l 88
AL(NC3)3 0.2 &9
NiiN03}o 0.01 66
Ni§nc3}2 0.0z 55
Ni{NO3)p 0.05 48
KNC 1% 86
NELNO 1% a7
UCo(NC3 o 0.1% 37
Cr{NC3)3 O.1% 87
Naggou 0.1 Qi
Na 30l 0.2 38
NapSQ), 0.5 98
Na=50), 1 95
CsNO3 0.0002 99.5
CsNCy Q.0 g2
CsNE3 0.002 83
ZniNC3, 0 Q.53 10
Zn{NO3 jp . ONG% 16
ZaiNi3 jp 5.0L1% 23
Zn\"HC3}2 QLT 93.2

* NallO3 concertraticn reduszed o keep *<*zl nivrats scneentration ecnstan®.
¥* TPerricyanide corcentratisr half < 2irs crnoentration.
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Cesium Isolation and Packaging

Scope drawings for the Cesium Isolation and Packaging Facility are nearly complete.
These drawings show the equipment arrangement, basic component designs, piping,
electrical, and instrumentation requirements, and the architectural modifications
to the processing cell.

Studies were continued to determine process parameters for the hydrolysis of
cesium zine ferrocyanide and the conversion of & cesium chloride brine into =
dry crystalline prcduct. Sodium chloride has been used as 2 stand-in material
to establish crystallization technique.

Waste Treatment

A program has been initiated (see BW-52824) aimed at improving the long term
safety and economy of storage of the high level Purex wastes. The objective of
this work is to develop methods for converting the wastes to compact stable solids.
Three areas of work are under active investigation:

1. Removal of nitric acid from 1WW.
2. Caleination of Purex and Fission Product Recovery wastes.

3. Effect of higher temperatures on release or fixation of fission
products, thermal conductivity, ete.

Some preliminary experiments have been run on the drying and calcination of a "cold"
synthetic 1WW solution. Evaporation in an air stream was found to be very slow.
However, it was noted that neutralized 1WW evaporeted more rapidly than umneutra-
lized 1WW. The salt which had precipitated from the neutralized 1WW when the volume
was reduced by a factor of two was shown by X-ray diffraction to be sodium nitrate.

Sagples of both neutralized ard unneutralized 1WW were also caleined. This was
done both in a- tube furnace and on & thermal balance. The latter showed that the
dried neutralized waste decomposed in two steps, one commencing at about 275 C and
the other at 350 C. The unreutralized 1WW salts decomposed at a somewhat lower
temperature. The sodium ritrate Iin the neutralized salt melted during caleination
and spattered badly. The unneutralized waste decomposed to a porus cinder with no
apparent melting or spattering. Weight loss measurements indicated that consider-
able nitrate decomposition took place during drying at 110 € prior to calcinmation.

Todine Chemistry

Further experiments were performed to determine the effectiveness of mercuric
salts in enhancing the absorption of radio-icdine in nitric acid solutions {or in
retaining iodine in such solutions). The following table shows the results when
air was passed through 1 M nitric acid containing the indicated concentrations of
iodine and mercuric nitrate.

1287257
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EFFECT OF MERCURY ON EVOLUTION CF ICDINE FROM NITRIC ACID SOLUTION

Iodine Concentration Percent Retention ir Aqueous
! Bo Mercury 0.01L M Mercury
1074 19.5 99.80
10-2 65.6 99.73
1076 99.95 99.97
10-7 99.52 100
10-8 99.9k 99.89

It will be noted that 0.0 M mercury effectively inhibits the evolution of icdine
from the 10-% and 10-° molar solutions. However, iodine loas is negligible at
lower iodine concentrations even in the absence of mercury. The reason for this

is not clear. Fubture experiments will involve removal of iodine from the gas
stream, rather than from solution, to see whether the kinetilcs of this transfer are
limiting and to more closely simulate the proposed plant application.

Neptunium Recovery

It was reported last month that the corrosion rate of stainless steel by beillng
nitric acid i1s mich enhanced by the presence of scdium vanadate (2 promising re-
agent for oxldizing neptunium to the extractable plus six oxidation state).
Further experiments have shown that reducing the vanadate to V(IV) with ferrous
sulfamate prior to simulated acid recovery deces not significantly decrease the
rate of corrosion of stalnless steel {0.51 em/year)}. Vanadium thus appears to
be eliminated from consideration for uge in comirclling neptunium routing.

The results of analyses of Purex plant streams for neptunium-237 are shown in
the accompanying table.

PATH OF NEPTUNIUM-237 IN THE BANFORD FUREX PIANT

Sampling - Neptunium~237 {c/m/ml)*

_Date LF 1AW 2P oF 24 U_Product®
§-22-57 1550 288 20k 2520 g0 [ 768)
9-28-~57 848 Th k2 28 {1070)
10-13-57 450 558 813 { bol)
10-18-57 1052 Lo {1150}
10-20-57 1320 310 60 { 538)
10=-29-57 1560 16 128 638 660 {1020)
11-5-57 1470 hoo 585 146 I 768)
11-12-57 980 76

11-17-57 775 70

* Normalized to HAF flow.
¥% Numbers in parenthesis are from Purex Analytical Laboratories, all others
from Analytical Labecratories Uperaticn.

1247268
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These data continue to show that most of the neptunium gets through the BA columm,
most of that reaching the 2D column is partitioned into the uranium product, and
part of the neptunium is found in the 1BP. It also appears that there may be an
analytical discrepency between the results of the two laboratories.

Following Purex start-up after the December shut-down, the neptunium content of
the uranium product dropped off sharply, apparently due to decreased nitric acid
concentration in 2D column operation. The acidity has now been lncreased, and
the product neptunium figure has started to rise. A plant test is t0O be made
wherein the acidity will be raised further in an effort to force nepfunium guan-
titatively with the uranium. Following this test, 1B conditions will be varied
in an effort to achieve a clean neptunium routing with either product stiream, as
desired.

ANALYTICAL & INSTRUMENTAL CHEMISTRY

Analytical Services

Plutonium isotope analysis by thermel ionization mass spectrometry is now being
provided. Then samples were analyzed during the month. Additional use will per-
mit cost and accuracy comparisons against fission counting which provides only
Pu2h0 values.

~Iron measurements were made to support a study of CSQZnFe(CN)s hydrolysis. The
standard o-phenanthroline method worked. Preliminary digestion in high boiiing
acid expelled cyanide interference.

X-ray absorption was useful for measuring uranium in arc furnace melted uranium
dioxide. The first step was metal removal by leaching with cold, half-strength
hydrochloric acid.

Sixteen samples for uranium burnup were received from 327 Bullding dissoluticns.
They are being processed at the one/d&y rate. Twelve are complete. Final testing
of the 325 Building dissolver is on schedule aimed at a rate of two dissolutions/
week by February.

The Five Peak Analyzer cperated routinely. Two-hundred and thirty samples were
completed. To do the same work with & scanning spectrometer plus some chemical
separations would have required an additional 1.25 employees. The Analyzer often
permits cost savings even when chemical separations are still necessary. The
reason is that separations need not be so precise., For example, a single perchlor-
ate separation was found adequate for cesium. And again, itwenty-one hours time was
saved through shortened forms of niobiuwm and zirconlum separation procedures.

Controlled Potential Coulometry

The precise determination of plutonium by controlled potential coulometry at a
macroe level (two to ten milligrams plutonium) bas been previously discussed. A
mercury pool cathode in s citrate buffered medium was used. The method did not
permit the separate titraticn of plutonium and iron, but a correction for irom
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impurity was required. Recent work with a platinized platinum gauze electrode in
acidic medis bas led %o = method which has no iron interference and retains the
high precision of about plus or minus 0.05 per cent standard deviation in the
optimum range. The titration is carried out in a cne molar nitric acid solution
containing a small amount of sulfamate ion to eliminate nitrite interference. For
the Pu(III) to Pu{IV) conversion, potentials of 0.50 volts for reduction and 0.90
volts for oxidation agalnst a saturated calomel electrode are applied. Chromium
and nickel do not interfere, and iron doea not interfere unless its concentration
exceeds the plutonium concentration.

Studies of low level plutonium titratiocns at 100 to 200 micrograms are being made

by plotting oxidation-reduction titration curves of plutonium and of various possible
interferences in several media using the controlled potential coulometer. In ad-
dition, a unique instrumental adaptation of the coulometer permits the direct re-
cording of the derivative of the titration curve, yielding a peak at the EC which
closely resembles the results of derivatlve polarography.

Fisslon Counter

The gas scintillation filssion counter has been modified to use an ultra-violet sen-
sitive multiplier phototube with the elimination of the wave length shifter pre-
viously required (nitrogen in argon). A subject report has been issued as HW-4é412.

EQUIPMENT AND MATERTALS

Pumps

Deepwell Turbine Pump Conical Slinger - Deflector Liquid Seal. A modified conical
slinger-deflector seal for deepwell turbine pumps has been placed on life test. The
cone consists of twe pieces and is mounted with the base facing the liquid throttle
bushing. The top of the cone is attached to the pump shaft, the base of the ccone

ig free to move axlally and is plnned to the top of the cone so that it rotates
with the shaft. With the cone set 20 mils below the ligquid throttle bushing and

10 mils dlametral clearance between the liguid throttle bushing and the shaft the
maxinmum leakage at shut off (217 feet head) was 710 ml/min. At 8 feet of head

the leakage was zero. The leakage averaged abcut 350 wl/min at discharge heads
typical of plant operation.

These preliminary test results indicate that a two piece, hydraulically loaded,
conical slinger-deflector will be superior tc the cne-piece cone unit recommended
for plant application and reported in HW-53530.

Canned Motor Pump. An order has been placed for s 5 HP canned motor suitable for
in-line or submersible pump application. The motor will be in accordance with
the design developed by the General Engineering Laboratcry in 1950 (HW-51826).
Titanium will be used instead of stainless steel and the bearing retainers have
been medified to permit easier replacement.

Valves

Elkem Solenoid. A plastic solenoid valve supplied by the Elkem Corporation failed
after L4 000 cycles. The sclenoid coil burned out. Operation was smecth until
failure occurred.

PIRTES RECLASSIGE =
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Hills McCanna Saunders Type Valve. Super Dylan and Marlex 50 (high density poly-
ethylenes) diaphragms molded in the normally closed position are being tested.
Most materials used for diaphragms in these valves are susceptible to radiation
damage at relatively low total exposures (Teflon at 107 - 10° r). These poly-
ethylenes have some physicel properties desirable in diaphragms after expcsures
to 109 r gamms and retain them at expesures of 2 x 109 r gamms. One diaphragnm
exposed to 109 r has endured 400 off-on cycles.

Cdrrosion Studieg

Hard-Surfaced Titanium. Hard-surfacing of titanium is under study as a means of
preventing sccring and deformetion of mating faces of nozzles on remote jumpers.
Three samples of A-55 titanium ranging from as received to "fully hard-surfaced”
{cyanide bath) were submitied to Buey corrosion tests in this laboratory. Micro-
scopic examinations were made after each 48-hour test period. There was no signi-
ficant difference in observed corrosion rate among the three samples. However, all
three corroded at a rate sbout five times greater than normally observed for A-55
titanium under these conditions. In addition, localized cracking was observed
around numbers placed on the samples. Preliminary metallurgical examination in-
dicates the cracks do not penetrate much beyond the hardened layer and they may
have been present prior to the Buey test.

Pressurized Heat Transfer Units. Exploratory experiments are being conducted in
the pressurized heat transfer units to determine how data cbtained with them corre-
late with those obtained with atmospheric pressure units. In an exposure of 3h7
stainless steel to 60 per cent HNO3, corrosion was considerably more severs under
conditions where heat was transferred from the sample tc the solution than when
the sample received heat from the solution even though the sample surface tempera-
ture was about the same (ca. 115 C) in both cases. Also, crevice corrosion at
the sample-gasket interface was evident in the former and absent in the latier
case. The observed differences in corrosion rate may be due to differences in
boiling nucleatior on the two surfaces.

KEW PROCESSES

Flurex Development

304-1 Stainless Steel Anodse. Long term {200 hours) tests indicate the equilibrium
anodic corrosion rate of sensitized 304-L stainless steel in 0.1 M NH,NO3 (pEA9.4)
to be about 4.8 mg/sq.in./amp.hr. when cperating at 1 amp/sq.in. Based on cost of
materials and previously determined corrosion rates for Pt under the same condi-
tions, the cost per unit weight of uranium processed would be about twice as much
for Pt anodes as for 304-L anodes. In this run, fluoride conceniration was

0.0003 M and temperature was 30 C. The effect of these and other variables such
as stainless steel type and pre-treatment will be studied in future rumns.

Catholyte Compcsition. A series of runs was made to determine the effect of certaln
variables in cathelyte composition on efficiency for uranium reduction at the
cathode. Data obtained are shown in the folilowing tablulation.
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Reduction Efficlency, Per cent, vs. Cathode Composition

0.01 MU 0.1 MU

O.LMF 1.0MF 0.TMF 1.OMF
0.0 M Hy50, 62 57 86 23
0.1 ¥ HyS0y 64 72 70 92

These were preliminary, batch type experiments performed primarily to determine
significant variable ranges to use in planning & meore comprehensive series of runs
which will permit a statistical evaluation of the interaction of six factors com-
sidered significant in catholyte composition and operating conditions. Although
subject to conslderable error, these experiments do show uranium concentration to
have a significant effect on reduction efficiency.

Feed Compartment Composition. Further studles of current efficiency for uranium
transport {across the cation membrane) as a function of feed compartment composition
and opersting conditions indicate (a) current efficiency for uranium transport is
independent of equilibrium uranium concentrations in the range 0.1 to 1.5 M, (b}
gross walter transport increases with decreasing uranium concentration and Increasing
cell temperature.

Other studies in progress (cathode compartment fission and corrosion product decon-
tamination and correlation of static and operating membrane stability tests) can not
be reported this month due to lack of analytical dsta.

Apion Exchange Process

Anion Exchange Kinetics

Studies of plutonium absorption and desorption kinetics on anion exchange resins
have been continued. Por all resins studied to date, the concentration of plutonium
. absorbed on the resin increases approximately linearly with the logarithm of the
time with the exception of one per cent crosslinked Dowex 1. The Dowex 1, X-1
loads much more rapidly than the other resins, end the plutonium concentration
varies in a more complicated fashion with time. The greater shrinkage which this
resin undergoes oca leading may accournt in part for 1ts more complicated rate be-
havior as compared with higher crosslinked resins. The elution of the anion resins
with 1 M HNO, at 60 C results in data which approximates very closely a first order
rate mechanism. Elution at 25 C with 0.35 M HNO3 deviates from this type of rate
expression, apparently because of plutonium polymerization in the resin phase. In-
creasing elution temperature with 0.35 M HN03 results in increasing initial rates
followed by a sharp break ané very slow elution. Apparently this behavier is due
to increased tendency to polymerize at increased temperature. This indicates that
& shallow bed camnnot be eluted completely by 0.35 M HNO. at elevated temperature
and high £flow rate. The reason for complete elution in"a deep bed using C.35 M
HNQ, at elevated temperature appears to be that the elution is occurring mainly
intd Pu(Nog}h - 0.35 M HNO3, and the resin contacts the low nitrate elutriant only

GECLASSIFY
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after mogt of the plutonium is already removed. Much more variation between resins
is seen in the elution Xinetlcs than in loading kineties. Tlimes required for 90
per cent elution by 1 M HNO: at 60 C are: Dowex 1, X-1 (50 - 100 mesh), 2 minutes;
Dowex 1, X-4 (50 - lOO_ﬁesh?, 25 minutes; Dowex 1, X-8 (50 - 100 mesh), 290 minutes;
Amberiite TRA-401 (20 - 50 mesh), 95 minutes; Permutit - SK (20 - 50 mesh), 10
mioutes.

It was previously repcrted that Dowex 21K (50 - 100 mesh) was incompletely eluted
by 0.35 M HN03- This appears to be due to non-uniformity of the resin beads, and
this difference is probably exaggerated by the fact that the plutonium on the

beads which lag behind the sharp elution band undergoes polymerization in the dilute
nitric acid. Elution of this resin with O.45 M ENO3 at €0 C results in complete
elution with a meximum product concentration of 52 grams per liter. The non-
uniformity of the resin is still spparent from the lagging of some of the beads
behind the sharp banpd, but this tailing 1s not sericus at this acidity.

Recovery of Plutonium from Purex 1WW

A series of runs is in progress to determine the plutonium adscrption charscteristics
of Dowex 21K and Amberlite IRA-LOLl resins for feeds of the plutonium level expected
in Purex 1WW.

With synthetic Purex 1WW spiked to 50 mg Pu/l, Amberlite IRA-LOL (20 - 50 mesh) ex-
hibited a plutonium capacity (to S5O per cent breskthrough) of 10, 10 and 15 grams
plutonium per liter of resin at temperatures of 60, 40, and 25 C, respectively.
Analytical data for 2 run with a feed concentration of 2 mg Pu/1 (approximately
that expected in plant 1WW under steady state two-cyrle operation) are incomplete,
but indications are that the capacity of Amberlite IRA-40L to 50 per cent bresk-
through is at least 2 grams plutonium per liter of resin and at 10 to 20 per

cent breakthrough, is probably of the order of 0.5 to 0.75 grams pluitonium per
liter of resin.

Although low, these capacities are sufficient to enable economic recovery of sig-
nificant amounts of plutonium from Purex 1IWW even with the low solvent extractlon
losses expected from the two cycle flowsheet.

However, it is emphasized that several uncertainties exist in extrapolating these
data to the in-plant processing of 1WW. The oxidation state of plutonium in 1WW
is not lkmown, and an additional step may be necessary to convert the plutonium to
the required tetravalent state. Plugging of the resin bed by suspended solids,
if present, in plant 1WW is an additional potential complication.

Pyrochemical Processing Studies

Further work has been done to determine how aluminum reacts with the specles formed
when UOp and UO; dissolve in KAICl),. Preliminary experiments were also performed
to learn how oxides of cerium, thorium, and plutonium behave in the KAICl)y system.
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When UQ, reacts with excess KALCL), the uranium reaction product is U0L1ls. Upon
additioft of aluminum to this melt, its color changes from red %o purple, and part
of the uranivm is reduced to metal. The reactior is believed to be

=

300015 + b AL —> U + 2 UC1l3 + 2 Al03 (1)

which at 1000 X has a free energy change of -109 kcal/mole UOClpy. Further reduc-
tion of the UCl3 to metal iz unlikely since the free energy change for this reaction
ia +27.5 kcal/mole. On the basis of equation (1), the theoretical yield of uranium
metal is one-third of the total uranium present as UO.Cly. Experiments in ailr,
however, have resulted in metal (alloy) yields up to 79 per cent {see the follow-
ing Teble}. This result is perhaps due to a reaction such as reaction (2).

3U0LL, + 1% AL + 6 0y > 3U + 6 Alp03 + 2 ALC13  (2)
The data of the accompanying table and experimental observations tend teo support
this hypothesis. When aluminum is added to the UC,Cl, - KAICl) solution, there is
an lmmediate reaction and the color of the system changes to purple indicative of
uranium (III). It is believed that initial reaction according to equation (1) 1s
very rapld. The subsequent reaction invelving atmospherlc oxygen proceeds more
slowly and is perhaps limited by the diffusion of oxygen to or through the salt-
gir interface. The data in the table, although fragmentary, support this mechanism:
The extent cf metal production by the secordary process apparently lncreases linear-
ly with time; it decreases with an increase in volume of the salt phase (which di-
ilutes the UOLly and incresses the distance beiween the air-salt and salt-aluminum
interface); and, it decreases with increasing UGzC1s concentration.

Reduction of U02012 by Aluminum in the System UOgClg-KAlClh-Al(a)

Run Time UC3 KA1CLy, Al % U Reduced % U Reduced
Fo. Mio. Molas Moles Moles to Metal Less 33%
10 10 0.0035 0.048 0.148 L6 13

1 20 0.0035 0.048 0.148 go{®) 27

11 20 0.0035 0.048 0.148 sol®) o7

1h 20 0.0035 0.072 0.1L8 36 3

15 20 0.0035 0.096 0.148 38 5

13 20 0.0018 0.048 0.148 9 Lé

11’ 20 0.0035 0.0b8 0.1h8 go'P’ 27

12 20 0.0070 0.0k8 C.1u48 39 6

(2) Reactions took place in unstirred quartz test tubes at 770 € in air. The
reaction mixturss were quenched by pouring irto porcelain evaporating dishes.
(b) Same rum.
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It is net believed that volatilization of AlCl, provides the driving force for the
reaction of aluminum with uranium trichloride Since a relatively large quantity of
aluminum chloride is present in the solvent at all times.

A Tun simii&i to run 10 but conducted at 700 C was made with 20 mg of Cex0s con-
taining Ce~" added to the aystem. The seli phase contained 106 times the activity
of the uranium-aluminum alloy button. This large decontamination factor is impor-
tant not only for the size of the single stage effect bul because 1t demonstrates
the fact that clean phase separations are not difficult to attain.

Similar runs were also made with ThOs and Pu02, the extent of reduction being 11
per cent and 1 per cent, respectively. These results reflect the greater thermody-
namic stability of PuCl3y as compared to UClsy in reaction with aluminum and offers
possibility of a simple partition technique. The potential for partition is even
greater because of the alternate oxidation mechanism avallable to uranium which 1is
not available to plutonium.

PROCESS CONTROL DEVELOPMERT

Assgigtance to the Purex Plutonium Resin Column Controls

Instrumentation for the Purex Plutonium Resin Column has been activated preparatory
to operating the column with plutonium feed.

The resin level indicator operates satisfactorily at flowsheet acid concentrations
and detects the resin level in the reservoir to plus or minus one-half inch.

The XCP gamma absorptiometer ion chamber was replaced because g Kovar insulator
cracked and caused excessive current leakage. The new chamber was carefully cleaned,
internally dried, sealed with an epoxy cement and painted to minimize current leak-
age and corrosion. The absorptiometer now appears to function properly although
some difficulty is heing experienced with microphonic pick-up from the signal

cable.

The Ohmaert absorptiometer is installed om the XA column, one foot above the feed
point. An initial ealibration in the range zero to 120 grams plutonium per liter
on the resin was completed using lead abscorbers.

The 2BP contzct alpha counter is installed and will be tested and calibrated when
plutonium solution is introduced into the system.

The measured conductivity of nitric acid in direct contact with the anion resin
varies as much as 30 per cent depending on the packing of the resin around the
measuring probe. Because of this the probe requires shielding even though the re-
gponse time with the shield is longer than desired. However, some improvement in
response time has been achieved by using a Dutch-twill type screen having a greater
free area.

FZ2652759
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Assistance to Project (G-686

Electronic operability tests were completsd ¢n the six installed gamma monitors at
Redox. The monitors were calibrated in the plant usinrg a 2 millicurie per gallon
cesium 137 soluticn. On December 19, the 1BP acd 2BP monitors were put on stream
and placed in the "Beneficial use category.” Fluorcthene gamma monitor sample cells
for use on these streams have gshown little or mo background activity to date.

Asgigfance t¢ Recuplex

A new thulium source was installed in the Recuplex CCP abscrptiometer. This source
is constructed differently from the previously used source and necessitates a re-
calibration of the instrument. The recalibration will be accomplished by comparing
absorptiometer resulis with laboratory analysis of CCP stream samples.

Densitometer for Purex HA Columm

A prototype densitometer for possible usa in the Purax HA columrn has been in oper-
atlion in the 321 Building for %en days., Witk the Foxbeors dynalog recorder and
Fisher Porter rctame®er coil in use one-2ighth irchk of float travel is equivalent to
0.01 specific gravity units or 10 per cent of chart travel. Hysteresis and dead
band are virtually nop-existent. A drift from the set point of about 2 per cent
per day is ohserved and as yet camnnc® he explained. Effcrt at present is being
directed towards locating and removing the s~urce of this drift.

Instrumentation for Measuring Quantity of Cesium-137 in Shipping Containers

A survey of inatrumentation to measure the gquantity of cesium in a shipping con-
tainer has been made. It appears that an air filled ionizaticn chamber feeding a
Beckman amplifier will be a gatisfactery gsystem for this application. It is anti-
cipated that mcst of the development effert will be concerned with ion chamber
gecmetry, shieldirng, ard method of staadardizaticn.

Magnetic Plowmeter Test

The Foxbore magnetic flowmeter, modified tc cperate in the 0 - 2 GPM range, has
been under test metering 60 per cen+t UNH a%t s scluticn and ambient temperature of
90 C. During the test period of 140 hours ithe specific gravity of the =zclution
varied from 1.6 tc 1.8, vet the meter exkibited rc change in calibration. The
flow meter will ncw Tz Tested with a 100 per cert UNH solution.

NON-PRODUCTION FUELS REPRCCESSING

Mechanical Processing

Circular sawing has teen reccmmerded by geveral squipmernt manuracturers z2g the
best method for cutting ceramic powar reactor fuel slemsnts to permit 2cre leach-
ing. GSuccessful demcnstration of a gaw for tThis purposs will permitf a greatly
simplified design for a mecharacal processing cell since sawirg was already in-
cluded fcr herdware remcval, Ccnsequently, The initisl develcpment sfep in con-
nection with mechariral processing of nor-producticon fueals will be to evaluate
sawing techniques.

1261270
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Separation of Chloride from Darex Dissclver Sclutions

Solvent Extractior Removal of U and Pu. Separation of U and Pu from chloride (and
other unwanted ccnstituents) in Darex dissolver sclutions by solvent extraction is
under study as an alternative to azeotropic nitric acid vapor stripping of chloride.
After equilibration of a simulated Darex dissolver solution (0.95 M UNH, 1. 48 M
HNO3, 1.90 M HC1, 835 disscluticn products) with a two-volume portion of 30 per " cent
TBP-Shell E2342, the organic phase contained 5 g/l chloride and 97 g/l uranium.

Six 1/5-volume scrubs with 3 M HNCq containing 16 g/l UNH reduced the organic
chloride content to about 500 ppmp wranium. Two additional scrubs with water did
not reduce the C1/U ratio. A combination of the six HNO3-UNH scrubs and three
additional scrubs with l/5-volume portions of 0.05 M Cr{NO )3 produced an organic
phase having o chleride concentration of about 15 ppmp uranium With 0.05 M
Al(N03) vice Cr(NO3 ),, residusl chloride in the organic was about 150 ppmp uranium.
Scrubbing with 0.05 M3Fe(N0 ), and Hg(NO.}, following the ENO3-URH scrubs removed
some chloride but neither was as effecti¥e as Al(NO3)3 Scrubbing the extraction
organic phase {5 g/l €1-97 g/1 U) six times with 1/5-volume portioms of 3 M HNO3-
0.05 M AL(NG3)3 - 16 /1 UNE produced an organic containing 320 p Cl/mp U.  Furiher
studies to determlne optimum serubbing with Cr(N03)3 are in progress.

Spectroscopic analysis of the extraction organic phase showed only a trace of Fe and
non-detectable ampunts of Cr and Ni showing that the extracted chloride is not asso-
ciated with stainless steel dissclution producits.

Direct Boil-0ff of HC1 ag_[or Cl,o. Another alternative to azeotropic distillaticn
for removal of Cl from Darex dissolver solutions is direct boil-off of HCL and/or
Cly (total condensation without reflux). Further runs made in this study confirm
previcusly reported data and show Cl removal rates depend on BN03 concentration aand
boil up rate. No advantage ir chlorine removal was obtained by air sparging or the
addition of oxidants (03, Hy0y, KMnOy ) during boil-off.

Investigation of Methods for Determining Chioride Ion Concentration in Darex
Process Solutious.

Laboratory studies directed toward a suitable potentiometric method for determining
chloride ion concentration in Darex process solutions are continuing. The two
systems (1) calomel reference electrode, calomel detecting electrode and (2) silver-
silver chloride reference, silver-silver chloride detecting electrode, yield non-
reproducible results. The calomel detecting electrode is unsatisfactory in that
the mercurcus chloride adsorbs solution and hes a "memory” and thus fails to de-
tect changes in chloride ion concentration. The system of two silver-silver
chloride electrodes glves very poor results under the conditions of the experiment.
A calomel refarence slectrode with a silver-silver chloride detecting electrode
exhibits excellent stability and reproducibility. Voltage readings have held
constant for five days, and the system responds immediately to changes in chloride
ion concentration. The logarithm of the chloride ion cencentration is a linear
function of the measured voltage from 1 M tc 1072 M chloride ion. The measured
veltage changes 50 millivelts for a ten-fold change in chloride ion concentration.

Work is now directed towards determining the life of the electrode in various

eyt DECLASSIF
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Corrosion of Materials in Peed Preparation

Darex Studies. A welded Haynes 25 coupon (no subsequent heat treatment) showed no
visible preferential attack after exposure to 5 M HNO3 - 2 M HC1 for 200 hours.
Weight loss measurements indicated a corrosilon rate of about two mils/month. How-
ever, after 300 bhours exposure, severe preferential attack occurred in areas ad-
Jacent to the weld. In a similar test with a welded Multimet alloy (cobalt-contain-
ing alloy stabilized with 1 per cent Nb) preferential attack near the weld was even
more severe.

Zirflex Studies. The corrosion rate {weight loss) of 30k L stainless steel exposed
for 312 hours to 6 M NHLAF under heat transfer conditions - bulk metal temperature
135C - wvaa L6 mils/month. Numerous shallow pits were formed and penetrations as deep
as 3 mils were observed. In a similar test with & M NEyF - 0.5 M HF an apparent
corresion rate of 5.7 mils/month was observed. However, most of the corrosion occur-
red under a deposit of calcined salt along the edges of the test specimen. Pitting
was not observed. Additional heat transfer tests including the NH,F-(NH,)pZrFs-
NE4NO3 system are in progress.

A corrosion rate of 0.1 mil/month wes observed for a 304-L coupon half submerged in
boiling 4 M NE4F. Shallow pits were observed beneath a heavy scale which formed at
the interface.

Data from Huey-type tests of the corrosicn of 30k-L, by solutioms simulating dis-
solution of Zirflex declad fuel elements by HN03-A1(N0 )} solutions and without a
metathesis step, have been reported previously. They %naicated satisfactorily low
corrosion rates. Results of similar tests under heat transfer conditions (metal
temperaturs 140 C) are tabulated below:

Corrosion Rate,

Solution Mils/Mo.
12 M HNO3 - 0.5 ILiAl(NO3)3 - 0,02 M UNH - 0.08 M FF L.y
12 M HRO3 - 0.5 M A1(NO3)3 - 0.02 M UNE - 0.16 M HF 7.1
6 M ENO3 - 0.06 M AL(NO3)q - 1.0 M UNE - 0.08 M HF 1.2

These rates are not considered excessive since the high acid conditions will exist
for short times only. The corrosion was largely intergranular.

HNO~-HF Dissolution of Clads and Cores. Coansideration is being given to the use
of HNO3-EF or HNO3-EF-AL{NO3}, solutions for the total dissolution of stainless
gteel and Zircaloy clad fuel elements. Regults of some dissolution rate and cor-
rosion studies with these solutions are tabulated below. These are Buey-type tests
and involve a one-hour exposure of the metal tc the solution unless otherwise
stated.
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Disgelution Hates, Mils/Hr.

Oxidized Zireca-

Solution 304-1, Haynes-25 2T Zircaloy-2 loy-3
1) 5M BNO3, 1M HF 1.03 0.055 -~ - ~ 85
2) 2M ERO3, 1M HF 2.15  0.0k0 .- - ~80
3) 1M HNO3, 1M HF k.00 0,050 -- -- ~/TC
4) 5M ENO3, 2M EF 2.07 0.105 -- -- >100
5) &M ENO3, 24 HF k.75 0.120 -~ -- 2100
6) 1M HNO3, 2 HF 6.93 -- - -- >100
T) SM ENO3, ©.5M HF, 1M A1{NO3)3 -- -- 3.94 0.012 --

8) 5M HNO3, 0.5M HF, 0.5M A1(NO3)3 0.015 0.0051(2k hr) 10.2 ©0.085(1.1,18hr) --

9) 24 HNO3, 1M HF, 2M A1(NO4)3 -- - -- - 2.02
10) 2M HNO3, 1M HF, 1M Al(NO3)3 - 0.0029(2% nr} 15.0 0.107 10.0
11) 24 HNO3, 1M HF, 0.5 M AL(NO3)3 -- 0.00k8(24 hr) - -- 27.7
12) M HNO3, O.SM HF, 1M A1(NO3)3 -~ -- 3.5 -- --
13) 4M NHF - -- -- 0.121 -~

These data indicate the possibility that Haynes 25 may be a satisfactory materiel of
construction for a dissolver in which to perform totel dissolution of both stainless
steel and Zircaloy clad fuel elements with HNO,-BF solutions. Either Haynes 25 or
304 L could be used as a materisl of construct%on vhen using HNO -HF-Al(N03) solu-
tions to dissolve Zircaloy clad elements. This assumes, of course, that m@chanical
abresion or other technigue will solve the problem of resistivity to attack by
oxidized Zircaloy-2. The possibility of preferential attack by these solutions

near welds in Haynes 25 must be examined.

Process Economics

The study of process and equipment requirements and economics of about 20 alternates
for the processing of power eand propulsion reactor fuels for fissionable and fertile
material recovery wes continued. The study also includes processing plutonium
recycle test reactor fuels.

Equations were developed for use with a computor to determine the most economical
design of heat iransfer equipment such as a condenser to be fabricated of costly
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titanium. This meterial of construction is needed for application in the Darex
proceass for stainless steel fuel jacket dissolution in dilute agua regia.

We have been advised that "The Summer Institute on Nuclear Energy - Chemiecal
Processing” will be repeated at EAPO in 1958. Organization ard planning for this
program were begun cn the basis of an attendance of up to 20 participants, twice
as many as last year.

REACTOR DEVELOPMENT - 4000 PROGRAM

Reprocessing of FRP Fuels by Amine Extraction

Tri~-laurylamine was tried as a plutonium extractant and found to hold much promise.
Plutonium extraction was very similar to that obtained with tri-n-octylamine or
tri-isc-octylamine; however, the laurylamine hes the very important advantage over
these that a third phase is not formed when the amine is diluted with a hydrocerben
diluent {Amsco) and contacted with a nitric acid solution. A second organic phase
is formed in the presence of 1 M uranium; however, this may be prevented by the
addition of as little as 1-1/2 volume per cent n-octyl alcohol. In addition,
gtripping the plutonium from the organic phase with ferrous sulfamate appears to

be much easier and more complete than with the octylamines. Tri-laurylamine is
available commercially at a price of only two dollars per pound.

Extraction-scrub studies were run with both tri-laurylamine and tri-iso-octylamine
with Purex dissolver sclution as feed. One extraction, three scrubs, and one strip
were gmployed. Overall decontamination factors for Ce, Ru, and Zr-Nb were ;>105,
>107, and 500, respectively, with ten per cept tri-laurylamine, five per cent
n-octyl alcohol in Amsco, and 6 x 109, 1.5 x 104, and 107 for ten per cent tri-
laurylamine in Amsco without n-octyl alechol. In the latter case, a third phase
formed on extraction; however, the two organic phases coalesced con scrubbing as
the uranium was stripred out. This raises the interesting possibility that it may
be feasible to operate in a conventional column withcut the octyl alechol since
only one organic and one aqueocus phase will leave the column. Decontamination
factors with tri-iso-octylamine {diluted with xylene)} were comparable to those with
tri-laurylamine, tut plutonium stripping was muckh poorer. Thus, plutonium strip-
ping coefficients (EJ) of 0.004 and 0.0023 were obtained in the laurylamine experi-
ments versus values of 2.2 and 5.7 ir twe of the iso-octylamine runs. Raising the
temperature to 60 C improved plutcnium stripping from iso-cctylamine (ES = 0.02)
and alsc improved Zr-Nb decontamination ten fold.

Processing of PRP PFuels

The recovery of plutonium from FRP feeds by anion exchange regquires the use of
about seven molar nitric acid and a uranium concentration less than 180 grams per
liter. TFeed preparation could beszt be made by dissclving to this acidity rather
than disselving to low acidity and diluting with acid.

An anion exchange run was made in the labcratory to determine what effect this
dissolving precedure might have on fissicn produst decontaminaticn.
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A piece of irradiated uranium was dissolved to & terminal acidity of eight molar
nitric acid. This soluticn was diluted to ten per cent level with cold feed and
filtered prior %o being fed tc the column.

The loading (oug of 8.0 M ENO3, 103 g/1 U, 0.46 g/1 Pu(IV), 2.7 x 107 J7/m, ml
Zr-Nb, 1.4 x 10° /m, ml Ru-ah), washing (with 7.5 M ENO3), and elution (with
0.35 M HNO3) were all conducted at 55 C: The loaded resin waes washed with 60
column volumes of wash and the plutonium then eluted at a concentration of ca,

1¢ g/l Pu. Decontaminetion factors were €.4 x th for gross gamma, 2.25 x 106
for zirconium, and 2.8 x 10* for niobium. The lLimiting fission product was ni-
obium which accounted for about 99 per cent of the gamma activity in the product.

The gross gamma decontamination obtained in this run is about three-fold greater
then was obtained in an earlier run which employed feed prepared from Purex dis-
gsolver solution. It is not known whether this improvement was due to the modified
dissolving procedure or perhaps to a lower solids content irn the laboratory pre-
pared dissolver soluticn. In any event it appears that dissolving to a high
terminal acidity will certainly not hamper fission product decontamination.

Radiation Expectations from High Exposure Plutonium

The plutonium to be recovered from power, propulsion, and plutonium recycle test
reactor fuels will hesve a wide range of exposurs with a trend toward far greater
exposures than that of material now normally processed by essentially unshielded
methods. A study was made to determine quantitatively the radlation intensities
expected from plutonium derived from these new fuels. The study showed that the
greater fraction of isotopes other than Pu-239 can be expected to present signifi-
cant increases in radiastion levels in the existing plutoniwn handling facilities.
These radiation levels are of such megnitude that routine processing will require
shielded facilities.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

The southeastern, subsurface extension toward Ringold of the Gable Mountain anti-
cline was confirmed during the drilling of well 699-43-11. A bed of sand and
gravel up to about 110 feet thick berneath 200 Bast Area and constituting the lower-
most bed of the "blue clays" portion of the Ringold formation there was shown to
pinch out completely west of well 699-43-11. A bed of clay overlying the sand and
gravel beneath 200 East Area was traced to the clay bed in that well lying directly
on basalt. The aquifer thus terminates eastward. Demonstration of similar situa-
tions in this bed in other directions will indicate slow moving if not stagnant
ground waters in the bed, hence & horizon in whieh the presence of radicactive
contaminants need cause little or nc concern.

Considerable geologic data were procured from well records of the Bureau of Reclama-
tion at Ephrata on wells in the Columbia Basin Irrigation Project immediately east
of Hanford. Some data were also procured from the Standard 0il test well on Rattle-
gsnake Hills, now about 8000 feet irio the basalt series., Correlation of these

data to previcus records is under way. ] i’i?’j”@
Ly
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The rate of growth of the mound beneath the new Gable Mocuntain swamp was used to
caleculate the transmissibillity of the quifer in that region. A transmissibility
of 2,600,000 gal/day/ft was calculated from the changes observed during the first
week of operation. This agrees closely with the transmissibillity determined
earlier from pumping test data in 2z nearby well. The very high permeabillty of
the gravels in this region will minimize +the extent to which the swamp will affect
the local ground water pattern.

Research continued in the study of the vertical flow distribution beneath a2 crib
by means of a sand box model. The equipment was successfully revised %o eliminate
operaticnal problems previously encountered. The model contains 187 flow collec-
tors built into the bottom to demonsirate flow distribution. Initial tests were
designed to study the wall effect of the model. Flow collectors adjacent to the
model wall showed no evidence of distorted flow as a result of their loecation.

Soil Chemistry and Gecchemlatry

The reaction whereby strontium is removed from phosphate sclutions by caleite crys-
tals waa shown to involve probably two mechanisms. The first is the growth of
brushite, {(Ca,Sr) HPQy, 2H,0, on calcite surfaces. This reaction occurs only with
significant concentrations of strontium, above the solubllity limit of brushite.
The solgbility product of brushite was measured and found %o be between 10°° and

5 x 107Y. The mineral brushite gradually tranaforms to apatite over a period of a
number of years. The apatite is somewhat less soluble than the brushite. The
second mechanlism involves the replacement of caleium ions in caleite crystals with
strontium loms from solution. This reaction acts very much like a normal ion ex-
change reaction, with an equilibrium constant and typical breakthrough curve. It
is unlike true ion exchange in that most foreign lons in solution do not compete
with strontium in the reaction. This latter reactlon does not depend on the pre-
sence of phosphate lon to proceed. Both reactions operate independently, but
neither alone will account for the complete removal of strontium from solution on
a8 calcite bed as demonstrated in the labcratory.

The calcite removal of strontium was found to proceed satlsfactorily for all wastes
with the exception of a synthetic TBP, scavenged waste. Further tests with this
solution indicated that the strontium is oeccurring as a complex anion. Nearly
complete removal of strontium from this wasie was achieved by passing it through
an anion exchange resin. It was found that the presence of KyFe (CN)g and Fe(NHL)g
(804), in solution with the strontium was necessary to produce the strontium anion.
Neither compound alone resulted in the complex formation.

Ground Waste Disposal

Purther experiments were conducted to evaluate the influence of temperature on
soil column breakthrough data. These at 18, 36, 58, and 83°C, indicated a contin-
uwous, but non-linear, temperature effect on the breakthrough of strontium from
magnesium saturated soils. Quantitatively, if a breskthrough of Sr occurred at
one column volume at 83 C, it would occur at 1.3 column volumes at 58, at 1.9
column volumes at 36 and at 2.7 colum volumes at 18 €, from a Mg-3r system.

a0
s
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It was hypothesized that the observed temperature effect is the result of dehydra-
tion of ions at the higher temperature, with a resulting increase in relative
bonding energy of icns competing with strontium for lon exchange sites. It was
predicted from this hypothesis that iess temperature effzcti would be found in
£a-Sr systems than in Mg-Sr systems. Experimental data fulfilled this predictiom,
in fact the Ca-8r system displayed a negligibly small temperature effect. Tests
are planned tc study further the reason for this temperature effect.

Qrigin of Radloisotopes in Reactcr Efflusct

A further study of the sulfuric acid used in reactor process water treatment 1is

in progress. The study is intended to expl%re the possibility that this acid is
the source of & significant part of the As7® found in reactor effluent. Eight re-
presentative samples of acid wers collected and submitted for arsenic determina-
tion. The analyses are intended to supplement the analysis of a single acid sample
previously obtained in which 5 x 1072 ppm As was detected. This concentration is
too low to contribute sigrnificantly tc the AsT® concentration in reactor effluent.

Field Apparatus Development

Two Becker peristaltic action pumps were tested to determine tube life. One unit
was operated at 1750 rpm, at which speed it pumps 40O ce/min. After one week of
continuous service perceptible wearing of the tube was evident. The second pump
was checked for comstancy of fiow at a pump rate of about 1 cc/minute. After the
pump had operated continucusly for two weeks, the flow rate had decreased from
1.05 ce/min to 0.99 ce/min. The short interval flow rate has always been within
=2 per cent of the sverage.

The very low volume feed pump employing screw driven double~acting pistons and
syringes hag begun to give trouble after Tour month's of coperation. Slippage in
the speed changer resulted in non~stsady flow rates. Check valves, too, were
giving faulty operation resulting from rust particles in the system. Improvements
will be incorporated as a resul®t of these cbservations in the design of the multi-
streap feed pump for scil column research.

Possible circuits employing thermistors for measuring very low water velocities
were developed. A circuit design employed in a commercial application will be
assembled and tested.

The deep well submersible pump was repaired by the Layne and Bowler Company and
returned to service. A higher capacity pump was ordered for extending tle present
well pumping studies to deeper wells. The trailer-mcunted 30 KW generator was
tested using & 30 hp motor to similate the load anticipated with the larger pump.
The generator easily picked up the motor lead and should be adeguate for the new

pump .

Further exploring the merits of magnetic and gravimetric surveys in the region to
identify the surface of the hasalt resulted in increased optimlsm for the succesgs
of these methods. Some of the observations bearing on the potentlal use and
possible vaslue of gravimetric and magnetometric instruments are the following:
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1. The geology of the region is relatively simple (essentially one sedimentary
member overlylng an igneous member).

2. There are significant physical differences between sedimentary and igneous
gtrata. Denslty will differ by about 50 per cent and magnetic susceptibility
of the two strata will bhe different by & factor of about 20.

3. Cost of rent or ocutright purchase of the ilnstruments is relatively low.
A magnetometer can be purchased for about the cost of a 300 foot well
($2000). Gravity meters can be rented for around $400 per mounth, or
purchased for about $8000.

k., Existing wells should permit point checks of the results obiainable with
the instruments.

5. Operation of the instruments is simple though data reduction and interpre-
tation are more complex.

The potential for amplifying our present knowledge of the depth to basalt merits
further study of these methods since approval of the request for a msjor and refined
geophysical study seems to be indefinitely delayed.

Recommendation was made and adopted that 12 inch scrzened wells be provided rather
than the specified 8 inch screened wells for the Cob0 test disposal monltoring wells.
It was pointed out that, bvecmuse of the greater depth and higher pumping rates re-
quired, a pump of the necessary capacity could not be placed in an 8§ inch well.

The use of small humidity-sensitive resistors was suggested for application in ex-
periments dealing with unsaturated flow through porous media. Further study is
anticipated.

Analytical Services

The 256-channel energy analyzer is finally ready for routinely measuring vegetation
fisgicn products. Starting date will be January 2.

By means of gamma spectrometry, Co?7 has been found in some marine biclogical
material. The isotope was not noticed in samples processed (and reported) before
uging spectrometry. They are now being re-examined. TFortunately, separated
fractlions were retained.

A rapid method was devised for preparing thin films for use as source supporis in
b 77 counting calibration. The film consists of VYNS resin having a thickness of

4 ug/cm? and made conducting by dipping into a commercial organic static preventa-
tive. The technically difficult and time-ccnsuming evapcration of metal onto such
films tc make them ccnductive may no longer be necessary since preliminary results
with the anti-static ccated films appear to give the same results as metal coated
films.
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Instrumentation Development

Gamma rey spectrometﬁic procedures were developed for Lal%0 and the rare earth
isotopes, Celdl, gel®3, Bul52, and Sml>3 in gallon samples of Columbia River water
following a single chemical group separation step. Ce L1 requires a two week de-
¢ay period before measurement, but the other four radioisotopes may be determined
immediately. Both the 100 channel and the Radiological Chemical Analysis 256
channel pulse height analyzers have been calibrated for these radioisotopes so
that routine analyses may be made on Columbia River and sanitary water supplies.
Reactor effluent water and area sanitary water supplies may also be analyzed by
this metheod following a one day decay pericd.

The concentrations of several radioisotopes in a few samples of reactor effluent
wveter were determined to provide data useful in assessing the relative hazards
presented by these trace isotopes and are tabulated below.

Concentration uc/ml x 109

Semple 585 srB9 Rul03
1 7.3 837 140.4
2 5.2 268 24.6
3 6.5 222
L 3.2 332
5 57.1

5199 can ve formed both by n, gemma reaction and by fission, but Sr85 is not_a fis-
sion product. When natural strontium is irradiated in & reactgr Sr 5 and 8rd9 are
formed in nearly equal amounts. Since the concentratign of SroY in reactor effluent
water is sbout 40 gimes (omitting sample 1) that of Sr°2, it appears that only a few
per cent of the Sr 9 in reactor effluent water comes from n, gamme reactions on
strontium with the remaining 97 per cent probably arising due to fission.

Special radiochemical analyses were made on samples obtained in the joint gtudies
with the Biclogy Operation on radioisotope uptake by living organisms. Svr > and
Sr90 concentrations in barley plant samples were measured by gamma ray spectrometry
and bremsstrablung counting. Measurements are contimuing on the types and amounts
of radicisotopes taken up by the various parts of bean plants raised in nutrient
solution containing reactor effluent water or in a soil irrigated with reactor
effluent water. Some algae collected immedistely below 100-F Area were found to
contain large amounts of Zr92-Nb99, Rul03-106, ang Cel¥l relative to the usual
amounts of reactor effluent water isctopes. These high concentrations probably
result from purging operations at ¥ reactor.
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The protective effect of anions in preventing the radiation-induced decomposition
—==" of erioglaucine in agueous sgoluticns was found to decrease in the order: thio-
cyanate > nitrate > thiocsulfate > Ilodide >» bromide > carbonate > nitrate
> gsulfite, sulfate, chloride, fluoride, phosphate, chromate, the latter group
being indistinguishable except for chromate which increased the dye decomposition.
In general the order follows the standard potential for oxidation of the anions,
but since these indicate only the direction rather than the speed of reactions,
exceptions were expected and found. Among other uses, a knowledge of the protec-
ticn offered other molecules in aguecus solution by such anions allows their
gubtraction from the total protective effect of crganle salts to obtain the pro-
tective effect of the organic cation alone. The protective effects of glucose,
fructose, sodium acetate, benzene, and pyridine were also measured by the dye-
competition method. Results from the latter two compounds suggest that good
protectors are molecules which can form an activated complex of low energy with
a free radical in which the latter is covalently bound to ithe protector. In some
cages, the energy of such a complex can be calculated by a molecular orbital treat-
ment and used to predict the protective abllities of various structures.

Manager
Chemical Research & Development
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A. Organization and Perscnnel

Dr. Robert H, Schiffman, a physioclogist specializing in aquatic organisms,
joined the Aquatic Biology Operation at the end of December 1957.

R. L. Browning rejoined Bioclogical Analyses Operation as a technologist
following a leave of absence.

B. TECHNICAL ACTIVITIES

FISSIONABLE MATERTALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Atmospheric Contamination

Concentrations of I13l in thyroid glands of jack rabbits were approximately
the same as observed one year ago. Values were as follows:

ne IlBl/g thyroid Trend
Collection Site Average Maximum Factor
Four miles SW of Redox 1 x 1072 2 x 1072 +5
Prosser Barricade 6 x 1073 8 x 1073 =
Wahluke Slope 1 x 107 3 x 10°3 -3

Concentrations of fission products in rabbits were about the same as one

year ago. Values were as follow:
Sample Type pc FPls/g sample Trend
Average Factor
Bone h x 10-5 =
Feces iIx 10‘5 -2
Liver 1x 10'5 E

Columbia Riwver Contamination

The contamination levels for beta emitters in representative organisms
from the river were as follow:

Sample Collection nac/g wet wt. tissue Trend
Type Site Average Maximum Factor
Minnows (entire) Hanford 5 x 107> 6 x 1072 -2
Whitefish flesh  Priest Rapids 8 x 10-2 9 x 1074 -3
Whitefish flesh  Ringold 2 x 1073 3 x 1073 *2
Diving duck flqsh Hanford Reservation 2 x 10-3 5
River duck flesh “ i 2 x IO"a 3
Goose flesh " n L x 10- 5

.
.2
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During the month the average radiocactive contamination in the flesh of whitefish
from Ringold and ducks from within the Hanford Reservation increased to 2 x 10-3
pc/g. The Ringold station is an area available and popular to sport fishermen.
The ducks, which includs popular game species, are protected on the Hanford
Reservation but they routinely fly to areas where they are harvested by hunters.
The radicactivity in the tigsues of these animsls is almost entirely from P32,
Only 0.3 pound of flesh of average whitefish from Ringold or of ducks could be
egten per week without exceeding the MPC of P32 a5 calculated for drinking water
for large populations. It is expected that the P32 concentration in whitefish
will decrease owing to lower metabolic rates asscciated with seascnal low water
temperature.

Effect of Reactor Effluent en Aquatic Organisms

Chinook salmon eggs were incubated in a 4.0 per cent concentration of reactor
effluent and in an equivalent amount of effluent which was varied in
concentration from 3.0 per cent to 6.2 per cent to simulate the magnitude of
the fluctuation which may occur in the Columbia River when power is produced
at Priest Rapids Dam. No adverse effect was observed. The test is being
continued with the young fish.

Chinook salmon eggs were also incubated in a L.0 per cent concentration of
effivent from experimental tube No. 1,963 of the KE reactor and in a like
concentration of the greoss effluent from this reactor in order to compare the
toxicity of the two types of effluent. Neither type of effluent has yet
produced an adverse effect. Increased mortality is expected at this
concentration after the eggs have hatched,

A second study was completed on the concentration of radicactive materials
in fish which were exposed to retained or nonretained reactor effluent under
balanced ecological conditions. The gross concentration of beta emitters in
entire fish (minus gut and gut centents) which were exposed to nonretained
effluent was essentially the same as for fish exposed to retained effluent,
whereas the concentration in nonretained effluent was 3.6 times greater than
in the retained effluent. Radioactive studies indicated no increase in
amounts of short half-lived isotopes in the carcasses of fish expesed to

the nonretained effluent although there were significant amounts of short
half-Jived materials in their gut contents.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABQLISM AND TOXICITY OF RADTOACTIVE MATERTALS

Phosghorus

About 13 per cent of the trout fed 0.6 uc P32 /5 body weight each day died from
radiztion damage after four months. Many others in this group now refuse food.
Scme radiation damage is also evident from gross observations in trout fed

0.06 me P32/g body weizht although no deaths have occurred. The number of white
cells in the blood of these fish was inversely proportional to the amount of
P32 ingested.

L2459 3560
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Zing

Deposition in the rat of Znés, fed as a sclution, incerporated in bean leaves
or liver, or mixed with bean leaves or liver, varied from 12 to 22 per cent
of the quantity fed. The form in which the ZnS5 was administered did not
significantly affect absorption and deposition except that the presence of
liver appeared to increase deposition by appreximately 50 per cent.

Femgle rats were sacrificed after 100 days on a Zn65 drinking water regimen.
Concentrations of Zn®5 are still increasing in all tissues with highest values
found in liver, pancreas, bone, kidney and spleen,

Strontium

Tests of the effect of sulfate on uptake of Sr%0 are being made by Neubauer
technique using Barley and with pots using radishes. Cinebar and Ephrata
801l was treated with (NHh)2 S0}, in amounts equivalent to 50 and 500 lbs per

acre and with gypsum to provide a similar sulfate concentration. Hitrogen
cencentration was adjusted by adding NHNO; or Ca(NO3)2 to control soils. 411
were contaminated with Sr70,

In nutrient seclution studies with beans, inereasing the calcium concentration
from 0.5 to 5 meq Ca/1 recduced the Sr96 concentration in leaves threefold.
Additional calecium in the nutrient solution produced no further change in 5p90
concentration in leaves. OR values (Sr: Ca vlants vs. Sr:Ca substrate)
remained neariy constant at concentrations up to 5 meq Ca/l but increased
markedly with higher calcium concentrations.

lleubauer tests have been completed on soil samples obtained frem Dr. Menzel.
Leaf soil ratios for Sr’C were similar to those obtained with local soils
except for one sample, Norfolk soil, which showed the very high ratio of 11.
No data on pH, calcium centent, etc. are presently available for these

soils,

A three-day feeding experiment was performed to determine the effect of
lactate, carbonate, phosphate, and calcium concentrations in the diet, on the
absorpticn and retention of Sr8Y and Ca 5 in the bone of rats. Calcium,
phosphﬁta, and carbonate were all effective in reducing deposition of 5r89

and Calt>, but in varying degrees for the two isotopes. The results attest to
the complexity of the inter-relationships involved and peint up the inadequacy
of the commonly accepted concept that calcium will behave simply as an isotopic
diluent of strontium.

Statistical analysis of the data from the srd9 lamb-feeding experiment shows
that calcium had a significant inhibitory effeect on Sr89 uptake in bone

{37 per cent decrease with three times normal dietary calcium). Further, the
gluconate anion had no effect on Sr89 absorption at all levels of caleium in
the diet, but the sodium cation had significant effect on increasing S g
uptake at all levels.
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Casium

Obge §?ns were continued on the aquatic commnity of a small pond spiked

with C last June., A marked reduction in Csl37 concentration in all organisms
was agsociated with lowersd water temperatures. The reduction was greater for
animals than for plants.

lodine

The remaining swine in the long-term L5 pc level of I131l feeding wers sacrificed
at varying periods during gestation this memth. A total of 57 pigs was
obtained from these eight animals, Tissues were sampled and submitted for
radicanalysis. (Analysis of tissues not yet complete.)

Plutonium

Partial results are available from an experiment in which intratracheal
administration of plutonium was followed by axposure of the animals to an
aerosol containing EDTA or chel-330. Excretion of plutenium was markedly
increased by treatment with the chelating agents; however, the initial effects
on plutonium deposition in bone appear to be slight. wuantitative evaluation
of the results must await completion of additional analyses.

Further studies of chel-330, administered acutely or chronically follewing
plutanium administration, have demonstrated its consistent superiority over
EDTA. Additional studies will be required to determine the effect of
treatment levels, time of administration, etc., but it would appear that as
much as 90 teo 95 per cent of intravenously administered plutonium may be
removed from rats by prompt treatment with chel-330.

Radioactive Particles

Examination of malignant lung tumors found following pulmonary deposition of
radiocactive particles in mice is complete. Three were found after administration
of Pu?390s and one after administration of Ru1062. The latter is the first
reported lung malignancy caused by a beta emitting isoiope.

For studying the metabolism and toxicity of inhaled Sr9OSUh particles, a single
exposure of 320 mice was completed. The initial body burden was sstimated at
approximately 20 juc and after two weeks at 3 uc.

Daily exposure of mice to air containing Sr9050h particles (1079 to 106 pe/cc)
has continued for 8 weeks., A buildup of approximately 0.5 uc Sr-T90 is detectable
in the mice exposed to the highest aeroscl concentration.

Expegures of dogs to radicactive azercscls are awaiting completion of the dog
monitor. Exposure of mice to I131l vapor will be started upon completion of
the air breathing system in the laboratory.

&y 0
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Gastrointestinal Radiation Injury

Studies have been made of the effect of radiation on nucleic acid synthesis

in the rat intestine, One day following 1500 r of total body X-ray, synthesis
of DNA (as measured by P32 uptake) is virtually stooped in the jejunum, ileum
and cecum. The colon is scmewhat more resistant, showing about 30 per cent

of control uptake. Synthesis of RNA is decreased to approximately 75 per cent
of control level., Additional studies are in progress to determine the effect
of other time intervals and to compare whole body irradiation with irradiation
of the exteriorized intestine. These studies indicate that P32 uptake by DNA
is a sensitive and reproducible method for studying radiation damage to the
intestine.

Relative Biological Effectiveness

A value of 1.1 was cbtained for the RBE of tritium as compared to p32 betas,
using a non-dividing suspension of haploid yeast. This partially confirms

the previously reported low value for tritium when compared te X rays. With

X rays the dose was delivered over a very short period compared to the L0
hours needed for the tritium exposure while the P32 dose was administered over
the entire LO~-hour test period.

Studies of biochemical damage to yeast cells show that appreciably more
phosphorus leaks out of irradiated cells than out of non-irradiated cells.
About 90 per cent of the phosphorus lost from both control and irradiated cells
was inorganic.

Of four cytochromeless strains derived from a supposedly homogeneous haploid
strain of yeast, three were about 50 per cent and one 75 per cent more sensitive
to radiation than was the parent culture. The parent culiture shows absorpticn
bands characteristic of cytochromes a; b, and c. No data are available as

¥et on the mutants.

Research Services

Tissue analgses were completed on the two steers and one bull which had
received Zn®> for labeling of pancreatic enzymes. Liver showed the highest
concentration of 2Znf5 and was followed by kidney and heart. The iris and
retina were also among the tissues of major concentration.

P 7 Foa B

Acting Manager
BIQLOGY GPERATION
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a. FYapers oresented at meetings
None
b. Seminars

Dr. H. Stanley Bennett, "Certain Morphologic Aspects of Active Transport
Mechanisms" - December 11, 1957.

E. Publications
Willard, D.H., L. A. Temple, and W. J. Bair, "Turnover and tissue distribution

of radicruthenium in the lungs of mice”, Document HW-52286 (UNCLASSIFIED)
October 1, 1957.

L GOR Y TURN T LAL S
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OPERATIONS RESEARCH & SYNTHESIS OPERATION
r MONTHLY REPORT
DECLASSIF
i: December, 1957

QRGANTZATTON AND PERSONNEL

There were no significant changes in personnel this month.

CPERATIONS RESEARCH ACTIVITIES

Economic Studies

Increased effort was directed toward application of economic theory to the
management of HAPO. The series of papers discussing pertinent economic concepts
was augmented by seminar diseussions to which personnel from product departments
were invited. To cobtain background for the proposed input-output analysis of
HAPC operations, discussions were held in New York, particulaerly with Dr. Martin
Shubik, concerning the economic model of Appliance Park.

Document BW-54221 RD, “Evaluation of Capital Expenditures,"” wes issued for
comment. Some further work was done on the definition of the information re-
quired for the first phase of the program outlined in this report. '

A collection of historical and operating capitel costs is essentially complete.
An analysis of thege data has been started.

An examination of supply and price structures which might be associated with
the plutonium recycle process was started.

CPD Contrel Study

Considerable effort was devoted to the preparation of a document defining more
precisely the scope of the study and outlining the specific program to be
followed, The first part of the proposed program will consist of the prepar-
ation of the process flow diagrams, the compilation of the extent of source
data available, and the estimation of the reliability of the information ob-
tained through the conversion of source data. This will be followed later

by delineatlion of information flow and a description of the decision structure.

Work progressed during the month on the preparation of flow diagrams and the
study of avsgilable source data. Proper clearance to permit analysis of Z plant
eontrol requirements was received and & flow diagram of possible product flows
through this plent is 80% complete. An indication of the origin of all formal
basic records is being incorporated on this diagram. Means of recording chrono-
logical, as well as physicel, relationships in the flow of process information
ere being considered.

QOther

The design of an experimental cost information system has been completed. This
system 1s deslgned to report costs to individual cost center menagers in terms

most meaningful to them. The system accomplishes a full report of a1l signifi-
cant cost center costs without infletion. It is designed to operate in
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conjunction with a matrix cost system which will perform a complete allocaticn
of cogts to end functicns. A fairly large example of specific cost information
as it would be procesged by this system is in the latter stage of completicn.
This exsmple will show typical cost accumulaticn, flows, and report types.

Assistance wag provided Employee Relations personnel in analyzing sensitivity
survey results returned by Henford Laboratories Operation management. Several
interesting observatiocds pertaining to the results, and a suggested follow-up
appregch for use in discusaing the results with individual managers, were pre-
gsented. The suggested follcow-up approach was also communicated to the atiitude
survey task forece members in other departments.

It was recommended to Central Stores personnel thet no further attempt to
revise the formula used in evaluating general supplies inventory be mede at
this time. It was suggested that the formula be reviewed when data covering
12-15 months of operating experience are avallable.

STATISTICAL AND MATHEMATICAL ACTIVITIES IN SUPPCRT OF RESEARCE PROGRAMS

2000 Program - Metallurgy

Anelysis of date from a recent Coating and Corrosion Operation experiment to
investigate in-pile corrosive properties of sgeveral aluminum alloys was completed
in December.

An experimental program to investigate the feasibility of uranium reduction by
pyrochemical means was outlined for Heavy Element Chemistry Operation.

2000 Program - Reactor

A pair of 2nd order linear differential equations, defining neutron flux dis-
tributicn in a spherical fuel element, were solved for Critical Mass Physics
Operation.

Results of a statistical analysis of numerical integration technigues used to

estimate fuel element cross section neutron flux from empirical indicator pin

values were reported to Theoretical Physics Research Operation. (Unclassified
letter, "Statistical Comments on Neutron Flux Ratioc Estimation,” to M. T. Lee,
dated December 5, 1857.)

The Critical Mass Physics Operation requested assistance with the determinaticn
of confidence limits on the square of the glope parameter in a lineer regression
scheme involved in the determination of buckling as & result of random dumping
of uranium slugs in a bath. A satisfactory approximation procedure was devel-
oped and reported orally to interested persons.

2000 Program - Separations

Assistance was given a member of the Engineering Development Planning Operation
in preparing a research paper dealing with the time and spacial behavior of
materials in a gas abscorbant column.

lzn S o7
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4000 Program - PRP

Data from a recently completed UO2 capsule irradiation experiment were
statistically analyzed to determine the dependency of fission ges activity

on packing density, enrichment, neutron flux, exposure time and surface aree.
Results of the analysis were reported orally to interested persons of Ceramic
Fuels Development Operation. Further analysis 1s contemplated using more com-
plete information on surface ares measurements and exposure data.

6000 Program - Biological Research

Experimental data on the deposition of Sr-89 in lambs were statistically analyzed
and the results reported to the Experimentel Animel Farm Operation. {Unclassified
letter, "Effects of Caleium and Sodium Gluconate on Strontium Absorption,” dated
December 10, 1957.)

Work was begun on & generalized mathemetical model of migration to describe the
passage of radicsctive tracer particles from region to region within an experi-
mental animal.

Seedling harvest data from a current Plant Nutrition and Mierobiolegy Operation
experiment to investigate the effects of varicus in-soil Ca salt compounds on
Ca-45 and Sr-90 uptake to plant tissues were statistically analyzed and the
results reported to interested perscns. (Unclassified letter to R. L. Uhler,
"Statistical Analysis - Second Planting Seedling Harvest Ca-45 and Sr-90," dated
December 27, 1957.)

Discussion was held with the experimental Animal Farm Operaticn concerning a
possible experimental design to determine the chronic effects on pigs of feeding
radicactive strontium.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR THE PROIUCT DEPARTMENTS

FUELS PREPARATION DEPARTMENT

Process Control

A complete review was made of all statistical control charts being currently
maintained for I and E fuel element production. The relative importance of
each of the variables was considered with the intent of eliminsting those of
little importance sc that the remmeining ones can be more effectively utilized.
It was pointed out that, in some instances, the use of econtrel charts is not
warranted in view of the present extreme lack of contrel. Primary consider-
ation was given to revamping the existing charts to conform to the newly adopted
reject categories. Methods of feeding back informstion efficiently toc respon-
sible sources were also recommended.

Since many of the personnel engeged in quality control work are on rotating
assignments, it becomes a problem to acquaint new perscnnel with the proper
use of control charts. For this purpose, an informal list of control chart
principles pertinent to the csnning line process control has been prepared
and distributed to those personnel engaged in the quality contrecl program.
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The Penetration Tester designed to reject I and E fuel elements having thin

tube walls has also been rejecting & sizeable number of acceptable fuel elements.
Assistance was given in designing an experiment to evaluate the efficiency of
this instrument. A sampling plan tc assist in the disposition of fuel elements
rejected by the Penetratlion Tester was also devised.

Process Experimentation

Assistance was given to design experiments and/or analyze data to determine the
effects of alsi concentraticn on reject rates; to evaluate a special type cleans-
ing agent being considered for use in component preparation; and to determine
what variables affect the inelusion reject rate.

Other

Monthly control charts were prepared for absenteelism rates in the level 3 com-
ponents within Fuels Preparation Department as requested. The control limits
were based cn historical daeta for all of EAPO for the past five years and were
adjusted for seamsonal variation in additicon to the numbers of mele, femsle,
exempt, and non-exempt employees making up a given component .

TRRADIATTON PROCESSING TEPARTMENT

Rupture Analyses

A final report was issued summarizing the results of the discriminant analysis
study designed to determine whether or not production lots of metal likely to
contain ruptures could be detected by the use of certain reject data. (HW-5423L,
"An investigation of the Feasibility of Using Reject Data to Deteet Rupture Promne
Lots,"” 12-19-57.)

‘Rupture data are being analyzed to evaluate the effect of cutlet water temper-
ature on rupture retes. The thought is that at leest a part of what is called
a power effect by existing models might be a temperature effect. "Side~Other”
rupture data are presently being analyzed. The types of ruptures are being
kept separate to determine whether or not one model adequately describes the
dependence of all types of rupture rates on reactor variables.

Current estimates of the ratios of rupture rates (factors of improvement as
compared with sclid fuel elements) for I and E fuel elements and cored fuel
elements at H reactor were found, together with limits of uncertainties about
these estimates.

Production Test Analysis

A report previously issued which considered the effects of delay time before
quenching on warp and diameter change of irradiated fuel elements was recalled
Since it later developed that the original data sheets were in error with re-
spect to slug identification. The corrected data from this production test
(PT-613) were re-analyzed. (HW-54272 RD, "Analysis of Dimensional Change
Data: Delay Time Before Quenching,” 12-26-5T.)

12670256
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CHEMICAL PROCESSING DEPARTMENT

Radiation Exposure Study

A study is currently underwey which has as its goal an understanding of the
effects of different variables on the amounts of radiation exposure found at
different places within "Z" plant. Statistical assistance istefng given in
connection with this study, primerily in evaluating past exposure date, and in
setting up a sampling program to evaluate the effects of moving across the
various tasks within "Z" plant.

OTHER STATISTICAL AND MATHEMATICAL ACTIVITIES

Activities for Other QOperations

A firm proposal, signed by the four wmembers of the Task Forece on S5 Accounta-
bility problems, has been submitted to IPD and CPD management for approval and
action. It is propcsed thet a series of two-ton batchas with known irradiation
history be dissolved in & Redox dissolver, and anslyses performed on samples
from these dissolvers, primerily in order to obtain added information on the
conversion ratio. (Unclassified letter, "IPD to CPD Accountability,” 12-13-57.)

The analysis of calibration data from C-1 and E-12 tank calibrations has been
completed. Tables have been prepared giving volumes and volume removals as
functions of manometer readings, with a discussion of the uncertainties in-
volved being ineluded. The results were reported in a rough draft to W. He.
Johnscn for comments before issuance of a final report.

The caleulation of the bias resulting from using average velues to predict
Pu formetion and U-235 consumption was simplified by the preparation of a
table combining three of the terms as 2 function of MWD. Recommendations
were also given for calculating the bias when partisl charges are involved,
ag when netural wmetal is combined with enriched meta].

The methods for calculating monthly U-235 comswmption and ending inventory
were reviewed as requested. It was found that, although present methods of
caleulstion are correct, the method of caleulating ending inventory is
dependent on beginning inventory and, as such, an error or seriles of errors
that oceurred in the inventory figure at some past date has resulted in sub-
sequent inventories being in error. A recommendaticn for caleulating inventor-
ies was given which does not depend on previcus inventories. Alternate ways

of calculating monthly consumption were also forwarded. (HW-54205 RD,
"Caleulating U-235 Monthly Consumption and Ending Inventory," 12-17-57.)

A joint meeting was arranged between representatives of Electrical Bystem
Flanning Cperation, R & U; Electricel Design Cperation, CEO; arnd Date Pro-
cessing Operation, R & U, to discuss the possibility and feasibility of
running many of the routine analyses of Hanford's Electrie Network System
on our own 702 electroniec computer, thereby saving the time and expense

of purchasing these services offsite. It was generally agreed that such

a plan was possible and 2 joint commitiee was formed to study and fermulate
a program.

1257318
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Mathematical assistance was given to a member of Data Processing Operation,
R & U, in obtaining upper and lower bounds for the magnitude of the latent
roots of a certain matrix.

Activities within ELO

Evaluation of FY-1956, 1957, 1958, Il 1 data (stack emission, rabbit thyroid
uptake and vegetation) continued +thi% month. Specifically, correlations
vetween rabbit thyroid uptake and vegetation were calculated and the pre-
cisions of wet chemistry and gamma scan methods of assaylng vegetation Ij33
content were measured.

Statistical evaluation of referse and standard asnalyses was continued for
General Chemical Anslysis Operation.

A discussion was held with Radiological Development Operation concerning the
design of an experimental program to investigate the fading characteristics
of Eastman Perscnal Monitoring Type II Film.

Statistical and Mathematical Research and Development

Work continued on two formel Hanford reports, Poilsson ratio estimation and a
table of cccupaney probabilities.

The study of stationary time series was continued.

QFFSITE VISITS AND VISITORS

There were nc coffsite visitors during the month.

J. L. Jzech attended a meeting at Argonne National Laboratory on December 2
to discuss the statistical anelysis of analytical results.

J. L. Jaech addressed a combined meeting of the FPortland chapter of the
American Society for Quality Control and the Portland Industrial Chemists on
December 9.

C. A. Bennett discussed "Cperations Research at Hanford" at the Advanced
Mansgement Conference at Crotonville, New York on December 18,

R. L. Basmann spent December 27-30 at the annual meeting of the Econometric

Society in Philadelphia, and December 31 through Jamuary 3 with the Oper-
ations Research and Synthesis Consulting Service in New York for discussions

with Dr. Martin Shubik and others.

Carl A. Bennett, Manager
OPERATICNS RESEARCH & SYNTHESIS

CAB: jbk

DECLASSIFIED
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\%\&“ RADIATION PROTECTION CPERATION
rl\! ?s «3% MONTHLY REFORT - DECEMBER, 195]

ORGANIZATION AND PERSONNEL

Organization

No significant changes in organization occurred.

Force Summary 11-30-57 12-31-57
Exempt L 4y
Nonexempt 133 L2
Total 197 196

B. ACTIVITIES

Radiation Monitoring

Aerosol experiments invelving significant guantities of stromtium-yttrium-9C were
completed without incident at the Biology leboratory. Phosphorus=-32 clothing con-
tamination occurred to a laboratory techniclan's laboratory coat and resulted in an
estimated maximum dose of 4.4 rads to a small area on the forearm. This was the
only technical overexposure experienced in Biology facilities in 1557.

Alrborne plutonium was spremd in the 231 building as a result of a power cutage.
The personal effects of one employee were contaminated.

On two occasions plutonium contamination was detected on the outer surfaces of glove
boxes in the 325 Building. In one instance air contamination resulted.

Upon request of AEC-HOO a budget review for radiological defense was submitted for
the last half of FY 1958. A review was made of the existing BAPQ and AEC-HOO emer-
gency procedures and plans in light of the Windscale incident.

Traiping and orientation sessions were conducted for new employees of the Plutonium
and Metallurgy Operation and Patrol personnel, instrument and electrical personnel
in the 300 Area, and transportation personnel.

A detailed report of Radiastion Monitoring is contained in HW-5LLO8.

Regional Monitoring

The average daily emission of I131 was 1.0 curie. A single emission of 1k curies
occurred at the Redox plant early in December. This emission was associated with
the decontamination of the canyon crane with solvents. The I131 vas released from
the sand filter by the airborme solvent in the ventilation alr. 1131 and other
fission products found on vegetation increased by a factor of three in and arcund
the separations areas.

Burial of grossly contaminated canyon equipment at the Redox plant caused contamina-
tion of the operating gallery including electronic stack monitoring equipment owned
by Regional Monitoring. Decontamination of the equipment is still in progress.
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Monitors in the 6l% buildings at the Redox area and the 20C-West main gate indicated
abpormal airborne contamination.

Raw water analyses at 100-F and Pasco showed 6.66 and 2.7%, respectively, of the con-
timous cccupational MPCqr. Preliminary comparisons between rav and sanitary waters
at these locations showed clean-up factors ranging from two to five irn the fraction
of MPCqar. Analyses of Kenmewlck sanitary water continued to show little if any re-
moval of radioactive materials by the Ranney water system.

Noticeable fallout of fresh fission products in the northwest was atiributed by
AEC-HOO to activities at the Arco Test Site.

A detailed report of waste disposal monitoring is contained in Hw-5US80.

Exposure Eveluation and Records

Two cases of plutonium deposition were confirmed; one as g result of routine bdio-
assay sampling, and the other following a minor injury to an employee's finger from
a wire object in a 234-5 process hood. In the latter case, a small piece of skin
was excised. Preliminary bioassay sampling indicated an intake of less than 10%
MPL in toth cases.

A total of 212 plutonium cases is on record. Of these cases, 168 are still on the
active rolls and as of the end of the year, these are distributed by level 2 com-
ponents as follows. These cases include both General Electric and subcontractor
personnel covered by the biocassay program.

Per cent of MPL

Component 0.5 to < 5.0 5.0 to < 10.0% 10. to < 50.0 50. to > 10Q
Chemical Processing 98 20 10 6
Construction Engineering 2 0 o 1
Fuels Preparation 2 0 0 o]
Hanford Leboratories 15 o} 0 1
Irradiation Processing 5 3 -2 1
Relations and Utilities 1 1 9] 0

123 24 12 g

*Included in this group are employees for whom an estimate of deposition has not been
firmly established but are considered to be in the range of 1 to 10% of the MPL.

Fourteen cases of plutonium deposition are known to have occurred at HAPO in 1557.
Preliminary estimates indicate all of these are 10% or less of the MPL. A complete
listing of all plutonium depoaition cases on the plant was distributed to level 2

management .,

Re-evaluation of external dose received was completed for 59 employees in the 234.5
Building. Twelve 234-5 employees have exceeded the annual working limit of 3 r.

Self-service badge racks were installed apnd placed into cperation in the 100 and 200
areas with a minimum of disturbance to employees and good acceptance of the change.

Several requests for procedures and equipment plans fulfilled for other AEC sites
and the ALC Division of Biology and Medicine,

(2L 7213
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G
?&&i ological Development

Fabrication of the prototype badge processing machine is approximately half complete.
Some design changes have been made in the interest of simplifying the fabricationm.
Design work cn some of the necessary appurtenances to the machine progressed satis-
factorily.

A prospectus of the Bioessey-IBM conversion was written, providing a detailed pro-
blem and soluticn definition from which the several groups could work. In preparing
the prospectus, several sclution modifications planned tc improve previously reported
solution techniques were developed. A new method of preparing the annual biocassay
regrouping cards was developed. This method utilizes IBM cards exclusively and
eliminates much of the previously encountered hand work. The regrouping cards, now
called the Annuel Biocassay Informetion Request, were produced.

The study of optimum aperture size for the Beckman densitometer wes completed and &
report is in preparation. An aperture on each side of the film will be recommended
of a specific size for best reproducibpility.

Calibrations

Cne of the two 0.5 gm Ra-Be sources wes shipped to the Netional Bureau of Standards
for re-evaluation.

Battery check circuits have been installed in two-thirds of the 95 Thyac GM meters.
Data collection on the performence of these units was started. FPreparation of
sources to be used Tor the battery check was started.

Radiclogical Consultaticn

A review was mede of the latest draft of the guides for the preparation of NCRP
recommendations. The draft separates the recommendations into basic rules and opera-
tional guides. This change is viewed as an improvement in format.

A review was started of data on the early uptake of lodine-131 in the sheep thyroid.
Equations were fitted to these date so that the total dose to the thyroid could be
estimated from fallout isotopes or from a single emission of iocdine-131.

Work was started on improving the estimates of gonad dose from internal emitters.
Further discusgions were alsc held on radiation exposures during diagnostic exam-
ingtions at the Kadlec Eospital. Arrangements were made for additional measurements
of the gonad dcse following recent procedure improvements.

The Division of Sanitation and Engineering, Oregon State Board of Health, requested
through the AEC-HOO advice in setting up an initial air and water monitoring program
in Oregeon. Arrangements were made for assistance in source calibration, sample
preparation and counting techniques.

J. W. Bealy was requested by ithe chairman of the NCRP to assume chalrmanship of
NCRP Subcommittee 6, Safe Handling of Radioisotopes. The assignment was accepted.

Radiclogieal Disaster Studies

Previous calculations on the dispersion and depcsition of the plume from & reactor
accident were reviewed and prepared for formal issuance.
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MPC Evaluation

A table of proposed biologlical constants and resulting MPC's for the revision of the
NCRE internal dose handbook was reviewed and comments forwarded ico the committee
chairman.

Colunbia River Studies

The anmual meeting with the Columbia River Advisory Group was planned. The agenda
was established, and January 1l4-15-16, 1958, were established for the meeting dates.

C. EMPLOYEE REIATTORNS

Safety and Security

There were five medical treatment injuries for a frequency of 1.60. Two security
violations gecurred raising the total for 1957 to three.

Sgggeations

Seven suggestions were submitted by RPQ perscnnel. Six suggestions were received
in RPO for evaluation, and evaluations on 12 other suggestions were completed.

Relations

The combination of self-service badge racks in the outer areas, reduced usage of
pocket dosimeters, full use of the home area badge system, and relatively low
attrition culminated in a situation which will require the reducticn of the RFC
force in January, 1958, by 30 employees.

]
——
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REGIONAL MONITORING

The general findings ﬁre sumarized in the following:

Average
Activity Activity Density Trend*

Sample Type and Location Type ue/ee Factor

Drinking Water and

Related Materials

Benton City Water Co. Well  alpha 1.1 x 10-8 --

100 Areas beta (0.01 to 1.8) x 1077 --

200 Areas teta (1.4 to 5.3) x 10-6 i

Pasco, Kennewick, McNary Dam beta (<0,03 to 5.3) x 10 -

Backwash Solids -

Pasco Filter Plant beta 0.56 ue/gm +2
Backwash Liquids - .

Pasco Filter Plant heta 3.9 x 10-© -
Anthraclte, Sand Filter -

Pasco Filter Plant veta 6.7 x 10°% Lc/em 2
Other Waters and
Related Materials
200 West Wells beta <2 x 1077 to 2.6 x 10~3 --
200 East Wells beta <2 x 1077 to 8,0 x 1072 --
Wells Near 200 Areas beta <2 x 1077 to 1.5 x 10-6 -
Cutlying Wells heta <2 X lO'T --
Columbia River -

Hanfcrd Ferry beta 5.3 x 10-5 --
Columbia River -

Below Reactors beta 2.7 x 102 --
Columbia River -

Paterson ta McNary beta 8.8 x 107 --
Columbia River - Mud beta (C.2 to 3.9) x 10~k --
Raw Water - Operating Areas beta (0.007 to 5.hk) x 1077 -
Reactor Effluent Retention  beta 17,000 to 52,000 pe/sec/reacter  --

RAasins te River ~ (0h to 1.2) x 1072 .-
Reactor Effluent Retenticn alpha < G.0k ucésec/reactor --

Basins to River < 5 x 10~ --
I-131 in Farm Wastes to .

River I-131 5.2 x 1077 --
I-131 in Columbia River - .

Hanford I-131 1.3 x 187! --

* The trend factor shows the n-fold increase (+) or decrease (-) from last menth,
where the values of n less than 2 will not be ncted.
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Average
Activity Activity Density Trend*
Sample Type and Location Type uc/ce Factor
Atmospheric Pollution
Gross Alpha Emitters alpha (0.2 to 3.2) x 10712 -2
Gross Dose Rate -

Separations Areas beta-zamma 0.8 to 2.0 mrad/day -2
Gross Dose Rate -

Residential Areas beta-gamms 0.3 to 1.6 mrad/day -
Active Particles -

Separations Areas beta (1.9 to %.0) x 10-13 --
I-131 Separations Areas I1-131 (0,16 to 2.0) x 10-12 +5
I-131 Separations Stacks I-131 1.0 curie/day -
Ruthenium - Separations '

Stacks Ru-103-106 0.0l curie/day --
Active Particles - Wash.,

Idsho, Ore,, Mont. -- 0.003 to 0.024 ptle/m3 --
Active Particles - Project - 0.001 to 0.032 ptle/m3 --
Vegetation
Environs ¢f Separaticns

Arees I-131 1.4 x 1072 pe/gm +3
Residential Areas 1-131 8.0 x 1076 uc/em .-
Bastern Washington and

Oregon I-131 <1l.5x 10-6 uc/gm --
Figsion Products less I-131 :

Wash. and Ore. beta 9.4 x 1077 yo/gnm .-
Alphe Emitters -

Separations Areas alpha (0.6 to 2.9} x 10-6 ue/gm -3

* fThe trend factor shows the n-fold increase (+) or decrease (-) from last month,
where the values of n less than 2 will not be noted.

12675138



F-8 BW-54204

RADIATION MONITORING Hanford Minor & Major Year to
laboratories Construction Others Dec. Date
Special Work Permits 1956 78 234 2268 31,191
Routine and Specisl Surveys 989 32 192 1213 26,231
Air Samples 1833 Q 245 2078 27,933
Skin Contamination L Q 1 5 207
#Class II Radiation Incidents 1 o} 0 1l 2
*#Class IT Radiation Incidents o) 0 0 0 8
EXPOSURE EVALUATION AND RECORDS
Pencils Paired Readings Paired Readings Lost
Gamms, Pencils Processed 180-280 mr Qver 280 mr Readings
December T4, 734 18 5 L
1957 to Date 2,301,468 155 120 98
00=L Ares
December 41,k32 22 2 - 2
1957 to Date 149,196 50 16 13
Beta-Gamma Film Badges
Badges Readings Readings Readinga Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readipgs Per Film Packet
. mradlow) E;ég]
December 24,178 g2 87 9 47 .3 7.
1957 to
Date LT7,166 - 8,393 3Th 76 852 1.93 4,20
Slow Keutron Pancils |
Fencils Palred Readings Paired Readings Lost
Processed bol2 mrem Over 12 mrem Readings
December 3,530 28 2 1
1957 to Date 34, Th2 429 125 2l
Fast Neutron Film Badges Badges Readings Lost
' Frocessed Abcve S50 mrem Readings
December 1,319 11 Q
1957 4o Date 12,103 20 13
Biocassay December lgEI.to Date _
Plutonium: Samples Assayed 1,205 14,623
Results above 2.2 x 10-8 uc/sample 41 ko2
Fission Product: Samples Assayed 1,279 15,886
Results above 3.1 x 1077 p¢ FP/sample 2 21
Uraniums: Semples Assayed 333 4,822

*H1O Radiation Monitoring Customers
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#:r
ﬁ%&kffa&:&m.ﬁx Following Exposure Following Period of No Exposure
Units of 1079 uc U/ce Units of 10°9 uc U/ce
Number Number
Sample Description Maximum Average  Samples Meximum  Average  Samples
Fuels Preparation £9.3 6.31 57 17.0 3.32 39
Hanford Laboratories 39.5 5.15 20 18.1 4,61 11
Chemical Processing 59 .4 7.93 56 3.6 6.10 56
Chemical Processing®* 55.3 15.6 32 15.3 5.97 10
Special Incidents 0 Q Q - -- -
Random 5.83 1.02 52 - - -

#*Samples teken prior to and after a specific job during work week.

Tritium Analyses December 1957 to Date
0 5

Samples Assayed

Thyroid Checks

Checks Taken 16 376
Checks Indicating .0l nc 0 1
Hand Checks - Alpha L4, QLo 617,341
- Beta-Gamma 39,876 566,092
CALIBRATIONS Number of Units Calibrated
Portable Instruments lg_e_c_eggg_ 1957 to Date
CP Meter 865 12,253
Juno 281 L,175
aM 1,148 16,149
Other 197 2,165
Total 2,491 34, Th2
Perscnnel Meters
Badge Film 1,140 23,238
Pencils 9,000 79,286
Other 403 2,830
Total 10,543 105,354
Miscellaneous Special Services L16 6,278
Total Number of Calibrations 13,450 146,374

Afleone

R. Keene, Manager
RADIATION PROTECTION

ARK:bh
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LABORATORY AUXILTARTES OFPERATION
MONTHLY REPORT - DECEMBER, 1957

GENERAL

Safety performence of the Operation was considered satisfactory. There were no
mejor injuries; the mincor injury frequency rate was 1.95 per cent which is sube
stantially below year to date experience.

The absenteeism rate was 2.97 per cent, a decrease of about 0.7l per cent below
November experience. '

There were no sgcurity viclations charged to the Operation for the fifth con-
secutive month.

One grievance was filed by a bargaining unit employse because bus service wes
not provided on & scheduled overtime mssignment. The Step I answer was not
satisfactory and the grievance has been answered at Step II.

FACILITIES ENGINEERING OFPERATION

An information meeting was arranged on December 13 for purposes of reviewlng
some details of designing code pressure vessels. This meeting was requested
by the Mechanical Equipment Development component of Reactor Engirpeering
Develcpment Qperstiones

Project Activity

Budget study work is underwsy. A totel of about 20 studies will be made.
About 10 of these are being performed with assistance of CEQ.

Project activity in HLO is summesrized on the attached report,
Four project proposals ware submitted during the month as follows:

CG-660, Modifications and Additions to the Metallographic Cell, 327 Building -
Extension of time.

CA~749, Bigh Level Radiochemistry Facility - Construction Funds.

CA-T760, Exparsion of 3745-B Building - Total Project.

CG-785, In-Reactor Studies Equipment - Preliminary Design.

Two informal requests were completed and excepitions were cleared on a previously
completed project as follows:

IR-224 - Biology Controlled Activity Water System
IR-232 ~ Repairs to Building 747
CG-620 - Vacuum Furnace, 314 Building.

The project proposal for Additions to the 327 Bullding (CG-T784) was returmed

unapproved by AEC. Long renge planning of sdditions to this bullding is pro-
ceeding,

UNCLASSIFIED
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Following is the status of engineering service work:

Title

Contaminated Waste Chute, 327 Bldg.

Thermal Expansion Layout

Impact Tester

Hot Microscope

Modification of Flevator, 327 Bldg.

Vacuum Air Sampling System, 108-F Bldg.

Hood Repair and Relocation, 329 Bldg.

Winterize 108-F Train Shed Ailr Con-
ditionar

Installation of Heating Cable and
Insulation of Manure Auger,

Whole Body Animal Counting Room, 1i41-F Work progressing.
pletion date 1-2-58.

Re-route Steam Lire, 141-F Bldg.

Breathing Air Installation, 1%1-FS
Bldg.

Controlled Temperature Room

el
VJ L

~2
-

[t

Status

Constructioﬁ work in pregress.
Job will be completed in Jan, '58,

Sponsor requests Jjob be held in
abeyancs until after 1-1-53,

Sponsor regquests Jjob be held in
abeyance until after 1-1-58.

Spensor requests job be held in
abeyance until after 1-1-58,

Inactive at present.

Project proposal written. Further
action depends upon availability
of funds.

Werk proceeding.

Work complete.

Work complete.

Estimated com~

Estimate received from IFD Main-
tenance, By agreement of the tenants
this work will te deferred until

FY 1959 due to lack of funds.

Start-up tests for final acceptance
were made 12-20-57. Excessive leak-
age at all pipe joints prevented a
satisfactory test. Because of diffi-
culty with aluminum threaded joints,
a back-weld head was required at each
joint. Retest is now scheduled for
the second week in January.

Deferred until FY 1959.

UNCLASSIFIBED
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Title

Correct Leaking Pump Seals in Plating
Laboratory - 306 Bldg.

Correct Noisy Hesting Coil in 3760 Bidg.

Alterations to Rm. 313, 3706 Bldg.

Eight Station Intercom System,
326 Blag.

Design-Drafting Services

HW-5428L

Status

Bids for the Mechanicel Seals have
been reviewed and an order has been
placed with premised delivery date
of 1-20-58.

Maintenance wes requested to instell
& venting system for the Zone 5 coil
similar to the one installed in Zone
7. This eliminated noise. Recently
the condensate return tenk and pump
were removed and a meter installed.
Coincident with the meter installa-
tion ncise has recurred. TFurther
plans for nolse elimination are
being made.

Work initisted.

Preliminary studies being mede.

Work backlog is heavy, - Approximately 215 drawings were completed or revised. A
total of §,700 square feet of prints were preduced.

Major designs completed or in process are:

(1) ™“Cesium Isolation and Packaeging” - an all out effort is being made
to complete the scope drawings by 12-31-57 as scheduled.

(2) "Redesign of Hanford Slave Manipulator™ - the detail drafting on this
project was completed during November but due to the extensive checking
and alterations necessary, the completion date was extended from 12-16-57

'tO 12"23”57 ]

Minor designs in progress are:

(1) Welding box and drive mechanism for welding co-extruded zirconium

clad fuel elements.
(2)  Welding box for fuel elements.
(3) Remote operated can sealer.

(4) EIMO 3 slug rupturing loop.

™~
T
o d
Lol
e
L
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Maintenance and Building Engineering Services

The partitions for the rearrangement of Library and Files arrived on plant site.
The arrangementsof the magezine routing end binding operations are being firmed
up for installstion of the partitions.

Freeze preventive programs for 306 and 747 have been completed.

Storm windows and sun screens are being installed on 326 Bldg. as temperature
control measures. (Ref: Project IR-23%),

A sun screen has been erected on the east end of the ges dock at 325 Bldg.

The removael of the super structure from the existing propane tank 1s progressing
satisfactorily. The new tank will be installed in the near future when the valves
are received,

Aluminum tread covers have been installed for test purpcses over the grill gteps
at the southweat cormer of 326 Bldg. They have proven very satisfactory in that
they prevent high heels from catching in the tread end they are self-cleening
and nen-skid., Treads for other grill steps are on order.

The air balance crew completely readjusted the heat and ventilating system in
3706 Bldg.

The power operetors are conducting an experiment to reduce the humidity in the
bulldings without ircreasing the dust. Only the flooding nozzles are being used
in the spray chambers. Improvements of 1% humidity have been noted.

Cambridge Absolute Fibreglasa filters are being set up in Stores for HLO's replace-
ment of CWS filters. The new filters are fire resistant and less expensive than

the CWS. By establishing the Stores stock, HIQ's inventory can be reduced while
its source of supply can be assured.

The basis for liquidation of building engineering overhead hes been reviewed and
distribution ad justed to conform with shifts in work emphasis.

The variances between rental billings and expenses are being liquidated at an
accelerated schedule to bring the wariances to a minimum,

A comparison is being made of HLO rentals and those of privately-owned buildings.

A floor loading study 13 being mmde t0 determine the required floor bracing for a
channel snalyzer at 108-B Bldg.

A recommendetion wes submitted to management for renovating 3707-C Bldg. to
provide additional offices. Efforts are proceeding to effect this change.

UNCLASSIFIED
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The procurement and installation of the Shielded Ceve in the 325 Bldg. {AR-57-HL2-47)
ig as follows: Fxpenditures and commitments on 12-26 were $20,693; balance lefi is
$637; work is estimated to be 98% complete. Unfinished work consists of completing
cold run tests and making final adjustments preparatory to the start of the hot
runs.,

Revisions to the condensate return system in 306 Bldg. were completed on 12-3.
Ares maintenance has completed the calibration of the 16 recorder controllers
for the H & V units. This completes the corrective measures scheduled under
this program for this year,

Work on the Engineering Survey and Inspection of HLO Pressure Vessels 1s estimated
to be 70% complete. Thickness measurements and final calculations to determine
safe operating pressures are remaining items of work.

Operating procedures, job hazard breakdowns and emergency alarm notices were
posted in all HLO elevetors.

Work is epproximately 50% complete on the disposal of P-1l properties.

TECHNICAL SHOPS OPERATICN

Total productive time for the month was 11,775 hours. The total shop work back-
log is 19,778 hours of which k0% is required in the current month, with the
remainder distributed over & six month period. Owvertime worked during the month
was 0.8% (129 hours) of the total available hours.

Distribution of time wes as follows:

Man Hours of Total

Fuels Preparation Department 1306 11.1
Irradiation Prccessing Department 1786 15.3
Chemical Processing Department 575 4.8
Hanford Laboratories QOperation 7858 56.7
Cconstruction Engineering Operation - -

Miscellaneous 250 2.1

Customer demends for service decreased in the carpenter and fabrication mill-
wright fields, and remained firm in all other components, A decrease in reguests
for priority service resulted in substantial reduction in overtime work. Thse
shops have been requested to sssist the Fuels Preparation Department in develop-
ing and fabricating non-destructive testing squipment for the production fuel
element. A facility for the isolation and packaging of radiocactive cesium is
being fabricated for Hanford Leboratories.

Safety and security performance was considered satisfactory with no major
violations. The minor injury rate was average for the operation,

UNCLASSIFIED
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The absenteeism rate was 2.49% versus a forecast rate of 3.39%.

One grievance was filed protesting the fallure of the Company to furnish bus
service to an emplcyee who was scheduled to work on sn overtime hasis. The
Step 1 and Step 2 anawers indicated transportation would have been made avail-
able had supervision been aware of the nsed.

TECHENICAL INFORMATION OPERATION

Plans have been completed to reduce Technical Information Operation’s clerical
work force by two additional persons. This will be made possible by (1) the
recently intreduced medification of the IBM system used in the (Classified Files,
and (2) the forthcoming transfer of security control of the comprehensive data
sheets to the 538 Accountability Operation, Relations & Utilities. These data
sheets acccunt for 50% of the work load in the TQO Area Files.

The modified IBM system introduced last month is working very satisfactorily,
although the delay in the preperation of the mester tape of total site accounta-
bility is causing some concern., After studying the problem of where the key-
punching of the input data for the master tape should be done, the Office
Procedures Specialist recommended that Classified Files do the keypunching. A
backlog of records, accumulated while this decision was pending, is now being
keypunched, It is expected that this will be om a current basis by the end of
January, :

The Atomic Energy Commission has instructed Generasl Electric to prepare a billing
for all unclassified reperts shipped to the Offlce of Technical Services, U. S.
Department of Ccommerce -~ the AEC's sales outlet for unclassified reports. The
billing is based on a charge of $.0025 per page of the report, plus the mailing
costs. The first billing, covering the pericd July 1 to December 20, 1957 was
prepared and mailed, Similar Biliings will henceforth be prepared on each
individual shipment.

An information meeting was held on December 13 when the Manager of Technical
Information announced & basic chenge in the policy concerning upgrades in the
Operation. Previously, three separate seniority lists had been maintained in
Technical Informationr - one for (lassified Files clerks and those concernsd with
the maintenance of the reports catalog, one for clerks in the library, and a
third for the clerks in the technical publications function. Employees appeared
on the 1list in the order in which they went to work in the specific work group.
Consideretion for upgrazdes was based on these lists. A% this meeting cf all
non-exampt employees, 1t was announced thet the three seniority lists have been
abolished in favor of a single list based on Company service date, which will
henceforth be used as the basis for consideraticn for upgrades, The talk -»ut-
l1ined the adventages of the change, and a number of other matters concerning HLO
policy on upgrading non-unit personnel.

UNCLASSIFIED
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The September issue of the "Summery Report of Banford Research and Development” is
presently being prepared. The title will be changed to "Excerpts from Hanford
Research and Development', and there will be a prefatory statement pointing cut
that the repcri specifically excludes information relating toc the research and
development programs on weapons data, production rates, esnd cpersting conditions.
The report will include applicable research and development work in the Product
Departments. A letter was received from the AEC in Washington commending the
Technical Informatiocn Operation for the fine quality of the July and August issues,
recently reviewed by the AEC's Chief of the Technical Reports Branch.

A number of developments concerned with the Operetion's Classification-Declassifi-
cation responsibility tonk plece during the month:

(1) Revisions of 0C-DOC-44, OC-DOC-47, and OC-DOC-48 were completed and forwarded
to the HOO Classification Officer on December 13, These revisions are
intended to ssrve as a hasls for the revision of the Hanford Classification
Guide. The proposed changes in the 0C-DCC's were the combined work of the
Specialist, Classificaticn-Declassification, and representatives of HAPO
Departments.

(2) A letter wes prepared for the General Menager's signature which transmitted
information to EOO on a number of situaticns where compiiance with the
existing Hanford Classification Guide will be particularly difficult, The
major difficulties are im the Irradiation Processing Department and only
IFD probiems were submitted to HOQ. Some of the same problems are reported
from the cther Departments, but resolution of the IPD difficulties should
take care of the others as well. The letter alsoc reguested an extension of
the December 18 date for submitting the revised Guide to the EOQ Classification
Committese, .

{3) First drafis of revised Fuel Element and Hanford Production Reacier secticns
of the existing Hanford Classification Guide have been prepared by the
respective product departments, The format, general arrangement and topic
preserntations are quite different from those in ithe present Guide. The
revisi:ns proposed by the Depsriments will necessitate a zomplete re-write
of all sections <f the existing Guide in order to achieve 2 uniform approach,

Seven suggesticn awards were received, totalling $65. The topic of the suggestion
and the amount awerded are listed below:

"Retirement of Bi-Weekly Lists of Additions %o the Classified Files"” $ 5.00
"Reports Catalog Corporate Author Index" 10.00
"Improving Customer Service" 5.00
"Charge Cards for Plant Library” £5.00
"Changing the Windows in the Large Mailing Envelopes from Cellophane 5.00
to Nylar Film"
"Physical Improvement of Working Conditions” 10.00
"TIypewriter Erasing Shield" 5.00
UNCLASSIFIED

V283527



UNCLASSIFIED G-8 HW~5L28L

During the month the total of "unaccounted for" documents on the site was reduced
from 135 to 120, This resulted from a review by Security of the circumstances
attending the individusl losses.

A survey was made of the classifled mail received in the 700 Area Files to see
if all of 1t could be sent directly to the 300 Area Files for processing, It
appears that practically all the documents are directed to persons cutside the
700 Ares, and that if the documents are sent directly to 300 Area, much of the
material will reach itz destination a day sconer. Thils change will be made in
Jenuary. :

Satisfactory progress was made on the following projects during the month:

1. HEW-52271, "Corrosion of Selected Metals under Radiochemical Environment:
A Bibliography”. This report was given standard distribution under the
category "Chemistry - General”. Copies were not prepared for the
Civilian Application Program,

2. HW-52736 RD, "Hanford Contribution to the Plutonium Notebook". Part I
of this handbook, which represents about 50% of the entire job, was
issued in November. A goal of Aprili 1, 1958 haes been set for completion
cf the project,

3. "Summary Report of Hanfcrd Reseerch and Develcpment”. Several changes
are belng Iincorporated in this report prepared for the AEC. The title
is heing changed to "Excerpts from Hanford Research and Development,”
and beginning with the September issus, the report will include signi-
Ticant reseerch and development activities performed by the product
departments, in addition to those of HLO.

LABORATORTES ADMINISTRATION AND TECENICAL LIAISON

One new Organizetion and Policy Guide wes issued. Timely revisions were issued
¢n specific sections of tem existing guides. The OPG, Authorization and Perform-
ance of Werk, is ready for issuance upon approval of the sppropriate AEC Menual
Chapters,

Specific delegations were isgued under OPF No. 02.3.1, Apnroval Authorizations,

The contract, SA-38 with Swedish Hospital, Seattle, Washington for exchange of
radiclogical services and informetion was approvad,

The contract, DDR-35 with Aluminum Company of America for aluminum tubes, was
Processed,

Contract renewals were requested with Washington State College for acquisition
of swine and with Dr. R. E. Zirkie for consulting service,

UNCLASSIFIED
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The following listing includes active contracts of Hanford Laborestories Operation,
Decenber 31, 1957.

Contract Completion or
Number Contractor Services Requested Termination Date
Speciel Agreements
G-65 Phillips Petroleum Company MTR Experimental Work None
SA-20 Washington State College Acquisition of swine 2-28-58
SA-34 Future Farmers of America Care of Shesp 11-30-58
SA-38 Swedish Hospital Obtaining clinical data  12-31-58
on use and application
of radiocactive
materials,
Consultant Agreements
CA-153 Dr. P. E. Church Consult on Atmospheric 3-31-58
physics and meteor- '
clogy problems
CA-154 Dr. R. E. Zirkle Biological Consulting 2-28-58
service '
CA-155 Prof. J. L., Powell Consulting service - 3-14-58
physics
CA-159 Dr. M. E. Ensminger Consult on Animal 5-31-58
Husbandry
CA-162 Betz Laboratories Inc. Provide engineering 8-1-57#
services for water
treatment methods
CA-167 George Watt Consult on research, 8-31-58
development and plant
technical problems
CA-169 M. J. Sinnctt Consultant services - 9~30-58
metallurgical problems
#*SubJject to extension
Maintenance and Repailr
MRO-12 RCA Service Co., Inc. Service RCA equipment 11-30-58
MRO-13 North Americen Philips Servicing a Philips 12-8-58
Electron Microscope
Design, Development, and Research
DDR-4 University of California Research work on slumi- 5-31-58
num alloy creep
DDR-5 Superior Tube Co, Zircaloy tubes -
DDR-6 Allegheny Ludlum Steel Zircaloy tubes ---
IDR-11 Allegheny Ludlum Steel Zirceloy 2 tubes -—
DDR-2k4 Nuclear Metals, Inc. Crystal Research 1-10-58
DDR-29 Nuclear Metals, Inc, Zircaloy Tubing -—=
UNCLASSIFIED
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Contract Completion or

Number Contractor Services Requested Termination Date
Supply

20-7 Aluminum Company of America Aluminum tubing .-

80=-11 Speer Carbon Company Graphite -—-
Cne Agsistance to Hanford authorization is pending for new work for Chemical
Research and Development Operation by General Engineering Laboratory.

The close-out of a purchase order with EAPL and BF; counters was reviewed again
and additicnal steps taken to arrange for final payment,

RADIOGRAPHIC TESTING QFERATION

A total of 1,465 tests were made of which 483 were radiographic exposures
(including X-ray and gamma~ray exposures) and 982 were supplementary tests.

The supplementary tests consisted of work with dye penetrant, dimensional
checking, eddy current, magnetic particle, and ultrasonics. Work was done

for 20 different orgenization components representing all of the operating
departments and service operations. A total of 19 reports were issued detailing
test findings with conclusions and recommended action., Radiographic Testing
Operation was consulted on 18 different occasions for advice and information
regarding general testing theory and applicatisns,

New equipment obtained during the month included an ultrasenic instrument
for making thickness memssurements on a continuous recorded basis, The 360°
radigtion X-ray tube previously procured was also setisfactorily operated
during the month,

Details of work accomplished are as follows:

A, Constructinn

Two construction projects were worked on this month., One was & continuation
cf the work on the charging machine being built in the 100-C Area. TField
testa were made to check on installation features. This work has been
ezsentially completed. The other prcject was concerned with the corrosion
testing loop being instelled in the 314 Building in the 303 Area. Selected
welded joints were radiographically examined for conformance with Code
requirements.

B. Fabrication

Work is continuing on the L-cell package., Most all of the work being done
is on the scaffolding of the durmage in which the component parts are
being assembled., Primary concern is with the connecting piping tying
together the major components for which work has been completed. Two small
vet scrubbers were rediographically examined for weld integrity. Unfortu-
nately, examination was not requested until the fabrication was completed,
and 100% coverage was not possible.

UNCLASSIFIED
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C. Maintenance

In the straight maintenance category twc small jobs were done. One involved
evalustion of possible damage to a canned rotor pump head. It appeared
that a small crack was asscocimted with & particular weld, but dye penetrant
examinations showed the weld %o be simply undercut to a small extent. A
similar job was the evaluation of bearing supports of the No, 2 pump at
190~H after a bearing had seized., No evidence of damage to the casting wes
found, In the preventative maintenance caztegory, an investigation was
started on the possibility of detecting, in place, the extent of stress
corrosion damege to stainliess steel pigtails., Preliminary eddy current
results are waiting metallographic analysis to allow proper correlatlon

to be made, Chemical corrosion of cerbon steel piping also was checked

on three different jobs. Woerking under SWF conditions, steam condensate
lines of Purex were examined ultrasonically for wall thickness loss, Simi-
lar work was done on the piping for the center blower fans in the power
house st 100-D. As pert of the pressure vessel survey program, selected
vessels and piping in the 200-W ares were checked. Concerned with the
safety aspects of meintenance were four additional jobs, Two of the 20
ton crene hooks used at Purex were examined. The pletform extension
piston of en electricel service vehicle wes examined for the Transportation
Operation for possible defects. In the area cf pressure vessels, Work wes
continued in the autoclaves in the 303 Area. An interesting examination
was made of a vegsel taken out of service at 100-K on the basis of radio-
graphic examination. Subsequent metallographic examinaticns clearly sub-
stantiated the X-ray findings, showing large sreas of lack of penetratiocn,
interpass fusion, slag cavities, end cracks.

D. Qualificetions and Certifications

Welder qualification coupons were examined tc determine conformance with
applicable codes. ' :

E. As-Received Material

A large program has been started to examine radiogrephically the longi-

tudinal welded stainless steel pipe now in Stores stock. This 1s material

that has been corrosion passed and would he acceptable for any Cless I

vesgel fabrication work if shown te be radiographically sound, Some 5,000

ft. of welded pipe of various sizes is involved. Another important phase

of the as-received meterial examination is the various sized ZR tubing used for
the assorted FRP fuel elements.

F. Research and Development

Three main projects accounted for e major part of Radiographic Testing
Cperetion efforts. Zr process tube development, FRP tube requirements
(both in stainless steel and zirconium), and the MTR fuel element program.
For the Zr tube program, work is continuing, along with current evaluation,
of developing autometed tests to speed obtaining results. The FRP tubing

UNCLASSIFIED
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program is being carried along concurrently.

HW-5u4284

For the MTR program, work has

progressed from the alloy investigetion stage with some of the first fuel
Preliminary results in segregetion and core

location have been very good snd the program is going ahesd rapidly. Assist-
ance was rendered on some small jobs involving swaged thermocouples, "corregated”
I and E fuel elements, and eddy current penetrameter develcpment.

Testing Statistics

element plates being made.

C onent
A, Chemical Precessing Dent.
B. Construction Engrg. Oper.

C. Fuel Preparastlon Dept.

D. Hanford Laborateries Oper,

E. Irradiation Processing
Dept.

F. Relations & Utilities
Oper.

JL Boyd:1t

BTV

240020 ¢

No. of Ft. of Weld No. of
Tests or Material Fleces Description
252 2773 110 CS & S8 process
vessels & piping.
Crane hooks,
6 14 12 SS Welder Pipe
Qualifications Coupons.
18 254 18 €8 Pressure Vessels,
1001 1508% 88 8S Piping. Zr & CS
process and PRP tubing.
Thermocouples. I & =
and MIR fuel elements,
Canned Pump
91 37 14 ¢S castings & machined
parts, Zr process tub-
ing. CS piping.
97 280 15 S8 Piping. 08 wmechined

Manager

parts.

LABORATORY AUXILIARIES
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EMPLOYEE RELATIONS OPERATION MONTHLY REPORT

UNCLASSIFIED H-1 HW- 54284
GENERAL

On December 31, 1957 the staff of the Hanford Laboratories (peration totalled
1158, including 507 exempt and 651 nonexermpt employees. Of the total exempt
employees there were 440 with college degrees including 422 technical degrees
as follows:

BS s PhD
P00 103 g7

To addition, there were 37 nonexempt employees with college degrees.
Distribution among the nine level 3 components is included in Table I.

FERSCONNEL DEVELOPMENT AND COMMUNICATIONS

The administration of the Nonexempt Perscnnel Develcpment Program and Progress
Report procedure was transferred to the Specialist, Employee Placement and Records.

Detailed planning for the Armed Forces Special Weapons Project personnel training
was completed. The group of nine medical people will arrive on January 6, 1958
for a six-weeks' course.

We were notified informally that our propesal for the 1958 Summer Institute hes
been approved by the ARC. As in 1957 the 1958 session will require "Q" clearance.

ELC Management approved the Short Course Proposal znd it was forwarded to the AEC
for consideration.

Twenty-seven Technical Graduates and seven Technician Trainees were on assign-
ment within HIO at month's end, These numbers are the same as last month's.

Ten exempt employees completed HIO's first presentation of PMS & L, nine exempt
employaes finished "Understanding People', seven employees attended "Data Pro-
cessing”, and nine employees participated in R & U's "Management Orientation”.
Twalve nonexempt employees attended the "Secretarial-Clerical Training" course.

AEC approval has been given for presentation of PEM-1 tc HLO exempt employees
through calendar year 1958.

Twelve HIC employees participeted in the December Area Tour for Women.

Seventeen technical papers and articles were processed for publication during
the report period.

Members of g Columbla Basin College science class visited HLO facilities on
December 21 ahd Richland science students toured the facilities on December 23.

UNCLASSTYIED
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PERSONNEL PRACTICES

Employment

There were nc Reduetion in Forece Notices given during the month. MTwo Servicemen
were removed from the payroll due to HAPO "bumping”. Notices were given during
November.

Banford Laboratories ftransferred four Radiation Monitors from Radiation Protec-
tion COperation tc IPD as a result of thelr transfer request. Five new nonexempt
transfer requests were recelved during the month of December.

Three l-year, one 2-year, and one 3.year Attendance Awards were issued during the
mcnth of December.

Service Recoguition 5Y¥rs 10 Yrs 15 ¥rs 20 Yrs 25 ¥rs Total
Ping issued this month 1 g - - - 10
Total pins out L6g 237 1 2 1 710

Benefits and Services

The Thirteenth Hanford Isboratories Suggestion Board Meeting was held on December
12, 1957. Eighteen suggestions were reviewed and fourteen were approved for
awards of $490.

A total of $4652 in suggestion awards was paid by Hanford Laboratories Operation
in the year of 1957. The average award was $37.22 apd the ratio of awards to
savings was 9%.

During December twenty-one suggestions were received from Hanford Laboratories
employees.,

Five pre~-retirement personal contacts were held during the month with Hanford
Laboratorles employees who have reached optional retirement age. This completes
all of the pre-retirement contacts scheduled for the year of 1957.

Hanford Laboratories participation in the Employee Benefit Plans as of December
31, 1957, 1s listed below:

Insurance 99.5
Pension Plan 38.3
Savings & Stock Bonus 60.3
Savings Plan 7.7
Military status of HLO employees is as follows:
STATUS ' Non-Tech. Non-
Regervists Other than 1A Technical Technical 14 *Critical TOTAL
Standby 13 33 3] 0 4o
Ready 16 21 & 1 by
Total 29 E1n & 1 30
Non-Veterans 29 38 21 ke 130
TOTAL 58 92 27 43 220
*¥Refers to those employees for whom deferments are currently being regquested.
.- N UNCLASSIFIED
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Deferment Requests Pending

7
Deferments Denied, Appealed and Pending o
Deferments Pending at Presidential Appeal Level O

UNION RELATIONS

Negotiations with the Field Inspectors continued during the month. The proposal
of the HAMIC that we use a Y-type seniocrity arrangement appears to offer many
disadvantages and has not received acceptance by the Company %o date.

Three grievances were received during the month of December. One grievance was
filed by a Radiation Monitor who claimed that laboratory personnel in the 325
Building were setting dosage rates for each other. The second grievance con-
cerns a Serviceman in Technical Shops who grieved because the Company failed to
furnish transportation to his work location. The third grievance was filed by
& Painter in FPD claiming that a Carpenter in Technical Shops wasg performing
work that belongs to the Painters. All three grievances are at the Step IT
Jevel and answers will be written shortly.

The grievances processed bty this Operation since January 1, 1957 total 23.
This number includes cne non-unit grievance. The following is a breakdown as
to the status of these grievances.

Step I
Answered satisfactorily* 11
Step IT
Pending Step II answer 3
Answered
Satisfactorily** 9
Pending time limit G

* Step I grievances which Council indicated a desire to discuss at Step II not
scheduled for discussicn within three months are considered settled at Step I.

*# Step IT grievances in which the Council formmlly applied for arbitration but
for which no further action is taken within three months are considered settled
at Step II.

TECHNICAL PERSONNEL PLACEMENT

PhD Recruiting

During the month six candidates visited Richland for employment interviews; two
offers were extended; one offer was accepted; one offer was rejected; and two
were placed on the roll.

PhD - HIO - 9/1/57 to date
Qffers _
Cases Considered Visited Extended Accepted Opem Rejected On the Roll

376 23 27 8 9 10 8

URCLASSIFIED
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offer totals include 1h offers extended during the last recruiting season which
were open op September 1, 1957.

Offers accepted do not include seven acceptances received during the last recroit-
ing season from people who were not on our payrcll on September 1. Four of the
seven carry-over acceptances have reported on the roll to date.

A summary of PhD recruiting statistics appear in Table ITI.

BS/MS Experienced recruiting

During the month one candidate visited Richland for employment interviews; three
offers were extended; two offers were accepted; and one was placed on the roll.

BS/MS - HIO 9/1/57 to date
B Qffers
Cases Considered Visited Xxtended Accepted Open Rejected On the Roll

5L 7 6 2 2 2 3

Two people reported on the roll during September as a result of offers accepted
prior to September 1, 1957.

A summary of BS/MS experienced recruiting appears in Table III.

Exemgt Transfers

There were no new transfer requests received during the month. Two cases were
closed during December, cne by transfer within HLO and one request was withdrawm,

Bxempt f4ransfer statlstics appear in Table IV.
The attrition of exempt personnel for HLO for December:

Transfers Q
Tarminations and deactivates 2

FEALTH, SAFETY, AND SECURITY

Since September 1, 1956, a total of 3,007,244k hours have been completed with no
disabling injuries. {This accomplishment of exceeding the 3 million hour mark
gualified HIO for the National Safety Council Award of Homor, for which applica-
tion yag Eade on January 2,) During December Iaboratories personnel worked a total
of 186,174 hours with no difdabling injuries.

There were 33 medical treatment injuries giving a frequency of 1.77 as compared
to 1.49 last month. For the total calendar year, the frequency was 1.71.

There were nc fire incidents reported.

There were seven security violations bringing the total for the year to 88. For
the last four months the total was 15 viclatlons.

A summary report on the beryllium powder explosion in ccnnection with low tempera-

ture facilities at the neutron spectrometer was completed for distribution to
groups that coculd benefit from the experience.

UNCLASSTFIED
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Medical examinations were $99.7% completed for the year.

Supervision was notified of three new medical work restrictions, one continuation,
and cne discontinuation.

8ix HLO and two outside safety suggestions were evaluated; three were recommended
for adoption.

SALARY AND WAGE ADMINISTRATION

At menth end, each lLevel 3 Manager had discussed his respective salary review with the
Manager, Hanford Iaboratories., Pertinent statistics for total HLO are currently
being prepared and will be forwarded to Relations & Utilities for HAPQ-wide
consolidation and subsequent submission to W. E. Johnson for his review and approval.

The following position changes were made during the month:
Positions Added 1
Positions Deleted 3
Position Titles Changed 2
Position lLevels Changed 1

During the meanth, the following audits were completed:

Financial 3
Chemical Research & Development 1
Physics & Instruments R & D 1
Reactor & Fuels R & D s

A coordinated HAPO-wide study of the semi-technical jobs was undertaken during
the month fellowing a comprehensive review of the data received from the Northwest
ares and AEC wage surveys. (onclusions and a recommended course of actiocn will be
forwarded to appropriate mansgers in the near future.

A revised upgrade listing of Machinist Journeymen to Instrument Maker and/or to

Tool and Die Maker was issued by the Specialist, Wage Administration during the
month.

ATTITUDE SURVEY

An analysis of the scores of 35 selected attitude survey questions was plotted

using & scattergram method. The per cent favorable scores were plotted for each

of the three perscnnel classes by level 3, 4 and 5 organization component. In
addition, 4the guestions were grouped by theme or category and additicpnal questions
were developed tec assist in planned discussions with all HLO managers and super-
visors. From these discussions, we will be able to (1) assist HLO managers and
supervisors in a better understanding of their attitude survey results, (2) de-

velop ldeas for future attitude surveys, (3) glve Employee Relations = better

insight to some of the "problem areas” in EIO, and (4) guide Employee Relations
Cperation in developing programe and reccmmendstions for HILO menagers and supervisors.

The sensitivity survey results were analyzed by Roy Waters. Distribution and
displacement curves were developed from each participant's returns.

TG Marshall:tr Employee Relations
UNCLASSIFIED
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TABLE III. EMPLOYMENT - TECENICAL PERSONNEL STATUS

I. Zmployment

Non Exewpt employment status Nov. Dec. Non-Zxempl Transfer Requests Nov. Dec.

Requisitions Transfer Requests
At end of montn i 7 Active cases at end
Cancelled 0 0 of month 54 45
Received during month 3 5 Cancelled 2 1o
Filled during month 11 2 New during month 7 5
Candidates Considered Transfers effected 0 L
Total applications 2L 52 Planned Transfers
Total transfer reguests Effective during month 0 0
from other at HAPO 0
Total interviewed 0 o
II. Technizcal Personnel Placement
Ph.D. Recruiting - HLO - 9/1/57 to date
VISITS TO RICELAND OFFERS On
Cases Con- To Open * The
sidered Extended Visited Visit Invite. Extended Accepted Open Roll
Engineering:
Chemical L8 17 2 T b iy 1 2 0
Electrical 12 2 Q 2 o 2 o] 0 0]
Mechanical 23 8 1 by 1 2 0 0 o}
Met-Ceramics 41 20 L 7 6 L 0 3 1
Other 6 2 0 1 1 0 0 0 0
Science:
Chemistry 177 29 8 g 7 8 L 3 3
Prysics 180 6L 7 17 28 6 2 1 1
Math - Stat. 2k 2 0 2 O 0 o Q 1
Other 25 3 1 0 2 1 1 0 2
TOTALS 536 7 23 B &g 7 B T B
*Qffer totals include 14 Ph.D. open offers as of 9/1/57.
35/MS Experienced Recruiting - HLO - 9/1/57 to date
VISITS TO RICHLAND OFFERS On
Cases Con- To  Open The
gidered Extended Visited Visit Invite. Extended Accepted Cpen Roll
Engineering:
Chemical k4 2 1 o] o] 0 0 0 0
Electrical 6 1 1 0 0 0 0 0 0
Mechanical 9 b 3 0 0 2 0 0 0
Metellurgy - Cer. 5 1 1 8] 0 1 1 ] ")
Other 5 0 0 0 0 1 1 0 1
Science:
Chemistry g Q o) 0 0 0 C 0 2
Physics Iy o] 0 Q 0 2 0 2 0
Math - S5tat. 1 1 1 e e 9] o] O ]
Cther 8 C 0 0 0 0 0 0 0
TOTALS 51 9 T o 0 G ] 2 3
UNCLASS IFIED
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TABLE IV. Exempt Transfer Cases

Active cases at beginning of month

New cases: Initlated by employee
Initiated by management*

Cases reactivated

Cases closed: Transfers: Within BLO
Within HAPO
Other GE
Withdrawn
Terminated

Active cases at end of month
Total cases - January 1, 1957 tc date

Initisted by employee 25
Initizted by management*30

HW-54284

December November Total

25 19

7

25 36
1 N
1 4
7
1 8
— — 3
23 28 32
23 a3
55

*Includes ROF's, transfers proposed by employee’s management, and requests from

other G. E, departments.

TABIE V. Union Relations

Grievances Processed - Jamuary 1, 1957 to date

Total Processed 23
Step I
Answered satisfactorilyx 11
Step IT
Pending Step II answer 3
Answered
Satisfactorilyss g
Pending time limit 0

(ineludes 1 non-unit grievance)

Step I grievances which Council indicated a desire to discuss at Step IT not
scheduled for discussion within three months are considersd setiled at Step I.

W Step II grievances in which the Council formally applied for arbitration but
for which no further action is taken within three months are considered settled

at Step IT.

UNCLASSTIFTED
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FINANCIAL OPERATION MONTHLY REPORT

Personnel

There were no personnel changes in the Financiel Operation during December.

General Accounting Operaticn

A request was received by Hanford Laboratories from SS Accountsbility Operation for
informaetion necessary to implement Part II of HOO-AEC Survey No. 15 of 38 Materials.
Custodians within Hanford Laboratories were requested to submit this information to
the Manager - General Accounting for consolidation and transmittal to Relatlons and
Utilities. A forecast of requirements for diversions of Nuclear Materials outside
production channels was prepared by various members of Hanford Laboratories Operation
and submitted through the Manager of General Accounting to SS Accountability
Operation.

Decision was reached to transfer respounsibility for accounting for equiprment and
construction work in progress from Cost Accouniing to General Accounting., The
change 1s scheduled to take place during January. Coincidentally with this transfer,
a realigoment of responsibilities within General Accounting will take place. As a
result of these two changes, the acquisition of cepital assets will be controlled
from budgeting through the point of transfer to property accounts by oue group under
the Specialist - Acquisitioms.

The problem of securing proper authorization for work being conducted by our engine-
ering representative at Arco, Idaho is still in the process of discussicn and has not
been resolved. A meeting will be held early in Jesnuary by representatives of Reactor
and Fuels, Financial and the Counsel's office in an attempt to reach agreement zs to
proper procedure., The representative of the Counsel's office 1s concerned about
indemnity implications with respect to our working arraugement with the Phillips
Petroleum Company.

As a result of the Interunal Revenue Service taking the position that s&ll reimburse-
ments of business expenses represent gross income to employees and must be reported
in returns for 1958 and later years, we will maintain for each employee such detail
information as 1s required., Thie information willl be provided at the end of each

year to all employees who heve been reimbursed for trevel and entertalning expenses.

Continuity of service accrual rates have been reviewed and it has been decided that
ve gill continue to use the present overall rate of 10% of gross salaries during
1950,

As 8 result of Traffic Operation's discontimuing travel and hotel reservation ser-
vice on December 15, 1957, travel advances now include funds for employees to pay
for transportaticn on a cash basis. The local working fund has been increased to
$5,000,00. 1In addition, a proposed revision to the present "Travel Order, Reserva-
tions Request and Cash Advance Receipt" form hes been drafted.

UNCLASS TPTED
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At the request of the Specialist - Emergency Mouitoring, Radiation Protection Opera-
tion, consideration is being given to meking cash available on a twenty-four hour
basis for emergency monitoring trips off-site.

We have processed and are reporting all non-reimbursable expenditures ilncurred
through December 31, 1957. Those expenditures incurred but not paid or billed will
be accrued and applied agminst the 1357 budget for Charges Against the Fee.

A report of findings in connecticon with the annual physical inventory of uninstalled
cataloged equipment in the custody of Reactor and Fuels Research and Development and
Chemical Research and Development was distributed in December. The inventoriles coo-
sisted of 2,227 pieces of equipment valued at $3,185,039 and 2,169 pieces of equip-
ment valued at $1,822,804 respectively. Equipment physically located during the
inventory, for which no record could be found, were 403 items valued at $228,117 for
Reactor and Fuels and 208 items valued at $109,018 for Chemical Research, In both
inventories, it appeared that custodian cards were too far removed from the persounel
actually responsible for the equipment, and are not being used tc full advantage for
control purposes. It was recommended that responsibility of maintaining comntrol
cards be transferred to level 5 cperations to strengthen coutrol of equipment. This
would enable custodiasl personunel to become better acquainted with their assigned
equipment.

Listings of equipment, found mlssing in the current HIO physical inventory of unin-
stalled cataloged equipment, were prepared and distributed to Level 3 Managers, re-
questing that the equipment be found or & missing equipment report and a property
dispesal report be prepared. A summary report of findings, in connection with the
HIO physieal inventory of uninstalled equipment, will be issued upon completion of
the missing equipment reports,

Missing equipment reported to Level 3 Operaticn and items physically located for
which no record could be found during the HLO physical inventory of uninstalled
cataloged equipment are as follows:

Missing Equipment Unrecorded Egquipmeunt

Operation Numbey Value Bupber Value

Radiation Protection 12 $ 2131 146 $ 51 500
Laboratories Auxiliaries 1 101 50 31 929
Biology 28 17 018 57 24 700
Physics & Instruments 22 6 642 124 35 334
Reactor & Fuels 105 89 664 403 228 117
Chemical Research _57 25 692 298 109 018
Total 225 $14] 248 L 078 $480 598

The substantial adjustments indicated in the above schedule are due in large measure
to & write off of equipment which followed a physical inventory of plant and equipment
taken several years ago (1953). Although it cannot be definitely proven because of
lack of detailed Identification in the previcus inventory, it is reascnably certain
that meny of the items currently being added to record are the same items not located
during the previous physical Iinventory and subsequently written off. Many of the
items reported as missing in the above tabulation will be located before a final ad-
Justment of the accounts 1s accomplished. We are confident that physical inventories
of upinstalled capital equipmeut in the future will reveal a substantial improvement
in property accounting procedures and result in adjustments of much smaller magnitude.

R UNCLASSIFIED
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Arrangements were completed for the regular quarterly physleal inventory of other
special materials as of December 31, 1957, to be conducted by custedial personnel.
Property Accounting will not witmess the count but will reconcile the results to
Property Accounting records. A report of results will be issued upon completion of
reconciliation.

Cost Accounting Operaticn

Several meetings have been held by the Specialist ~ General and Couscolidations Cost
with representatives of Date Processing concerning new work order procedures. A
change has been requested in the format of cne of the IBM runs so that more and
better information concerning work orders can be provided for the coperation person-
nel as an attachment to individual operating cost reports. The pilot run is to be
recieved in Jamuary for review.

Copies of letters from Nuclear Metals, Inc. to Reactor and Fuels R&D Operatlon, re-
garding cost incurred on Procurement Directive 57-2, were forwarded to the HOO-AEC.
The letters and our telephone discussions resulted in billings totaling $25,300 from
NYOO~AEC to HOO-AEC, Billing to ELO was not made before cest transfer cut-off
between AEC and GE, therefore, an accrual was booked in December for the same amount
charging Reactor and Fuels R&D Operation as a direct charge to FPD Research and
Development. The accrual covers costs for the months of July, August apd November;
September and October having been billed at an earlier date,

Current authorizations for approval of purchase reguisitions, store orders, overtime
lunches and work orders were recorded on a newly designed form for all authorized
personnel of Hanford Laboratories Operstion. Periodic zudits will be performed to
check for proper authorization signatures on source documents. During December an
audit of store order approvals was conducted.

A cost coding and paper flow procedure has beeu written for Facilities Engineering
concerning the use of Eugineering Requests, formerly called Work Requests. A
written procedure was deemed necessary for indoctrination of new employees within
Facilities Engineering Cperation as well as consistency in manner of preparation,

Work simplification studes are underway in three general areas by the Cost Accounting
Operation: (1) Improved budgeting procedure which will reduce the amount of detailed
preparation of data needed to Justify the funds requested from HOO-AEC, {2) mechaniza-
tion of cost accounting system, and (3) review of all procedures within cost account-
ing function to simplify or eliminate 1f determined not required.

Personnel Accounting Operation

Eight patent aswards were paid and stock delivered during the month. These payments
cover all motices of awmrds received during 1957. During the year 1957, 2L awards
were granted, of which 9 were to inactive employees.

Modification No. 11 to Appeudix B was approved during the month. This modification
changes the provisions of Article 3, (Absences for Personal Reasons). The new
C., P. G. on sbsences as in the process of being issued.

Approval Letters Nos. 75 and 14k, "Revisions to Sslary Administration Manual", were

received during the month. Approval Letter No 144 modified the exempt salary struc-
ture by an increase of approximately 2% effective December 1, 1957.

UNCLASSIFIED
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Procedures

Extensive efforts have heen undertaken concerning R&WO's suggested consolidation of
plant delivery services by Classified Files and Area mail forces. Contacts have
been made with Office Facilities, and Security and Patrol, R&UO; Duplicating and
Mail, FPD; and affected groups in Technical Informetion, HIOC. In addition, a2 pre-
liminary meeting has been held with CEO, with regard toc the mutual delivery problems
of Classified Files and Engineering Files. Evaluatlons are continuing of all
aspects of this problem, including the costs of deliverles, security controls and
the mainteunance of necessary service.

A study was completed for Technical Information evaluating the alternative methods
for keypunching records to be used in the EDPM procedures for site accountability
of classified documents. Recommendations were made to perform thils work by Flles®
personnel hasically to effect cost savings and improve efficlency and accuracy in
the handling of the data. '

An examination was made of the new microfilm routines used in Engineering Files,
CEQ. The latest "Recordak" filming, mounting, viewing, and reprcducting eguip-

ment has been acquired by that Operation to bhe used in the system for accountabillty
and record keeping of all engineering drawings on the project. Of special interest
is the application of Filmsort cards; i.e., the mounting of individual micrefilm
frames on IBM cards coded to identify each frame. Duplicate microfilm copies of

all 300 Ares drawings are to be maiotained in a 300 Area file. A total of 60,000
drawings have been microfilmed to date out of a total of 300,000 on the plant,

This application of new techniques in microfilming will continue to be followed

as an example of improved data handling methods.

A meeting was held with a West Coast representative of Eastman Kodak Company to
get information concerning the latest types of their Verifax office copying equip-

ment. Arrangements were made to receive additional data from them on systems
applications of this equipment.

Auditing

The Cost Accounting Audit field work has been completed and the report is being
written., Field work on the Administrative Services Audit has been started.

Measurements

The measurements report for CY 1957 was issued on December 4.

Payroll Statistics

Number of HIO Employees Non-
Changes During Month Tetal Exempt Exenmpt
Emplcyees on Payroll at Beginning of Month 1 157 504 653
Additiouns and Transfers in 13 5 8
Removals and Transfers Out (12) (2) (10)
Transfers from Exewpt to Non-Exempt - i s

Employees on Payroll at End of Month 1 158 507 651
UNCLASSIFIED
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Overtime Pavments During Month

Exempt

Non-Exempt (five weeks in November)

Gross Payroll Paid During Mopth

Exempt

Non-Exempt (five weeks in November)

Participaticn in Emplovee Benefit:

Plans at Month End

Pension Plan

Insurance Plan
Perscnal Coverage
Dependent Coverage

U.5. Savings Bounds
Stock Bonus Plan
Savings Plan

Insurance Claims

Employee Benefits

Life Insurance
Weekly Sickrness & Accident
Comprehensive Medical

Dependent Benefits

Comprehensive Medical

Total

Good Neilghbor Fund

Number Participating
Percent Participating

Travel

Accounts Outstanding at beginning

Charges:
Cash issued - by checks
by currency
Transportation

HW- 54284

Other - (Billings from cother GE compon-
ents, moving expense, ete.)

December Hovember
$1 966 $1 208
2 173 6 321
$4.239 $1229
$377 188 - $376 823
270 768 342 559
$6hz 956 $719 362
Number Participaeting Percent Participsting
December November December November
1 120 1l 109 98.3 8.3
1 183 1 187 99.5 99.6
731 T29

£68 701 60.3 60.6
89 90 T.7 7.8

December Noverber
Number Amount Kumber Amount
ol $ 0 0 $ 0
9 596 8 585
55 5 251 8 3 115
1 8_293 95 B8 4o5
1l $14 1Lo bl $12 195
December Novenber

753 749
65,0 64,7
Other Stetisties

Ko. December No. November
$21 548 $20 00k
25 5 714 25 4 842
32 3 259 51 5 876
7 080 18 827
2 854 2 722"
Lo 455 5z 271

UNCLASSTIFIED



UNCLASSTFIED I-6

Travel (Cout'd)

Less:
Expense vouchers processed
Travel expense accounts
Other (moving expeunses, counference
expense, etc.)
Refund of advances
Billings to and from HAPO Componeuts-Ket

Accounts outstanding at close

t$¥¥é21e

January 13, 1958

[ 297395y
PR R

oL

38
62

25 540

2 867
5 768

33 k12
$_7 043

Hw-5he8L

80 20 252
30 2 1353
8 7 112

1 006

30 723
6 sg8
UNCIASSIFIED




UNCLASSIFIED J-1 HW-54284

INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to resull 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 beén examined for possible
inventions or discoveries,

INVENTOR TITLE QF INVENTION OR DISCOVERY

W. G, Spear A Transistorized Linear Pulse Amplifier

D. D. Marsh An Improved Curve Follower

J. L. Swanson The Use of Mixed Ammonium Fluoride-Ammonium

Nitrate Solutions in the Processing of Zirconium-
Containing Fuel Elements

H. E., Hanthorn Automobile Speedometers
D. R, Metcalf Lunch Box Accessories
D. E. Rasmussen Maintenance Tools

W. L. Wyman Arc Welding in a Vacuum

ot

UNCLASSIFIED




