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LEGAL NOTICE

This report was prepared os an account of Government sponsared work. Neither the United States,
nor the Commission, nor any person acting on behaif of the Commission:

A. Makes any warranty or repraseniction, expressed or implisd, with respectio the accuracy, com-
pletensss, or usefuiness of the information contained in this report, or that the use of any infarmaticn,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

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

As usad in the acbove, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tfractar of the Commission, or employes of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contrector.
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BUDGETS AND COSTS

Costs for March were $1,886,000, an increase of $224,000 over the month of February.
The major change was in the Plutonium Recycle Program which increased $143,000 over
February to $548,000 for the month. Fiscal year-to-date costs are 69% of the oper-
ating budget of $20,510,000.

RESEARCH AND DEVELOFMENT

1.

Reactor and Fuels

Progress on PRTR construction is as follows: Phase I, 86% completed versus 96%
scheduled; Phase II, 84% completed versus 90% scheduled; and Phase II-A, 58%
completed versus 58% scheduled. Construction of the Plutonium Fabrication Pilot
Plant, Phase II, is 89% completed versus 97% scheduled.

Preliminary project proposals have been prepared for the PRTR Reactivity Measure-
ment Facility anéd for the PRTR high pressure water loop. Another for a FRIR
rupture test loop is in preparation. A revision to the PRTR gas-cooled locop
proposal, to increase the maximum temperature from 1100 F to 1500 F, has also
been prepared.

The redesigned PRTR shim control assemblies are based cn a lead screw drive, with
three half rods in each assembly. These features preclude loss of a shim from the
core in the event of chaln drive rupture and reduce the reactivity carried in
individual rods.

The first twenty Zircaloy-2 PRTR process tubes have been inspected and accepted
at the vendor's plant, and will be shipped in April.

Improved x-ray diffraction techniques now permit the accurate determination of

the slip planes in extruded Zircaloy tubing and rolled Zircaloy sheet. The dif=-
ference in orientation of the plenes in the two materials accounts for the commonly
observed 30 percent greater circumferential strength in tubing as compared to shee

A careful analysis of the recrystallization and grain growth characteristics of
50 percent cold worked zirconium heat treated in helilum reveal that recrystalli-
zation takes place by a process of nucleation and growth. No evidence of re-
erystallization is noted at LOO C, whereas the process is complete after 1000
minutes at 500 C.. Studies revesl that higher temperatures are required for ra-
erystallization as the degree of cold work is decreased.

Using vibratory compaction, UQp fuel has been compacted to a density of 82 percent
of theoretical. Rod cluster elements with cores compacted in this manner have
been readled for MIR and ETR irradiation.

A one-inch dismeter loose powder element was operated at a heat transfer rate in
excess of 1,000,000 BTU/sq ft/nr. A partial collapse of the can wall resulted in
excessive Jacket temperatures and ultimate rupture of the test piece by solid
state reaction between the U0z and the Zircaloy cladding. Conditions of operation
exceeding the limits of the UW0go-Zircaloy system were defined.

Seven-rod Wo elements exposed for four months in KER revealed no evidence of
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fretting correslon caused by the wire wrap.

The first 19-rod fuel element for the first PRTR loading was assembled during the
month.

The development of a swage feeding mechanism employing canted rubber rolls has
resulted in improved straightness and a reduction of 50 percent in swaging time
of Zircaloy-clad UOs rods. The necessity of a drive mechanism capable of slipping
was convineingly demcnstrated by means of motion pictu.res of the die action in
both the stationary apd rotary die machines.

The sinterabllity of mechanically mixed PuOp-UQp has been Jetermined over the range
from O to 10% PuO2 and temperatures from 1000 to 1600 ¢ for one hour sintering time
Densities of PuOy-UOp systems were less than for UO2 only at the same sintering
temperatures.

Ioading of extruded Pu-Al cores Into Zircaloy sheathing while maintaining an ex-
tremely small gap in the finally assembled fuel rod has been difficult. A honing
machine has now been developed and is available to correct the i.d. variastion of
Zircaloy tubing to within cne-half-mil over a length of eight feet.

Heat transfer experiments confirmed the validity of present K Reactor cutlet
temperature limits in the event of low front header pressure or a failed front
hydraulic connector.

Two seven-rod metallic uranium fuel elements with inter-rod spacings varying from
0.025" to 0.060" were exposed to 1250 MWD/T in KER Loop 1. Only the rod with the
minimum clearance to hoth adjacent rods showed measurable incremse in dismeter.
The increese was presumably caused by the higher internal temperaturs and was
consistent with an increasing amount of evidence that swelling becomes a severe
problem at temperatures above about 450 C.

Twe tube-and-rod elements are now operating at 80 kw/ft in 240 C water in KER
Loop 4. Exposure is currently 1200 MMD/T with goal exposure 2500 MWD/T.

A closure with considerable promise for NPR rod elements consists of projection
welding a plug on the end of a fuel rod with the jacket thickened by a previous
die upsetting operation. Preliminary tests szow that a secondary, circumferential
fusion weld can be successfully applied leading to a closure with high streangth
and geoed corrosion resistance.

Studies show that several aluminum alloys, including X-800l, dissolve more rapidly
in molten AlSi than does 25 aluminum. This implies that temperature control of
the canning bath may be more critical when using alloy cans, if excessive penetra-
tion is to be avoided.

Useful new techniques for following the rate of rupturing of pre-defected, un-
irradiated, jacketed fuel in an autoclave at 300 C have been develcped, involving
two different methods for continuously measuring the rate of release of hydrogen

g88.

The first successful out-of-reactor rupture test has been conducted in a flowing
system with electrical heating of the fuel rod to simulate in-reactor heat gen-

1252134 DECLASSIE:S
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eration. Two of the three 25-mil pre-defected pin holes in the jacket exhibited
raised areas essentially similar to previous tests without heat generation in the
fuel rod.

W =-59717

Decontamination of reactor systems with strongly alkaline decontaminating agent®,
such as might be used in the presence of carbon steel, appears to be undesirable
if both aluminum and Zircalcy are present in the system. Evidence has been ob-

tained of hydriding of the Zircaloy by hydrogen released by reaction between the
aluminum and the alkaline decontaminating agent.

It appears quite probable that the initial expansion which has been cbhgerved in-
graphite lrradiated at high temperatures may be due fo the annealing out of a
mechanical "compression set" imposed on the graphite during manufacture and
machining. '

2. Chemical Research and Development

Continued laboratory investigations on neptunium recovery have emphasized a flow-
sheet utilizing lower nitric acid concentration and the addition of ferrous
sulfamate and hydrazine reducing agents. Mini laboratory pilot runs were en=
couraging. The process will be utilized in the next Purex Plant campaign. A
precise determination of the half-life of neptunium=237 has resolved differences
in analytical rasults between couwlometric titration and specific alphz sctivity
measurements. The new established half-life is 2.1k = 0.01 x 109 years.

Laboratory study of rere earth recovery from Purex 1WW wastes showed tha+t a
previcus method of removal by sulfate precipitation is complicated by current
IWW composition which 1s more concentrated and contains s higher iron content.
A tentative promethium recovery and purification method 1s presented but much
experimental work remains to he done.

Work on the potential recovery of plutonium from recuplex was%e streams by means
of anjion exchange resirs haes progressed to a point where the technieal data have
been transmitted to CPD for consideration of detajled design for plant applicatior

Several significant items are reported on Non-Production Fuels processing studiec
Mechanical tests on fuel chopping or sawing have progressed to studies orn skear
blade life, zirconium sawing, with its pyrophoric problems, some work on particuls
filtration, tests on the consequences of cutting into sedium or NaK bonded fuel
elements in the presence of water, and alsc experimental exposurs of fuel segments
containing sodium or NaK fo dissclver media. The practical discovsary was made that
the presence of ferric nitrate greatly stabilizes dissclver soluticns of uraniur.-
molybdenum alloys. Ferric nitrate additive alsc increases the dissclution rate in
nitric acid of uranium-molybdenum alloys, uranium metal, or uranium dioxide. Mo
explanation is apparent yet for the anomalous dissoluticrn beshavior of stainless
steel in the Hastelloy-F Niflex dissclver. Other than this somewhat minor problem
the Niflex pilot plant is behavirg satisfactorily.

Werk is progressing to assure that r- explosive residues remain on dissolution
of zirconium-uranium metallic syste... whizh will be encountered from either
girconium co-extruded ¢lad uranium metal or from power fuels utilizing uranium-
zirconlum alloy cores.
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Cooperation with off-site laboratories continues and two new runs were completed
at ORNL on power reactor fuel feeds to simulated Redox solvent extractlon systems;
ANL has begun a study of synthetic Purex 1WW waste calcination in their fluid bed
waste calciner prototype.

Uranium dioxide was found to dissolve rapidly in molten sodium chloride, pcotassium
chloride mixture when phosgene 1s bubbled through the solution. The solute, ba=
lieved %o be uranyl chloride, precipitates uranium dioxide when zinc or zinc mag-
nesium alloy is added toc the melt. This simple uranium diloxide cycle could have
application in reprocessing power reactor fuel. The method does not work well for
plutonium dioxide.

It was determined that a full size PRTR fuel element can be charged in existing
Redox dissolvers provided a speclal felding bail is used.

The use of metallic sluminum turnings to remove radiclsotopes from reactor
effluent water has moved to the pllot plant stage where pressure - flow character-
istics are beling determined on beds of aluminum turnings. Pasper electrophoresis
studles of reactor effluent water radicisotopes indicate that chromium-51 activity
mey exist as three distinet chemicel species.

Six out of ten rats injected with erioglaucine 10 minutes prior to receiving a
radiation dose of 900 r of x-radiation were alive 30 days afterwards. OUhly cne

of ten uninjected control animals survived. This corrcborates similar ratios con
the first test of this kind using mice, and further indicates that the erloglaucin¢
blue dye inhibits damaging radiation effects to living systems.

Over 40O correlations indicate that residual moisture in vadose zone soil can be
closely estimated by means of centrifuge tests which can be easily carried out in
a laboratory.

Phxsics and Instrument Research and Develogg;nt

Exponential pile measurements continued on massive uranium slugs as part of a
program to build up physics information to assist in the selection of good fuel
element designs for the NER. '

Reactor lattice physics experiments began in support of the Gad Cooled Reactor
Program. PCTR data suitable for calculating physics parameters were cob*ained on
a seven-rod cluster of uranium oxide rods in a graphite mpderated cors.

A safe batch size of two tons was recommended for dissolving 0.95% enriched I
and E fuel =2lements in the present dissolver after a review of recent experi-
mental results and of the various contingencies which might reasonably be ex-
pecte’ in loading the dissolver,

Experimental work to accumulate critical mass information cortinued with 3% and
1.25$ enriched uranium in homogeneous and heterogeneous configurations.

Installation of towers and poles for this summer's experimental program in

atmospheric physics was begun after completion of the survey of the course. Pro-
curement of the additional temporary employees was completed.

BESLASSIFED ey
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In the basic data fleld, agreement of cross-section measurements on graphite
by American, British, and French laboratories was improved even further, as

compared to the situation reported last month, by the direct measurement in

the PCTR of the absolute value of the eross section of one bar.

Studies of the neutron scattering properties of light water continued on +he
KE neutron spectrometer.

Testing of a prototype ¢riticality alarm was completed and the instrument was
demonstrated for product department personnel. Tests in a gamma field of
30,000 r/hr indicated no tendency to block or overload.

A directive to proceed with construction of Phase I of the Critical Mass
Laboratory was recelved.

Blology

Further important informetion is being obtained relative tc "observed ratics”.
It seems that not only do similar cations affect the uptake of one arother but
dissimilar cnes also do.

The effectiveness of DIPA orslly administered is continuing to be investigated.
At this time, there is good reason to have hopes for the development of =n
effective pill.

Good progress is belng made in radiocactive particle work with dogs. Sufficient
numbers of these animals have recently arrived to promise interesting results
shortly. Turnover times from the lung to other organs and excreta are being
obtained.

Programming

A detalled study of a schedule for charging, discharging, and chemical processing

of PRTR fuel was completed. The study was presented in chart form and should he
useful in the procurement of plutonium and for the planning of chemical processin;
operations.

The Meleager A and B fuel cycle analysis codes were compilsd and run. Preparatio:
of cress-section and related input information was essentlally completed.

Consultations were held on the possible use of iodine-131 as a *racer in meteor-
ological experiments designed to study the deposition properties of vapors as
compared with particles.

At an ASEE - Nuclear Committee meeting in Washington, a proposal to expand the
1959 HIO SINE program by utilization of several offesite speakers was asccepted.
This propesal was preferred over others involving off-site irips because of the
lesser interference with the problem assignment portion of the program. Ten
candidates were selected for this summer's institute.

Technical and Other Services

An experiment designed to locate the optimum combination of preheat and submerge times

DECLASEIR:E
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in the canning cycle has been successfully completed and analyzed, and the resulis
used to define a smaller experimental region for subsegquent pilot plant work.

Work on two operations research studies and six cperations analysis programs continued
during the month, and work cn one new operatiors analysis program wes initiated. In
additicn, statistlcal and mathematical assistance on 20 problems was give- Within

HIO and to other departments and operatiocns.

An explosion occurred on March 31 in a lathe hood located in the plutonium metallurgy
facilities in the 234-5 Building. Several Hanford Laboratories' employees were con-
taminated with plutonium materials. Two employees were machining a piece of plutonium
metal in the hood at the time of the explosion. One employee received a laceration
above the left eye. Minor skin excision was performed on the contaminated wound as a
precautionary measure. The injured employee also received treatment with DTPA to
minimize any likelihcod of internal deposition of plutonium. Surveys of the wound
area in the Shielded Fersomnel Monitoring Station and very preliminary bicassay measure
ments indicated that the depeosition of plutenium will prcbably be less than the per-
missible limit. Complete skin decontamination of the four involved emplovees was
successful.

Excluding the above incident, no additional cases of plutonium depeosition were cone
firmed during the month. This maintains the total number of deposition cases which
have occurred at Hanford at 228. There are 162 employees currently employed who have
a measurable deposition of plutonium.

There were 18 authorized projects at month's end with total authorized funds of
$7,726,400. The total estimated cost of these projects is 37,870,400 (PRTR and PFFF
are recorded separately). One project was completed during the moanth. Two new pro-
Jects are awaiiting AEC approval. Project Proposals for ten new projects are in
preparation.

Radiographic Testing service work for the month continued above normal due to examina-
tion of fubular products. A total of 9,555 tests were made of which 1,217 were radic
graphic and the remainder supplementary tests. In man hours, 55% of the total avail-
able time was on radiographic testing.

The Technical Shops overtime rate continued high due to heavy work load end emergency
requests. The proposed unit price contract agreement was not appréved by AEC. Steps
are being taken tc set up procedures for rapid award of small fixed price jobs to
off-site shops.

Contracts for construction of the 327 Building Addition {CGH-790) and the 306 Building
Addition (CA-TLL4) were awarded during the month. A project proposal was prepared and
submltted to AEC requesting additional funds on CGH-790C due to unanticipated SWP work
required. B

" The results of the 1958 inventory of Research and Development reports and Atomic
Weapon Data reports were reported to GE Security. BAPO's holdings are 10,130 copies
of which 105 copies are Weapon Data reports and the remaining 10,025 copies are
Research and Development reports. Twenty-znine copies were reported as unaccounted
for, of which twenty-seven were carry-overs from previous annual inventories. None
of the unzccounted for reports are Wespon Data.

1232130
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Suggorting Functilons

The HLO Operating Budgef for FY 1961 and Revision of FY 1960 has been completad.
Proposed levels are $22.2 million for FY 1960 and $23.5 million for FY 1961 com-
pared to $20.5 million in FY 1959.

Ranford Laboratories inventories are forecasted to increase from $806,000 in FY 1955
to $1.4 million in FY 1960. Major increases are in Heavy Water ard Spare Parts for
PRTR.

Whitney Program equipment has been physically inventoried and the razords es,ablzahed
on IBM 709. Total holdings at this %ime are 324 pieces valued at $574,000.

Procedures have now been established to provide each HLO unit with an IBM 4abulatiozn
of their commitments for off-site material and service. 7This tabuiation whish shows
open requisitlons, purchase orders and contracts for each research program wili
permit exact plaaning for these elements of cost.

At month's end, the staff of the Hanford Laboratories Operation %obtalled 1225 employess,
including 576 exempt and 649 nonexempt employees. There were 489 exempt employees
possessing technical degrees, ineluding 278 B.S., 108 M.S. and 103 Ph.D. .

Seven sessions of the first program of the Information and Orientation Series were
presented with approximately 85% of Laboratorles nonexempt employees attending. Plans
were completed for presentation of Progrem II.

One new grievance was received during the month. It pertained to the transfer pro-
cedure for bargaining unit employees. The Step I answer was not satisfastory bub the
grievance is now considered setiled at Step I due to explration of the +ime limit,

The grievances processed by Hanford Laboratories since January 1, 1959 total six.

Twe sessions of the annual HLO Department Information Meeting were held in “le
Village Theater on March 9 and 17. Approximately 300 HLO employees atterded.

Tours were held in March for 10 Nationael Bank of Commerce officials, 30 Clarksion
High School students, L0 Kemmewlick High School studerts, and &7 Riskland school teache

Laboratories persomnel worked a total of 206,000 man-hours during the month with no
disabling injurles. Since September 1, 1956 a total of ,,878 868 man-hours have been
completed with no disabling injuries.

The medical treatment frequenzy for March was 1. 60 as compared with 1.67 dur'ng
February.

Ph.D. recruiting continues to encounter difficulty in the sequisition of Ph.D. physi-
clsts with two rejecting our offers during the month to accept post doctoral or
academic posltions.

Other Ph.D. recrulting activity is progressing favorably. Recruilting of Technial
Graduates and experienced BS/MS candidates continues to meet with suceess arshough
here again it is difficult to acquire the necessary numbers of candfs*es ir physics.

1292134
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Recruiting for the Summer Program 1s now complete with acceptances received from
11 professors, 12 greduate students, 10 juniors, and 5 high school teazhers.

Pwenty-five nonexempt requisitions were filled during +the month. With thes recelps

A.-r‘ o
of 14 new requisitions, there are currently 40 openings in the Laboratories. Seven-

teen candlates are in process and two transfers pending, leaving 21 cardidates *o

be procured.

Manager,
HANFORD LABORATORIES

HM Parker:bms

DECLASSIFIED
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REACTOR AND FUELS RESEARCH AND DEVELOFMENT OPERATICHN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1., METALLURGY PROGRAM

Corrosion Studles

Dynamic Corrosicn of Aluminum in Deionized Water. Since several of the
newer experimental aluminum alloys {viz., those containing small percent-
ages of Ni, Fe, and T1)} exhibit corrosicn resistance superior to X-8001
in 360 C static water, testing of representative alloys has been extended
to flowing systems employing delonized water at 30C C. On the basis of
average penetration of the samples there was no significant difference
between X-8001 and the newer alloys attributable to alloy composition
alone, although one alloy designated KAB (0.6 w/o Ni, 2.1 Fe, 0.1 Ti)

was visibly less attacked by erosion-corrosion on the leading edge of
the upstream coupon. However, the average peneiration of all samples
was approximately the same, within experimental reproducibility, increszs-
ing from approximstely 1.8 mils in two months at 4 fit/sec water velocity
to 4.1 mils in two months at 38 ft/sec.

Another test was conducted to measure the effects of water refreshment
rate, flow rate, and time on the corrosion of X-8001 aluminum alloy at
250 C in deionized water. The average penetrations observed ranged from
epproximately 0.36 mil in one month in an un-refreshed low-flow system

to 2.5 mils in two months in a refreshed system at s water velocity of

25 ft/sec. Increasing the veloeity from effectively zerc to 25 ft/sec
ineressed the corrosion rate by a factor of approximately 3.5, increasing
the time from one tc two months increased the corrosion by a factor of
approximately 1.4, and refreshment increased the corrosion rate by a
factor of approximately 1.k.

These experiments illustrate the importance of the dynamic effects ,
(e.g., flow velocity and refreshment rate) on the corrosion of aluminum
alloys in hot water. :

Effect of Autoclave Pre-treatment. The effect of autoclave pre-treatment
of coupons in 250 C water has been discussed {January 1959 Monthly Report).
After two months in 200 C water, 7 fps flow rate, 1 gph refreshment, the
following rates were observed for samples with varicus pre-treatments:

Pre-treatment Mils Corrosion
None 1.70
Autoclaved 1 day at 200 C 1.6k4
Autoclaved 1 week at 200 C 0.67
Autocliaved 1 day at 300 C 0.75

DECLASSIFIED.
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Jet Impingement Studies. Tests are continuing to determine the relative
susceptibility of aluminum alloys X-8001 and 1245 to atteck by impingement
of a jet of hot water. Recent date employlng high purity water at 100 C
with a 0.009 inch orificed Jet show no measurable penetration of either
alloy in 20C minutes at a jet velocity of 4k ft/sec. At higher jet veloc-
ities (60 to 202 ft/sec) the rate of penetration of the 1245 alloy was
greater than or equal to the penetration of X-8001 (viz., at 202 ft/sec
penetrations were 17.0 and 21.7 mils, respectively, for X-8001 and 1245
alloy). The differences are relatively insignificant, however, and
similar previous tests employing 300 Ares tap water rather than high
purity water showed a small difference in favor of the_lEhS alloy
(EW-57225 AL, pp. 2-5). '

A-2 EW-59T17
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Fuel Element Rupture Kinetics. Studies are continuing to determine
rupture kinetics and cheracteristics of coextruded Zircaloy-2 clad fuel
elements in cooperation with Fuel Element Design Operaticn. Samples are
defected with a 25-mil hole drilled through the cladding inta the core.
These are exposed tc water in an induction heated autoclave at tempera-
tures up to 300 C. The faillure of these semples occurs in two phases.
During the first phase, a blister is slowly formed at the defect, and
there is little or no liberation of corrasion preduct or hydrogen. The
second phase begins when the blister pops open as & result of fracturing
of the cladding. During this phase there 1s genercus liberation of cor-
rosion product and hydrogen as a result of extensive ripping of the clad-
ding and rapld corrosion of the core material.

Two techniques have been developed to study rupture kinetics. The first
method uses a palladium tube as & hydrocgen valve to detect the end of the
first phase of failure. The second method uses a recirculating system to
collect and measure the hydrogen gas liberated. This method provides
kinetic data on both phases of the rupture process. Preliminary tests
have shown no hydrogen liberation during the first phase. A% the start
of the second phase there is a sudden burst of hydrogen lesding into an
epproximately constant rate of hydrogen liberation. The data for three
runs are tabulated below:

RUPTURE DATA
Duration Ep Evelution Rates
Temperature of Phage 1 During Phase 2
250 C 60 min. 28.5 ml/min
300 3 " 33.3
300 3 " 133.3

It was cobserved during the latter run that the constant hydrogen evolu-
tion was actually a series of hydrogen bursts which may corresgend to
the successive rupturing of blisters on the failing samples.
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Zirceloy Biching Studies. Tre occurrence cf white spots oz autcclaved
Zirealoy fuel elements is cause for rejection. These spots are usually
associated with defective metal and thus properly rejected. Occasionslly,
however, these white spots zan be caused by the etching and rinsing pro-
cedures. In order tc prevent etch spotting, spot-causing substances and
rinsing techniques are being investigated. The investigaticn toc date has
shown that even deionized water will cause light spotting when dried in
laboratory air tut no spots whern dried in argon. Rinsing in deionized

~water will remove dried spots cabsed by dilute eteh solution (1:2000)

and tap water. The final rinse can be affectively accomplished by
starting the autoclave fuil of delonized watzr. Dried spcts of standard
etch solution were partiaslly remcved by rinsing in hot 1% ¥O,0H. Pre-
sumably, spotting can e caussd by non-volatile iprurities left on the
surface of the Zirecaloy as it appromches autoslaving temperature. This
investigation is zontinuing.

Etching and autoclaving of exparimanial Zirzalcy-jacketed fusl rods for
the PRTR has also coniriwuted to an unferstarding of conditions which
cause water spotting. The hesh “rcc=aura found te date involves the use
of deionized water {rather than tar water), at -oom temperature for the
final rinse step after eiching, and *hen wiping the Zirscaloy surface dry
with paper towels rather <han permitiing the water to evaporate on the
Zircaloy surface.

Radiometallurgy Labaratory Studies

Examination was begun on thrse 7-rod 2luster y:e elersnts which had been
given a high irradiation expogire, five +ensils *ests warz conducted on
cyeclically annealsed uranium, and seven Low t-mbw-atu:e irradiated tensile
bars were examined on the metalliograzh and Faxfilm replicas cbiainad.
Studies were alsoc begun cn the sffect of anrsseling temperature on the
swelling charscteristics of uranium. The results and conclusions from
this work will be reported in cernection with *he respactive develcTnent
pPrograms.

Basic Metallurgy Stuliies

Radiation Effects in Tissionable Matzrials. ZIhe design of advenced Suel
elements dejpends ugon some knowledgs of the eXfects of irradiation on
significanrt mechanical and physical procarties. A program to obtain
these data for uranium irradisted o 3=u18 0.03%, 0.079, and 0.10%
burnup is under way. Tansile tesis were p2rformsd on two specimens
vhich were cyclicalliy anneal=2d after irradiation. One specimen repre-
sented & burnup of 0.031% and was cycled thres times hetwesn 4CO and

700 C. The holding time st each tzrminel tzmpsrature was two hours.

The other specimen was irradiated to 0.075% burpur and was similerly
annesled between LOO znd 800 €. The 2.0R1% burnup specimen exhibited
yield strength of 32,500 psi, an ultimate strength of 45,900 psi, and an
elongation of 1.2%. The 0.07%% burnup specimen dispiaved a yield
strength of 31,5C0 psi, an witimate strength of 43,700 pai, and an
elongation of 1.0%. Practicsally no change in ductility compared to
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as-irradiated uranium resulted from cyclic annealing; whereas single
pulse annealing caused a slight improvement of duectility at 700 C and
considerable improvement at 800 C. These results suggest that thermal
eycling through phase transformations either enhances rare gas dif-
fusion to grain boundaries or emlarges microcrack networks both of
‘which weaken the material. The appearance of milerocracks on the surface
of the specimens after annealing supports the latter mechanism. The
vield strength of both specimens is lower than the unirradiated yield
strength which was 37,800 psi. Such a2 decrease in yield strength can
be explained by the microcracks in the specimen cross section.

Radiation Effects in Structural Materials. A series of metals repre-
senting the common metal corystal types was irradiated at Brookhaven,
Hanford, and the MIR under varicus exposure conditions. These metals
include copper, nickel, titanium, zircomium, iron, molybdenum, and

type 347 stainless steael. Post-irradiation measurements of mechanical and
physical properties of these metals wers initiated at XAPL and will be
completed at HAPQO to advance the theory of neutron damage to metals.

Metellographic procedures were estzblished for the unirradiated control
speclmens, and photomicrographs at 250 apnd 1000X were taken. Examin-
ation of 2irconium microsections revealed a large hydride concentration.
An snalytic program to guantitatively determine the Impurity content of
toth the unirradiated and irradiated materials was initisted. The de-
termination of lattice parameters by x-ray diffraction was started for
molyhdenum, zirconium, and titanium. Measurements of reflection line
widths for control molybdenum reveal a residual cold work after anneal-
ing of from S5 to 12 percent. All electrical resistivity measurements
for specimens to De used in the isochronal annesling investigation were
campleted.

Mechanical and Physical Proverties of Materials. The cresp properties
of Zirceloy-2 are conslderably improved Ty small axcunts of residual
work. The extent to which inecreasing amounts of ¢old work improve creep
propertlies and the effect of recovery oceurring in the test temperature
range is not known. These effects are being determined in order-that
Zircaloy-2 fabrications orocedures can be specified for process tubing.
A portion of the Zircaloy-2 stock suprlied to 3attelle Memorial Institute
for the HAPO Assistance Program Cresp Testing was further ccld worked to
15, 25, and 45%, and flat specimens of the 25 and 45% material are now
being tested in the vacuum creep units at stress levels of 21,000 and
18,000 psi and 400 € {752 F)}. In additicn to the cres=p tests in the
vacuum units, advantage is being taken of ths availability of four at-
mosphere creep units to determine the effect of COp contamination in

the helium atmosphere on the creep treperties of Zirealoy-2. Similar
cdonditions will be used on the atmosphere machines to those in the
vacuum units except for the carbon dioxide content of the atmosphere.

Electron and Cptical Microscopy. The study of the microstruciture of
cladding and fuel materials is a direct way of detecting radiation
damage in these materials. Thin films of 70z prepared Dy vacuum
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evaporastion of uranium metal have been irradiated and examined in the
electron microscope. Comparison of the electron transmission micro-~
structure and diffraction patterns of three films irradiated to

2.6 x 1018, 1.3 x 1019, and 2.6 x 1019 nvt with that of an unirradiated
control as well as controls annealed for T2 hours &t 100 C and 200 C
shows: (1) ennealing of the evaporated films causes lattice contraction
with inereasing annealing temperatures; (2) lattice parameters after a
200 C annesl for 72 hourg are identical to those obtained from the LS C
irradiation to 2.6 x 101° nvt; (3) the irradiation to 1.3 x 1019 nvt
causes additional shripkage; with further irradiation to 2.6 x 1019 nvt,
the lattice expands to the value cheracteristic of the control specimen
annealed for 72 hours at 100 C; (4) no change in transmission structure
of the thin films sfter annealing is apperent; (5} during irradiation of
the uniform thin films regions of high electron scattering or absorption
form; the largest of these regions which are gpaque to electrons in the
respective films have sizes of 0.15 micron, 0.5 micron, and Q.79 micron
diameters corresponding with the Iincreasing exposures. Qualitative
celculetions on the expected number of fissions occurring in a UQs film
with a thickngss of 10 8 indicate that 400 fissions per square micron
per 2.6 x 10%° nvt should occur. If each fission in the foil causes re-
arrengement of UQp, then the opague regions in the film may arise from
such fission events, and their size will vary with the angular distribu-
tion of the fission spilke through the foil (range of fission fragment
approximately 10 microns). Ir order that the damage in thin foils can
be studied more precisely, foils of evaporated U and alsc of aluminum
are currently being irradisted to exposures in the range 1.k x 1010 to
2.5 x 1019 nvt.

The microscopic study of the fracture surfaces on irradlated uranium
broken at various temperatures is continuing. Uranium with & burnup

of 0.018 a/o fractured by impmet at -196 C has large fracture facets
and extensive "river patterns” similar to non-irradiated control speci-
mens. Small holes with dismeters of 500 R are revealed on the fracture
surface. The impact fracture of uranium with a dburnup of 0.018 afo at
~-78 C also resembles the non-irrediated fracture with one notasble ex-
ception: the degree and extent of twinning is markedly reduced.

X-Ray Diffraction Studies. To increase the accuracy in the outer
portion of pole figures, a more detailed method of obtaining and plot-
ting data for this region has been employed. This method involves the
correlation of data from spiral scans of tangential, longitudinal, and
transverse specimens of tubing and effectively eliminates the need of
correcting for verying smounts of absorption and defocusing of the x-
rays. As a result of this procedure, previously reported textures in
Zircaloy-2 tubing must be somewhat modified. The basal planes (slip
planes) in the extruded tubing are found to be oriented parallel %o
the tube axis and perpendicular to tube surface. In contrast, the
basal planes in rolled sheet are oriented parallel to the rolling
direction, but approximately 4O degrees to the rolling plane. The re-
sulting difference in the resolved shear stress on the slip planes
accounts for the observed 30 percent greater circumferential strength
in Zirealoy-2 tubing than in rolled Zircaloy-2 sheet.
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So0lild State Reactions. Mechanisms of radiaticn damage are being investi-
gated since an understanding of the reole of imperfections produced by
irradiation upon a set of material properties 1s essentigl to full util-
ization of any meterial in reactor. An analysis cf x-ray diffraction
data obtained from irrsdiated molybdemum indicates teyond a reasonable
doubt that the intersgtitials produced by irradiation are mchbile at the
irradiation temperature. More important, there is evidence that these
interstitisl atoms are interscting with the defects which are present in
the metal before irradiation as well as with the vacancies produced by
irradiation. The interstlitials cambine with dislocations, impurity atoms
and with each other, resulting in highly immorile regions of microstain.
The result 1s an increase in yield strength and a loss of duetllity in
the metal as. well as an increase in transition temperature. These changes
in properties are often deleterious to & material from a practical stand-
point. This result indicates that introduction of appropriate "sinks" in
the material before irradiation could improve in-reactor performance of
structural materials. This would be accomplished ty the additicn of
selected alloying constituents or by introducing controlled amounts of
residual work in the material.

BW-597A7 .

Optimun conditions of heast treatment for zirzonium, Zircaloy-2 and
Zircaloy=-3 are being studied as a function of cold work, temperature,
time and heat treatment atmosphere. A zirconium hydride phase has been
identified in zirconium heat treated in heilum. A series of photomicro-
graphs indicate that the soncentration of the second phase, zirconium
hydride, ineresses with increasing temperat:i»e where the time of heat
treatment is held constant. At 300 C the hydrides stand out at small and
sparsely distributed gold glchbules; as tempersture is increased, a needle-
like structure is formed; after treatment at 800 C the needles are very
large, covering the diameter of one or two grains. Several conclusions
regarding rate of recrystallization and grain growth in 50% cold worked
zireonium heat treated in helium can be d4rawn Zrer recent metallographic
evidence. Recrystallization %akes place by a drocess of nucleation and
growth in contrast to the reerystallization in situ reported by other
investigators for highly cold worksd material. No evidence of recrystal-
lization is noted at 400 C in the 50% coll worked material. At 500 C
smell greing begin to appesr alter 10 minutes. fter 1CC minutes they
are numerous and after 1000 minutes recrystallizaticn is complete. The
resultant average grain diameter after :zcmpletion of recrystallization

is 0.016 mm. No grain growth is observed at 600 2, while sbove this
temperature growth is cbserved to be sensitive tc time ani temperature.
The relationships have been worked out so that a 3dssired grain size mey
be obtained in practice by selecting a given heat treatment. Thesz re-
sults apply only to 50% cold worked zirconium heat treated in helium.

It is concelvable that another a*mosphere could either retard or accel-
erate the recrystallization and growth processas. Results of heat treat-
ment of 10 and 25% cold worked zirconiam in helium for 100 minutes has
been investigeted and comparison with the micrographs of initially 50%
cold worked materials indicates that higher temperatures are required
for recrystallization as cold work level is decreased. Resuitant grain
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diameters are 0.040 and 0.022 mm after recrystellization of 10 and 25%
cold worked zirconium. No graln growth was cbserved in the 10% cold
worked meterial and only a smell amount was found in the 25% cold worked
material.

A knowledge of diffusion in various uranium/barrier metal/clad metal
combinations 1s important in the design of fuel elements. Diffusion is
presently being studied in the U/Ni/X-8001 system, and in Al1Si bonded
X-8001 clad uranium slugs. Two slugs have been autoclaved 56 days at

304 C and two are now being autoclaved 112 days at 30k C. These slugs

are the last to be studied in the present series. Four U/Ni/Al couples,
having a 0.0009" thick Ni barrier, were annsaled 80 days at 450 C. The
maximum penetration of uranium toward the outer X-8001 surface was 0.CO4S"
in all of these coupies. The time penetraticn relationship at 450 C in
such couples, for times grester than 4C days, is ¥2+3.335 (t-20), where x
is the penetration of uranium toward the outer X-8001 surface in thousands
of an inch, and t 1s the time iIn days. This expression is aot valid for
times less than 40 days, because of the transition from a binary to a
ternary system. Several U/%i/X-8001 diffusion couples having 9.0001,
0.0003, and 0.0006 inch thick diffusion barriers were also annealed 80
days at 450 C. The uranium ccwpletely wenetrated the 0.012" thiek X-8001
in all of these couples.

In-Reactor Measurements. A knowledge of the errcrs in temperature mea-
surement using thermccouples in & meutron flux is essential for the quan-
titative evaluation of the effects of neutron irradistion of materials.
Because such knowiedge 1s lacking, a program of measuring thermocouple
stability in-reactor is currently in progress. The 300 C thermocouple
stability capsule charged in KW Reactcr has received 19236 hours of ex-
posure. The three thermocouples under test, ilron-constantan, copper-
constantan and chromal slumel, have shown no marked Zevietion from the
ex-reactor calibratiton. Thermocouples of the same type in an ex-reactor
"dummy'' capsule have alsc been steble at 300 C. An order has heen placed
for a creep capsule complete with extenszion leeds and nezessary monitoring
equipment with Technicel Industries of Pasadena, California. The creep -
capsule willl contain g Zircaloy-2 specimen. It will e capeble of oper-
ating at an applied stress of 3C,000 psi at a maximum temperature of 400 C,
vhile in a water cooled test hole in the KW Reactor.

Metelllc Fuel Development

Cluster Fuel Elements. Three T7-rod cluster fuel elements recharged into
the ETR 3x3 loop facility are cpersting at 85 kw/ft. These elements were
fabricated fromw natural urenium rods 2oextruded in Zircaloy-2 cladding
and haveé reached an exposure of 650 MWD/T in 280 C water ccolant.

An irrsdiation test of seven-rod cluster fuel elements charged into the

KER Loop 1 facility to compare the hehavicr of differding clad thicknesses
during irradiation is cperating satisfactorily in 230 € water. Operation
at temperature over the past month has been intermittent due to an unex-
plained rise in pressure differential across the lcop. After a shutdown,
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and subsequent startup of the reactor, pressure drop across the lcop
dropped sharply. This fluctuation rules out fuel distortion as the
scurce of trouble. Goal exposure for this irradiation 1s U500 MWD/T,
of which 1500 MWD/T has been attained.

KER Loop 2 facility monitoring system detected whet might be a fuel
failure., The loop charge consisted of four 7-rod cluster fuel elements
enriched to 1.6 percent U-235 and one three-foot, three-rod cluster with
integral end closed rods enriched to 1.6 percent U-235. These elements
were dischaerged March 25, 1959. Cursory examination of each element
showed no visible sign of failure. Activity in the loop water increased
with each rise in water temperature, but decreased during steady state
operation at that temperature. This behgvior 1s not consistent with
metallic fuel corrosion. Detailed examination will be continued by
Radiometallurgy Laboratory Operation.

Examination of four 7-rod cluster fuel elements made from 1.3 percent
enriched uranium rods and clad in stainless steel has shown evidence

of cracking. Metallographic examination of one rod shows that no grain
structure exists at the estimated burnup of C.k a/c and that micro-
cracking existed in the form of five parallel cracks across the uranium
core. The cracking observed in coextruded Zircaloy-2 clad uranium rods
was randomly oriented and quite different in appearance than that observed
in the unbonded steel clad rods. Post-irradiation measurements show no
increase in diemeter of cladding but about a 0.002 inch increase in
uraniwn diameter. An initial 0.050 inch gep between the end cap and uran-
ium rod was also filled. Although there existed an intimate mechanical
comtacet between the uranium and its cladding, .no diffusion layer was

seen at 1000X.

Three T-rod cluster fuel elements have been prepared for charging into

a KE Through-hole facility to gain exposure prior to purposely defecting
2 rod in the element at temperature in the ETR 3x3 loop facility. These
fuel elements, fabricated with a defect in the clad which was subsequently
covered with a welded cover, will be exposed to 1000 and 2000 MWD/T.

Three additional fuel elsaments are being made to defect at zZero exposure
to obtain contamination data prior to failing the above pre-irradiated
elements. .

Closely packed cluster elements can incresse the reactivity of the fuel
loading in an NPR. Twc T-rod elements with interrod spacings varying
from 0.025-0.060 inch were exposed to 1250 MWD/T in KER Loop 1. All rods
were NMI coextruded Zircaloy-2 clad uranium with 0.630C inch o.d. Maximum
coolant temperature was 270 C. One element has been exzmined. All rods
increased in length from C.004 to 0.027 inch. Only the rod with minimum
¢learance to both adjacent rods suffered measurable diametral increase.
This closely spaced rod increased 0.008 inch or 1.2 percent in diameter.
Presumably, the unique behavior of this rod was related to the higher

metal temperature':scurringgin that rod.
DECLASSIFIED
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Tubular Fuel Elements. A twenty-ineh coextruded tube and tube fuel
element wes made for ETR 6x9 test. The weld closure of the outer rod
showed uranium contamination in an autoclave test. The element is

now recapped. The dimensions of this element are o.d. 1.820, i.d. 1.450
for the outer tube and 1.050 o.d., Q.500 i.4d. for the inner tube. The
core 1s two percent Zr-U alloy clad with 0.020" Zirecsloy-2.

Flow measurements confirmed the coclant flow distribution calculated
for fuel temperature determination. This measurement was required by
the ETR Reactor Safeguard Committee. Eight tube-tube elements are now
being fabricated for KER testing FPour will be alloy core, four natural
unalloyed uranium.

Two tube and rod elements are now being irradiated in KER Loop 4. These
elements are operating at 80 kw/ft in 2b0 C bulk outlet water. <Calcu-
lated clad temperatures are 270 C. Current exposure level is 1200 MWD/T,
and goal exposure for the test has been extended to 2500 MWD/T.

Fuel for Present Reactors. A series of "C" size Al1Si vonded I & E fuel
elements were canned under various conditions and submitted for bond
strength evalustion. From these samples & complete serles of gpecimens
were selected whose hond strengths ranged in value from O to 10,000 psi
in 250 psi increments. These samples are being polished and photographed
so that a continuous record of photomicrographs will indicate the change
of bond structures.

The quality of materiel for a special depleted uranium hot pressed fuel
element study was found to be below standard so that difficulty was ex-
perienced in obtaining = clean nickel plate. X-rsy analysis also in-
dicated & highly oriented structure in the {200) direction. Examinstion
of the microstructure revealed a conglomeration of beta grains near the
center and alphs grains near the edge which confirmed the x-ray resulis.
Additional samples were then given verious heat treetments. After a
single beta treatment the (200} plane became normalized and the growth
index stabilized.

Component Fabrication. A& series of coextrusion billets were prepared
for extrusion at Nuclear Metals, Inc., during the first week in March.
Seven billets were prepared including three machined uranium assemblies
and four assemblies made by casting urenium directly into the Zircaloy-2
container. The machined ccores were made from four-inch diameter dingot
uranium that had been alpha extruded from a seven-inch dismeter gamma
extrusjon. Two of the cast billets were single beta heat treated after
casting, and two were extruded as cast. The billets were all 3.000 inch
outer diameter with 0.063 inch copper jackets. Extrusions were made at
2l:1 extrusion ratio with billet preheat of 1155 F. The resulting rods
have been examined insofar as Zircaloy-2 surface and Zr-2-uranium inter-
face are concerned, and limited exsmination has been mede of the bond
zope. All the machined dingot uranium cores produced an extremely ir-
reguler interface due to jarge domeins pot broken up by the 3:1 aipha
extrusion. The as cast billets also pfoduced,aﬁrough, irreguler Zr-2-
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uranium interface, probably due to the large as-cast uranium grain size.
In addition, the outer Zirealoy-2 surface was rough with sharp longi-
tudinal ridges. This effect is attributed to the Zircaloy-2 structure
produced during casting the uranium into the billet cup. The Zircaloy-2
was heated into the beta phase to about 1200 C maximum and upon cocoling
had & lsrge irregular grain size. The cast and beta heat treated bhillets
produced a much smoother Zirecaloy-2-uranium interface, but alsc had the
rough outer Zircaloy-2 surface. The as-extruded bond zone of the cast
and cast plus beta heat treated material is approximately the same as a
normal coextrusion followed by beta heat treatment. The thicker dif-
fusion zone is not entirely uniform at the sections examined to date.

A-10 | HW=5971..

Additicnal T-rod cluster spiders were fabricated by the "Japex" process
of spark gap machining. Spiders were cut from 0.100" and 0.200" thick
plates of Zircaloy-2. A die deslign is now in progress to determine the
feasibility of punching spiders from Zirecaloy plate.

Closure and Joining. Satisfactory nosing of 0.630 inch diameter NPR rods
with 0.030 inch thick Zircaloy-2Z clad has been accomplished at tempera-
tures of 600 C by extruding the uranium core out of the end of the rod
while thickening the Zircaloy-2 cladding material and forciang it over the
end of the rod. The thickened Zircaloy-2 surface is reguired for one
form of welded end closure. A 0.993 inch dismeter rod with a 0.020 inch
thick Zirealoy-2 clad has been formed similarly, and the results are
promising; however, full evaluation of the nosing on the thinner wall
clad uranium has not been completed due to tooling difficulties. Addi-
tional work is necessary on the forming dies to insure uniform thick-
ening of the Zircaley-2 cladding arcund the end of the rod.

A simple high quality closure method 1is being developed Tor coextruded
Zircaloy-2 clad fuel rcds based on a press nosing operation followed by
a projection weld and & finsl outside fusion weld. Results of tests of
this process are as follows: (1) the rods can be heated and held in air
at 620 C for twenty minutes without adversely affecting the corrosion
behavior of the elements; (2) high quality projection welds can be made
on the basis of satisfactory corrosion results ccpsisting of exposing
the elements for twenty-four hours at 400 € in a steam autoclave;

{3) tensile testing of the projection weld was made, and the welds did
not fail at = load of 9,100 pounds. Failure tock place in the gripping
jaws at this load. (&) Consistent high quality fusion welds can he made
on these elements to effect a second closure. The results of mechanical,
metallurgical, and environment testing indicate that this method will
result in a high quality closure process for coextraded rod type fuel
elements.

Two types of end closures on Zircaley-2 clad uranium rod were tested by
preéssurizing the space between the uranium and the end cap. MIP3 was
used as the hydraulic fluid sc that the tests could be made at 300 C
without excessive corrosion of the uranium. Both the swaged and welded
closure and the welded-only closure type broke when the longitudinel
stress in the Jjacket was 30,000 psi.
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Allied Fuel Studies. Knowledge of the swelling behavior of unalloyed
clad uranium operating with & cladding surface temperature of 250-350 C
and a maximum fuel temperature of 450-700 C is of importance to Hanford.
To provide initial swelling data, five experimental assemblies with co-
extruded natural uranium fuel rods clad with 0.030" Zr-2 sre heing or
have been irradiited ir the MTR and ETR. The chemical burnup analysis

of CEH-3-31, the first of the above rods to be examined, is reported as
0.22 a/o0 which checks closely with the 0.2k a/o burnup calculated from
the power. Discharge of GEH-3-32 from the MTR is planned for April 6

at an exposure of 3500 MND/T. Expesure of the remasining three fuel rods
has slowed considerably because of the erratic operation of the ETR.
Eight additional experimental sssemblies are being prepared for irradi-
ation in the MTR or ETR to (1) compare the swelling behavier of 0.020 and
0.030 Zr-2 clad fuel rods under identical reactor conditions, (2) compare
the swelling of clad ingot and dingot uranium, (3) investigate swelling
behavior of 0.020 and 0.030" Zr-2 clad rods at a serles of temperatures
and exposures.

A mock-up of the capsule assembly for the in-resctor fuel element jacket
burst test has been tested in a cooled test hole mock-up to verify heat
transfer celculations. The calculations indicate that 1066 watts (700
wvatts estimated gamma heating and 366 watis electrical heating) will be
required to maintein s specimen temperature of 345 C with a 0.065" helium
annulus around the capsule assembly. The test showed that Gl watts of
heat input toc the capsule assembly would give a specimen temperature of
341 C with & 0.100" helium annulus surrcunding the capsule assembly. The
agreement between celculated and test data is excellent.

An attempt has been made to determine fuel corrosion rates of defected
(0.025" diameter clad defects) coextruded rod within the temperature
range 185-300 C. Fuel rods in the bets treaited, water quenched condition
were tested in an electrically heated water autoclave at 2000 psi. The
autcclave heating rate to test temperature was so slow and inconsistent
(3.5 to 6.0 hours) that the establishment of en accurate time scale was
not possible. It appears, however, that at a temperature of 250 C and
above a fuel corrosion rate of atout one gram/minute may be expected for’
the given sample and test conditions. Corrosion rate determinations are
nov being made in an induction heated autoclave and the fuel corrosion
will be correlated with hydrogen generation. A ccextruded fuel rod has
been exposed to flowing 300 & water while bYeing electrically heated at

a rate of 45 kw/ft for three hours without difficulty. Defected rods
will be operated in this test facility to compare the failure behavior
of power generating rods with the failure behavior of non-pover generating
rods in Elmo No. 4 loop.

A microscopic mechanism due to the anisotropic thermsl expansion of
uranium crystals may cause cracking in rapidly cooled irradiated uranium.
An experimental investigation of the effect of cooling rate of irradiuted
uranium from the high ¢\ phase upon crack formation has been initisted,
The rate of cooling will be controlled by varying uranium sample thickness.
Transient thermal calculaticns have heen made. :
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Component Febrication. Before pressure drop data on cluster elements of
various splder design can be interpreted intelligently, 1t is necessary
to. know the minimum pressure drop attainable. Three clusters utilizing
the spider which appears to have the least flow restriction have been
asgsembled apd will be flow tested to establish a base for pressure drop
evaluation of other spider designs. Twe other spider concepts which
offer adventages jin fabrication and mechanical strength have been de-
veloped and will be tested on mock-up elements.

Metallurgical Development. Contract negotiatlons are under way with
Magnethermic Corporation and Chio Crankshaft Company {Tocco) to perform
heat treating studies on coextruded material. The contract will consist
of three steps. First, baslc heat treating studies to determine proper
heating rates, cooling rates, ete.; second, to develop a piece of equip-
ment with appropriate scanning devieces and hydraulic stretch straightener;
and third, to prove the .equipment will satisfactorily work and to supply
us with the working unit,

A series of casting tests have been complated to evaluate various crucible
preparations and mold conditioms. Crucible coatings ~onsisting of
zirconia, flame sprayed zirconia, and magnesium zirconate with thoria
have been ussd with molten uranium at 1500 €. Holding times of 10 and

30 minutes have been investigated. Spectrographlc analysis indicated a
slight increase of iron in the uranium cast from the flame sprayed cru-
¢ible. Final evaluation awaits the return of carbon and nitrogen results.

Work has begun in determining the mechanism of forming & metallurgical
bond between uranium and zirconium in casting. Portions of cast pieces
are often bonded while other portions are unbonded. Impurities are
thought to be the controlling factor in the tonding process. Various
subastances are placed on the inner surface of the Zircaloy container,
heated to 1000 C, and the molten uranium is poured. The sample is then
examined to determine the effect of the impurities. Resulis to date
indicate that trace amounts of caron aid the “onding process. The effect
of Zr0Op, U0z, U308, and Np additions have not been evaluated at this time.

A group of uranium fuel cores have been produced with closely zontrolled
heat treatment to produce defined volumes of untransformed metel at
specified locations within the core. The material is required for es-
tablishing limits of detection for the Wltrasonic transformation tester
and to provide standards for callbrating the test equipmen Both ingot
and dingot metal was used to provide solid cores, "Q" size I % E and "C"
size I & E cores with untransformed regions approxlmately 1/8 inch deep
at the ’‘r~<erior or exterior surfaces in specified locations.

The results of studies conducted to date on the solution rate of A-2,
C-E4, and X-8001 jacket alloys in sutectic AISi {12.5%) indicate that

21l three, especially X-8001, disscolve more rapidly in the molten bath
than does 28 eluminum, and that the solution rats for the alloys in-
creases more sharply with increasing temperature than that for 25. This
implies that temperature control of the canring bath may be mcre critical
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when using the alloy cans if excessive wall penetration 1s to be aveided.
Studies on the effect of different silicon concentrations are in progress.

Design Analyses and Computations. Reactor fuel elements encounter skewed
heat distributlons and eccentric placement in flow channels. These non-
concentric thermal and hydraulic conditions cause mechanical warpage and
further eccentricities. Bipolar coordinates are being used to eXpress
skewed temperature and heat generation distributions. A Green's funeticn
for temperature distribution from a skewed ring source and a method of
determining the hest generation for temperature distributions which are
dependent upon the radial bipolar coordinate have been found.

Facilities and. Equipment. The neutron flux available in the ETR 6x9 loop
mey be higher then is desirable for some fuel tests. The use of a boron
sleeve to control flux levels 1s being studied. A sample of 1.5 percent
boron 304 steel was welded into tubing by M and C Nuclear. A sample from
this tube was sutoclaved in 350 C water for 120 hours to check the possi-
bility of boron leachings. Aluminum slloy coupons sndwiched with the boron
steel pleces were analyzed for boron pickup. The steel pieces had no sig-
nificant welght chenge. The aluminum pileces had typical weight gain. The
surface boron content of the aluminum incressed only from 0.00125 percent
to about 0.001L0 percent. The latter concentration will have no significant
poisoning effect if present in 6x9 loop plumbing.

The shroud tube failed on the ETR 3x3 in-reactor section because of a
faulty circumferentisl weld. The tube wak removed and the standby tube
inserted. A third tube has been redesigned and is out on bid.

The revision to Project CA-681 to design the loops for the study of failures
end to develop instrumentation for the ETR has been approved., Present
estimates indicate that the work will be completed by Getober 1, 1959.

2. REACTOR PROGRAM

Coclant Systems Development

Rupture Testing. Two tests were completed during the month in the Heated
Slug Rupture Prototype in 185-D Bldg. Both tests were made on a single
coextruded uranium rod, 0.593" 0.d4., c¢lad in Zr-2. The first test was

run with an undefected rod at a water temperature of 300 C, a water flow
velocity at ahout 20 to 30 feet per second, and a power generation rate

in the rod of 37 kw/ft for the first two hours and 45 kw/ft for the fimal
hour. This rod was then defected with three 0.025" pinholes and recharged.
It was then retested in 300 € water for 30 minutes at a power generation
of 30 kw/ft. The only damage to the rod wes a slight 1/8" dismeter raised
ares at two of the pinholes. There was essentially no difference -in
rupture rate between this rod and the unheated rupture tests in Elmo-k.
The braze Joint between the fuel rod and copper connector came apart after
the test and will have %o be repaired bpefore rerunning. Another co-
extruded rod with isothermsl beta treatment will be tested shortly.
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Tests in KER In-Reactor Facilities. The pressure drop acrcss the in-
‘reactor portion of KER Loop 1 increased sharply at the start of a reactor
outage to a degree that caused reduction in loop flow. Because of this
condition, the loop was gperated about three weeks at reduced temperature,
during which time the pressure drop fell slightly. AU the next outage
both the rear and the fromt diffuser rings were remcved and examined.
There wes no evidence of plugging:. On starting flow after the inspecticn
of the front ring, the pressure drop and flow rate returned to normal.

The temperature was returned. to normal. However, at the next outage on
gtartup and change from process to loop water, the presswre drop again
increesed and the flow rate fell off. It is concluded that there may be
a flow blockage lodged somewhere in the charge, which was temporarily
relieved by a small back-flow when the front end cep was removed. Be-
cause of the uncertainty of flow over the fuel elements, oOperation is now
at reduced temperature, and premature discharge may be required. The
loop contains seven 1.&%-enriched T-rod clusters with 20-mil and 30-mil
Zircaloy-2 jackets. These had been charged January lb, and were scheduled
%o be exposed to 4500 MWD/T or until about August 1959.

The cladding temperature on the X-8C01 aluminum clad Doe thermocouple
element charged from the front face of KER-2 increased U5 C after 220
hours of operstion in 220 C water at pH 4.5. The temperasture had leveled
off at 288 C vwhen the last good thermocouple falled, the other two thermo-
couples having failled previously. Instrumentation checks revealed all
thermocouples to be open-circulated. From this it is assumed that vi-
bration caused by flow arcund the unsupported thermoccuple wires broke
the 30-gage thermocouple wires. Future designs for leading thermocouples
from the front face will be mcdified to protect the wires from excessive
vibration.

A possible Tupture in KER Loop 2 was detected March 16, when the delayed
neutron monitor went up as the water temperature rose during reactor _
startup. The temperature was brought down to 1C0° without scramming the
reactor. The activity was reduced to thet of normal operation. An indi-
cation of bromine fission product was found in the water. The loop
contains four enriched T7-rod clusters, one enriched 3-rod eluster, and
two UQp 7-rod clusters, all clad with Zircaloy-2. These had been irradi-
ated since December 9, at 205 C outlet, pH 10 LiCH., The loop was dis-
charged on March 26, and filled with dummies. This loop is scheduled
for decontemination and tube replacement during the extended cutage next
month.,

Non-Uniform Corrosion Studies. The ceustic embrittlement test on A-212
carbon steel wes terminated after 100C hours, with no cracking observed.
The sample had been exposed to pH 10.0 water at 260 C under conditions
where concentration of the water ocourred in a stressed area. LiCH was
used for pH adjustment. .

A test apparatus has been designed to observe the effects of local
bolling with sclids deposition in stressed areas of hea® exchangers.
Dual objectives from this test are the procurement of information on
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caustic cracking st high temperatures, plus information on the feas-
ibility of raw water cooling of stainless steel “tubes under boiling
conditions.

Zircaloy~-2 fretting corrosion testing at 290 C, pH 10, has been under
way for eight weeks. Although te date no attack has been produced by
a8 Zr-2 coupon rubbing on s Zr-2 spring wire, the magnitude of the de-
flection is unknown, and it is possible that the conditions asre not
sufficiently severe to cause fretting corrosion. The condition whereby
fretting corrosion is ususelly determined - movement under measured load -
is difficult to set up in high temperature water. However, several
methods are being tried which wiil investigate this type of corrosion

ag well as mechanical wear.

Decontamination Corrosion. The Elmo-6 loop was subjected to a "decon-
tamination” using the Turco 4501 process. Welded and non-welded Zr-2
coupons were put in a Zircaloy-2 tube and were exposed with aluminum
coupons. The intent was to duplicate the proposed KER-4 decontamination
at the extended outage at KE in April, in which the in-reactor tube
would be decontaminsted. This tube contains sluminum coupons.

Following the rinsing, the Zr-2 coupons were weighed and found to have
lost 39-66 mg/dm@ (0.024-0.040 mil) during the decontamination. The
loop was operated for 291 hours at 300 C, pE 4.5, with these coupons,
plus control coupons which had “een treated with the Turzo 4501 process
with no hydrogen evolution. Coupons with no trestment were also in-
cluded. The Zircaloy-2 coupons, welded and non-welded, exposed to the
decontamination sclution in Elmo~6 with hydrogen evolution, all showed
heavy white corrosion product and additional weight gains of 35-47 mg/dmz.
All the other Zr-2 coupons used for controls showed no white corrosion
product and had weight geins of only 10-12 mg/dmZ. In addition, the
Zircaloy-2 tube also had heavy white corrosicn product after 291 hours.
Examination of a Zr-2 coupon following the decontamination revealed no
ZrHp metallographically, but the ccupon did have a changed surface
which could have been due to an extremely thin hydride layer.

The results of the test indicate that no hydrogen can be present during
decontamination of Zirsaloy-2 without risking the destruction of its
corrosion resistance. A report, HW-59T07, is being writien covering
the details of this test.

In order to investigete the results of repeated decontaminstion cycles
on corrosion, two loops (CEP-1 and CEP-L) are being utilized to study
0k S/S, Zr-2, steilite 6 and 12, and A-212 carbon steel corrosion.
Stress and crevice specimens as well as stainless steel and Zircaloy-2
welds also will be studied. The loops will be operated with weekly
"decontaminations" and will investigate the resulting corrosion over a
six to twelve-month period.
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Decontamination. The stainless steel triangular dummies discharged from
KER-2 end KER-F Loops were decontaminated in the Metal Examination
Facility dissolver at 105 C, employing the Turco 4501 decontamination
process. The first test was unsuccessful since it was lmpossible to
meintain the solution temperature above 122 C. The heating stean
pressure was then raised frem 50 to 90 psig. This permitted the solu-
tion temperature to reach 125.5 C. About 1/3 of these dummies were
cleaned satisfactorily. These dummies will now be subjected to the
APACE Process for further decontamination.

Effects of Decontaminents on Corrcsicn Rates. Tests tc determine uniform
corrosion rates of sensitized and non-sensitized 304 stainless steel
following a Turco 4501 process decontaminetion have been completed. No
effects of the Turco solutions on subsequent uniform corrosion rates were
found. Coupons pre-treated in the Turco 4501 decontamination process
were charged into two recirculating loops, one operating with pE 10 (LiCH),
290 C water, and the other opersting with pH L.5 (H3P0k), 300 C water.
Uniform corrosion rates of the Turco treated coupons and emery polished
control coupons were Q.08 mil/year in the pH 4.5 water and 0.0044 mil/
year in the pH 10 water. The filmed coupons were stripped of their films
in the decontamination solutions and recharged into the pH 10 loop to
determine whether a second deccntamination has any effects on subsequent
corrosion behavior.

A test to determine corrosion rates of welded Zr-2 coupons pre-treated
in the Turco-4501 and APACE decontamination processes in pH 4.5, 300 C
water has begun. Coupons are welded by both the heliarec and electron
beam methods.

Carbon steel coupons pre-treated in the Turco 4512 carbon steel decon-
tamination solution (inhibited H;POy) and non-treated control coupons
were discharged after 239, 516, and 791 hours. KNumerous pits approxi-.
mately one mil in diemeter by one mil deep were found on the phosphate
treated coupons at the first discharge. However, these pits have not
increased in size after the second and third discharges. :

Corrosion of Aluminum Under Heat Transfepr Conditions. One set of
experiments has been completed in the heat transfer loop at San Jose.
Corrosion measurements on the X-8001 unheated aluminum coupons exposed
for 1000 hours at 260 C and pH 6.6 disclose rates of 1.1 mils/month.
Tubes of X-8001 operated under a heat flux of 1.4 x 107 Btu/hr-£t° and
average surface temperatures of 268 to 270 C exhibited corrosion rates
of 1.8 mils/month. The hot, flowing water leaving these heated tubes
at an average local water temperature of 260 C then flowed past the un-
heated coupons mentioned above. Additicnal experiments are being planned
to determine the effects of water quality, surface condition, and other
variables on the corrosion rate and film thickness. After the initial
experiments with aluminum, similar experiments will be conducted with
Zircaloy-2.

"DELASSIES
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Surface Treatment of Aluminum. Applying a thin nickel plating to aluminum
is considered as a possible method for increasing its corrosion resistance
in neutral pH water. Type 25 aluminum clad fuel elements were plated with
one-mil nickel plates applied, respectively, by electrolytic and chemical
processes. After one week at 300 C atl neutral pH, the electropliated
elements began peeling on the ends apparently at the locations where the
slugs had been supported in the plating bath. No evidence of peeling was
observed on the chemically plated elements. The high temperature scale
could be easily removed by wiping the chemieally plated elements while it
could not be remcved from the electroplated elements. Because of the
questionable integrity of the electroplated elements, they were not re-
charged for further testing.

NPR Component Testing. A Canadisn NPD rezctor rolled joilnt nozzle-tube

seal considered for possible NPR use has been cycled 850 times from 300 to
525 F at 1530 psi with no detectable leakage. After satisfactory completion
of about 1000 cycles, the maximum test temperature and pressure will te
raised to 580 F and 1900 psi to determine whether the joint will perform
satisfactorily =t approximate NPR conditions.

Corrosion of Materials in Orgenic Coolants. A test run of 520 hours at
700 F and weter concentrations from LS to 65 ppm was completed in organic
test loop ORA-1. The corrosion rates of the magnesium alloys {AZ-31 and
98.8% Mg) increased to ebout four mils/month while the Magnox increased to
about three mils/month, compsred with a previously reported one mil/month
at a water concentration of 20 ppm. The X-8001 aluminum and the carbon
steel coupons were essentially unchanged. Very little radial or thrust
bearing wear on the Graphitor 14 bearings was evident on visual inspection
of the Chempump after 2000 hours running time.

Structural Materizls Development

Zircaloy Process Tubes. Negotiation to obtain development contracts for
the fabrication of Zircaloy-2 process tubes for the retubing program and,
for the NPR were continued. ZEssential agreement was achieved with Harvey
Aluminum, Mallory Sharon Metals, Superior Tube and Tube Reducing Corpora-
tion for the fabrication of 7% two-ribbed BDF-tyre process.tubes. Com-
petitive bids for the fabricaition of 100 smcoth bore BDF-type tubes have
Peen evaluated, and it i1s expected that one or more will be pliaced with
the low bidders.

Nommetallic Materials Developmant

Thermal Annealing of Graphite Contraction. If radiation-induced high-
temperature zontraction ¢f graphite results from a relief of stresses
frozen in during fabrication, annealing should not cause an increase in
length to the original wvalue. The first annesling experiments on pitch
coke samples which contracted at a higher rate than rezactor grade
graphites indicate that contraction does not anneal. This substantiates
but does not prove the currernt theory of the contraction mechanism. Four
piteh coke graphite samples which had contracted from 0.02'percent to
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0.05 percent during 742 MD/AT reactor irradistion at 450 € were annealed
to & meximum temperature of 2600 C in about 500 C intervals. The lengths
of the samples remained constant through step anneals of six hours each
at 1000 C, 1580 C, and 2220 C. After thermal treatment of 2600 C for
1.25 hours, all samples contracted approximately an additiomal 0.0l per-
cent. This temperature exceeded the original graphitization temperature,
however, and the contraction is assumed to be due to further graphitiza-
tion., Only minor oxidation, 0.15 percent to 0.20 percent weight loss,
oceurred in the samples during all the heat treatments.

An unirradiated pitch coke sample, used as a standard, showed a small
increase in length of 0.02 percent after heating at 1580 . Tt then con-
tracted 0.03 perzent at 2220 C and an accumulated total of 0.lQ percent
after exceeding the original graphitization tempersture at 2600 C. The
standard sample shape differed from the irradiated sample, allowing greater
oxidation {0.44 perzent) during the heating. This greater oxidation may
account for its slightly higher initial growth.

Compression Set in Graphite. Compression set in graphite samples of the
type prepared for Hanford and ETR irradiations has been cbserved. In
meking coefficient of thermal expansion determinaticns, it was noted that
samples were approximately ©.C2 percent longer than the criginal length
after heating to 425 C and then cooling to room temperature. On subse-
quent runs to the same temperafure nc further annealing was observed.
Samples annesled to 2600 C in 500 C steps ccontinued to elongate until

at 2600 C the total elongation was 0.19 percent of the unannealed length.

This "compression set” is attributable to a method of sample preparation
in which the rough stoeck i1s mcunted between helders which apply & com-
pressive force. The graphlte is drawn through a set of cutters to form

a cylinder. Samples prepared onm a lathe with & minimum of compressive
restrairing force exhibited a maximwm increase in length of only C©.003
perzent when annealed to 425 C. Studies are now teing made to determine
the amount of force exerted during sample preparation and the relationship
between permanent set and compressive force. Irradiation tests are also
planned to determine whether the initial expansion hefore contraction ob-
served, for high temperature irradiations, is the resul%t of annealing a
compression set. To insure that future high tempersture irradiation
samples will not contain any compression set, samplss will te pre-annealed
to at least 50 C above the =xpescted irradiation temperature.

High Temperature Graphite Irradiations. Four graphite sampla2s, two of
Continental coke and two of CSF, in the high temperature irradiation
GEH-$-8 are operating at 750, 750, 1000, and 375 C. ZLack of sufficient
gapme heat at sample number three prevented attaimment of the planned
1050 C.

Installation of the first test capsule in the TR high temperature
graphite experiment GEH-13-1 has been delayed due te irregular coperation
of the reactor the past few weeks. Everything 1s in readiness for charg-
ing the capsule into the N-1L4 position. The second capsule, intended
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Tfor the E-5 positicn, will be completed during the next few weeks. Thesze
cgpsules contaln CO and CSF graphites.

Work is progressing on the L-48 modified MIR shim rod contsining a high
temperature graphite experiment, GEH-19. The target date for completion
is early April. Development and testing of a& number of the shim rod
compenents have been completed. Control instruments for GEH-19 have not
yet been shipped to Hanford due to a strike at the vendor’'s plant. The
possibllity of procuring the instruments on a govermment priority is
being explored. In the event of an extended delay, consideration will
be given to sterting the experiment on manual temperature control.

Intermediate Temperature Graphite Irradiation. Controlled temperature
irradiations at C were started in the 2B test hole at KW Reactor.
Samples of CSF end Continental coke graphites were charged with ecbalt.,
cedmium-cobalt, and nickel flux monitors. The samples will be discharged
after about 1000 MWD/AT.

Reactor loading of IP-224, the 200 C and 300 C controlled temperature
irradiation experiment, will be made in about one month.

Neutron Flux Measurements in Water-Cooled Test Holes. Results of foil
activations during irradiations in the Snout II facility in KW Resctor
indicate that conversion factors used to cbtain neutron flux from ex-
posures in MWD/AT require significant modification for irradiations in
cooled test holes. Data from the activation of nickel foils for the fast
flux and aluminum-cobalt alloy for the thermal and epithermal flux are
presented in the following tsble:

Total Fast Flux Thermal and ‘Total Cobalt-
Exposure » 1 mev Epithermal nvt per Cadmium
MWD/AT  nvt per (MWD/AT) nvt per (MWD/AT)  (MWD/AT) Ratio
5 3.0 x 1016 1.5 x 1017 1.8 x 1017 20
10.5 2.8 x 1016 1.8 x 1017 2.1 x 1027 19
27.7 2.7 x 1016 1.7°x 1027 2.0 x 1017 o1

These results may be compared with the conversion factor 6.5 x 1007 avt
(total) per MWD/AT which is currently used for ccoled test hole irradia-
tions. Since the foills in the Snout II fecility were surrounded by a

1-1/2 inch layer of water, it 1s believed that the greater moderating power
of water compared with carbon is partly responsible for the disparity
between the fluxes obtained here and the conversion factor used for the
cocled test holes. As a result of these measurements, however, the con-
version factor now used for irradiastions in cooled test holes will be re-
examined and, if necessary, appropristely modified.

Radiation Copolymerization. Silicone elastomers are noted for their
resistance to heat aging but are generally limited to service where
radiation doses are less than 1 x 109 r. In an attempt to produce a

Aty g -
[ PAEE

1252159 ST



| wusw‘ﬂw A-?g HWC5971T

more radiation-resistant, high-temperature elastomer, attempis are being
made to copolymerize silicones and styrene by means of radiation. Two
copolymers have been cured by a radiation dose of 2.2 x 107 r, one from
@ dimethyl silicone fluid and styrene moncmer and the other from & methyl
vinyl silicone gum and styrene moncmer. The resulting rubber materials
from these two systems are being checked for resistance to radiation and
heat aging. The first tests indicate that both materials are superior in
radiation resistance to thelr silicone counterparts and possess good heat
aging resistance.

Thermal Hydraulics Studles

Reactor Flow Hazard Studies. Laboratory heat transfer experiments were
performed to determine the validity of the present cutlet water tempera-
ture limits at K Reactor for conditions of low front header pressures.
Twenty-four transient runs were made at a front header pressure of 240
psig where a flow reduction was landuced by a simulated plugging upstream
of the Panellit pressure tap.

A partial analysis of the experimental deta shows that critical flow takes
place in the discherge fittings and a high degree of pressurization takes
place. Nearly all the runs terminated with a Panellit pressure nearly
equal to the front header pressure. Under these conditions plugging in-
cidents upsiream of the Panmellit tap which did not result in the Panellit
pressure dropping below the low Panellit trip pressure would go through a
high Panellit trip in time to prevent excessive slug temperatures.

These results are not different from those found for the case of normal
front heamder pressures of about 350 psig except in two respects. With
the lower front header pressure the progress of the transient to boiling
burnout conditions was faster. COnce boiling burnout conditions were
reached, the rod surface temperature rose at a much faster rate, as much
as 150 C per second. The experimental program encompassed conditions as
extreme as a pilug toc about two gpm to a tube operating at 1250 ¥w and an
outlet water temperature of 125 C. -

Fifteen runs were made to determine the adequacy of the protection the
Panellit system offers to flow reductions caused by plugging incidents

to a tube cperating with a missing reaer pigtail. This information is
desirable because the immediate consequences of the rupture and loss of
a rear pigtail are not drastic, and it might be desirable %o continue
cperation of the resctor until a shutdown would be convenient. Continued
cperation of the reactor requires that the Panellit system continue to
offer protection against plugging incidents.

A partial analysis of the experimental data shows that the behavior of
2 tube without a rear pigtail is not significantly different from the
normal case, and the Parnellit protection procedures would still apply.
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Experiments were also performed to determine the possibility of dameage

to a reactor if a front hydrsulic connector should fail. Such an incident
would result in a scram within two or three seconds. However, the heat
generation does not immediately drop to zerc but rather decays in a manner
dictated by the poison strength of the VSR's and by fission product decay
heat generation. While this post-scram heating is small, the only coolant
avallable to a tube without a front connector is hot water pushed backward
through the tube from the rear header. At the low rear header pressures
this flow 1s smell and mey be inadequate to prevent melting of slug Jjackets.

CHW-59717

-

Eleven experimental runs were made, directed toward determining the rear
header pressure necessary to cause sufficient flow to prevent excessive

slug temperstures. An arbitrary upper limit of rod surface temperature

of 450 C was set to prevent damage to the experimental test section, and

the runs were terminsted if the rod surfzce temperatures exceeded this value.
The experimental data indicated that a rear header pressure of sbout 35 psig
was necessary to prevent the rod surface temperatires from exceeding the

45O € limit if the tube were initially operating at 1000 kw. For an initial
tube power of 750 kw, & rear header pressure of about 25 psig was necessary.
These conclusions are tentative and the pressures required are possibly
higher than would be required for a reactor. These pressures are thought

to be high for the following reasons:

1. The test section heater rods were made %o generate all of the
heat going into the tube. In a reactor up to 20 percent of
the heat would be generated in the graphite. 1In the experl-
mental case, therefore, the experimental heat flux was up to
25 percent too high and, consequently, the rod to coolant
temperature difference would be 25 percent too high. Fur-
thermore, with the high slug temperatures reached, in a reactor
8 large share of the 20 percent of the heat generated in the
graphite would be dissipated into other tubes which are at
a lower temperature than the affected one.

2. Coolant flows in the order of one to two gpm were established.
This should be sufficient to effect adequate cooling. There
is some evidence, however, that this small flow did not fill
the tube, but instead ran along the bottom of the tube be-
tween the ribs. Thais left at least part of the rod above the
coolant flow and the top of the rod would get hot. Furthermore,
there is evidence that, in spite of the fact that three equally
spaced hold down pins were used, the rod howed upwards between
the pins thus aggravating the stratification effects.

3. The arbitrary upper limit of 450 C rod.surface temperature is
abaut 200 C below the melting point of aluminum.

The experimental series was terminated by the destruction of the electrical
lnsulating varnish used on the inside of the process tube due tc high tem-
peratures, in spite of the 450 € rod surface temperature limit. This re-
sulted in an electrical sheort and the melting of & hole in the process tube.
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DERLissimep

Bydraulic Studies. Service work in the Hydraulics Laboratory ineluded
the following: calibrastion of three flow venturis for D Reactor, flow
tests to determine the relstive channel flow ratics for a tube and tube
fuel asgsembly planned for MIR irradiation, and prelimioary runs to de-
termine critical flow and temperature monitoring effectiveness of a slip
Joint ¥ fitting and pigtail assembly for the BIDF-iype reesctors.

Project CG-661. The project to install additional heat generating cep-
acity in the 189-D Heat Transfer Laboratory by the use of large silicon
rectifier units was approximately 55 percent complete. All heavy equip-
ment including rectifiers, transformers, saturable reactor, and switceh
gear have been moved into the 185-D Building. KElectrical intertie work
between the varicus pleces of equipment was started.

Qritical and Two-Phase Flow Studies. Additional experimental data were
obtained for the flow of two-phase mixtures of stesm-water under conditions
of critieal flow. Data obtained for low quality mixtures through a 0.622
inch dismeter pipe was extrapolated to predict critical flow values for
saturated water. The results indicated actusl flow rates about sixteen
times greater than would he predicted from theoretical considerztions.

NFR Heat Transfer Experiments. Experiments were run to determine heat
transfer characteristics of seven-rod cluster fuel elements without

special provisions for mixing of the coolant between the individual rods.
The electrically heated test section consisted of seven 0.625 inch o.d. rods
with a 0.045 inch spacing in a 2.067 inch i.d., by 45-inch long process
tube. Results of experiments at 100 and 150 kw/ft indicated excessive
temperatures along the center rod. It was concluded that seven-rod cluster
fuel elements with such close spacing are not feasible without special pro-
visions for flow mixing.

Design was finished on a test section more prototypical of the actusl NPFR
fuel elements. This test section consisted of 0.704 inch o0.d. rods in a

2.700 inch process tube. This 45-inch long test section will be run with
and without special provisions for flow mixing. : "

A design of a 20-foot long electrically heated seven-rod cluster fuel
element was completed. This section which is to be run at NPR pressures
and temperaztures will have a heat generatiocn approximating the downstream
part of a fuel charge.

Mechenical Equipment Development

Orgenic Cooling System Components. The MOTS-1 Facility operated for 216
hours during the month at temperatures between 30C and 350 C, using the
terphenyl-MIFR eutectic mixture as a coolant. Inspection of the facility's
chempump revealed nc damege to the bearings after approximately 4000 hours
of orgenic coclant operation. Three mechanical seals were installed on

the facility with Hycar rubber gaskets as a shaft seal instead of the
previcusly used teflon gaskets.
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Reactor Technology Development

Attenuation Meassurements. The second set of foils from the ferro-
phosphorus concrete baked at 320 € have been irradisted and are being
counted. The ionization chambers were moved to various positions to
cbtain a complete gamma traverse through this material. The data
from the first test on ferrophosphorus concrete baked at 320 C are
being anslyzed.

The foils from the final test on ordinary concrete baked at 300 C are
being counted. This will complete the program for testing the neutron
attenuation properties of ordinary concrete.

A second test on pure iron is being run, and the data from the first test
are being analyzed. A perforated shield experiment was designed for the
test wells atop the DR Reactor. The test slabs are being fabricated at
the present time. '

A preliminary calibration of the E-hole at F Reactor was made in terms
of absolute flux. '

Cleanup and installaticn of the experimental assembly for the baron
steel thermal shield test is being attempted at month end during an
extended £ Reactor shutdown.

Shielding Instruments. Leaks in the neutron spectrometer chamber have
been sealed, and an effort is being made to evacuate the chamber ito a
pressure of 1072 cm before the intreoduction of the methane. As soon as
these efforts are successful, the chamber, 100-channel analyzer, and all
asscciated electronic equipment will be moved tc the positive lon accel-
erator for calibration. A revised version of the setup and calibration
procedures for the 100-channel analyzer is complete, and the instrument
is now being utilized by Lattice Physies personnel for spectrum analysis
in the exponential pile. :

The ion chambers for shielding studies completed additionel testing at
high gemme dcose rates and high neutron fluxes. Performance was satis-
factory, and this testing program is complete.

WEAPQNS - 300C PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 23%-5 Building Operations and weaspons development
programs of the University of California Radiation Lzboratory (Project
Whitney). Details of these activities are reported separstely via dis-
tribution lists appropriate to weapons development work.
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C. REACTOR DEVELOPMENT - L0OQ PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. It has been reported previcusly that mixed crystals of
PuOp and UQg wave & higher sintering rate than UOo alone. However,
results to the contrary were obtained on addition of 1/4%, 1/2, 1, 2,

5, and 10 w/o Pu0p to PWR grade UOs. Pellets of the above concentra-
tions were heated for one hour in hydrogen at 100 C intervels from
1000 to 1600 C. The data indicate that sintered density is definitely
a function of composition, and marked density decreases were cbserved
with as little as 0.25% PuOp additions. Plots of density versus com-
position were parabolic up to one percent PuOp and nearly linear from
one to 10 percent PuOp with slope increasing slightly with temperature.
It was found that densification cceurs very rapidly in the interval
1200-1300 C. Pellets of UOg; held for one hour at the above temperatures
resulted in densities of 67.5 and 8l.5 percent of theoretical, respec-
tively, with a density of 92.3 percent when sintered at 1600 C for one
hour.

In an effort to prepare plutonium carbide, Pu0p, and graphite in the
correct stolchiometric proportions were heated to 1100 C in vacue.

A diffraction pattern showed evidence of partial reduction of PuQp

and the formetion of several other phases. The pattern indicated the
presence of PuOp, PugC3, HCP Pup03, and PuO or PuC. The cell constants
of the latter two are sc close that i1t is difficult to determine which
phase is responsible for the reflection. There was no evidence of BCC
Pu203 .

Physical mixtures of U0z ~ 70, 80, and 90 w/o PuOp were fired at 1500 C
for eight hours to provide the final data on golubility in the system
UOp-Pulys. Over the entire range of compositions, x-ray diffraction
yielded lattice parameters which prove the formation of a single phase
during high temperature sintering. A slight negative deviation from
the ideal curve may exist at higher PuQo concentrations.

Fabrication Studies. Compacts of Alz03, MgC, and ZrOg have been sintered
to densities ranging from 80 to S0 percent of theoretical. Matrices of
these types impregnated in the PuOp will be irradiated when physiecs cal-
culations become available. '

An additional sixty Al-Pu billets 2-1/2" diameter and 9-1/2" long and
weighing approximately 2000 gs were cast during the meonth. These billets
eontained various concentrations of plutonium as regquired for: FRTR
spike elements, ceritical mess elements, and PCTIR elements for Physies
Research and a variety of alloys for corrosion tests. Melt and billet
anelyses have been held within five percent of the nominal desired
composition.
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Billets of the following compositions were cast in order to obtain
fabrication and corrosion data on Al-Pu alloys of modified matrix

composition.
Aluminum Base Nominal Composition
Alloy Number ¢ Pu  Otner Alloy Additions
1. Asi 2 11 w/o Si
2. 1245 2 5 w/o §i
3. 12h5. 2 1 w/o 8i
L, 12bs 2 3 wjo 2r -
5. 8oo1 2 0.1 w/o T1, 1.4% w/o Ni
6. 8oo1 2 0.1 w/o Ti
7. 8001 2
8. 8ooL 2 2 w/o Ni
9. 8001 2 1 w/o Si

The extrusion of nominal 1/2 inch dismeter Al-Pu rods is continuing.
Twenty-seven 5 w/o Pu, four 1.3 w/o Pu, and twelve 0.5 w/o Pu ex-
trusions were produced. Extrusion conditions for all compositions
were: 500 C billet and container temperature, 350 C die temperature,
and extrusion speed of 20 inches per minute. Extrusion forces ranged
from 220 tons for the five w/o Pu alloy to 140 tons for the 0.5 w/o Pu
alloy.

The rod-straightener hood has been sealed for operation with plutonium,
and Pu-Al extrusions have been satisfactorily straightened.

Five nominel 1.0 inch diameter coextrusions containing six w/o U in Al

- and clad in 25 aluminum with integral end caps were made at a 6.7 to 1
reduction in area. The ideal billet end configuration appears to be =
30° taper blended into a 0.890 inch radius.

Destructive tests show thaet good bonding exists between the core and
cladding after extrusion. Decontamination of eladding surfaces has
been accomplished by caustic etching. .

Twelve full PRTR length sluminum rods ¢lad with Zircaloy tubing have
been tested to. investigate assembly, wrapping, autoclaving, and warpsage
problems. The tubing on scme were sized onto the cores by swaging or
drawing. On others, the rods were inserted into as-received tubes and
some were fabricated by inserting rods intc tubes which had been pre-
sized on the rod straightener. The coneclusions of this first experiment
were as follows:

1. It is not practical to insert fuel rods into as-recelved
or presized tubing and maintain the required maximum
diametral clearance of 0.0035-0.004 inch.

2. The most practicel method of assembly is to insert under-

sized rods into a tube and contirol the dismetral gap by
sizing the tube onto the rod.
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3+ Swagling is the most satisfactory method of sizing. Due to
the non-uniform well thickness of the tubing, drawing
causes the elements to bow.

4. There is no apparent correlation between the amount of, or
the manner in which the end clearance between the rod and
end cap is distributed and the behavior of the elements in
the autoclave.

5. BSatisfactory quality welded end closures on eight-foot
elements can be made using the head weld design.

6. Elements can be satisfactorily etched, cleaned, wire wrapped,
and autoclaved in that order. )

T. The spot fusion weld for attachiﬁg the wires does not need
to be cleaned prior to autoclaving.

8. Some of the elements warped due to sutoclaving; however,
there wes no apparent correlation between warpage and
fabrication method. It 1s suspected that warpage is caused
by an interaction -between the aluminum rod and the Zirecaloy
tube. More work is scheduled to evaluate this problem.

Another group of ten elements were fabricated and tested. These were
febricated by inserting undersized aluminum rods into Zircalocy tubes,
welding end caps in place and sizing the tube onto the rods by swaging.
No end clearance was allowed between the rods and caps before swaging
because the tubes were expected to lengthen more than the rods, thus
leaving the desired end clearance zfter swaging. Too grest a reduction
was made during swaging, however, and the rods were worked to such an
extent that there wes no end clearance and very little diametrasl clear-
ance. Again, it was demonstrated that the elements could be successfully
wrapped after etching and before autoclaving. Two of the elements failed
during the autoclave test and their failure was atfributed to the fact
that there was no end clearance. Bonding wes observed between the end of
the aluminum rod and the end cap after exposure to 400 C for 72 hours.
Four of the remaining elements were straight and had tight wires after
autoclaving whereas the other four were warped and had locse wires. It
ig felt that the results of this test are inconclusive because there was
ne room allowed for the grester volume increese of the aluminum rods
during heating Iin the autcclave.

An additiconal group cof ten elements is now being processed in which end
clearance was allowed before swaging and in which smaller reductions
will e made during swaging in an effort to zontrol the diametral gap
while not working the aluminum core.

A group of 108 Zircaloy~2 tubes for Msrk I clusters for the first PRTR

charge was examined by Radiogruphic Testing Operation with the following
conclusions:
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1. No tubes were rejected for Eddy Current Test indicstions.

2. The dye penetrant test detected surface imperfections,
tears, laps, pits on 22 tubes.

3. Wall thickness measurements rejected 12 tubes for
being below the specified minimum.

4. One definite conclusiocn was resched that the tubine i.d.
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The first lot of Zircaloy tubing for fabricating PRTR fuel elements has
far better physical properties than any previcusly received material
from Wolverine. Large reductions in cross section can be obtained by
swaging even empty tubing under conditions which frequently caused
eracking of a previocus lot of Wolverine tubes.

A new method of producing end closures is being investigated. It is a
resistance welding process using a "Magnetic Head" welding machine de-
veloped by Precision Welder and Flexopress Company in Cincinnati, Ohic.
The machine provides excellent control of the three variables, time,
current, and joint resistance during the welding cyecle. Complete large
area welds can be performed in a fraction of a second. This extremely
short time minimizes the absorption of gas impurities in Zirealoy.

A contract request has been Initiated for the research division of
Sciaky Bros., Inc., toc perform resistance welding investigation on three
separate applications. These applications pertain to: .

1. Hanger fittings for 19-rod cluster elements,

2. Beam welding end closure con the Mark II C tubular fuel
elements, and

3. Attaching ribs to tubing to provide the proper tube
spacing on tubular fuel elements.

The twenty-rod fixture has heen installed in the vacuum welding box.
This fixture holds twenty fuel rods and allows each rod to be indexed
into the welding position. The welding box is also equipped with two
welding torches. Current for each toreh is supplied by a separste
machine. . Cne torch is used to make circumferentiasl weld, and the second
torch is used to seal up the out-gas hole.

The first 19-rod cluster fuel element for FRTR irradiation was assembled
this month, and enough additional rods have been processed for assembly
of two more fuel elements. Other rods are being processed through the
varicus steps of swaging, welding, testing, and autoclaving. Very few
roeds were swaged during the month because of mechaniecal problems in
powder preparation. The denszity of the sintered powder was low, and
this led to a low swaged density. Improvements have been made to powder
preparation equipment s¢ the sintered powder is acceptable,

In order to establish standards for rejection at the Zyglo inspection
and eddy current test and to obtain more information about causes of
rejects, several rods have been sectioned. The depth and character of
the defects are being investigated by metallographic means. An coptical
comparstor is being studied to see if 1t can be used for surface investi-
gatlcon as well as an inspection tool for non-destructicn testing.

Vibretory compaction of high density UOz grains into metal tubes is being
studied as an alternate method of fabrication of fuel elements. Fused
uranium dioxide powder hes been packed to 82% of the theoretical density,
empleying the following particle size composition:
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60% minus 6 plus 10 mesh
15% minus 35 plus 65 mesh
25% minus 200 mesh.

A one-foot long, U-rod cluster fuel element contairning vibratory compacted
UOo of the above particle size distribution has been fabricated for ir-
radiation in the MTR, as test number GEH-4-38. A three-foot long, T-rod
cluster 1s belng fabricated for irradiation in the ETR.

Powder packed tc & high density may also provide an improved starting
meterial for fabrication of swaged or isostatically pressed elements.
After vibratory compection, Zircaloy-2 tubes (0.750" c.d.)} containing
powder of the above composition were swage compacted to 90% of the theor-
etical density with a 32% reduction in cross sectional area.

Develorment .of the technigue to produce back extrusions of Zircaloy-2 end
closures for UQy PRTR .fuel elements has been completed. All dimensional
requirements have been met, and this can be done consistently in a simple
and ecanomical procedure. It has alsc been shown that these flat bottomed
cups (end closures} can be back extruded from ingot stock just as well as
frem the much more expensive rod stock.

Producing a 109 taper and a 2-1/16 inch diameter cylindrical section on
the end of a PRTR process tube can now be successfully done by warm
swaglng. A collapsible mild steel mandrel is used, as bhefore, but the
swaging temperature has been increased from L4O F to 600 F. At this
temperature a reasonable degree of wall thickening occurs during the
swaging operation and internal tube wall wrinkling is kept to an accept-
able minimum. :

Fuel Evaluation. Post-irradiation examinatior of & swaged UQo capsule
which received an exposure of spproximately 3000 MWD/T revealed a 5/32"
diameter, central void in the 0.75" diameter fuel capsule. Large columnar
grains extended from the core to approximately C.16 inch.Prom the cladding.

Post-irradiation examination of a 1" o.4., 12" long, UOp powder fuel
element ("ashcan"), which wes irradiated at a maximum heat flux greater
than 1,000,000 BTU/hr/ft/OF, has revealed a partial collapse of the
cladding to form an elliptical *ube, and a hole through the cladding
‘wall, midway between the ends. The hole developed at the intersecticn
©f the surface with the long axis of the cladding ellipse. Heat marks
were formed on this area of the Zr-2 surface. This strongly indicates
a "pinching off" of coolant flow, followed by steam blanketing and a high
temperature, solid state reaction vetween UOp and Zircaloy. A central
core, ~=1/4" in diameter, developed through approximaetely 3/4 of the
length of the UOp fuel. Radial, columnar grains extend from core to
cladding.

Irradiation of a series of six capsules of swaged UQp continued in the
MIR and ETR: The maximum exposure is approximately 6000 MWD/T.

JNCLASSIFTRD
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Two, 18" long, 7-rod clusters of UOz sweged in 0.030" wall Zircaloy-2 tubes,
with unbonded spirally wrapped spacer wires, were discharged from a high
temperature KER loop after an exposure of three and cne-half months. Pre-
liminary visual examination in the reactor basin revealed no indication of
fretting or other types of corrosion on the external cladding surface.
Detailed examination will be performed in the Radiometallurgy facility.

Basic Studies. The purpose of 2 Jjoint HLO-BMI study is to measure the
irradiation induced deterioration, if any, of the thermal conductivity of
UQp. A second lot of six irradisted (125 MWD/T) UOp thermel conductivity
specimens were shipped to BMI for conductivity measurements scheduled to
begin during the week of April 6-10, 1959.

A simplified method is being develcped for measuring high temperature
thermal conductivity of ceramics by optical pyrometric methods. Preliminary
studies on graphite and UQp produced values falling within 20% of reported
and extrapolated values. Further refinements are planned. The method
promises to be useful in application to irradisted specimens.

The mechanism of irradiation demage in sintered UQo is being studied by
microscopy studies of fractured surfaces and precharacterized surfaces of
irradiated UOp. Specimens irradisted to exposures ranging from 40 to

125 MWD/T heve been discharged, and post-irradiation exemination has begun.

Short sectlons of swaged or sintered UOp rods ¢lad in various sheath
materials are being heated by a centrally leccated tungsten filament to
partially simulate in-reactor phenomena. The extent of crystal growth and
other physical changes is being viewed microscopically and recorded photo-
graphically for later study. BRadial, columrar grain growth often observed
in irradiated UOp has been reproduced ex-reactor.

Etching and Autoclaving Zircaloy Components

Heat of Reaction of Zircaloy-2 in ENO3-EF Etch Sclution. The heat evolved
during the etching of Zircaloy-2 has been measured as 2630 cal/g.of
Zircaloy-2 dissolved, based on temperature-rise measurements in a cali-
brated Dewar flask. Converted to English units, the value is 1.1 3tu/

(sq in.)(mil etched). Although the absolute accuracy of the measurement
may ot be better than £ 20 meraent, i1t should be adeguate for engineering
purpcses in designing and operating Zircaloy etching equipment.

Precipitate in HNO3-Hr' Etch Bath. A white crystalline material which has
twice been observed in the bottom of a horizontal tank after about two .
weeks use for etching Zircaloy parts sppears, by laboratory analysis, to
ve impure HpZrOFL:2H20. Since this compound 1s obvicusly 1nscluble in the
etch solution, it may be related to the "acid staining” produced on
Zircaloy-2 on which etch solution has dried.
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PRIR Tubes - Depth of Etch Necessary. A sample from each end of a PRTR
Zircaloy process tube was cut into 1/2" thiek sections. These sections
were pickled to depths of 0, 0.5, 1.0, 1.5, 2.0, 3.0 mils off of the
tube wall thickness. The results showed it was necessary %o etch at
least 1.5 mills in order to achieve & black oxide film on both the inside
and outside of the tube,

PRTR Process Tubes Autoclaving. Assistance has been given during the
month to Pacilities Engineering in establishing the scope and initiating
the design of a 20-foot long autoclave. Optimum size was established to
be 16" diameter, which allows six PRTR process tubes to be autoclaved at
once. Operating conditions are specified as 40O C, 100 psi superhesated
steam for 72 hours. The present schedule regquires that the autoclave be
ready to operate Masy 18, 1959, in order that epproximately 85 acceptable
autoclaved tubes can be delivered to the construction contractor by
August 15, 1959..

PRTR Componert Testing

A test section lncorporating all of the final seal designs for the PRTR
process tubes was thermally cycled 850 times between 300 and 525 F at
1530 psi in test loop Elmo-7. Leakage was noted on the Flexitallic
gasketed nozzle-to-tube connecticn after about 300 cycles. The gasket
was replaced after 370 cycles and has remained lesk free. No leakage was
ncted on any of the other connecticns.

A pressure drop of 9.9 psi at 123 gpm was measured at room temperature Tor
the Plutonium Metallurgy Mark I-C 19-rod cluster fuel element. This
element has been placed in the Elmo-7 test loop to continue determination
of stability and integrity after thermal cycling.

Structural Msteriasls Development

Fabricatlon of Zircaloy-2 PRT™R Process Tubes. The first twenty Zircaloy-2
PRTB process tubes have been inspected and accepted at the Tube Reducing
Corporation end will be shipped to Hanford during April. The over-all
progress made by the Tube Reducing Corporation, and subcontractors, cn the
100 PRTR Zirceloy-2 process tube order is good. A1l extrusions expected
to be processed have been given the first tube reduction. Subsequent
varuum annealing of tubes is nearly complete and is expected to be fin-
ished by the first of April. The tapering of 40 of the last 82 tubes has
started. Weld porosity has necessitated the reflanging of three of the
first seven completed tubes. Work is being conducted %o determine the
geriousness of these defects, and experiments are being conducted to de-
velop & welding technique which will aveid this.

Hunter Douglas Aluminum Company has completed the first cold extrusions
under their contract to produce five Zircaloy-2 PRTR proecess tubes. The
test extrusions which were approximately three and five feet long, ex-
hibited poor surface quality. Die pickup had galled the inside diameter
surface, and there were distinct areas of rough surfaces on toth the

UNCLASSIFIED
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inside and outside of the tube. The container cut of which the Zircaloy
wes extruded was found tc vary in ercoss sectional ares and probably con-
trituted to causing the surface defects. More test extrusions for im-
proving surface quality will be made before attempting to extrude the
full length FRTR tube.

Faebrication of Aluginum Alloy PRTR Process Tubes. Alcoa is under a DDR
contract to fabricate 10 PRTR process tubes of C-94 aluminum alloy of
T-& temper. Tubes with a nine-inch long taper have been successfully
fabricated, and the threaded ring flanges are now being attached. De-
livery of tubes is expected during April.

PRTR Jacket Tubes.- The principal problem remaining to be solved in the
production of ribbed fuel jacket tubing for the PRIR 1s that of sizing and
forming the tube to its final specified configuration. Thus far the weld-
ing on of ribs or the extrusion of a rivbed tube has left the piece out of
round or bowed or otherwise slightly distorted., Efforts to correct this
conditicn have not as yet been entirely successful.

A relatively new method, explosive forming, is proposed as a passible
means of correction. In this method the tube would be placed in a mold
of the proper conflguration,.sutmerged in water, and a carefully designed
explosive charge detonated within it to expand it against the mold wall.
This process has bheen successful with conventional alloys in forming
parts to very close tolerances.  On the basis of scouting tests performed
by Aerojet General Corporation during the month it is tentatively con-
cluded that the explosive forming characteristics of Zircaloy may be
favorable for performing corrective sizing operations on FRTR jacket
tubing by this process.

Rediometalliurgy Laboratory Studies

Examination was begun on & four-rod Zr-2 clad, Al-Pu alloy fuel element
cluster which was irradisted (IP-186-A) to spproximately 2000 MWD/T. A
fractographic sample was- finally obtained, at dry ice temperstures, from
a wafer of Al-Si-Pu alloy which had been irradiated to approximately

50 afo burnup, but another similar wafer of Al-Pu alloy has resisted all
efforts to obtain a fractographic sample. The examinations of a swaged
U0, three-rod cluster (GEH-4-33) and the three-rod cluster Pu02-UCz
powder fuel element (4.28) were completed, and samples were submitted to
the Analytical Laboratories for burnup analyses. Metallographic studies,
replication films, fission gas collection and samples for burnup analyses
were. obtained on a swaged UOp capsule (GEH-3-50), a 12" U0, powder fuel
element. (GEE-4-34), and one of eight semples of UOp capsules {IP-149-D)-
which are 1/8" in diameter and three inches long. The results and con-
clusions from this work will be reported in comnection with the respective
development program.
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Thermal Hydraulics Studies

Heat Transfer Characteristics of the PRTR fuel Element. Additionsl dsta
were obtained from heat transfer experiments on a full scale electrically
heated mockup of the Mark II element. Results from experiments at heat
generation rates corresponding to tube powers of 500 and 700 kw indicated
satisfactory performance of the element even when the flow was reduced to
bulk bolling conditions. No sericus variation in the flow split between:
flow chann€ls was experienced.

At the start of a run planned for heat generation of 900 kw, the controls
on the motor generator set malfunctioned and the test section was subjected
1o & large power surge. Subseqgusnt investigation revseled that & weak weld
in the fest section falled during the surge. The test section was removed
for repalr.

Assembly of the parts for ar glectri:zally neated meckup of the Mark I
element was continued and is about 3C percent complete. Problems en-
countered with welding between corper and Ineconel pieces of the test
sections were solved, and thermccouple installation was started.

Weter Loss Hazard Calculations for the PRTR. The revised ecalculations of
water loss retes following a piping failure in the PRTR were completed
with consideration of ruptures of the top header, top Jjumper, and bottom

Junpers.

The results indicate that following a top header rupture (area equal to
pipe cross section) blow dowr will ocecur in the heat exchanger leg in nine
seconds ard In the reactor leg in 27.5 seconds. Following the water blow
down of the reactor leg, it 1s estimated that steam will flow nast the fuel
elements for an additional 18 s=conds.

The next case considered wag thet of a complete parting of a top jumper
on a maximum flow tube followed by Tailure to depressurize the steem drum
and failure to depressurize the steam drum and fallure of the light water
backup system. Initial heavy water loss rates are 95.6 lb/sec and

30.8 1v/sec from tae riag header leg snd the process tube, respectively.
The total flow loss rate is 1025 gpm after the fallure occurs aand in-
creases to a maximum of 1285 gpm at L0 seconds after failure. Tt is es-
timated that the puweps will vaper leek 52 seconds after the failure.
Until this time the flow through the reacter is nearly normal with the
exception of the high flow in the failed tube. Shortly after the pumps
stop circulating the primary coolant hulk boiling commences. The tops and
bottoms of the fuel elements will be exposed to steam at 124 seconds and
210 seconds, respectively. Bliow down will be complete at sbout 255
seconds following the failure.

The last case considered was that of a bottom jumper break using the same
assumptions made for the top jumper break. The results Indicate that
there is little difference Tetween the two breaks as far as blow down
times and rates are 2oncerned. For purposss of comparison, the following
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information concerning a bottom Jumper breek is given: initial flow loss
rate is 1190 gpm, pumps lock at 58 seconds after the break, top and bottoms
of the fuel elements become exposed to steam at 137 seconds and 200 seconds,
respectively, and total blow down at akout 300 seconds after failure.

Alr Cooling Experiments for PRIR Type Fuel Elements. Equipment was
assembled to check the air cooling requirements for the PRTR fuel elements
in the fuel examination cell. Results of preliminary experiments indi-
cated that the design of the air ducts would require slight modification
to provide for proper flow distribution of air over the fuel elements.

Mechanical Eguipment Development

Design Test PR-1 - Discharge Operation Moékup. The detailed design of the
mockup was begun and will be completed in April. Scoping of special tools
for use during charging and discharging of the reactor was started.

Design Test PR-10 - Primary Loop Mockup. Cold performance tests on the
four FETR pumps were completed &t the Byron Jackson Pump Company plant.
The average dynamic head at rated flow conditions was 2G4 feet. The

first one hundred-hour hot test with a full size pump failed due to a lack
of cocling facllities on the Byron Jackson test loop. This test was re-
scheduled for early April following the addition of larger heat exchanger
capacity.

Construction of the stainless steel piping portion of Phase II of the
Single Tube Prototype Mockup (STPM) was complete except for two 10-inch
welds. All other welds have been x-rayed and passed inspection except
for two five-inch weld sections. These two sections will “e repaired and
reinspected.

Design Test PR-15 - Injection Pump Test. A new type packing was installed
with Type 17-7 PH stainless steel plungers in the second Aldrich pump.
After 241 hours of operation, the combined leakage from the three plungers
was approximately 500 milliliters per hour. Visual sxamination of the
plungers and the babbitt inserts on the crankshaft showed acceptable wear.

Design Test PR-20 - Calandria Characteristics. The calandria mockup was
modified during the month to provide z means of pulsating the moderator
level to determine the effects of vibration frequencies. To minimize the
space occupied by the mockup, the recirculation pump was relocated.

Design Test PR-24 - Shroud Tube Bellows. New six-inch bellows were re-
ceived from the Solar Aircraft Company for testing. These bellows suc-
cessfully pessed & 13,000-cycle flexure test at 2 psi and 660 F, and &
L8-hour static pressure test at 15 psi. It was recommended that these
bellows be accepted for reactor use.

Design Test PR-4O - Shim Control Mockup. A major change was made in the

design of the shim control assembly during the month. Each shim assembly
will contain three half rods instead of the previcus two half rods. De-

sign of the new assembly will be based on the positive drive, lead screw

concept and will be completed by May 1.
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Design Test PR-50 - Reactor Piping Sesl Testing. The fully prototype
Process Tube Assembly 'C' was installed on the Elmo-7 loop. After
approximately 350 cycles, a leak appeared in the nozzle-to-process-tube
Joint. This seal was disassembled, and a new spiral wound gasket in-
stalled. The assembly has undergone 2500 additicnal thermel cycles from
250 to 500 F at a pressure of 1350 psi without leakage. The final report
on the design test 1s being prepared.

Design Test PR-51 -~ Reactor Piping Structursl Integrity. The shortest
outlet jumper installation on the thermal heatling loop was completed and
testing begun. The test program will consist of heating the jumper to
50C F and flexing the Jjumper & distance of one-half inch. The final
report on the design test is being prepared.

Qesign Test PR-52 - Process Tube Thermalcycling_and Pressure Testing.
Testing of the stainless sieel simuiated process tube at PRTR conditions
started on March 2. The tube was operated at 1100 psi and 500 F for a
period of 450 hours during the month. No excessive signs of leakage were
evident.

Design Test PR-80 - Alr Cooling Duct Test. Fabrication of the air cooling
duct was approximately 90 percent complete. Minor modifications in the
design are being made to permit better adapting of the air duct mechanism
to the fuel examiration cell manipulator.

Single Tube Prototype Mockup. Continuous cperation of the mockup was begun
on March 2, and approximately 450 hours of operation was completed during
the month of March. The operating conditions were: pump suction pressure -
1050 psi; main loop temperature - 500 F; and main loocp flow - 126 gpm at
107 psi dynamic head and a pump speed of 2400 rpm. The mockup was thermo-
cycled seven times during the month from SO0 to 200 F. Leakage of the
brimery pump seal during isothermal operation decreased from 20 liters per
day during the first week of cperation to 200 milliliters per day during
the fourth week of operation. A total of 450 milliliters of leakage from
the secondary pump seal was collected during the month's isothermal oper-
ating period. Oil was observed in this secondary seal leakage during the
fourth week of operation. The current oll leak rate is approximately 50
milliliters per day.

Inconel "X". The first Inconel "X" tube tested at 1100 F and L4500 psi
failed after five hours of operation. Metallogrephic examination revealed
the failure was caused by stress corrosion.

feactor Technology Development

PRTR Instrumentation. Preliminary arrangements have been made to test the
first resistance tempersture detectors procured for PRTR. Vendors are now
conducting performance tests on these units. A test section is being
assembled on the full scale mockup of the PRTR Loop in the 314 Building.
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Information is being gathered to indicate the size of a data handling
syster needed for use with the PRTR. It is intended to propose an
eighty-five tube power calculator and the necessary fundamental com-
ponents of a data handling system, as the two are complementary.

PRTR Physics Evaluation. Results of a recent three-group vertical
analysis of the DRIR are now available in the issued report, HW-59373,
"The Effect of Moderator Height on Reactivity esnd Vertical Flux Dis-

tribution in PRTR."

Continued efforts are being mede to cbtain, and prepare for use, several
possible resctor codes for the IBM-T09 ccmputer. A FORTRAN language
version of the SNG reactor code which has been written at Argonne will
become available shortly. This code, written as a one-dimensional multi-
group version, will supplant the VALPROD used on the IBM-650 computer. The
Sn method is sufflciently accurate that its results may be used to check
the untried RBU {Reactor Burnup) code which is expected to be ready for
use within a few months. Also, a two dimensional, multigroup diffusion
theory reactor code, CURE, is being investigated for availability and use-
fulness.

Whole-reactor effects of xenon on reactivity have been obtalned from a
twelve-region simulation performed on the "GEDA" analog ccmputer.
Equilibrium xenocn concentration was found to have a poisoning effect of
about 40 mk for 7O megawatt operation, and an additicnal 45 mk allowance
is needed to over-ride the buildup of xemon to two hours after shutdown.
Other results are availlable, such as:

1. BResctivity allowance for equilibrium xXenon soncentration
as a function of power jevel.
2. Allowances for over-ride after shutdown from any power level.
3. Allowanees followlng startups after shutdown from any power
level.

A study to evaluste the effect of in-reactor test loops on the Plutonium
Recycle Program is nearly completed. The effects on reactivity of the
PRTR, progrsm schedules, physics data and analysis, and resctor operation
are considered in detail. A document (EW-59691) Aescribing this work will
be issued early in Aprii.

Neutron streaming through the large penetrations of the tottom primary
shield was re-estimeted on the basis of recent core flux calculations
for Pu spike loadings.

Contaimment Study. Some delay in preparing the final draft for publi-
caticn has been csused by the necessity to repeat the dosage calculations
for single tube fission product release and the establishment of minimal
emergency system cooling capacities. The latter can te determined from

the Battelle Memorial Instifute coolant loss accident study. The radiation
dosage calculations indicete thyroid doses about 1000 times greater than
those initially estimsted and are therefore being rechecked.

Pz25z1t”
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Process Specifications. Evaluation of limits to be established by Process
Specifications has continued with emphasis on instrument settings necessary
to prevent serious nuclear accildents. Further analogue studies are planned
to simulate the reactor behsvior with varying reactor loading, rate of re-
activity addition, temperature coefficients, and rate of resctor heat re-
moval.

Hezards Survey - PRTR Gas-Cooled Loop. A hazards survey of the preliminary
goope design of the PRTR Gas-Cocled Loop has been made. This loop in the
PRTR should have no adverse effect on the nuclear safety of the reactor.
Insertion of the gas loop test section In the resctor core will have a
slight effect on the reactivity of the core - 5 mk. This negative reactiv-
ity will be compensated for by charging one additionel spike enrichment fuel
element. Adequate safety features have been irncorporated in the design.
They are:

1. Calandris shroud tube cooling loop
2. Electric power bveackup

3. Emergency water coclant injection
4. Reactor safety circult trips.

In the event of an accident in the gas loop, no injury or crop damage
should occur as a result of flssion product release to the environs.

Design Development

Phase. I PRTR Coustruction Status. The Phase I PRTR contractor is approx-
imately 896% completed versus 96% scheduled. Erection of the containment
vessel ,1s completed except for the top "dollar™ plate. Some difficulty
has been encountered with buckling of the dome, probably due to excessive
smount of welding and repair of the vertical seams.

The contractor's pressure test preocedure for the containment vessel has
‘been reviewed. It appears that the contractor will run the three-pound
soap test beginning April 17, with the pressure test and final leak rate.
test about the first of May. It is anticipated that essentially all
conerete will have been placed inside the containment vessel prior to the
leak rate test.

Phase II PRTR Construction Status. The Phase II PRTR contractor is 84%
completed versus a scheduled 90%. Acceptence testing will begin around
the middle of April. :

Phase II-A PRTR Construction Status. The Phase II-A contractor is estimated
to be 50% ccmpleted versus 50% scheduled.

Phase III PRTR Construction Status. The contractor is submitting detailed
information on equipment for our approval.
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Design Analysis. The IEM-650 program for evaluating fuel element heat
transfer transient cases was reprogrammed for the IEM=-709. Machine
calculation time wes reduced by a factor of several hundred. Debugging
of the program is apparently complete. Preliminary results indicate that
the time constant of the heat transfer lag is not as short as the IBM-650
calculations had indicated. Actually, a second or third order lag exists
rather than the first order lag assumed as a first approximation. The
rate of change is initlally much steeper than would be predicted by a
first order lag. Since the IEM-650 calculations covered chnly about &
3.5-second interval, assuming a simple exponential relationship with a
first order lag led to too short a time constsat. The actual transient
relationship between heat generation and heat passing the fuel element
boundary can be represented as the sum of a series of exponentials in
which the leading term dominates after the first two seconds. The "time
constant” varies from two seconds at the beginning to a fairly constant
velue of nine seconds thereafter.

The camputer program presently availesble at HAPO, for calculating piping
stresses, was found %o be inapplicable to certain portious of the PRTR
primary cocling system. Arrangements are being made to contact 2 con-
sultant in the stress analysis field in order to have the suitability of
the primary system layout checked independently.

Recalculation of the requirements for internsl steam relief after PRTR
scram show an incremse in the nominel "escape time". Sparger nozzles
sub-merged in the transfer pit allow condensation of steam for 4-1/2
hours before the water will boil. The increased times are the result of:

1. The new shutdown power curve.
2. Including the time required to bring HX-1 and its contents
from 425 to 450 psia (safety valve setting is 435 psig).

Reactor and Process Piping. Additional steam venting will be providad
for the steam generator in the region of the shell skirt by removing

the top four rows of tubes from the tube bundle and adding three steam
vent plpes between the top of the skirt and the steam space in the shell.

Heavy water volume-reduction pieces in the high-pressure closure were
redesigned to eliminate hollow-box comstrugtion arnd provide improved
flow distribution in the inlet and exit channels.

The first seven process tubes ccmpleted by Tube Reducing Corporation
were inspected. Of these, four were accepted and three rejected For
weld porosity on the flange. There are no major fabriczation problems
remaining, but production of the required number of tubes from the
existing extrusions will require an increase in yield of acceptable
tubes.. Straightness of the tubes is well within specification, Per-
mission was given to the fabricator to repair twe defective sections
of 10-inch pipe for use in the ring headers.

| 2
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Fuel Handler. Authorization was given to Willamette Iron and Steel
Corporation to proceed with design meodifications to the fuel handler and
with an engineering review of the design to find any remaining errors or
omissicans., Pabrication work has not begun.

Instrumentation and Control. The automatic controller is about 62% com-
pleted versus 05% scheduled. The delivery date on the autamatic controller
nay be affected by a strike at Minnespoiis-Honeywell's Philadelphia plant, -
currently in its third week.

The fuel element rupture detection system design criteria was revised and
will be distributed for comment the first week in April.

The adoption of a split moderator inlet flow and the piping changes re-
sulting therefrom caused minor changes to the power calculsator system,
including relocation of the moderator dulk flow orifice and the addition
of a manually operated valve (remote) and flow indicating instruments for
the added mederator inlet flow path.

To provide an adequate '"power level" signal from the power calculator to
the autometic controller, it has been necessary to add a servo system to
the power calculator. The servo unit receives its input signal direetly
from the "total power” signal ecircuit in the calculator and incorporates
a retransmitting slidewire which furnishes a signal to the transformer.

Fuel Element Examinstion Facility. The bid of the W. F. and John Barnes
Company to design, econstruct, and test the Primary Manipulator was accepted.
The tid price was about $100,000. The specifications for the procurement
of the cast iron and steel shielding were completed and approved. An addi-
tional specification, covering the procurement, installation, and testing
of the ventilation and services, and the installation of the cast iron and
steel shielding, wes alsc approved.

An operating mockup of the prototype warp measuring components of the
combined profilometer and 5X viewer was successfully tested. The feas-
ibility of attaching a print-out mechanism for recording the data was
demonstrated. Such z mechanism could e added to the equipment to bhe in-
stalled in the PRTR.

A "Report of Inventicn" deseribing a duct design to be used in the Fuel
Element Examination Facility to permit the controlled outlet of air from
a duct at any desired point slong its length, was submitted for evaluation.

Elgh Pregsure Loop and Critical Reactivity Measuring Facility. The pre-
liminary project propesals on the High Pressure Loop and the Critieal
Reactivity Measuring Facility have been forwarded to the AEC for approval.

Rupture TestigE_Loop'Project Proposal. Preparation of a preliminary
project propeosal to request funds for scoping and preliminary design of
a rupture testing loop to be installed in the PRTR was started.
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Plutonium Febrication Pilot Plant

Phese Il Construction. Completion of work under the Phase IT contract is
estimated at S9%, compared to 97% scheduled. Little progress has been
made in producing a satisfactory decontaminable coating in the process
portion of the building.

Phase III Construction. The Phase III contractor eclaims 6% completion
under their contract. The contractor's schedule has been submitted but
not yet approved. The swage and hood, the billet lathe and hood, the

30 kw vecuum furnace and hood, and the canning hood heve been moved into
the bhullding and set in place.

Procursment. All GE-AEC procured material required for the Phase III

contract 1s on schedule at present.

BASIC SWELLING STUDIES PROGRAM

Irradiation Program

Electrical heaters for the swelling capsule have been fabricated in the
laboratory since heaters and thermocouples from the off-site vendor have
not been delivered. Tests on these heaters indicated that their power
rating was too low for the ultimate requirements of the capsule. New
heaters have been designed and fabricated and are now ready for testing.
The temperature contrcllers have been delivered and will be tested in
conjunction with the heaters for the controlled temperature irradiations.

Capsules are being designed for irradiation of unrestrained uranium spec-
imens in the MIR and ETR. The pwrpose of these irradiations is to obtain
preliminary swelling informetion on uranium scmewhat in adveance of the
current irradistion schedule at Hanford.

Six capsules without temperature control, each containing a 1k -gram
eylindrical specimen of natural uranium immersed in NaK has been charged
in the MIR for irradiation. As described in EW-58978-RD, "Proposed Ir-
radiation of Uranium Metallography Specimens GEH-14-33 through 38," three
specimens will be irradiated to an exposure goal of 0.03 a/0 burnup and
the remaining three to 0.1 afo; estimated irradietion temperatures are
120 C, 350 C, and 650 C. One specimen from each exposure goal will be
subjected to a flux of 4, 40, and 80 x 1012 nv. Since the irradiation
temperatures will differ according to the flux, the irradiation will
provide an indication of the effect of temperature, burnup rate, and
total exposure on the structure of the uranium. Prior to the irradiation

.of the specimens, each specimen was carefully precharacterized as to

(1) geometry, (2) density, (3) microstructure, (4) micrchardness, and

(5) x-ray diffraction peak widths; after irradiation identical measure-
ments will be made to ascertain the extent of the irradiation induced
changes. The specimens will also be used to evaluate the effect of post-
irrediation annealing on the swelling in unrestrained specimens.
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Design calculations were made during the month for an instrumented
temperature controlled capsule for & similar irradiation in the ETR.

The high flux aveilable in the EIR is desirable, in that relatively
short time irradiations will give reasoneble burnups; however, the
resultant high power generation complicates the problem of capsule
design. There is considerable doubt sbout the power rating of available
heating elements and their ability to maintain such a capsule at a
constant temperature during reactor off periods.

Simulated Swelling Experiments

Uranium swelling has been simulated in the lsboratory by the introduction
of xenon gas into wranium by cathodic glow discharge at high temperatures.
Apparatus for expending the study of this phenomenon is approximstely
thirty percent complete. The orilginal apparatus 1s now being used to
investigate the mobility of xXenon in wranium,

The simulated swelling experiment was repested again this month with two
1/8 ineh thick discs at 800 ¢ (1472 F). Xenon gas was introduced imto

one disc during two days of discharge at temperature. The second disc
recelved a similar treatment but was shielded from the discherge. Subse-
quent density measurement gave the over-all density of the control semple
as 18.94% g/em3, and the density of the swelled uranium disc as 18.88 g/em3.
The uranium in the charged disc showed an over-all increase in volume of
approximately 0.3 percent. The region in the center of the discharge under-
went a considerably larger incresse. & document entitled "A Laboratory
Apparatus for Producing Swelling in Uranium,"” HW-59071, was prepared during
the month. It contains & description of the apparatus used in these studies
and a discussion of initial results.

Mechanisms and Theory

Diffusion of rare fission gases through the wuranium lattice is important
in both the rate of formation and the rate of pressure increase in pores.
Mobilities of these gases in uraniim are therefore being studied. Eguip-
ment for these studies has been installed. This equipment utilizes a
uranium eathode which 1s shaped so that a glow discharge cen be maintained
in rare gases contained at reduced pressure 1n a thin walled cylindrical
projection. Acczording to previous studies the glow discharge should enable
the rare gas %o enter the uranium lattice. The gas should then diffuse
through the uranium at elevated temperatures. Initial tests of the equip-
ment were only partially successful due to 2 minute gas leak through the
uranium.

For the study of formation of fission gas peores in irradisted uranium

there 1s a need for solid surface tension values of uranium in the presence
of inert gases at swelling temperatures. The sclid surface tension data
are being obtained by experimentally balancing the forces pulling down on
a series of fine wires of uranium with the forces of surface tension pull-
ing upward. Deslgn, fabrication, and assembly of much of the spparstus
has been completed during the past month. Vacuum and gettering equipment
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was installed to maintain a clean surface on the uranium wires at ele-
vated temperstures. Wire drawing dies have been obtained down to 0.001"
diameter and several zirconium gettering wires were drawn down to less
than 0.C05" diameter. Preliminary swaging has been done for preparing
ursnium wires. The remaining pieces of equipment are on order =nd the
apperatus 1s scheduled for operation during April. Optical and electron
microscopy afford & direct means for studying certain aspects of swelling,
nemely the number and size of pores in uranium. Since pores vary in size

. and distribution as a consequence of the in.reactor environment, a real-
istic quantitative analysis requires application of siatisticzl methods.
Operation Research personnel are currently applying = statistical technigue
for estimating pore radii distribution and volumes associated with pores
as a function of longitudinal and radial distances in a zylindrical,
irradiated uranium specimen. In order to establish the effects of labora-
tory annealing treatments on the growth of small pores in urenium irrsdicsted
at 400 C to & burnup of 0.2 afo, a specimen has been unnealed at 880 ¢ for
100 hours. The necessary metallogrephic preparstion 1s now in progress.

3. GAS COCLED POWER REACTOR PROGRAM

Graphite Studies

PRTR Pressurized Ges-Cocled Loop Facility. A revision to the Gas Loop
Project Proposal, increasing the maximum temperature from 1100 to 1500 F
and requesting an additiona) $175,000 reguired by the tempersture increase,
was prepared and is being circulated for approvael. The design criteris,
including scope drawings for the high temperature gas locp (CAH-822), were
completed. It 1s planned to place the ex-resctor portion of the gas ioop
for bid during April or a design and fabricate fixed pricze contract. The
in-resctor section will be designed on site. :

The in-reasctor test section consisting of two concentric tubes and s large
part of the loop piping external to the reactor will tentatively be fabri-
cated from Inconel-X. Helium gas will flow in the amnular space, between
the outer pressure tube cf the loop and the aluminum shroud tube of the
reactor. Loss of helium shroud cooling due to failure of electrical power
and the steem turbine back-up will cause water to be injected into the
primary loop. Water injection is required to prevent overhesating the
aluminum shroud tube. Instrumentation will be provided for zutomatic loop
operation. A programmer will control the rate of temperature change during
startup or shutdcwn of the loop. Preparation of design criteria by the
Design Development Operation is continuing.

Graphite Oxidation Studies. Surface area and pore size measurements were
completed on four TSCGBF graphite samples priocr to cutgassing and reactor
irradiztion at 550 C in high pressure COp. The first outgessing tests on
TSGBF graphite evolved approximately 1.74 cc of gas at STP from a 31.46 g
semple in 16 hours at 950 C. The gas composition {percent by volume) was:
1.0l percent COp, ¢ 0.0l percent A, { 0.0l percent Op, 2.73 percent Ng,
6.06 pereent CQ, and 90.2 percent Eo. Further outgassing studies are
Planned.
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The weight loss of CSF graphite in flowing CCs is linear after the first
0.85 percent. The rates are 1.23 x 100 gm/gm-br at 700 £ 5 €, 1.73 x 10~
gn/gm-nr at 750 £ 5 C and 4.94% x 107> gm/em-hr at 800 £ 5 C. Stoichio-
metric relationships. indicated that less than 0.0l percent of the total COp
was used for oxidizing the graphite {assuming the over-all reactor to be
COp + C —==3 2 CO). Thus, under these conditions, small changes in gas flow
should not be reflected in the rate of graphite weight loss. As z test, a
sample wes oxidized at 800 C while the gas flow was decreased to one-half
the original value (from 0.4 cu-ft/hr to 0.2 cu-ft/nr). The observed :
weight los8s was only six percent less than the value observed at the higher
flow rate, verifying the assumption that the reaction 1s not sensitive to
small chenges in gas flow rate at these conditions. The specific surface
area of the sample was 0.257 m2/gm before oxidation and the sample will be
checked for the change due to oxidation.

The samples in the welght loss squipmen® hang above the vertical center of
the reaction tube.  The graphite-imbedded thermocouple is at the vertical
center. To ensure that the samples ars at the same temperature as the
thermocouple and tha*t there are ro large temperature gradients along the
length of the samples, a second thermoccuple imbedded in graphite was moved
elong the tube and the temperature was observed as a function of distance.
The results confirmed that the sawples are within the isothermal portion of
the resction tube.

Coated Graphites. Preliminary screening tests were completed on two
coated grsphite materials from the Kational Carborn Company. They were:
€1) a siliconized "impregnated" material and {2) & siliconized material.

A sample of the siliconized "impregnated" material was heated to 1000 &

in an atmosphere of helium. As the sample was brought to temperature a
volatile product in the coating was evolved at ¢ca. 300 C. The heating

was continued and the tempersture held at 1000 T for c¢a. six hours. After
¢ooling in the inert atmosphere, the sample had lost 0.75 percent in weight.
The sample was again peated to 1000 C for ga. six hours with a further loss
in weight of 0.17 percent. After a third heating for the same period of.
time the weight hecame constant. A visible change in the condition of the
coating was observable.

A sample of the ccated "impregnated" material was tested for oxidaticn re-
sistance. The equipment used was an oxidaticn bzlance on which the weight
change cculd be continuously monitorsd. The sample evolved the volatile
constituént as before.  The entire run was made at 600 C, in air at 0.5
efh Tlow. The sample lost 0.30 percent weight in twenty minutes and

18. 3 percent after seventy-two hours. A visual inspectlon of the sample
under the microscope showed holes and cracks in the surface of the cosating.
The main attack was.through the ends of the sample where the coating was
thin due to the method of application.

A sample of "siliconized" cozted ATJ graphite was placed in a sealed

aluninum tube along with an uancosted sample of the same graphite and
irradieted to an exposure of 187 MWD!AT tc determine the feasibility
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of handling and testing coated, irradiated semples in existing equipment.
Both the coated and uncoated samples were very radicactive, reading five
rads at the surface. The surface appearance of the coated sample had
changed to a black color from the unirradisted gray-green color. After
"cooling" for forty days, the radiation level hed not changed appreciably.
The radiation leveles of pure reactor grade graphites coated with these
materials could not be evaluated from this test.

The above tests show that these coafed materials in their present state
of development would not be useful reactor materials. Improved meterials
will be cbtained from Nationel Carbon Company for evaluation. All samples
of the above material will be eliminated from the test program.

D. CUSTOMER WORK

UO> Fuel Development

The Chemical Research and Develcopment program of mechanical processing of non-
production reactor fuel elements includes studies of the shearing of U0 fuel
elements to determine shearing forces and to provide material for dissolution
studles particulate matter generated during shearing. Thirty-oze swaged UOs
rods, approximately 0.563" in diameter arnd 34" long, were delivered to Process
Equlpment Development, Chemicael Development, for these shearing tests. Fuel
elements were supplied in both stainless steel and Zircaloy-2 jackats.

Corrosion Studies

Reactor Pigtails. The occurrence of pigtail failures on H Reactor during the
latter part of 1958 frequently caused scramming of the reactor. The me%al-
lurgical examination of many of the failed pigtails showed cracks in the 304
stainiess stesl tube which resembled stress corrosion orazks. In order 4o
help evaluate the condition of the pigtails a*t other reactors, about 58 vig-
taills from D and DR Reactors have heen removed, cleaned, and dye tested for
cracks. Three out of the 43 pigtails from DR Reactor gave crack indications,
and three out of 15 pigtails from D Reactor gave c¢rack indications. These
dye test indications are being metallurgical evaluated.

Rediometallurgical Examinations

I % E Hole Failure - 2582-C (RM-249). The examination of the second element
of enriched uranium from tube 2582 continued. The examination of the bonding
of the male-end cap of the element showed that water entry to the A1Si layer
surrounding the spire occurred through a welding or similar fabrication defect.
The series of water chennels surrounding the spire are detween the male zap
and about 1-1/4 inches from the female cap - a distance of about 4-3/4 inches.
Water entry also appears to have been effected through the spire in the
neighborhood of the corrcosion ares previocusly mentioned. Exeminetion of a
section of spire can wall has revealed at least five placed within a very
small ares where some type of erosive penetraticn occurred. These penetra-
tions extend from the intergranular corrosion areas on the water exposad
surﬁage of the spire directly to water channels in the AlS1 bvonding layer.
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PT IP-134-A Irradiation of Wafered U Fuel Element (BM-245). A 1.8" o.d., A-2
aluminum alloy Jacketed, hot press camned, 1.0% enriched, wafered uranium I & E
fuel element was irradisted to low exposure at high power. The element was
sectioned longitudinally for half its length. Measurements of wafer thickness
do not reveal any marked changes from the pre-irradiation state. Metallo-
graphic examinetion of & wafer is being started.

Preparation of Samples for Project C-791 (RM-267). Ten uranium bars, approx-
imately 1/4" x 1/2" x 2-1/8" long, were sectioned from an I & E fuel element
and cenned for shipment to CRNL. This completes the request for 29 samples
which will be melted to determine the quantity of fission product gas release
in connection with Project C-T91.

Aluminum Shroud Tube from ETR 3x3 Test Facility (EM-291). A section of the
aluminum shroud tube which had cracked during operation of the ETR was received
to determine the cause of failure. A4 two-inch long circumferential crack was
found in one of the welds in the reducer section of the tube, Metallographic
examination showed that the crack was caused by insufficient weld penetration
and intermal flaws in the weld which seriously reduced the weld strength.

Metallography Laboratories

Samples Processed During the Month:

Total samples processed: 206

Photoggaghs

Micrographs 382
Macrographs 97

Totel 479

Fed byl

Managey, Resctor and Fuels Reseafch
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

Bl HW-59T17

MONTHLY REPCRT

MARCH 1959

FISSIONABLE MATERTALS ~ 2000 PROGRAM

FUELS

Nuclear Safety in the Fuels Preperation Department

A discussion was held with members of FFD regarding the handling and storage
of highly enriched uranium fuel (enrichment> 90 percent). General Atomics
Plans to send fuel of this kKind to FPD for testing in the 305 plle. Safe
criterla were established for the storage and handling of this fuel together
with normsl fuel in the FFD opérations.

REACTOR
STUDIES RELATED TC PRESENT PRODUCTION REACTORS

Lattice Neutron Temperature Study

The experiments reported last month have continued. The additional data ob-
tained confirm the previous results. Corrections to the results due Lo
eplcadmium fissions were computed on the basis of measured Gold-Cd ratiocs
in the fuel elements. These corrections amount to a few percent at most.

Blocking Effect of Coolant

The messurement of this effect has been completed for a single colum of
8~-inch fuel elements in the TTR thermal colum. The data are presented as
the ratio of the average activity of 4 manganese foils mounted on a process
tube to the average activity of 4 manganese foils mounted on an 8-inch
natural uranium fuel element. These ratios are tabulsted in the following
table, for & dry amnulus apd an annulus filled with coolant water, at
graphite temperatures of 292°K and 6TT°K. The canned fuel element is 1.Lk4
inches in diameter with a 0.080-inch annulus between the fuel element and the
process tube. :

Ratio of Average Manganese Foil Activity

Case Graphite Temperatures
292%k S

Dry 1.070 » 1/2% 1,047 & 1/2%

H,0 Cooled 1.314 & 1/2% 1.180 & 1/2%

* The 677K data was presented in the February monthly report.

1252122 .
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Thermal Neutron Flux Spectrum Near a Temperature Discontinulty

As reported last month, an IBM 709 FORTRAN program is belng written to obtain
numerical results for the two more complicated infinite geometries for which
apalytic solutions bave been found. The program is being divided into a aumber
of subroutines, which may be debugged independently, and one main program. Of
the two subroutines which have been writter, one has been run succeasf‘ully and
the other is being debugged.

Neutron Energy Spectrum in the Viciaity of a Boundary with a Temperature
Discontinulty

During the past month the theoretical investigation of the transfer cross sec-
tion for neutron exchange between equilidriwm thermal neutron energy distribu-
tions near a temperature discontinuity has been extended from the effective
graphite mass range of 12 to 80 amu to the 80 to 250 amu range. In this range
a mess of approximetely 150 wes found to yileld a fairly good £1f to the low
temperature (108°K and 300°K) experiment. During the course of these calcula-
- tions ap investigation wes made of the dependence of the "effective mass" or
transfer cross section of grephite upon the experimentally determined alredo
of the thermal flux. The results indicated a rather strong dependsnce of the
effective mass of graphite upon the albedo. This result together with the
sensitive dependence of effective mags upon the experimental constants of the
slowing down flux bave led to a rather drastic but essential modification of
the methods of analysis. Heretofore a rather lengthy machine and hand calcula~
tion bas been used to iterate towards a theoretical value of the transfer cross
gection. Af{ present a new TO9 FORTRAN program is approximately 90 percent
completed. This program will iterate to the effective graphite mass which
provides the best fit to the experimental data. The program has complete flexl-
bility to allow the investigation of any parsmeter which might influence the
experimental determinetion of the trsnsfer cross section.

Effect of Cladding on Reactivity

Additional data from measurements in the Hanford Test Plle on the effects

on reactivity of various cladding materisls on I and E type fuel elements

have recently been received. These data have been amalyzed and the results of
this and a previous apalysis are being issued under report number HW-55809.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Lattice Measurements for 2.5- and 1.92-inch Puel Elements

Material bucklings of graphite lattices with 2.5-inch sclid natural uranium
fuel elements measured this month are listed below.

Lattice Spacing Bug Volume Ratios

- (10-0 em-2) AL/U B,0/0 C/0
12 3/8 Vet - 19 0.185 0.403 29.58
12 3/8 pry + 79 . ¢.185 - 29.58
1% 9/16 Wet - 73 0.185 0.403 41.58

M{‘,\A%%\ﬂ’i@ 1252183 ==
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These buckling values are tentative using an assumed extrapolation distance,
A, of 1.66 inches. EHorizontal traverses have been measured to determine the
actuasl 4 , and final values for the buckling will be quoted when the analysis
of these traverses is complete.

The measurement of the fast fission factor, € , 1n a graphite lattice 1s re-
quired for comparison with existing values. The procedure for absolute stan-
dardization requires an argon filled, double chamber capable of receiving both
uranimm foils and depoaits.

The foils and deposits will be natural wanium and 15 ppm depleted uranium.
The deposits have been obtained and have 0,100 ¢ 0.005 mg/ uranium content.

Preliminary studles to check the relisbility of the chamber and to beccme
acquainted with its operation have been carried out usging the deposits.

FCTR Measurements of k,, and £ of Selected Cluster Elements

Final vsalues of have been determined from PCTR measurements of a T-rod
cluster of 0.92h-inch diameter rods in a 10 1/2-inch graphite lattice. The
results are compared in the table below with values derived from buckling
measurements of essentially the same fuel assembly in 2 10 3/8-inch lattice.
To aid in the comparison, the exponential results have been adjusted to the
geometry of the PCTR experiment.

Alr oo Water Mole Ratios

Coplant Coolant G/u  AL/U  Hs0/U
PCTR 1.009 £ 0.005  0.998 £ 0.001  37.45 O.M46 0.467
Exponential ‘ 1,013 & 0.0045  1.001 & 0.0045  37.01 0.482 0.466

Exponentisl, sdjusted 1.016 s 0.0045 1.003 ¢ 0.0035 37.45 0.446  0.L467

It is apparent that the PCTR and exponentlal results asre in a.greement in each
case.,

The 1 mllliskerror quoted for the PCTR water-cooled experiment 1s a standard
deviation encompassing all known sources of error. In the measurement with
air ceoolant, the large error quoted is duwe to the fact that the spectrum was
never successfully matched through the fest cell in the axial direction. The
magnitude of the errcr is bhased uwpon the effects of changing spectral condi-
tions on kog observed in the water-cooled experiment.

Preparations are belng made to measure k., and f of the same cluster with
vranium of 1.00T7 percent enriciment in a 7-inch lattice.

Coordinated Theoretical-Experimental Reactor Physics Program

The IPD Survey Code has been used to calculate bucklings for the variocus in-
ternally moderated 2.5-inch fuel element geometries which will scon be measured
in the exponential piles. The results indlcate that the present range of lat-

. -
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tice spacings (8 3/8 inch to 14 9/16 inch) will give adequate coverage for
these geometries.

Calculations with the IFD ccde were also made for comparison to the previous
measurements on fusl elements from 0.926 inch to 1.66 inchee in dlameter. The
ealoulated bucklings for small diameter elements (0.925-inch to 1.36-inch
dtameter) are accurate at small lattice spacings and become high by about 20
microbucks at large lattice spacings (larger than the spacing for maximum
tuckling). For large diameter elements (1.66 inches and larger) the calcula-
tions are slightly low at small lattice spacings and become high by 20.30
microbucks at medium and large lattice specings.

Thias series of calculations was used to correct for differences between lat-
tices measured in the PCTR and In the exponential es. Bucklings wers
then compered to avallable k., measurements with taken from the method of
C. R. Richey (HW-56646). The resulting exponential k., 's were an average of
5 milli k high indicating a need for a change in the parameters used to cal-
culate M*. The exponential k. 's were also high compared to critical experi-
ments, while PCTR k,,'s compared favorably to critical values (averaged

1 mili k low), indicating the velidity of PCTR measurements, at lesst for
the amall range of lattice geometries involved in critical measurements.

The calculation of differences also provided an opportunity to compare buck-
ling mezsurements on l.66-inch elements in both 4-foot and 8-foot piles. This
comparison indicated thet the extrapolation distance of 1.56 inches previously
derived for the L4-foot pile measurement is too high. A value between 1.53
inches and 1.5% inches provides a better fit to the data.

Calculations of thermal utilization of .4 simple bare natural uranium-graphite
lattice, using diffusion theory in the moderator and blaclkness boundary con-
ditions at the fuel surface, give values that agree within 1 percent of the
reference values for lattice spacings 1253 than 7 1/2 inches. For larger
spacings, the errors increase to almostii0 percent. Reference values are the
HAPO exponential pile data corrected for aluminum content.

NFR Lattice Physics Program

The program of cold exponentlal pile measurements in support of NFR has
been planned in detail ard discussed with IPD representatives. The program
includes measvrements of buckling for 1l.92-inch sciild elements and 2.5-

inch elements for various fuel geometries (solid, I and E, tube and rod,
tube ard tube, tube and tube and rod} in the 4-foot exponential piles. In
addition, 8-foot piles will be used to check the extrapolation distance of
a few of the cases measured in the 4-foot piles, as well as for measuring
buckling of the exsct NPR lattice and a condensed lattice (no void) with the
same carbon-to-uranium ratic as NFR. Changes from the original tenbtative
program involve timing, but not content., The only significant chenge is the
scheduling of a tube and tube geometry as soon as the 2.5-inch elements,
cored toc 2 inches, are received.

A PCTR program involiving lattice perameter measurements for scme of the
1.92- and 2.5«inch fuel! geometries has been planned along with the exact NPR
lattice to supplement and check the exponentlal program. Measurements of kog,
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f, p, ea.::f.i2 € will supplement the buckling measurements and permit a rough deriva-
tion of .

Nuclesr Safety in Handling NPR Fuel Elements

Nuclear safety in the design of an aanular cask for the storage of NFR fuel
elements was reviewed., Safe batch sizes for a 12-inch thick annulus, as
well as safe geometries, were calculated. It is intended that such a cask be
used in loeding an annular dlssolver.

Intercalibration ¢f Graphlte Purlty

A direct messurement bas been osbtalned in the PCTR of the absolute valus of the
sbsorption cross section for onme particular bar of graphite. The bar seiected
is the same one wnich was used eariier in the calibration of the HTR (Han-
ford Test Reactor - 305 Pile), and the HTR purity index of the bar is kmown.
The HIR measuremente have previcusly yleided accurate differences in cross-
section values between the various bars involved in the graphite exchange. The
present PFCTR measurement proviies a relisble normalizaticn for the HIR measure-
merts and permits us to quete absciute values with 2 small margin cf errcr.

The graphite cross-section measurement in the PCTR was & danger coefficlent
measurement. Reactivitles were measured with the test cavity of the Dp0 calan-
dria empty, filled with graphita, and filled with graphite plus thin copper wire.
The observed change in reaciivity resulting froin the addition of a known amount
of copper defines a "centa/wr® of absorber™ coefficient for this particular PCTR
configuration. This eccefficisnt srarles ome tc interpret the initiel reactivity
change resulting from the iusertiun of “he grephite alone in terms of the ab-
sorption cross section per 2arkoa atom for that particular graphite. A known
quantity of Do0 was also inseried ints the test caviiy in an attempt to experi-
mentally determine the modera’ing effect correction. The correction appears 1o
be about -0.C5 mb and is smell because reiatively few fast neutronsz exist in
the sample enviromment. The final figure for the moderating correction depends
upon the hydrogem zonfiert f Hhe Dol and will not be available until spectro-
scopic analysis cf the DoC hasz be2ern completed.

The zet resuis is that the U. 8. wvalues quoted Zash month should ve corrected
downward by gbovi 0.20 mh. Af%sr the exact hydrogen content of the DpO has
been determined, it will be posaivlie o qucte all values to within abeut 1 per-
cent. The value obiaired fur the %est bar itself is o, {2200 m/s) 2 3.60 mb.
This velue has been ecsrrecied fur nitrogen ebsorpiion in the bar and for the
estimeted moderating efect.

Computational Programs and Services

The complete Exponential Debta Program is now belng debugged. Encowraging
results have been obtained. The FORTRAN versica of the P-3 subroutine has
been written but has rot been compiled.

Work was begun on a PORTRAN program which will take basic PCTR data as in-
put, caleulating k., and £, as well as performing a statistical anslysis of
the results. The two main oblechives are flexibility ard ease of input data
preparation. When the methcis to be vsed nave been decided upon, they will be
circulated among PCTR users fiir commens.
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Mechanism of Graphite Damage

A series of measurements was completed of the energy loss of the Van de Graaff
electron beam in thin aluminum foils. Aluminum is used instead of graphite be-
cause the mean excitation potentlal of alumimmm is known so an estimate of the
energy loss can be made with the Bethe-Bloch formila. The results were quite
surprising. The energy loss increased linearly with the thiclness of the foils
end wvas within a few percent of the Bethe-Bloch value. It had been expected.
that miltiple-scattering would result in a anon-linear energy loss. The cbserved
results may posslbly be explained as balance between extira energy loss due to
multiple scattering and decreased epergy loss dus to escape of delts rays. The
Cbserved result is pleasing Ttecause it indicates that fairly thick samples of
graphite mey be used in the Van de Graaff studies.

Instrumentation

Discussions were held with members of IPD and HLO conceraning the role of RPIRDO
in assisting in the selection and testing of a fuel element rupture detection
system for NPR. Przctical and development systems at other sites are being
studied.

The investigation of new neutron detectors continued with emphasis on solid
state devices. The Westinghouse miniature sclid state neutron detectors are
not in commercial production at this time. It will be four to six months before
They will be avallable. An attempt is being made to make this type of a device
avallable here sooner.

A recording two-color pyrometer system using a CdS photoresistor as the detect-
ing element for graphite temperature measurement was given preliminary tests.
One test made before wiring in the timer and recorder indicated satisfactory
operation. With recorder and timer inecluded the operation was erratic. Fur-
ther tests are plamned with the £a8 cells as well as with the lead sulfide cell
and photomiltiplier, An arsenic trisulfide lens has been received for experi-
mentetion in the infra-red.

The printed circuit boards containing the eircultry for input address logic and
cere drive for the simple computer using magnetic cores have been assembled into
& completed unit along with additional circuitry to complete this portion of the
project and the unit as a whole is undergoing testing and debugging.

Necessary detector work was completed for investigative use concernming 100-H
stack gas monitoring. The detection portion uses a 10-inch diameter hollow
aluminum sphere with an inserted two-inch diameter by five-inch long closed
¢ylinder. The cylinder contains an Nal crystal and phototube. A small portion
of the stack gas will flow through the system--sbout two to five CFM. The cal-
culated minimum detectable concentration of IF31 in the stack gas is about 10-7
ne/ce without lead arcund the sphere and assuming no background problems. Only
the photopeak of the particular isotope of interest will be counted. General
energy analysis will be attempted for normal conditions and also following slug
rupture if possible.

Consultation was given on a complete remote-area scintillation monitoring system
for the NFR project. The circuitry involved is quite simple and relisble and has
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been previously tested. Each local detector gtation contains a phototube, a
terphenyl-in~polyvinyltoluene for gamma detection or & boron-zinc sulfide crystal
for neutron detection, & meter-relay circult with a local slarm. Each remote
local station may be up to 1200 feet from the central station. A portlon of
each local station signal is sent, via the signal cable, to the central statlicon
where the signal from each probe is amplified and recorded. The central is pro-
vided with 8 stepping switch to receive, at one to 10-second intervels, the
various remote station signals and record the same on a multipoint recorder.

A central station high-voltage supply serves all remcte unlts. Ome ceniral sta-
tiop high-voltage supply, one amplifier, and one 1l0-point recorder can handle
ten remote station monitors. A minimum of two cables, one for high voltage and
one for signal, go to each remote station. The local remote station alarm has

a 0.1 second alarm time and is not affected by the central station switching
speed. Thus, the local alarm will always energlze immediately. This system pre-
cludes errors caused by switching delays at the central station. The complete
proposed system will be completely compatible with later development work for
addenda reactor-ares radiation monitoring equipment.

STUDIES RELATED TC SEPARATIONS PLANTS

Critical Hﬂ.za.rd. Speclifications

Ruclear Safety in Hanford Laboratories Operation

8 tudy of the nuclear ssfety in the storage and handling of I Pu-Be neutron
gsources, each containing 8C grams Pu, was made. The atomic ratio of Be:Pu in
these sources is 13.5. Without further moderation the reactivity of these
sources 18 less than that for the same weight of pure Pu. It 1s safe to handle
these four sources independently of the degree of water moderation and reflec-
tion.

E-Metal Program

The study of the rendom loading of the E-Metal dissolver was continued %o
determine a reslistic dissolver loading and the corresponding maximm safe
bateh size. The earlier study, based on cylindrical geometry indicated a maxd-
mum eafe batch size in the range of 1.7 - 2.4 tons uranium. In the present
study & conical loading was assumed in which the base was equal to the diameter
of the dissolver crid (52 inches). With such a loading the maximm safe batch
gize iz eatimated to be 2.0 tons uranium.

Plutonium Critical Mass Laboratory

Modification 2 of Directive HW-455, dated Maerch 23, 1959, was received from
the AEC authorizing the General Electric Co. to ilncwur costs in the amount of
one million dollars for the conatruction of Stage I of the Flutonium Critical
Mass Laboratory.

Current plans call for invitations to bid being issued on April 8, 1959, and
for bid opening on May 6, 1959. '
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Criticality Studies in Support of Processing Power Reactor Fuels

An exponentiasl experiment was used to determine the material buckling, and eriti-
cal mass, for 3.063 percent enriched uranium rods of 0,300-inch diameter in a
0.500-1nch haxagenal latitice., In the case of the 0,.500-inch lattice there was
an insufficient quantity of wanium available to determine the critical mass
from the critical approach. A radial traverse of the peutron flux was made with
a small BF3 counter to evaluate the extrapolation length for the lattice. The
results of these measurements are glven as follows:

' Calculated
Lattice B0/U Extrapolation Measured Critical Mass
Specing  (Volume Ratio) Length* Buckling (Spherical Geometry)
0.500 ineh- 2.06 7.1 em | 13,028 x 10'6cm"2 L85 1vs. of
enriched U

To date sixteen different lattlces have been measured with the three rod sizes
initially chosen, 0.925-inch, 0.600-inch, and 0.30C-inch. In order to evaluate
the minimsl critical mmas for 3 percent enriched uranium rods in light water

it will be necessary to conduct critical approach experiments with a fourth and
smaller rod size; current plans are to swage the 0.300-inch diameter rods on-site
to & dlameter of 0.17-inch for these mpasurements.

Experiments were completed for determining kdo of the 3 percent enriched
polyethylene moderated systems at E/U stomic ratios in the range of 6-12. Some
inconsistencies have arisen in the measarements involving the U03-320 mixtures;
material which was to have been prepared with an E/U atomic ratic of about 10
was found on subsequent chemical anslysis to have an actual E/U retio of about 7;
further, the repeatability of the measurements with the U03-EEO mdxtures has in
some cases exceeded the expected error limits of the measurementg; this may
be the result of uncertainties in the values of the E/U ratios.

The meximm value of k.. for the case of polyethylene moderaticn (CHo) is
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The second phase of this study indicated that the use of a constant age of 27 cm®
for all uranium concentrations was the main reason for the conservatism in the
calculated criticel parsmeters for enrichments below 5% U-235. This study
indicated thet the neutron age should be taken inversely proportional to the
square of the effective water density in the homogeneous mixture.

The present phese of this etudy involves a calculation of the fast effect
(previcusly assumed to te unity) and the recalculation of reflecting these
fast effect values. This study will also involve a correctlon on the extrapola-
tion length to be used for water-reflected systems. The valldity for such a
correction to the extrapolation length for systems in which a reduced denslity
core is reflected by a full density reflector has already been indicated.

The method used to calculate the fast effect 1s hased on a formulation
developed by APED for heterogeneous systems. For homogeneous solutions this
formulation 1s reduced to the following:

ent. 0.372

N
2.23 A, 1.33
Nag

W
ﬁE = atomic ratio of hydrogen to U-238.
28 - _

Using this formulation for fast effect and caleulating h , £, and p as before,
was calculated as a fumction of H/U for several enrichments. The maximum
k. for each enrichment is given in Table I.

TABLE I
B/U

% U-235 kK, (mex.) (Atomic Ratio)
0.95 0.981 k.90

1.00 0.998 L.95 .

1.50 1.154% 5.96
2.00 1.255 6.56
3.00 1.380 | 8.2k
4,90 1.510 10.45

The experimental value for the minimm enrichment with a maximm k., of unity
is 1.02 s 0.02% U-235. Interpolation between the values in Table I indicates
this enrichment to be about 1.005% U-235. The experimental value of k,

for 2 percent UFy at an H/U235 atomlc ratio of 195 was found to be 1.216 &
0.013. The theoretical value calculated in this study for these conditions is
1l.225. _

Miscellaneocus Experiments for Nuclear Safety Specifications

Further exponential experiments were conducted with the 1.25 percent enriched
I and E type fuel elements (1.336-inch 0.D., 0.500-inc¢h I.D.). The fuel rods
consisted of six elements, each 7.5 inches in length, positioned in an alumi-
mm tube of 1.402-inch 0.D. with a 0.028-inch wall thickness. The fuel tubes
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were loaded in a hexagonel lattice configuratiorn. The following bucklings were
determined this month.

Separation Between Hp0/U Buckling
Rods (Inches) (By Volume) (Fuel Cores Dry)
1.85 1.14 W50 x 10~° em~2
2.40 2.82 3696 x 106 cm-2

The value of k,, for the 2 percent enriched UF) ~-paraffin mixture with the
H/U235 atomic ratio of 195 was previously given as 1.206; the experimental data
have now been further analyzed on the basia of & Wigner-wWwilkens peutron spec-
tmm, i. e., the effective cross section values which were used were appropriate
to this spectrum. The value of k,, i3 revised slightly as the result of this
analysis to 1.216 » 0.013.

Neutron Age_Measm'ements

The apnalysis of the second series of experiments performed to determine the
neutron age to indilum resonsnce of Na-Be neutrons in watsr and in keroasene -
has been continued. Some of the more important parts of the analysais and the
derived experimental results to date are given in this report.

A least-squares procedure has been carried out successfully 4o determine the
best normalization for the experimentally-determined photoneutron bhackground
flux distributions. No direct normalization is available, because of fallure
cf the ionization chamber which was used to measurs the gamma activity of the
beryllium-free scurce., The normalized background s¢ determined has been sub-
tracted from the Na-Be flux distributions. The asymptotic tails of all three
1.45 ev flux curves are comsistent with the first-collision approximation
within statistics. The normalization used has also been foumd to provide the
best fit to the asymptotic thermal neutron distributions, but here the scatter
of individual points around the first-collision distribution is two to three
times greater than statistics. This peint has not yet been ilnvestigated in
detail. .

The remainder of each of the large-source resonance neutron dlstributions

has been fitted with a smoocth curve, chosen so that the third derivative of
log (r“¢) is monotonic and reasonably continuous. The portions of these
curves between 11 and 17 cm have bean used as models for the tails of the
distributions obtained with the smaell sources. In contrast to the conclusion
reached in the first series of measurements, the asymptotic behavior is not
established until r becomes greater than 17 cm, so some physical sssumption

1s required to bridge the gap. The range of "reasonable" assumptions explored
to date introduces an uncertainty in the small-source ages of the order of
plus or minus one percent.

Determination of the ages of the resulting curves i1s currently in progress.
Results obtained to date are listed below:

'“iy



Relaxation Position
Source-Moderator Length of Peak
First BSeries
Large-Water ' 3.22 em —_— 1h.7 ool
Small -Water ——— ——— -
Large-Kerosene 3.12 ———— 1h.0
Small -Kerosene ———— —_——— 13.2
Second Series
large-Water 3.29 cm 6.25 cm 14,60 cm®
Small-Water ——— 6.15 >14,.38
I.arge-xerosene (bad) 3.51 - 15.01
(go0d)} 3.36 6.30 k.73
Smwall ~-Kerosene ——— 6.25 13.98

NEUTRON CROSS SECTION PROGRAM

A‘baolute Flssion Crose Sec'bion for U235

A redetermination of the mass per tmi'b area of the gold folls used in the
measurement of the monoenergetic v235 fission cross section was started. The
area will be redetermined by an optical messurement of eight diameters for each
foil. These measurements have been made for seven of the gold folls used.

A preliminary examination of these messurements indicates that the areas of
these foils range from C.06 percent to 1.3 percent larger than the constant
areas previously a.seumed.

8low Neutron Scattering Cross Section of Water

During the month the room temperature water scattering experiments for incident
neutrons of 0.1l4l ev energy were completed, and a similar set of experiments a.t
an energy of 0.184 ev was begun.

At 0.1h41 ev incident energy, the neutron emergy spectra of scattered neutrons
were measured at 59, 10°, 20°, and 30° scattering angles in the vicinity of
the elastic peak using the O. 030-inch thick water sample holder. An angular
distribution of the elastic peak was taken from L® scattering angle to T6°
using the same sample. Using a thinner (0.012-inch) sample of water, neutron
energy spectra were taken at scattering angles of 10° and 60°, For normaliza-
tion purposes the elastic group from vanadium wes observed at 10° scattering

angle,

The first axis wes then changed so that neutrons of 0.184 ev are now incident
on the specimen. At thisg energy the vanadium spectrum at 10° has been taken
and an angular distribution of the elastic group from the thick water specimen
is being taken at present.

Analysis of the 0.141 ev and 0.095 ev datas reveal that wlithin statistics the
magnitude of the zero degree elastic and of the peak of the inelastic components
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of the scattered beams are the same at the two emergies. It was found that
the sagular distribution of the elastic portion of the 0.141 ev scabttered neu-
trons fit very well the Debye-Waller functicn exp{-Q°ul) for a value of

u s 0.20 A°, This compares with an experimentally determined value of

u = 0.30 A at an incident energy of 0.095 ev. This difference is not under-
gtood since the parameter u should vary only with temperature. The measure-
ments of B. N. Brockhouse at AECL, Chalk River, gave a value of u = 0.4 A°
for an incident energy of 0.035 ev.

Comparison of data taken with the 0.030-inch and 0.012-inch water sample holders
reveals no appreciable effects which could be ascribed to multiple scattering.

Put0 gpnd Puldl Pygsion Cross Sections

For the second month no fission cross section data were obtained at the 105-IR
erystal spectrometer because the neutron beam was turned off to allow a lower
radiation exposure to constructien personnel installing the gas cooled irradia-
tion loop on the X-1 level below the spectrometer. :

A new parsllel plate boron chamber has been constructed and bolted onto the
front end of the fission chamber. This arrangement has proved to be more satis-
factory than having the boron foil mounted in the fission chamber since the
chance of accidental alphse contamination hes been eliminated, and it is now
possible to operate the borom chamber at a pressure different from the flssion
chamber. At a filling pressure of 25 psl of A-CO, the integral bias curves
compare favorably with the old boron chamber.

In an attempt to achieve optimum datection efficiency studies were made on the
effect of varying the clipping time, volitage, and pressure of the fisslion
chamber. '

Fast Neutron Cross Sectlons

The new vernier chronotrem circult has been physically completed and a new
circuit developed to help reduce errors caused by variastion in input pulse
tght. The system is now being checked out on actual photomultiplier detector

input =ignals. .
REACTCR DEVELOPMENT - 4000 PROGRAM

PLUTCNIUM RECYCLE PROGRAM

Correlation of Data on Heavy Water Modersted Cluster Lettices

Using Mummery's method, the PCTR-derived values of k_. and f for the various
PRP lattices have heen analyzed. A summary of the meO%hods of analysis and the
results 1s being prepared for inclusion in the forthecoming Physics Research
Quarterly Report. Also includaed will be comparable data derived from material
buckling measurements performed in Canada and Sweden for similar configurations.
The data from various sites are in quite good agreement.



Improved Theoretical Methods

The use of the variational form of a linear theory has been studied as a starting
point for its numerical approximation. Replacing the Lagrangian integral by

a numerical integration formila reduces the Lagrangisn to a form which defines

a set of approximate finlte-difference eguations.

Te advantages of this procedure are the automatic treatment of variable or
discontinuous cross sections without the need for special boundary-crossing
formulas and the possibility of systematically improving the accuracy of the
approximation by using more elaborate integration formulas. In addition, the
finite-difference equations for the direct and adjoint solutions will be consis-
tent; that is, they will be adjoint 1o each other and will lead to identical
eigenvalues, regerdless of the truncetion errors caused by the numerical approxi-
mation.

Low Exposure Pu lattlces

| Design ¢f the experimental equipment is complete and fabrication is in progress.

| FCTR Experiments

The high exposure Pu lattice experiments await procurement of fuel material.
Some analytical work is in progress concerning the form of the rescnance multi-
plication factor of Pu. | :

Preliminary calculations are being made on highly self-shielded Pu fuel rods;
the aim being to cbtain long life, conastant power ocutput fuel assemblies. Re-
sults so far indicate that the specific power as a function of Pu density
approaches a constant value for densities greater than 9 g/em3 for small
diameter fuel rods. '

Ingtrmumentation *

Fabrication of the warp measurement unit f£or the profilometer was completed.

The lenses and mirrors to be used with this unit have not yet been received

from the vendor, but similar elements which were on hand were installed and the °
unit was tested. The tests confirmed that the unit was capable of measuring warp
to & 0.001 inch. It has been found that a blinker shutter originally inecluded
in the design to assist in differentiating vetween the various imeges can e
eliminated. The warp print-out mechanism was attached to the unit and tested.
The system worked perfectly and demonstrated to the customer that the complete
warp measuring system including the automatic print-out mechanism was accurate
+t0 at least g 0.001 inch. Pabrication was completed on the diameter measurement
unit except for the lens to be used in it. The design drawings are 95% complete.

ALY drawlngs for the wide-angle viewer are approved and in the hands of Techni-
cal Shops for estimating. Estimeting is sbout 95% complete.

All measurements were completed in the ‘determination of the thermal conductivity
of graphite and UOo samples at temperatures between 1000°C and 2200°C. A re-
port describing the metheds snd procedures used is being written and is about

75% complete. This work 1s being docne in assistance to Ceramic Fuels Development
Operation.
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A semi-portable alpha-beta-gamma air monitor was designed on paper for possible
epplication in PRTR. A memorsndum report describing the proposed system will be
issued in the npear future.

GAS COOLED REACTOR FROGRAM

Experimental determination of the appropriate lattice parameters began during the
wesk of Merch 16.

Some materials for the fuel temperature coefficlent measurement have been re-
ceived, and Tech Shops has been asked to finish fabricating materials by April 30,

1959.
TEST REACTOR CFERATIONS

Operation of the PCTR comtinued routinely during the month. There were five
unscheduied shutdowms with two due to faulty bypassing technique and three due
to a faulty control rod megnet contact. The channel iron that holds the rod
drive mechanism on rod No. 3 had apparently been sprung causing poor contact
between the control rcd end and the rod magnet.

A three-day meintenance cutage was taken to drill a through-hole for flux
traverse measurements 3-3/4 inches below the longltudinal center line of the
reactor. ' _

The speed of rod No. 5 was doubled by changing the reduction gears in the
drive motor. The rate of reactivity addition after the change is balf the
maximum allowed by the operating standards. Parts have been ordered to modify
the other rods. Better reactor control will result asz well as some time sav-

ings.
Graphite cross section meastrements were completed during the month.
The first experiments for the gas-cooled reactor program were started.

Drawings were prepared and work orders lssued for the graphite and aluminum
tubes for the LOO7 percent enriched uranium, T-element cluster experiment.

Redlation from the moving face of the reactor comtributes to short working
time limits allowed for lcading and unloading the test cells. The possibili-
ties of a radiation shield are being investigated. BRadlation energy measure-
ments have been made by RMO personnel to provide design information for the
shield. Analysis of the data has not been completed.

In the TR room, critical mass experiments were conducted dwring the first week
of the month. Experiments for the Lattice Neutron Temperature Study were con=~
ducted during the halance of the month.

There were 7 umscheduled serams during the month. One was caused by fauwlty
cperation of bypass switches. The remaining six occcurred during the testlng
cf some new icz chambers whick were noisy.

An automatic temperature controller has been built and comnected to the power
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circuits for the TIR temperature controlled thermal cclimn.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCLENCES

Atmospheric Physics

Arrangements between GE and the Division of Blology and Medicine, AEC, for the
employment of Dr. Frank Pasquill as a visiting sclentist for a period of one
year were completed through HOO-AEC. Financlal support for Dr. Pasquill’'s
employment was agreed to by PBM, both for his employment at Henford and for his
occasicnal vigits to other ABC sites. Necessary arrangements, within GE, for
the employment of Dr. Pasquill neared completion at the end of March.

Acquisition of materials and preparations for the fortheoming stable atmos-
pheres dispersion experiments were accelerated during the month. A contract
vas executed by HOO-AEC for the erection of towers and polee, and work was be-
gun on this aspect of the experimental equipment. Surveylng of the experi-
mental course was completed except for an irregular extemslon of the southwest
end of the 25,600 m arc. U486 pumps and bases were received and the delivery

of an equal nuriber of 3 BP gascline engines to drive these pumps was scheduled
for April 7-8. Installation of the porteble mast near the generation point wae
"begun. The control panel for the portable mast is 1o be located inside the 622
Building for the duration of these experiments. Procurement of personnel for
these experiments was essentially completed with the employment of two non-
exempt persomnel and the acceptance of job offers by three University of Washing-
ton metecrology studenta. The latter persons will report on or about June 15.

Apalyses of the problem of significance of individusl conceniration measure-
ments and the development of significance tests for various models and their
parameters were contirued. Various models which simplify the calculatlion of
the flux of tracer meterial through sequential vertical cylindricel surfaces
were also examined for sultabllity. In all of this work, much depends upon the
shape of the distribution functions involved, information which will not bve
available until the experiments have been run. On this account, some effort
has been made to keep preliminary analyses systems as flexible as possible.
The precise calculations necesgssry to flux and deposition calculations cannot
be reasonably anticipated in their entirety until the actual besic data are
in hand, however.

DOSIMETRY

In the Body Monitor, tests are continuing of various photomiltiplier srrange-
ments for the large Nal crystal. The seven 3" tubes gave excellent resolution--
between 9 and 9.5%. It was found that replacing the center tube with a reflec-
tor changed the resclution very little. The resulting decrease in background
indicated that prartically 211 the K0 peak is due to the photomultipliers.
Initial tests of & more wniform array of six 3" tubes have given less satisfac-
tory results.

The 256-channel anaiyzer begexr glving trouvble. It was out of operation about
one-half the month. Most of the difficulty was with the live-timer. Two basic
faults were corrected in the last week and it is hoped that this will remedy
the situation.
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™Mlters were installed on the main building air supply so that the cell air is
double filtered. There has been no further Indication of contamination in the
Cell. ’

A plutonium wound case was measured again and found to have 1.2 » 0.02 mpc in

his finger. A subject exposed to mixed fission product inbalation was examined;
no radicactivity was detected.

A new type of charging belt, one filled with metal staples, was installed on
t.he positive 1on ?a.n de Graa.:r:t in an effort to reduce some of the instabilities

———d P —— -t J________J- [P TR, i SN SN e 5 5%, TApE SR R



. O s s

construction, printed circult types infterchangesble in kind from one type of
instrument o another. All experimental modele of the sbove-named instruments

have been previously thoroughly tested, evaluated, and accepted.

A simplified testing unit for various transistorized printed circuit boards is
about completed. The tester will enable maintenance personnel %o simply and
easily test the various developed transistorized circuits including amplifiers,
mltivibrators, binaries, and count-rate meters. Buch a systfem will greafly
reduce downtime of portable and fixed instrumentation ueing the plug-in tran-
sistorized printed circuit components.

The pinhole camera wsas teated with the accelerator. Uslng Eastman Type KK
X-ray film, a dose of 500 mr from a point source at the face of the camera will
darken the film. Personnel at Purex requested some photographs of a floor which
has some.rsdicactive materisl seeping under it. No satisfactory results from
field tests have been obtained yet.

The alpha alr fixed-filter counter was fabrlcated, tested, and delivered to the
field.

Two experimental, demonstration-model, nuclear incident alarm wnits were comp-
leted and teeted including exposure to & 30,000 r/hr gamma field to insure alarm-
ing under extremely high dose-rate conditions. The units have performed -
reliasbly for about three weeks of continuocus operation. No meter drifi or read-
ing change has been apparent even in the most sensitive case, using the booster
translstor amplifier in the three weeks.

The available alarm-point operation settable on the units with such stable
operation is from cne mr/hr to more then 10 r/hr. This is = dynamic range of
10,000 to one. As addenda experimental work, several cadmiwm sulfide photo-
cells were used wilth Nal crystals. Thlis type of detector was found to be use-
ful for gamma dose-rate flelds exceeding 10 r/hr. The experimental demonstra-
tion nuclear incident alarm units use 2 phototube and a terphenyl-in-polyvinyl-
toluene crystal as a detector. The complete package unit can be fabricated
for sbout $250 per wnit in lots of 10 to 20C.

The remaining three telemetering data stations were calibrated and all remote
stations were installed. An inspection tour cf the data station positions by
representatives of Radlo Maintenance, AEC, and ELO revealed five stations to
be inoperative because of faulty or damaged wind generators. The resulits of
the inspection are to be forwarded to the contractor by the AEC.

The new alpha source which was electrodepcsited on platinum for the zinc-
sulfide particle counter was received. The source had considerable background
due to conteminates on the source itself. The background was almost entirely
eliminated by attaching a metal ring tc the photomultiplier tube to prevent

the tube from seeing the scintillations on the source. The signal to ncise
ratic was decreased by & factor of two as compared to the ¢ld scurce., This is
understandable since it was necessary to place the alpha source farther from

the filter = the unit will accommodate two-inch filters instead of one-inch
filters. Variation caused by turning the filter were eliminated which indicates
that the electrodeposited source 1s evenly deposited. ‘
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QERLASSE

The cpe square cm scintillation external probe for the seintillation dose-rate
meter, Model II, has been received from Technical Shops and a prelimipary cali-
bration check made, The response appears linear over the ranges tested and at
the energy of the Ra source used. There is & beta to gamme response ratio of
.5.

The investigation of determining the efficlencies of various light pipes con-
tinued with emphasis on beta-gamma detection.

A dual beta.gamma probe design bas been completed and Technical Shops have
started the fabrication.

WASHINGTON DESIGNATED PROGRAM

The magnetic sweep system of the maas spectrometer for this program was comp-
leted in its final form and satliafactorily tested. The maximm sweep range is
14 mass units at the mess 238 region.

Efforts towapd putting the entire lon-counting ion detection system Into
reliable operation were temporarily suspended in order to meet the need for
providing as soon &s possible some analytical service to this program. The
alternate ion datection system consisting of the electron miltiplisr, vibrat-
ing-reed electrometer and Brown recorder were put into operation. Studies of
the accuracy of isotopic ratio measurements and sample sensitivitles were begun.

CUSTOMER WCRK
Analog Computing

A six-region xenon poiaoning study hes been completed for the PRTR and a report
is being prepared.

A formal report on the simiation of the PRTR combrol system is ia preparatlon.
The NFR open coolant loop frequency response 1s being studied.
A study of water pump behavlor for the NPR desigzn has begun.

The simlation of an electromegnetic non-destructive test has been completed
and & report, IW-59546, was issued.

Mainternance requirements on the present computer are increasing; in particular,
it appears that replacement of a large number of potentiometers throughout the
machine will be necessary.

The bids for 'both the new recorder and computer have been opened. The re-

corder has been ordered. The computer order had not been placed at month's
end.
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Weather Forecasting and Meteorology Service

Type of Porecast Number Made | % Reliability
8-Hour Production 93 _ 85.6
2l-Hour General 62 85.3

' Special 124 85.5

Except for a little more wind than usual, March wes a near-normel month and
wasg devoid of any notable extremes.

Instrumentation

The main instrment unit of the sensitive gamme scintillation area monitor
for the Regional Monitoring Operation was redesigned from the standpoint of
layout for ease of maintepance. The final unit is now being fabricated. The
original experimental unit 1s still working quite satisfactorily and has been
used in both aircraft flights and in boats on the river for sensitive gammsa .
arese monltoring. The full scale first-range sensltivity corresponds to 0.015
mr/hr from & Re gamme source.

Acceptance tests were started on 47 new HAPO GM's and elght Victoreen remote-
area monitoring systeme with a total of 65 chanmnels. Evaluation tests were con-
tinued on scintilletion alphe air sample counters while tests were completed

on & 500-k¢ scaler stage and on standards for linear amplifiers. A survey of
commercial remote-area monitoring systems was finished. Assistance was given
in evaluation of a gamma pinhole camers.

izal

Design drawings are heing made and fabrication is about 50% complete on 2 scan-
ning system which can be used in the six-inch diameter access holes on the reasr
shield wall of the reactors in conjunction with a TV camera to view the rear
face.

The modified slit camera for the 105-C Fuel Inspection Facility was tested and
demonstrated. Tests revealed light leake which are being eliminated by sheet
metal shields. The film carriage is being adapted to hold film pecks as well
as cut film holders. Several fine plctures of cylindrical objects have been
obtained. :

The routine Qptical Shop work included the modification of 2 slit camera and

& Redox crane periscope head; the fabrication of 20 glass bearings, borescope
parts, and pyrometer components; the repalr of a camers shutter; and the installa-
tion of a new coolant system on a Jorgan Grinder.

Bt FLct—
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Physics and Imstrument Research
and Developuent

HANFORD LABORATORIES OFERATION
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Chemical Research and Development

RESEARCH AND ENGINEERING

FISSIONAELE MATERIALS - 2000 PROGRAM

IRRADIATION PROCESSES

Decontamination of Reactor Components

In studies on the dissolution of uranium dioxide (formed by exposure of uranium wire
to hot water) by decontaminating agents under study, Turco 4501 and 4512, alkaline
permanganste, and APACE{II) solution (ammonium citrate - EDTA} solubilized very

" little uranium. Peroxide in carbonste-bicarbonate solution did solubilize the
uranium dioxide as did also the APACE(II) solution when it wss used follow:
prior treatment of the dioxide with alkaline permsnganate (APACE(I) solutigﬁﬁ.
In similar experiments with irradiated uranium dioxide, it was shown that some of
these reagents, particularly citrates, will desorb much of the fission product con-
tent without dissolving the oxide. Adsorption of fission products from the uranium
dioxide leach solutions by scaled and unscaled mild and carbon steel surfaces was
studied. In general, carbon steel surfaces adsorbed fission products more strongly
than stainless steel. Adsorption was particularly high from perdxide-carbonate
solutions (5 to 15 per cent} but was markedly reduced by the addition of ammonium
citrate and Dupancl. Large differences in the adsorption of individual fission
products were noted. ’

Coupon decontamination studies were concermed largely with modifications of the
APACE process. Varylng the acidity of the Step II solution from 4.5 to 9.0 de-
creased decontamination by a factor of about 10 for carbon steel and 50 for stain-
less steel. Preliminary teets indicate reagent concentratlons in both steps can
be reduced epprecilably without serious loss in decontamination. Either sodium
citrate or sodium oxalate appears to be as effective as ammonium citrate in the
Step II solution. Removal of fission product contamination adsorbed onto unscaled
surfaces 1s more difficult than when the contamination is adsorbed on a scaled
surface. Among several corrosion inhibitors tried with the APACE Step(II) solu- -
tion, acridine, thiourea, and 2-mercaptobenzothiazole showed the most promise and-
will be investigated further.

Flow Characteristics of an Aluminum Packed Bed

8tudies have been started to determine the flow characteristics of sinulated reactor
effluent water through beds packed with various forms of aluminum turnings. This

is part of a program directed toward the use of such material to decontaminate
reactor coolant water.

The present experimental equipment consists of sn eight-inch-diameter by ten-foot
long column with taps every three feet for pressure measurement. Differential
pressures are messured with a Foxboro 0-200-inch DP cell. :

1232214
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Toitial studies of flow through a "standard” packing (28 aluminum turnings ca.
0.005-inch thick by 0.13-inch wide) packed to an average density of 4.37 lb/cu.ft.
indicate some bed compressicn with increased flow rate. This results in a slightly
higher rate of increase in pressure drop with flow rate than would be anticipated.
Pressure drops at 290 gpm/sq.ft. are about 0.67 pai per f£i. of bed.

Autometic Monitor

Work on the formal report for this development was in progress during the month.
In conference with IFD representatives it was agreed that the lanstrument should
be placed in as near routine operation as ia presently posalble and that a careful
search would be made for optimum locations for permapent inastallations of this
and future instruments.

Uranium Oxidation and Flasion Product Velatilization

Coil and cruclble configuration for induction melting of uranium was firmed up
after teating various designs. A compact srrangement was developed which permits
the coill and crucible to be sealed in a metal tube of small diameter. With air as
the insulator between crucible and tube wall the temperature of the tube did not
axceed 175 C when the crucible tamperature wvas maintained at 1200 C. Designs of
induction coll disconnects were developed.

Scheduled experiments on the release of fission products from low level irradiated
uranium in an air atmosphere were nearly completed. The effect of temperature,
time, and air flow rate on the fission product fraction released was determined.
The deposition pattern after release was Investigated with and without filters in
the line.

Xenon, iodine and tellurium behaved similarly. These elements were released at a
rate in proportion to the rate of oxidation of the uranium metal. About 80 per
cent of these elements was released when the metal was completely oxldlzed. Longer
heating periods did not drive off the remaining 20 per cent at a 1215 C furnace
temperature.

As expected, incressed temperature caused sn increaged fission product release
rate for each of the seven isctopes atudied. The range of temperaturss investi-
gated was 620 - 1440 C. Air flow rate was found to have a minor effect on the
total amount released but strongly affected the deposition pattern after release.
A mach higher fraction remained in the furnace tube at low air flow rates.

Ruthenium behaved peculiarly. At 1215 C It was released at a steady rate until a
total of 2 per cent was volatillzed up to the time of complete uranium oxidation,
or in about 50 minutes. Then a greatly accelerated release occurred until a

total of about 46 per cent was released during an additional 70 minutes of heating.

Reactor Effluent

1BM-tabulated chemical analyses of retention basin samples and related operating
conditions for the last eight months of 1958 were received; release rates for

L

V232215



. 3 i : - i
R o - B s
DR AR T RS
» A

AaTé and P32 for each reactor were studied along with the data from the previous
three years. Both isotopes continued to show consistent seasonal variation as
well as definite increases each year. The data will prove useful in prediciing
future individual reactor release rates in the event of process or production

changes.
Analytical Services

Arsenic-T6 is being reported with : 10 per cent error at the 95 per cent confldence
level. Use of a two liter sample and spike solutions helped meet that needed
refinement.

SEPARATIONS PROCESSES

Recovery of Neptunium in Purex

Operational difficulties encountered with the dichromate-oxidized 2A recovery
flowsheet used in the last plant run prompted experimental studies of alternate
methods for effecting extraction of neptunium in the 2A column.

Batch extraction studies with plant 3WB revealed little difficulty in effecting
extraction of neptunium by use of reductants. In these tests two successive ex-
tractions of WB (adjusted to 8 M HNO,) were made at 50 C. The first extraction
simlated the feed point of an extraction column while the second extraction simu-
lated the waste {dilute uranium) end of such & column. Neptunium distribution
ratlios obtained with various 3WB feed treatments indlcate that partial recovery of
the neptunium in IWB could be effected with no treatment other than the evaporaticn
and storage at elevated temperature which 3WB customarily receives. However, nearly
complete recovery appears easlly possible by addition of ferrous sulfamate and hy-
drazine to the feed.

Subgequent studies with synthetic 3WB indicated that neptunium could be readily
reduced to neptunium(IV) and extracted out of 8 M HNO3 by addition of either
sodium nitrite or ferrous sulfamate and that the concentratlon of ferric and
sulfate normally present in 3WB did mot significantly hamper the extraction of

the neptunium. These studies also indicated a workable scrub section neptunium(IV)
distribution coefficient of about. 0.3 with a 2 M HNO3 scrub.

These studies thus confirmed results ottained in previous anion exchange work, viz.,
that neptunium{1V) can be readily formed in 8 M HNO3 and is rather stable at ihis
acidity and nitrate concentration. '

Mini runs wers made to test the feesibility of recovery of neptunium from 3WB by
two approaches. The first attempted to effect recovery of neptunium by exiraction
of 3WB with 30 per cent TBP to which had been added about 0.001 M nitrous acid.
This approach seeke to establish an appropriate agueous phase nitrous acid concen-
tration profile in order to catalyze oxidation to neptunium(VI) by the nitrate
present in the agueous phase. It proved successful in earlier laboratory studies
of neptunium extraction in the HA column and has been used successfully in the
plant HA coluwmn during the last two run pericds. However, the Mini test of this

12522 1b @EMS?
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approach with 3WB resulted in high internal reflux of neptunium with the 1.5 M
ERO3 scrub stream used to effect adequate scrubbing of nitric acid out of the
2AP., This, together with ti® brief agueous phase hold-up time in the 28 extrac-
tion section at rates projected for the plant run, indiceted that only marginal
neptunium recovery could be guaranteed in & plant run using this approach.

A Mini run in which 0.05 M ferrous sulfamate and 0.05 M hydrazine were added to
both feed (3WB at 8 M ENO3) and scrub (2 ¥ ENO3) resulted in satisfactory neptun-
ium recovery (to a waste ana of about 0.2 per cent) but virtually total intermal
reflux of plutonium. This again confirms results cbtained in earlier anion ex-
change work in which clean separation of neptunium and plutonium could not be
obtained with 8 M ENO3 feeds.

On the basis of earlier anlon exchange experience reduction of the feed acidity

to 6 M HNO3 should give improved plutonium separsation and should require only a
slight incresse in solvent flow over that used in the Mini run. Accordingly, the
flowsheet planned for the next plant run will employ a 6 M HNO3, 0.05 M ferrous
sulfamate, 0.05 M hydrazine feed and a 1.5 M HNO3, 0.05 M ferrous sulfamate, 0.05 M
hydrazine serub solution. The uranium~bearing neptunium extract from the 2A columm
will be processed through the IEX-IB3 columms to effect separation of neptunium and
uranium (a flowsheet used successfully in previous plant runs). Additionsl con-
centration and purification of the neptunium will be effected by a 2A-28B total
reflux flowsheet (likewise used successfully in previcus plant runs). This flow-
sheet will therefore retain mich of the cost advantage resulting from use of the

28 column rather than the HA columm apd hopefully will avoid problems of the

nature encountered with the dichromate flowsheet. )

Specific Alpha Activity of Neptunium-237

A consistent difference of about three per cent between the results of aneptunium
determinations by alpha ccunting and by coulometric titration bas been resclved

by a redetermination of the specific activity of neptunium-237. It was found that
the specific activity of neptunium-237 is 1562 £ 7 disintegrat%ons per minute per
microgram which cocrresponds to a half-life of 2.1k % 0.0l x 10% years. The pre-
vicusly accepted half-life was 2.2 £ 0.1 x 106 years., The determipation was made
both by using low geometry absolute alpha counting apd 4 71liquid scintillation
counting with known amcunts of neptunium-237. The amounts of neptunium-237 counted
wers known from the make-up of & soiutica prepared from purified neptunium metal
and reckecked by coulometric titration.

itium Processes

Initisl testing ¢f the palladium absorpticn material prepared by scrbing
tetrachloropaelladate ion on anion exchange resin and decomposing was act success-
ful. This was apparently due “¢ incomplete decomposition of the resin, as tars
were evolved In the chromstographic runs. Separation was insignificant.

Analytical Services

Analysis of orgenic phase neptunjum was simplified by hydroxide precipitation of
neptunium from alecohol. The organic sample was dissclved in five volumes of ethyl

L ]
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alecohol and agueous Hp239 spike and uranium carrier added. The uranium was preci-
pitated with alcoholic potassium hydroxide. The precipitate was dissolved in
nitric acid and treated as a normal aqueocus sample. More than 98 per cent of the
neptunium was carried.

An eight-foot modified Junior Cave was ohtained from Chemical Research and moved
into 6-3A the latter pert of the month. The cell installation i1s & temporary
expedient to reduce personnel exposures when aliquoting, titrating, and hapdling
dissolver solutions and 1WW waste samples.

A matrix for eleven lsotopes meeasured in crop and vegetation samples was prepared
for test programming on Data Processing equipment. The geometry of a filled
9 ounce jar placed on top of 3" x 3" NaI (T1l) crystal was used.

A flame photometrlc method has been adapted for the determination of eluminum with
t 5 per cent error at the 95 per cent confidence level. Aluminum-cupferron complex
wasg extracted into hexone which was aspirated. The presence of 20 40 100 mg of
zine &id not cause Interference.

Deily plutonium stsndards for coulometric titrations showed a precision of + Q.8
per cent at the 95 per cent confidence level over a two-week period of operation.

WASTE TREATMENT

Solvent Extraétion of Pigaion Products

A series of scouting experiments are heing performed to determine the potential of
fission product solvent extractlion for waste treatment or fisslon product recovery
applications. Two extractants have been used to date: two per cent di-2-ethyl
hexyl phosphoric acid (DEHPA) in Amsco and four per cent tall oil in chloroform.
Extraction of gross beta activity from synthetic 1WW spiked with plant waste was
studied as a function of pE. Extraction reached a maximum of 42 per cent at pH
7.2 with IEHPA and of 63 per cent at pH 10.3 with tall oil. The tall oil is a
product of the distillation of wood (by-product of turpentine manufscture) and is
Priwarily a mixture of high molecular weight fatty scids and rosin acids. The
purified individual acids are available from this source at reasonable cost.

Fixation of Purex Waste by Spray Calcinaticn

. Powders with and without phosphate and prepared by spray calcination of synthetic
Purex 1WW sclution were heated to ca. 90C C. The phosphate containing preoduct
melted to a dense glass but proved very corrosive to iron or nickel crucibles.

In plant application, this glass will probably require ceramic crucibles for
fusion. The phosphate-free calcined 1WW 4id not melt under these conditions but
sintered to a compact mass of fairly high density. Volume reduction from spray
calciner powder tc sintered produet was six to eight fold, and this material did
not appear to be corrcaive to iron.

1232218
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Pixation of Purex Waste by Batch Calcination

Four preliminary acouting runs utilizing unsgitated batch calcination techniques
have been performed. Solutions simlating the approximate limit of chemical
gtability of "formaldehyde-killed"™ and three-fold concentrated Purex 1WW have

been used as feed. Two techniques have been briefly tested: (a) dropwise addi-
tion of the solution into a hot (1000-110C C) calcination vessel in which drying
and caleination are performed essentially simultaneocusly, and (b} preconcentration
to a thick sludge followed by drying and calcination at temperatures up to 800 C.
Although very little quantitative data have been obtained on the resulting calcines,
results of these early runs are encouraging. The bulk volume of calcined product
varied from about 12 to 37 per cent of the coacentrated feed. The lowest volume
resulted from operations where nearly complete melting of the calcine was achieved.

Semiworks Fluid Bed Calciner

Site preparation, equipment fabrication, and equipment procurement for the semi-
works calciner have heen initiated. Preliminary design is completed and final
design is about 7C per cent complete.

ANL Fluid Bed Calcination Studies

Scouting calcination studies on aynthetic Purex IWW in a 6~inch fluid-bed waste
calciner have continued at ANL. The majority of the runs, to date (of 6-7 hours
duration) has employed a feed of simulated Purex 1WW, feed rates of 6 liters/
hour, and calcination temperatures of 350 to 500 C.

Operations at calcim tion temperatures of 350 to 400 C resulted in a product with
& tapped bulk density of ~/ 1.2 g/ce. (No other apalytical data were available.)
The major problem encountered at these temperatures wes the formatlion of +20
mesh~size irregularly-shaped lumps (similar to Grape-Nuts). The +20 mesh fraction
although somewhat adversely affecting fluldization characteriastics, did not tend
tc buildup in the bed over the 6-7 hour ruas.

Operation at 500 C was markedly improved over that at 350-400C. and was characterized
by a decresse in the +20 mesh fraction and an increase in the +60 and +80 mesh
fractions, with an attendant improvement in fluidization characteristics.

Future work will employ & low=-acid feed similar to that resulting from nitrate
destruction by formaldehyde and subsequent three-fold concentration (the approxi-
mate limit of chemical stability). In additior, the length of runs will be
increased to twenty-four hours or longer.

Qbservation Wells

No significant changes were cobserved In the extent of ground water contamination
from disposal facilities in the chemical gsocessing areas. Wells monitoring

the 216-BY crib site continued to shar Co°C concentrations up to 10-% uc/ml60 -
Reperforation of wells In this area did not change the concentrations of Co

found. =
oS
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Disposal ‘o the Ground

Studies were continued on the efficiency of various anion exchange resins for
removal of Pu from CAW {Recuplex) waste. A new sample of Permutit SK resin was
obtained and tested. Both column and equilibrium studies verified the previous
poor uptake data for this regin as compared to other resins tested. At room
temperature and a flow rate of 3.5 ml/cm®/min., 5 per cent breakthrough was found
at 15, 90, and 225 column volumes for 20-50 mesh Permutit SK, Amberlite IRA-4Q1,
and Amberlite IRA-LOO, respectively. A Dowex 1Xk column at room tempersture,

50 - 100 mesh, and flow rate of 6 ml/cm®/min. gave a 5 per cent breakthrough at
245 colurm volumes. Column elution studies showed S5 per cent removal of Pu at
2.2, k.1, 16, and 15 colum volumes for Permutit SK, Dowex 1X4, Amberlite IRA-LOL
and Amberlite IRA-400, respectively. All results reported to date are for about
25 C. Column uptake and elution studies were started at 60 C.

Current engineering and laboratory data applicable to the recovery of plutonium
from Recuplex process waste by anion exchange were presented to engineers in the
Regearch & Engineering Operation, CFD. Sufficlent datas are available to begin the
detail design of the proposed prototype resin columm. Calculations indicate that
the available fluld head will be ample for a gravity-feed aystem if the solids in
the waste do not serlously plug the bed. Tests will be conducted to evaluate the
effect solids may have on the pressure drop across a resin bed; backwash character—
istice will also be investigated.

Special Geological Studieé

Well drilling by the Artesian Well and Pump Company (Project AT(4S5-1)-1255) and
the Midland Drilling Compaay (Project AT{45-1)-1406) on current contracts was
completed. Installation of well screen, development and a pumping test on well
699-31-53 remain to be done by Artesian Well and Pump Company. More than 500
pounds of bentonite were used 1n drilling the well, below the water table. At~
tempts will be made to remove the bentonite using standard development procedures
and special detergents in order to recreate the pre-~existing agquifer conditions.
Inasmuch as the well was drilled to determine these conditions, assurance will be
lacking that the goal was attained.

TRANSURANIC ELEMENT AND FISSION PRODUCT

Multicurie Cell Rare Earth Recovery Investigations

Analytical results on the cerium recovery run made last month and preliminary
results and observations on runs performed this month indicate very poor flowsheet
performance. Cerium recovery was very low and a voluminous (50 per cent centri-
fuged volume) ferric sulfate precipitate greatly increased the bulk of rare earth
sulfate product. This interfered with subsequent dissolution of the cake, and
only partial dissclution was obiained in water or dllute anitric acid {the ferric
sulfate, however, appeared to be preferentially solubilized by oxalic acid).
Supporting studies show that the reasons for these difficulties are the decrease
iz 1WW volume per ton of feed processed and the increase in total process iron
since the cerium recovery process was developed (HW-54500). These changes have

o (O T
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resulted in a five fold increase in total iron concentration, leading to the ob-
gserved ferric sulfate precipitation. Tracer level experiments suggest that the
difficulty can be alleviated or prevemted by: (1) diluting the 1WW feed, (2)
neutralizing to a lower pH (0.5 vice 2), or (3) centrifuging at an elevated temper-
ature to take advantage of the retrograde solubility of the rare earth sulfates.

In other multicurie cell experiments with a new sample of plant waste, the zirconium-
nicbium bearing precipitate in as«received LWW was found to consist of two phases,
one easlly and the other difficultly removable by centrifugation. Zirconium-nicbium
appears to be distributed more or less non-preferentially between the two phases.

The heavy solids settled readily on standing and centrifuged to a volume of about

2.5 per cent. The light solids did not settle and were not removed by centrifugation
for five minutes to 1,200 G, but were removed by 15 minutes centrifugation t a
centrifuged volume of five per cent.

Promethium Recovery and Purification

A promethium recovery process is being studied apd includes the following steps:
(1) isolation of a crude rare earth mixture from Purex 1WW, (2) removal of cerium
from the rare earth mixture, and (3) separation of promethium from the other rare
earths.

Study of the first step, largely from the standpoint of cerium recovery, has been
under wey for some time, and the results of current studies with plant waste are
reported elsewhere. Preliminary experiments with samarium as a stand-in for pro-
methium (which has no natural isotopes) gave 93 per cent samarium sulfate preclpi-
tation. Separation of cerium from the other rare earths by oxldation with perman-
&anate and precipitation as the icdate has been repeatedly demonstrated and works
well. However, other cerlum-rare earth separations are being lavestigated in order
to minimize the corrosion and ruthenium volatilization problems which might result
from plant application. Following removal of the highly radiocactive cerium, the
promethium will be separated £rom the other rare earths and purified by a variation
of the Ames cation exchange resin - EDTA method. Principal uncertainty 1s in the
axtent of radiation induced resin damage in the third step, and innovations will
te aimed at incressing through-put rates and decreasing hold-up times to . minimize
this factor. Promethium product purities well in excess of 95 per cent should

be attainable.

Xenon IsotoEE Seggggtions

The Atomic Energy Commission has requested that a study be msde of the recovery
and separation of Xenon isotopes from disscolver off-gas streams. In support of
the isotopic separation porticn of this study, the scope design of & pilot unit
providing separation by thermel diffusion is currently under way. On the basis
of thegretical calcuwlations, two columns of the single stage, conceantric tube-
type have been scoped. Thelr dimensions are:
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Length Innertube Qutertube
Design gmeters! 0.D.,cm 0.D., cm Gap cm
1 6.0 3.4 L.68 0.635
2 6.0 11.46 12.74 0.635

Design 2 is included to determine whether increasging the column size can be used

&5 a means for increasing production capacity and consequently making single stage
apparatus practical for plant use in spite of some theoretical iandications to the
contrary. The operating temperature of the hot surface of the imner tube is cal-
culated to be 879 C. The optimum pressure appears to be O.4 atmospheres absolute.

Fission Product Isolation and Packaging Prototype

Three major pleces of equipment remain to be completed in the fabrication of the
Cegium Isclation and Packaging Prototype. The hydrolyzer is expected to be com-
pleted about the first of April; while the capper and the hopper and crystallization
assembly are expected to be completed by the end of April. The rest of the equip-
ment is in location at the 321-A Building and is undergeing calibration and
preliminary testing.

Studies are heing made to explore the possible use of the prototype Ffor various
fisgion producta., The initial study presenting the modifications required for
packaging strontium and cerium 1s documented in HW-59767, "Alternate Uses for
Cesium Isolation and Packsging Prototype Equipment." Briefly the report indicates
that an estimated $120,000 and & l6-month modification period would be required to
permit packaging more than 500 megacuries a year of strontium fluoride. The pro-
totype could be used with essentially no modifications fur packaging more than
1000 pegacuries a year of cerium oxide.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Self-Balancing X-Ray Absorption Instrument

The development of a prototype model of a self-balancing X-ray absorption instru-
ment (X-ray photometer) is almost complete. The instrument has been designed
principally for in-line analysis applications where it may advantageously replace
gamma asbsorptiometers in some locations because of the much higher photon inten-
81ty of the X-ray source. The main disadvantages as compared with radiocactive
sources are the added bulk and the added maintenance of the X-ray head.

The present instrument prototype uses an alr-cooled, medical-type X-ray head, a
split beam, and dual ion chamber detectors. Two basic systems have been tested;

ap AC type and a DC type. Although slightly more reliable and more sensitive,

the AC system must be mounted at the detector, whereas the DC system can be
remotely located, permitting easier maintenance of the electronics in a "Separations
Plant" installation. A transistorized AC system as well as an all electronic AC
system:was tested. The range of the instrument can be adjusted from a 0 to 30 g/l
tc a O to 100 g/l uranium range. In all ranges, the precision was better than 1.3
per cent standard deviation.
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E AND MATERIALS

Bearing Test Program

A Jjourma] made of commerclally pure titanium was tested for compatibility with a
boron carbide bearing. On two trials, the combination seized quickly while oper-
ated at about 3000 rpm when submerged in water and radially loaded with about

10 psi. Titanium transferred onto the boron carbide demonstrating the incompati-
bility of thils combination when operated under the described conditions.

Combination Pump-Agitator

Initial experiments on a combination pump-agitator have demonstrated the basic
workability of the concept. To provide the combination pump-agitator, holes

were drilled in the casing of the bottom stage of a Johnston deepwell turbine
pump. A small fraction of the liquid pessing through the bottom stage is dia-
charged through the casing holes to agitate the tank contents. Initial agitation
studies have demonstrated that a horizontal cylindrical 30,000 gallon tank {approx.
10-feet in diameter, 4O-feet long) can be homogenized in approximately an hour.
Such a pump-aglitator combination could find widespread separations plant use since
two tank operations can be performed using the same electrical supply system
(motor and jumpers). -

Completion of Conical Slinger Seal Studies

The Johnston deepwell turbine pump used for testing of the conical slinger seal
(splined-coned assembly) has been dismentled after 2700 hours and inspected for
vear. Neither the slinger cone oor the graphite face was noticeably worn. No
~evidence of seal leakage could be found., The unit is being reassembled and will
be atored in 300-W. Ko further testing is contemplated. A seal of this type has
been recommended for installation on the L-cell (plutonium solution) pumps in
Purex.

Archimedes Screw Metering Pump

The Archimedes Screw metering pump, described in the January report, has been
transferred to CPD for use in the 22L-U Building. Although originally designed
for use as a reliable lowe-flow metering pump, it will be used in 22L-U as a
proportional liguid sampler. It will be adapted for taking a carefully neasured
liguid sample continuously from the buillding condensates for subsequent laboratory
analysis.

Plastic Casting Studies

Assistance has been given the Engineering Operaticn of Fuels Preparation Depsrtment
in the development of an improved ultrasonic device for detecting imperfections in
the bonding layer of I and E slugs. Our assistance has been primarily iz the
development of plastic casting methods for certain of the detection probe parts
which were subject to frequent failure. Pield experience with a probe employing

ST,
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a8 new type cast epoxy crystal holder has shown a marked improvement in bond-layer-
imperfection detection sensitivity, presumably resulting from the better acoustical
properties of the epoxy resin crystal holder.

Plastic casting techniques have been developed for making replacement parts for
portahle radiation detection instruments. Instrument shop personnel have been
trained in these techniques.

Corrosion of Ti-GAl-4V Alloy in HNO3

A titanium alioy, Ti-6A1-4V, is under conasideration as a material of construction
for the entire loop of the Redox product concentrator. Literature data indicate
corrosion rates for this alloy in boiling 65 per cent nitric acid of about 0.3
mil per month. These rates were confirmed. However, in boiling 5 M anitric acid,
corrosion rates of from three to five mils per month for specimens as received,
welded, and coupled to tantalum were obtained. These rates are higher than those
cbserved for 304-L stainless steel under the same conditions. Corrosioan rates
chserved for A-55 titanium under the same condltions were less than 0.0l mil per
month. .

Corrosion by Dibasic Alumipum Nitrate

Aluminum (6061-T6) and 304-1, stainless steel were examined as possible construction
materials for containing dibesic aluminum nitrate (diban) as proposed for use in
the Redox process. Corrosion rates for the aluminum materisl incressed from about
1.5 to 600 mils per month im 4.17 M diban as the temperature wes increased from

25 to 106 C. Aluminum does not appear suitabie for this service. Under the same
conditions, corrosion rates for 304-L stainless steel were less than 0.1 mil per
month.

PROCESS CONTROL DEVELOFPMENT

Assistance toc Chemical Processing Department

The dual jet sample jumper for the Redox F-I (IAFS) sampler has been installed.
The system provides adequate sample flow but the sample appears to be diluted
somewhat, with steam from the bleed to the jets. A pressure switch is being in-
stalled on the sampler line (in the sample gallery) to stop the flow of steam and
motivating gas to the jets in the event the sample line should become pressurized
due tc plugging in the discharge line of the first stage jet.

U0z Plant Calciner Automaticn

Four PFischer-Porter Magnetic Flowmeters have been installed in the feed streams

to the K caleiner. Sinece this installation, K calciner has been started up three
times and shutdown twice with greater control than has been recently obtained.
Powder temperatures have been maintained at 520 F within plus/or minus 1 F during
steady state conditions, as compared with temperature fluctuations of plus/or

minus 25 ¥ which had occurred when the "sticking" rotameters were used. The in-
herent noise signal present in the Fischer-Porter system has been effectively damped
out by the long length of pneumatic line connecting the seccondary instrument and

the feed recorder controller.
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IC Column Studlea

Three methods of analyzing the columm contents to show the distribution of uranium
between the two phases and the ratio of the two phases to each other throughout the
column are being investigated. One 1s a photometric device that analyzes the phases
trapped between the plates of the cartridge after the pulser and feed pumps are
shut off. Another is & small hold-up uranium photometer that withdraws a continu-
ous sample directly from the columns. (The closely spaced, aqueous wetted viewing
windows exclude the organic phases of the mixed phase samples from being viewed.)
The third is & phase selective photometer of very small dipensions designed to be
inserted directly into an operating column at a number of points through sealed
porta. Each of these have distinct =zdvantages and disadvantages aud each will be
investigated further.

NON~-PRODUCTION FUELS REPROCESIING
Mechanical Head-End Studiaes

Shear NeK Studies. Studles are currently being made to develop safe methods for
handling the small sodium and NakK reservoirs present in some of the fuels to be
bandled in the non-production fuel reprocessing program. In recent studles tubes
contalning sodium have been sheared underwater with inert gas blanketing the gas
space above the shear blade. Although capsules contalning up to 100 grams have
been sheared in a single blade stroke without incident, the results are oot con-
sldered representative of plant conditions. In these experiments the thin wall
tubing collapsed and minimized the area of sodium-water contact. Consequently the
reaction was not so violent as it would have been under actual plant shearing con-
ditions when greater than 50 per cent of the tube area would remain open.

To determine the viclence of the RaK-water reaction when NaK is free to react ,
completely with water, small bottles containing up to 8 grams of NaK were fractured
by the shear. Although the hydrogen generation rate was considerably greater thaa
in the sodium experiments discussed above (sufficient to force water, gss and some
Nal particles from the shear feed port), it was found that the inert-gas blanket
was effective in preventing burning and explosions in the shear gas sgpace.

From these experiments it is concluded that sodium and/or NaK can be safely reacted
under water employing inert gas blanketing as long as it is reacted a llttle bit
(say up to 5 or 6 grams) at a time. Consequently in the future, studies are to be
made to develop sawing and shearing techniques which will permit meeting NaK a
little bit at a time. Such techniques are compatible with the NaK-containing fuel
elements Hanford is {o process.

Shear Blade Performance. The equivalent of one ton of fissile materilal in typical
aop-production fuels geometry has been chopped with an alloy steel shear blade,
without significant attrition of the blade. The blade, currently being life-
tested, has made several thousand cuts totalling approximately 5000 sq.in (cross

section area) of material cut.
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Sewing Studies. Sawing studies have been made during the month using a dry friction
blade for cutting Zircaloy tubing. In addition to the basic sawing studies, an off-
gas Tiltration system including a rotoclone and a filter assembly was installed to
permit studying of the particulate generated during the friction cutting operations.
Although guantitative information is not currently available from these tests, the
following pertinent observations were made:

1. Some buwrning of small chips and fines occurred in the saw hood during
the friction cutting operation. Burning did not propogate along the
Zjrcaloy tube proper.

2. All particulate generated was not oxidized or burnmed. Up to 10 per cent
of the material collected in the rotoclone hopper was metallie zirconium.

3. Approximately 45 square inches of Zircaloy tubing (approximately 3/16-inch
thick cut) were cut during the test. This represents roughly the cutting
required in trimming the "hardware" from one ton of power reactor fuel
uranium. Although approximately 85 per cent of the Zircaloy powder was
trapped in the rotoclone, sufficlent 3 to 10 micron particles passed

 through the cyclone to plug the filter assembly.

On the basis of these studies additional methods are 4o be explored for handling
saw particulates. Liquid spray scrubbers and underwater sawing are to be studied.

In addition, "cold sawing™ is to be investigated as an alternate to fricticn
sawing. During April, cold sawing feasibility tests will be performed at the
Motch and Merryweather Compeny in Cleveland, Qhio.

Feed Preparation

Dissolution of Uranium-Molybdenum Alloy. BEarliy in the month it was observed that
the presence of ferric nitrate in the dissolvent during dissolution of uranium-
molybdenum alloys permits dlssolution, without solids formation, to higher terminal
uranium concentration and lower terminal acidity than has been possible with either
aitric acid alone or with nitric acid - aluminum nitrate - hydrogen fluoride combin-
ationa. This observation has been exploited as a means of preparing solvent ex-
traction feeds from uranium-molybdenum alloys without the use of fluoride contain-
ing sclutions. With one mplar ferric nitrate present, U - 3 w/o molybdenum alloy
could be dissolved to terminal uranium and free nitric acid contents of one and

0.2 M, respectively, without asppreciable solids formation. Similar results were
obtained with U ~ 9 w/o molybdenum alloy. The free acid of such solutions, when
cooled, can be reduced to less than zerco with dibasic aluminum nitrate or caustic.
Precipitation of ferric hydroxide appears to limit the extent of neutralizatiocn
possible. The pH of the neutralized solutions is still less than zero. Plutonium
is readily oxidized to Pu(VI) in these solutions by dichromate. A series of solu-
tions prepered by dissolution of uranium~molybdenum alloys and containing varying
uranyl nitrate, ferric aitrate, and free nitric acid has been set aslde for ob-
servation of sfability during long term storage at 25 and 50 C.
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It was further observed that the presence of ferric nif{rate increases the dissclution
rate of uwranium-molybdenum alloys, uranium metal, and uranium dioxide by nitric acid.
The most pronounced increase in dissclution rate occurs at low acid where the dis-
solution in nitric acid alone becomes very slow. This property may be useful to
shorten time cycles in batch dlssoluticn to no heel.

Behavior of Explogive Uranium-Zirconium Residues in Zirflex. Experience of other
workers has demonstrated that annealing heat treatments of uranium-zirconium
alloys which produce the delta phase {formerly designated the epsilon phase) lead
to explosion hazards in nitric acid dissolution of such alloys. Attempted dissolu-
tion of alloys containing the delta phase results in isolation of the delta phase
as & powder residud. This residue has been demonstrated to be pyrophoric and
capable of explosively viclent oxidation reactions when subjected to a sharp impect
or an electrical spark.

Since a uranium~zirconium alloy will exist in the diffusion layer of uranium metal
fuel elements metallurgically bonded to Zircaloy jackets {a fuel under comnsideration
for tlr NPR) some concern was felt for hazards which might arise from formation of
the deltsa phase in this diffusion layer. :

S8ince the Zirflex proceas will be used to declad these fuels, experimental studies
were initiated to determine If the Zirflex decladding process would dissolve or
degensitize delta phase uranium-zirconium alloys. Results to date, while preliminary,
are encouraglng.

The technique which has been used for preparation of explosive residues is that
degeribed by Schulz, Scott, and Voiland, viz., heat treatment of uranium-zirconium
alloys to form the delta phase followed by partial anodic dissolution  of the sample
in cold dilute nitric acid. The anodic dissolution results in fairly rapid dis-
solution of the bulk alloy. Powder residues are formed, however, which on drying
and sparking with a Tesla coil oxidize in & thoroughly authoritative manner (i.e.,
"explode" ). The results of the tests comducted thus far are not entirely clear-
cut in that residues formed in this way do not dissolve entirely in the Zirflex
decladding media {aqueous ammonium fluoride or ammonium fluoride - ammonium nitrate
mixtures). However, the more reactive comstituents do dissolve rapidly in Zirflex
decladding media. This has been verified both by aperking tests and by comparison
of X-ray diffraction patterns before and after treatment with the Zirflex reagents.

In all cases the residues remalning after Zirflex treatment are quite Inert in
the sparking test. Similarly, comparigson of X-ray patterns shows in all cases
rapid disappearance of the mpst prominent lines apparently associated with the
reactive portion of the residues.

Quite recent results suggest that the Zirflex-~linsoluble residues observed in these
teats may be formed in the anodic dissolution procedure used tc prepare the reactive
powders (e.g., zirconium oxide). A bulk uranium-zirconium alloy subjected to a
heat treatment known to produce delta phase did not produce powder residues when
exposed directly to the Zirflex decladding medium, although corrosion of the alloy
did occur. Thus there is considerables basis for optimism that the conventional
Zirflex decladding operation will result in complete dissolution of the zirconium

R
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present in the diffusion layer on metallurgically bonded uranium fuel, thereby
eliminating the possibility of isolation of powder residues in subsequent nitric
acld core dissolution.

It should be recognized, however, that the Zirflex process planned for the NFR
fuel elements will not be cepable of dissolving the zirconium ocut of bulk high-
wanium, low=-zirconium alloys. The only lmown safe dissolution approach for such
alloys entails inclusion of sufficient fluoride (in excess of L moles fluoride
per mole zirconium) in the nitric acid dissolving medium to assure that the
zirconlum in the alloy is dissolved as rapidly as the uranium.

Dissolution of Uranium-Zirconium Alloys. Exploratory experiments were done
atterpting to define the effect of aluminum nitrate and hydrogen~flucride on the
Tformation of explosion sensitive surfaces during the dlasclution of uranium-low
zirconium alioys. The studies were done using a U-5 weight per cent zirconmium
alloy. In the absence of aluminum, a fluoride to dlasclved zirconium mole ratio
of about four prevented sengltive surfaces. With aluminum nitrate present, the
F/Zr mole ratio required to prevent sensltive surfaces 1s greater than four. With
0.5 and one molar aluminum nitrate present, sensitive surfaces ware obtained at
F/2r mole ratios of eight and ten, respectively.

Sensitive surfaces formed by anodlc dissolution of U ~ 5 weight per cent zirconium
in one molar nitric acld were completely de-sensitized in less than 30 seconds
exposure %o boiling 3 M NELF-C.5 M NHyNO3, Zirflex reagent.

Sodium Dissolution. Measurements of the instantaneous pressures developed in the
reaction of submerged metallic sodium with cold 13 M HNO3 were made using an un-

bonded strain gage and recording oscilloscope. Reactions were carried out in an

8-inch pipe (cpen at the top) employing submergences of 3-8 feet

The reactions were characterized by an audible report and & decided movement of
the 8-inch pipe, but little sprey or violent gas evolution was noted at the top
of the container. Interpretation of the oscillograms is now under way.

Darex. Analyses of the information obtained during chloride removal from Darex
dissolver effluents have indicated the following trends:

1. During typical chlorilde removal conditicns, the concentration of total
chloride in the vapor phase exceeds that in the liquid if the acid
concentration in the liguid is greater than the chloride concentration
in the liguid.

2. The ratio of the vapor to liquid chloride comcentrations is apperently
iaversely proportional to the chloride concentration in the liquid.

3. The presence of stainless steel hinders chloride removal.
L. Under "“total" reflux conditions, the chloride removal rate varied

markedly with boll up rate - suggesting the possibility of a rate
limlting reaction in the vapor phase.
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§iflex. Niflex (HNO3 - HF) dissolution studies of 304 stainless steel have continued.
Experiments dasigned to discover why the bottom porticn of the astainless steel charges
did not dissolve (see Pebruary report) were unsuccessful. Charging ammonium bifluor-
1de (F/88 ratio of 5) at the top or bottom of the boiling solution, changing the
contact ares between the stainless steel and Basteiloy«F, or charging all the
stainless steel near the top or bottom of the dissolver, d4id not significantly

change the dissolution pattern. Incomplete dissolution still cccurred along the
Hastelloy~F contact area and near the bottom end of the atainless steel charge.

Increasing the F/SS mole ratio from 5 to 5.5 or 6 with 2 M HNO3 and 2 M fluoride
increased dissolution of the stainless steel charge to approximately 99 g per
cent in & four-hour period. Dissolution of the areas in contact with Hastelloy F
was gensrally cbtained.

Stainless steel clad sintered uranium dioxide pellets (1/2-inch in diameter) were
declad in 2 M nitric acid and 1 M ammonium bifluoride sclution with a nominal F/ss
mole charge Tatio of 7. After a four-hour decladding period, aluminum nitrate ani
nitric acid vere added to make the solution 2.3 M ENG3, O. 66 M ANN, 1.33 M fluoride
and 0.2 M stainless steel. Dissolution of the UQp was essentially complete in
eight hours after the additions. At the end of the run one per cent of the stain-
legs steel was undissolved., The undissolved uranium still encased in stailnless
steel was 0.4 per cent of the total uranium charged.

Materials of Construction. The corrosion of 304-L stainless steel and Hastelloy

F in nitric acid - ferric nitrate systems (as proposed for dissclution of ursanium-
molybdenum alloys) was studied. Corrosion rates in boiling solutions increased as
the concentraticn of either ferric nitrate or nitric acid was increased. At nitric
acid concentrations of five molar or less and ferric nitrate concentrations up to
0.é M, corrosion rates were less than two and 0.3 mil per month for 304-L and
Hastelloy F, respectively. Rates for higher ferric altrate concentrations will

ve obtained.

A coupon of Hastelloy F welded with Nionel showed general attack at a rate of
about twe mils per month during exposure in the 321 Building Darex dissolver.

Boroni® Monitor. Development tests to determine optimum geometry, cell thickness,
materials of coastruction, moderator size, and source intensity, are about 80 per
cent completa. Cylindrical lucite cells ranging from 3-inch to 6-inch in diameter
were tested to determine optimum cell size. The maximm sensitivity to boron
concentration in the 1 gm/liter range occurs with a 4-inch diameter cell. Thin-
wall stainless steel tubing and reactor grade zirconium pipe are being evaluated
for use in the plant prototypa.

The thermal neutron density as measured in these tests is sbout 15 per cent greater -
with paraffin moderator fthan with water. The maximum countling sensitivity is ob-
served with the neutron source located in the moderator as near to the measuring

cell as possible. The data obtained thus far icdicate that a source intensity of about
102 neutrons/sec. will be adequate, and will produce a dose rate of approximately

4 mREM per hour outside the moderator.
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Solvent Extraction

Feed sclutions prepared by dissolution of uranium-molybdenum alloys with nitric
acideferric nitrate as solvent resemble Darex feed sclutions in thelr Redox sol-
vent extraction behavior. Dispersion-disengaging behavior under Redox conditions
appears normal. Batch contact studies showed little if any extraction of molybde-
num or iron into hexone. Limited fission product distributilon dats show similarity
to that obtained with Darex feeds.

Redox Processing of NFF Fuels

Two Redox-type BA-HC Colunmn solvent extraction runs processing simmlated Darex
feeds were performed at Oak Ridge National Laboratory. The first run tested the
effect on HA Colum flooding rate of 100 ppm "Mistron" de-emlsification agent in
high-silicon-content feed (0.015 M Si). The use of "Mistron" (insoluble magnesium
silicate in fine powder form) increased the flooding rate by a factor of 2.7 com-
pared to the same test performed without the additive. . The increased f100ding
rate 1s about LO per cent greater than that of the standard Redox flowsheet tested
eariier. Visual observation indicated that the majority of the "Mistron" was
carried up the column by the organic stream to the upper organic-aqueous interface.
The organic product stream remained clesr and the colummn packing remained essentially
clean. Long-term effects will not be determined during the remainder of the tesis.

The second run tested the effect of en intermediate concentration of silicon (0.00
M 8i) in a Darex feed solution on HA Column flooding rate. This run flooded at a
rate approximately two-fold higher than a similar run with 0.015 M 8i and at approx-
imately the same rate as a standard Redox run.

A maximum of three more tests remain to be performed. These tests will probably
be completed in April.

REACTOR DEVELOPMENT - 4000 PROGRAM

Plutonium Recycle Program

Reduction of Plutonium Qxide

Work has continued on both the direct reduction of PuOp and the in situ counversion
of it to chloride (in a chloride melt) followed by reduction with h zinc-magnesium.

- Bfforts to dissolve plutonium dioxide in molten sodium chloride~potassium chloride-
magnesium chloride at 650 to 750 C by chlorination with phosgene have been unsuc-
cessful, resulting for example in only & 17 per cent diasclution after four hours
at 650 C. A very significant discovery was made, however, from experiments with
uranium dioxide aimed at a better understanding of the chlorinaiion process.
Urenium dioxide was found t¢ dissolve very readily in 1:1, NaCl-KCl under the in-
fluence of phosgene to gilve & red solution which twrned yellow on cooling. Spec-
trophotometric messurements disclosed no UCly, hence the material is believed to
be UOLly. Upon reacting with zinc-magnesium or (more slowly) with zinc alone,
reacticn occurred and e precipitate of & dark red material formed a third phase.

T
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This material was identified as UOp by X-ray diffraction. Thus, by chlorination
followed by reduction, UQp can be cycled through & salt phase and be recovered as
UQp. The separation implications sre obvious and apply not only to uranium-
plutonium systems, but to uranium-thorium systems as well.

Potassium~-Aluminum Chloride System

The effect of uranium concentration on the uranium distribution in the KC1-AlCl3~Al
system was examined for both the KC1 and‘A1013 excess regions. With excess potas-
sium chloride, the distribution coefficlent appears linear to a metal content of
about 17 w/o uranium and, expressed as the ratic of the uranium mole fraction in
the metal divided by that in the salt, was 0.77. In the aluminmum-~chloride rich
region, however, the uranium concentration in the metal phase "plateaus" at a
metal content of about 1% w/o wranium (0.02 mole fraction) and remains quite con-
stant over the interval inm which the salt phase uranium content ranges from C.005
to 0.020 mole fraction. The distribution coefficlent thus varies inversely with
the uranium salt content in this range.

ical

Because of some uncertainties in the analyses of constituent elements of the
potassium chloride-aluminum chloride system and in anticipetion of the solubility
studies, X-ray spectrographic methods were devised for analysis of uranium, potas-
sium and chloride. The method of internal standards was uged throughout; stroatium
serving as the standard for uranium; calcium for potassium, and rhodium for chlorine.
In the concentraticn ranges of interest, potassium apd uranium can be determined to
an accuracy of about 0.1 to 0.2 g/L, which is adequate. Aluminum in chloride solu-
tions cannot be analyzed by the X-ray spectrographic method because of chloride
interference.

Non-Aqueous Systems

A study program has been undertaken to explore the chemistry of some inorganic
systems which may have application to the processing of auclear fuels. Prelimin-
ary experiments have been done in the liquid ROy system. "

Sealed tubes containing dry dinitrogen tetroxide and reactor grade UQy were held
at temperatures ranging +c 105 C. About 50 per cent conversion was found in three
runs where reaction times ranged from 56 to 85 hours and NpQL,/UOp mole ratios
ranged from 6 to 9.5. Because of failure of a number of reacticn vessels under
pressure, a manifold-pressure vessel system will be installed which will permit
studies at gtill higher pressures. '

Plutonium Recycle Test Reactor Fuel Reprocessing

A preliminery taest of the mechanical feasibility of charging full size FRTR fuel
elements was successfully concluded in the Redox Plant. The test indicated that
the full size elements can be handled and charged into existing dissolvers but
tha*t a folding bail would be required.

1252231
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The effects on reprocessing costs and production sgchedules of using such techniques
are currently being evaluated.

Shielding Material

Samples and data on locations of serpentine deposits on the Pacific Coast were
procured. Tests indicate that Washington serpentine may be completely satls-
factory for reactor high-density concrete in place of Canadian and Arizona ser-
pentine previously known to be available and acceptable. Both initial cost and
shipping costs for the estimated 1000 tons needed are expected to be significantly
lower for local material.

Waste Disposal

Radiant Heat SEEEI Calecination

Nine runs were made in the eight-inch by ten-foot demcnstration unit during the
month. These were aimed at determinetion of operating condltions which would re-
sult in a powder with maximum density, free flowing characteristics, and a mini-
mun of dust. The use of pheaphate addltion consistently gave higher density

(0.82 vs. 0.42 gms/cc), less column hold-up, and less dust than was achieved with
straight formaldehyde killed, synthetic 1WW. Addltion of sugar (in addition to
phosphate) gave a product of somewhat nhigher density (1.05 gms/cc) and also resulted
in markedly lowered power requirement. Thus, the required heat input was reduced
52 per cent using steam atomization (nitrate serving as oxidant) and 90 per cent
with added alr or oxygen. That higher particle temperatures were attalned was also
evidenced by the fused, glasay appearance of the product particles. Caution muat
be exerclsed, however, with sugar addition to avold pre-reaction in the feed tank.
One minor, but potentially grave, incident resulted from this reaction. Thus, on
standing overnight after sugar addition, a high acid feed underwent reaction and
ruptured the plastic feed lines.

Several equipment modifications were made which resulted in improved performance.
These included use of an Argonne type, pulsed, fllter blow-back scheme. This
works very well and results in easier product removal and more efficlent off-gas
filtration. An alr driven vibrator was mounted on the top of the colurm and

has proven effective in reducing the amount of solids hold-up on the wallis. A
down draft condenser was installed on the acld recovery equipment for smoother.
operation and easier collection of condensates than with the original direct-
contact condenser. With these changes and increased operating experience, per-
formance of the unit has steadily improved and is generally very satisfactory.
However, shattering of the particles is still a problem and tends to result in a
powder which 1s not free flowing.

1232232
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BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Bydrology

Numerous thin, discontinuous beds of silt, sand, clay and gravel of the
Ellensburg {?) formation between basalt flows beneath the east side of the
Hanford project indicate the probable course of the small, low-gradient, early
Columbia River. These bheds alsoc permit correlatlon of flows betwesn wells and
show the basalts to be interfingering from sources Lo the east and to the west.
The zone of interfingering and maximum number of interbeds centers about ten
miles east of the present deepest part of the Pasce Basin and trends slightly
west of north apparently across the present anticlinal ridges. The date indicate
that sanitary or process water can be procured from the basalt series most easily
along thia zone where a maximum nunber of interflow contacts cccur.

The first draft was completed of a contour map of the Ringold Formation in the
vicinity of the chemical processing areas. This map shows "islands” of Ringoeld
rising above the water table and erosional troughs in the Ringold filled with
fluviatile sands and gravels. These irregularities explain the peculiar shape of
the 200 East ground water mound. The small tongues of water moving weat from the
mound do so in these troughs. ' '

Alsc constructed was an improved and more detaiied map showing contours on the basalt.

A new drilling fluild additive called X-5 was tested in the laboratory. This
synthetic mudding agent 1s claimed to give the same benefits as bentonite, but
unlike bentonite, to break down after several days leaving the aquifer in its
original coandition. Tests showed that breakdown is not fast or at all complete.
Hence, although X-5 performs better than bentonite, it still influences soil
Permeabllity t0 an unacceptable degree.

Correlation of 44 soil samples from two wells indicated that a close approximation

of the natural soil moisture content can be achieved by determining the centrifuge
molature-equivalent. The ratio of molsture content to centrifuge moisture-equivalent -
is near unity from 2 per cent to 14 per cent moisture but decreases rapidly below

2 per cent. The specific retention values averaged 2.1 per cent and 3.4 per cent

in several samples from two wells while the natural molsture content averaged

1.7 per cent and 3.5 per cent, respectively. These results indicate that the cen-
trifuge moisture equivalent test can be applied with comsiderable confilidence in
determining the specific retention values for Hanford soils.

Soil Chemistry and Geochemistry

Studies of the soil chemistry of cerium indicate that a large part of the increased
removal of Ce from solution by soil with increasing pH is due to cerium hydroxide
precipitaticn. On the Ce uptake va. pH curve, & dip in uptake was noted at about
PE §. Present observations indicate that this is due, at least in part, to pepti-
zation of the cerium hydroxide precipitate, causing it to remain in solution rather
than setiling out with soil. Larger amounts of cerium in the soil-water system
provide a strong buffer against increase of pH beyond 5.5 by removal of hydroxyl
lons to precipiate cerium hydroxide.

AR
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Comparisons were made of Cs retenticon by clinoptilolite and some common cation
exchange resins. In & system containing 1 M NaNO3 and 0.01 M Cs*, the capacity of
clinoptilolite was ten times that of the resins. This ratio of sodium to cesium
concentration would be exceeded I1n all present waste streams.

Reactions of fluoride~containing solutions with calcite and apatite were investigated
for Sr removel. These reactions were found to be effective over a wider pH raenge
than the calcite-phosphate reaction. An inven%idn repert was submitted on the basils
of this and other improvements. Al*3 and Fe*J are known to interfere with the .
reaction when present in large amounts. It was found that the optimum concentration
of NaF i1s about 0.05 M and that Sr retention decreases on both sides of this concen-
tration. Rare earths, Pu, and U are also removed from solution by thls reaction.

Ground Waste Investigations

Preparations were made for s fleld test of methods being developed for predicticn
of erib capacities. A 2-foot by 2-foot model erib will be used at a location where
ground water is only about 12 feet from the ground surface. Sr85 (65 4 half-life)
will be used to splke the synthetlic waste. A 1900 gallon tank truck will he used
for water supply. )

Calculation of Hiester-Vermuelen parameters for soil columns of various lengths
showed that tke "S" parameter, which can be thought of as equivalent to the number
of theoretical plates in a columm, increases with increasing column length. The
height per S value and the specific reactlon rate "constant" both decrease with
increasing columm length. Since these factors have been shown to remain constant
with column length for resin columns, it appears that soil colummn operations can=
not be interpreted on the same basis as for cation exchange resin columns.

Field,APparafus Development

The closed circuit TV system assembled for in-well examinations wes used in cooper-
ation with CFD to examine intermal dissolver components in a radiation field of
several r per hour. Good clarity and definition of the viewing ares were obtained.
‘Rotatable mirror and remote focusing attachments were designed and ordered.

A locally designed crystal-controlled chronometer and amplifier were tested in
trial seismic measurements of depth to ground water in the vicinity of Gable
Butte. Some difficulty wes experienced when using the hammer Impact methed for
generating the sound wave whose travel time from impact polnt to geophone was

to be measured with the chroncometer. The non-reproducibility of the data was
traced to random triggering of the scaler from electrical "noise" generated sub-
sBequent to the initiating impact. Much better performance was found using small
charges as sound-wave initlators. :

An electrical conductivity soil-moisture measuring unit was developed which is
almost independent of soil packing. The unit consists of a wire screen electrode
placed between two 1/16-inch plexiglass sheets. The plexiglass sheets are en-
cased In another electrode made by fastening a wire screen on the outside of

each sheet. The plexiglass is perforated to allow scil to catact both electrodes.
The whole unit is only about 2 x 2 x 1/4-inch and can be easily buried in soil.
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Micromeritics

An efficient filter was asgembled for posaible use in Radiometallurgy cut-off cells
for removing uranium debris from cut-off operstions waste. Composed of hard felt
dises with flow from the periphery to the center, the filter will remove virtually
all particles one u and larger from these streams. Pressure drop is only l-inch
of Hg at a flow of 0.5 gpm.

Improved sensitivity achieved through use of & strain gage sedimentatlion balance
permitted greater accuracy in sizing the particles from an autoclave rupture of
a uranium fuel element. Fifty per cent of the particles were shown to be less
than 35 microns diameter.

Redloisotopes in Reactor Cooling Water.

The build-up of radioisctopes in reactor effiuent water following chemical c¢leaning
of the tube and slug surfaces was followed for 1-1/2 months. The concentrations of
most of the radioisotopes were reduced by factors of 5 to 100 by cleaning and were
still low by factors of 2 to 5 after two weeks. P32 and As(6 were still low by a
factor of 2 after six weeks. This indicates that frequent purging could bring about
a reduction in reactor effluent water radioisotope concentrations. Disposal of the
purge material and increased corrosion would become more important problems than at
present.

Paper electrophoresis studies of reactor effluent water radioisotopes show that crol
moves in three separate zones indicating that it may be present in three different
icnic forms.

Facilities were completed snd tests have been underway since March 17 to determine
the effect of temperature, flow rate and: column length on the abllity of aluminum
turnings tc remove radioisotopes from reactor effluent water. One column of stain-
less steel turnings is alsc being operated to determine the efficiency of this
material.

Successful standardization of Fe55, a K-capture radioisotope which emits- only X-rays, -
was accomplished through an X-ray counteﬁ which was calibrated by X-ray - gatma ray
coincidence counting measurements on Mn>* whose 5.4 kev X-ray is nearly the sanme
energy as the 5.9 kev Fe2> X-ray. Techniques are now avallable for all types of
emitiers needed in current reactor effluent water studies.

Chemical Protecticn Agent

A second biclogicsl trial of the radiation protective abllity of ericglaucine was
completed thls month. A significant increase in the survival of rats following

acute whole body irradiation was achieved, similar to that observed previcusly with
mice. 8ix out of ten rats, intraperitoneally injected with the dye ten minutes prior
to abgorbing 900 r of 250 KVP X-radiation, wers alive 30 days afterward. Only one

of ten similarly irradisted, but unprotected animals survived this time interval.

Mapager,
Chemical Research % Development
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BIOLCGY OPERATION

A. ORGANIZATION AND PERSONNEL

Dr. Bergene Kawin, of the Metabolism Operation, resigned to accept a
position outside the Company.

B, TECHNICAL ACTIVITIES

FISSIONABLE MATFRIALS -~ 2000 FROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

The concentrations of 1131 4n thyroid glands of jack rabbits were about
one-quarter of those one year ago. Values follow:

lc/g wet thyroid ' Trend

Location Avergge Maximum Factor
Prosser Barricade 9 x 10"h 2 x 1073 -3
L Miles SW of Redox L x 10-b 1 x 10-3 -5

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms
collected at Hanford were the same as one year age. Values of indicator
orgamisms follow:

pe/g wet wt. Trend
Sample sze Locatlon Average Maximum Factor
Minnows (entire) Hanford 1x 1073 1x 1073 -2

A virulent strain of C. columnaris killed salmon fingerlings within 10
hours when fish were exposed to a suspension of the bacteria. A similar
exposure of fish to a relatively non-virulent strain preduced killing in

20 hours., The virulent strain injected I.P. inito fish produced typical
lesions to scales, fins, and flesh only after one to two weeks. Organisms
were easily cultured from the kidney as well as surface areas of I.P.
injected fish. But they could not be cultured from surface areas of fish
unless they were exposed to a suspension of organisma. Naturally infected
fish show lesions more typical of the I.P. injection than of the external
contamination, :

Fallout Contamination

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

UNCLASSIFIED

1252240



UNCLASSIFIED D-2 HW-59717
ECZE wet material Trend
Sample Type Average Factor
Feces 2= 10:%‘ -
Sone 4 x 10 z -
Liver 1x1 :6 -
Muscle 8 x 10 -

Effect of Heactor Effluent on Aquatic Organisms

Normal monitoring of effluent from the 100-KE reactor was resumed following
repair of the effluent pump which had been out of service since last December.,
Evaluation of results is difficult because of the upset experimental
conditions, but an adverse response of the yocung salmon to¢ an effluent
concentration of 2-1/2 per cent contimies to be evident.

BICLCGY AND MEDICINE - 6000 FROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIQACTIVE MATERIALS
Strontium

A preliminary test to evaluate the radiation effects of Sr7C-190 fed to
rainbow trout was started. Few results have been obtained as yet, but

it appears that the force-~feeding techniques employed cause excess stress
and should be avoided if possible in future experiments of this type.

Basic infermation on blood preasures and heart rates in unanesthetized,
free-swimming trout was obtained with the use of the new Sanborn Poly-Viso
recorder. These measurements indicate that the true values are higher
than generally reported in the literafure., The perfusion technique for
measuring the rate of transport of S and other ions across the

gill membrares is being altered in accordance with this new information.

Daily feeding of Sr70 was initiated on S-month-old miniature swine at
- levels of 5 and 1 pc/day with six animals at each level.

Treliminary to a comparative study of Sr90 ang cals metabolism in '

individual tissues and organs of swine, a satisfactory surgical appreach
was developed. It includes simultaneous sampling from the renal artery
and vein, the portal vein, the femoral vein, the ureter, and the bile
duct at various time intervals following dosing.

Todine

No noteworthy changes were observed in the Q/D in the sheep or swine
except for a moderate drop due to beginning of lactation.

Sixteen ewes fed a 3 mc dose of radiociodine following weaning in 1957
gave birth to 25 normal lambs.

A rumber of excess newbeorn lambs are being ziven a single oral dose of
I131 ten days before sacrifice in order to obtain data on uptake and
half-1ife in the thyreid dand of the very young animal.

UNCLASSTIFIED
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Cesium

Varying calc] ? concentration in nutrient culture from 2 to 2, meq/l depressed
uptake of ¢s137 intc bean plants by as much as 20%. .

Plutoniun

Additional data were obtained on the therapeutic effectiveness of orally
administered DTPA. An oral dose level of 12 mM/kg reduced femur deposition by

a factor of 10 and liver deposition by a factor of 30. This is approximately
equivalent to that of 1.5 mM/kg injected IP, the latter being somewhat less
effective in preventing bone deposition and somewhat more effective in preventing
liver deposition. Measurements of totsl plutonium excreted were 80% with the

1.5 mM/kg IP dose, BO% with 12 mM/kg orasl dose and 9% in untreated controls.

The DTPA employed in these experiments was a speclally purified grade and was
administered as a calcium tri-<sodium salt. The 12 mM/kg oral dose was

marginally lethal., Of seven animals employed in the test, six survived.

Radicactive Particles

Histo%gsic examination of tissues fram mice killed 500 days after inhalation
of Pu“’’0y is in progress. Initial observations include lymphosarcoma in
intestinal mesentery. DNeoplastic growths have not been seen in lung tissue,
although autoradicgrams showed presence of Pu23? particles.

Plutonium®37 assay of tissues and excreta from 12 dogs killed up to two weeks
after inhalation of Pu23902 are nearly completed. Two weeks after exposure
about L5 per cent of the total Puc3y deposited was excreted in feces and

0.05 per cent_in urine. At that time approximately 55 per cent of the
deposited Pu23? yas in lung and less than 0.5 per cent in other tissues.
Exposure of cther dogs to Pu23902 have been completed for studying the effects
of aeroscl concentration on deposition and tramslocation.

Gastrointestinal Radiation Injury

The radicisotope feeding phase of the experiment designed to study long-term
effects of chronic beta irradiation of the intestine was completed. Fifty rats
were fed an average of 410 pc/day Y7© for a pericd of 56 days. Eight of these
animals died or were sacrificed in terminal stage between the 20th and

54th day. Absorption and deposition in the animals of Sro0 (impurity in the
190) ancunted to less than 2 pe in the animals succumbing to the treatment and
should not interfere with the evaluation of subseguent long-term effects. An
additional 50 Pats consumed an average of 91 pc Y7O/day for the Sé~day feeding
period. None of the animals in the lower level group and none of the 50
control animals died during the radiocisctope feeding. The high level group
lost 25% of their initial body weight during the feeding period which they
recovered within 2 weeks after radicisotope feeding stopped. The lower level group
showed a 3% loss in weight early in the feeding period, since which time their
growth has paralleled that of the controls.

UNCLASSIFIED
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Radiation Protection Agents

Two animals, weighing approximately 50 and 100 pounds and measuring 28 and 36
cm in body width at the midline were exposed teo the Maxitron at 100, 120, and
145 cm distance to the midline to determine tissue-dose distribution. Radiation
factors were 250 KVP, 30 ma with filtration of 2,5 mm Cu and 1 mm Al, Victoreen
thimble chambers were placed beth externally and internally in variocus locations
in the animal. The readings at the distance signifiied are shown below:

Roentgens/Minute
Body weight L9 1lbs - Body width 28 cm Body wt. 99 1lbs - Body width 36 em

Position 100 em 120 cm 145 em 100 em 120 cm 1.5 cm
Under

scapula 4.5 10.5 2.4 2.9 2.3 1.7
Mid=-ab~

dominal 8.0 10.5 L.8 16.0 9.0 6.5
Anterior 18.0 5.5 5.0 9.0 5.0 5.2
~aexternal I
Posterior
-e]cternal —— h.o 600 LI.-S ).l..2 3-2
Cppos. side
-memal. LI..O 101 2.)—‘ 2.0 3-1‘4 102

In a preliminary study on testing certain agents for their therapeutic value
following skin irradiation (20,000 rads, 1.5 mev Beta) from a Van de Graaf
accelerator, twelve irradiated sites on three young pigs were treated with
either Salcolan spray (Rich Co. - furnished by Division of Biclogy and lMedicine),
Desitin ointment (Desitin Chemical Co.), tissue extract, or physiological saline
solution. Some irradiated areas were covered while others were left uncovered.

After almost two months of treatment, Desitin ointment seems to give the best
results. The success of this material may be partially explained by its

sticky consistency and good adherence to the skin.# Covered dry and moist areas
appear to show more advanced healing than uncovered areas,

(Salcolan spray##* contains salol, cod liver cil, lanclin, caroway cil and olive
0il, while Desitin contains Norwegian cod liver oil, zinc oxide and petrolatum)

# Principal reason is its high content of NCRWEGIAN cod liver oil,
s+t Made in Texas.

JLCLASSIFIED
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Microbiological Studies

Maximum protection from X-rays was afforded to petit yeast cells by a 3.5 x 107
g cytochrome C/ml of culture. Protection was observed only when the cytochrome C
was in the medium during irradiation. A similar concentration of albumin gave no
protection indicating that the effect is not a nen-specific one due to the
protein concentration.

Yeast cells exposed to 240 Kr of X-rays showed evidence under the electron
microscope of & changed membrane structure. Since this observation has not
yet been independently repeated, it is posstible that artifacts due to fixation
may have caused the apparent difference.

Ecology

Amounts of two fallout radicelements in evergreen needles that were sampled from
different environmental habltats last summer follow:

Inches average pe/g dry wt.
Station annual rainfall Zr-NpS5 csll?
Quinault | 140 1 x 1074 5 x 1078
Paclwood Glacier 100 - 5 x 1075 3 x 1070
Bear Prairie 50 9 x 1075 5 x 107
Rock Lake 15 éxlfS 2:;10'6

Mapping of the gross plant commnities of the Hanford Reservation was completed.
Eight plots were established for long~term studies to determine if any detectable
changes are occurring in the plant communities of the Hanford Reservation.

Manager '
BIOLOGY OPERATIO

HA Kornberg:es
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D. Lectures
a. Papers presented at meetings
W. J. Clarke, 3/11/59, "Peacetime Accomplishments of Atomic Energy
and How They Affect Agriculture," American Institute of Chemical
Engineers (student shapter at U. of Calif.), Berkeley, California.

b. Off-gite Seminars

R, T. 0'Brien, 3/3/59, Pullman, Washington (WSC), "Radiation Effects on
Cell Permeability®.

M. F. Sullivan, 3/5/5%, U. of Oregon Medical School, Portland, Oregon,
"Gagstrointestinal Radiation Injury"®. : )

D. E. Warner, 3/16/59, Burbank Schools' sciences classes, "Biology
Research at Hanford."

¢. Biology Seminars
V. H. Smith - 3/11/59 - %The use of NMR and EFR rescnance in biological resear

Dr. Wright Langham, Los Alamos Sclientific Laboratory, "Cesium-137
Biospheric Contamination from Weapons Tests¥, March 13, 1959.

Dr. Webster S. 5. Tee, Radiobiology Laboratory, University of Utah,
Salt Lake City, Marcn 31, 1959, "Plutonium in Bone®.

J. F. Cline, "Various Avenues of Uptake of Zinc-65 by Plants," March 11, 1959.
J. R. McKenney, 3/25/59, "Metabolism of SrC in Sheep and Swine".
E., Publicatlons

-a., HW Publiegtions
None
b. OCpen Literature
Schiffman, R.H. and P.0., Fromm, "Chromium-Induced Changes in the Blood

of Rainbow Trout, Salme gairdnerii," Sew. & Ind. Wastes, 31(2):
205-211, February 1959. (Work performed prior to employment ay Hanford.)

UNCLASSIFIED
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

Merch, 1959

ORGANTIZATION AND PERSONNEL

There were no changes in personnel during the month.

OPERATIONS RESEARCH ACTIVZTIES

Inpuf-Output Simalation Model

A progress report covering the past year’s activities on the input-ocutput
response simulation studies was submitted te the General Manager, HAPO, early
in the month. Later in the month, a meeting was held with the Genersl Manager
at which the future scope cf the study and plans for its completion by the

end of the year were outlined. It wes emphasized again that meeting the cut-
lined schedule depends hesvily on the availekbility of computational programs
and assistance. '

The specific spplication of the general msthod developed for use in this
erea tc an investigation of an operational problem in the Redox plant hes been
discussed with CPD perscnnel and & termtative model developed.

Mathematical improvement of the multivariate computaticonal progras Has
continued.

Business Desecripticns

A rough draft report deseribing various theories which can be used for busi-
negs descriptions has been completed. Further work on the actual description
of business in these terms iz continuing.

OPERATIONS YSZS STUDIES

Z Plant Tanforme+icn S+udy

The Z plant test program waz formalized and apprcved by the task force on
Merch 10. Questions pertaining to the use of the IBM equipment were resolved
with the IBM engineers and a prcduetion test is being prepared for JPD
approval.

FPD Process Control and Experimentation

An interim report was issued on the study concerned with locating the optimum
combination of preheat and sutmerge times in the canning cycle. Further
investigation of +he cptimum region was recommended and will be undertaken in

V232247
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a pilot plent study. At this time the effects of changing silicon content
and tempersture in the canning bath will alsc be evaiuated. It is planned
that one production line will uase the recommended cycle for a period of time
in April %o further evaluate its effectis.

Data from e plleot plant experiment designed to evaluate the effects of using
a spire with thicker wallis in the canning of I and E fuel elements were
enalyzed. Based on the results of this pilot plant study, an extended run
on a production canning line will be made within the next few weeks.

An experiment was designed to determine whether vacuum annesling of fuel
elements after canning would relleve lock-in stresses in the fuel elements
and hence permit rejection of those fuel elements which would be inclined

to warp in the resctor. At the same time, 1t was desired to determine
necegssary time and tgmperature combinaticons to relieve such stress. A

5/9 replicate of a 3% experiment was deasigned which would permit evaluation
of both linear main effects and the linear x linear Interaction, in addition
to determining whether or not curvature in one or both of the main effecte
existed, Should signif'icant curvature exist, it was planned to complete the
experiment with the additional four anneal treatments in order to determine
what was contributing to the curvature. This could not be determined using
the 5/9 replicate. The experiment is currently being conducted.

Increasing the core size of & fuel element reduces the size of the core-can
annulus and theoretically gives rige to smeller minimum residusl can wall
thickneases. Counter balancing this is the beneficial effect of increased
reactivity in the reactcrs. In order to determine just how seriously in-
creasing the core size reduces the can wall thickness, an experiment was de-
signed and conducted using & range of values for the core-can annulus. An
analysis is being made of the data to evaluate the effects of this on fuel
element quality as measured by can wall thickness and total bond count.

In determining the degree of non-wetting associated with a given combination

of treatments, empty cans have been used, the agssumption being thet the

degree of non-wetting encountered in this way ls the same as that encountered
in the canned fuel element. It was recommended that this sssumption be checked,
and an experiment was designed to that end.

Further work was done in connection with evaluasting the optical comparator
method for determining residual can wall thickness. 3Besed on accumulated
results from several studies, 1t appears that the optical comparator method,
while it may be a gcod measuring tool in its cwn right, does not measure the
same thing as the commonly used caustic penetration method.

Fuel Element Failures

The study concerned with relating fupture indices to corrosion Indices is
eontinuing.

Work in connection with determinine the runture rate curve which would
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the curves arising from the empirically determined rupture model used to
deseribe side rupture rates. Based on the results of this study, & recom-
mendation is being prepared 4o the effect that corrosion limitis for reactor
operation be removed until the side failure rate is appreclably reduced.

Graphs useful in the interpretation of rupture data were prepared. The data
are numbers of ruptures occurring in each of two types of fuel element
irradiated under comparable conditions. These can be used to determine when
to terminate a test which is sequential in nature. The average number of
ruptures needed to detect given differences in rupture rates can also be
determined.

Production Tests

Dimensional distortion data from Productisn Test IP-56-A-86-MT are being
anslyzed in order to further evaluate low hydrogen dingot I and E fuel elements.
A comparison is being made with ingot fuel elements also charged In this test.

Further work has been deone in evalueting the precisicn of the U-Basin Profi-
lometer. This is concerned with average warp, warp angles {angle between rib
marks and convex side of the fuel element)}, and hot spot angles [angle between
rib marks and hot spot). Meaningful angle figures are very useful in deter-
mining the reletionship between warp and hot spots which can have f{ar reaching
effects in determining how mieh effort should be expended in reducing and con-
trolling warp.

Reactor Celeculations

Preliminary work is being done in connection with the cover-all problem of
determining the accuracy and precision of certein reactor data. The protlem

of lmmediste concern is to evaluate the uncertainty associated with the calcu-
lated dsily total reactor power level. Among the error sourcés that obviously
need investigation are errors in the flow-meters, errors in the thermocouples,
possible channeling of the cutlet water, or & significant femperature drop
before reaching the thermceouple. An associated problem is czoncerned with
allocating +the reactor power tc the individual process tubes. Ddta have already
been collected in this ccannection, and are presently being analyzed.

CPE Control

The exsmination of availeble data to determine the relisbility of meterial
control of the amounts of plutonium recelved, remeining, and removed wag
continued. It i3 planned to use the recently deveioped techniques asscei-
ated with the causal reletionship model in order %o obtain a betier under-
standing of the complex interrelationships involved.

Data from January asnd February were used to estimate the process and eanalytical
variances. Shifts in the estimates of the process average and process variance
were discovered, and were subsequently traced to changes in the impurity con-
tent of the feed material.

12522479
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Rediation Protection Precision and Aceuracy Study

Statistical analysis was performed on a Records and Evaluation Operation
experiment to determine the magnitude of calibration, film, and observer
errors assoclated with the calibration and development of radium garma
calibration film. Results of the anelysis led to the design of three more
experiments which will further evaluaste calibration error. These experi-
ments should aid in determining (1) the iso-tropic nature of HAPQ's radium
gamma scurce when rotated on its axis; (2) the effects of exposure time,
exposure distances, and failure of the inverse square law; {3) the error
asscciated with a standard value of the radlum gemms source.

Rough drafts of a2 manual to describe the film dosimetry process and an
interim report describing progress to date on the precision and accuracy
study were completed.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2000 Program - Metallurgy

Further discussions were held concerning the statistical analysis of uranium
herdness data from a recent test to examine physicel properties as a function
of irradiation time. :

In support of KPR design physical properties testing program, assistance was
requested in apalyzing x-ray diffraction patierns of annealed Zirecsloy-2
samples. (Composite distribution technigues based on moment analysis are
being used toc resolve multi-pesk diffrsction patterns into their component
parts, particularly to estimate the height and hslf-width of each peak.

2000 Program - Reactor

An analysis was completed of the hest transfer properties of a reactor fuel
column which lies non-concentric within its coolant tube. This is the first
of a series of investigations in this particular geometry which have been
suggested for study. _

2000 Proaraa - Separations

A mathemetical investigation was completed of the shielding properties of
8 proposed spherical cask.

Work was continued on the development of an appropriate compu tational routine
to cobtain the solutions of a set of simultanecus slgebraic equations which
describe a complex chemical resction.

4000 Program - PRP

Investigations ccntinued on the heat +transfer properties of fuel elements
under the non-linear but realistic assumption thst thermal conductivity
is temperature dependent.

h T
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4000 Program - Swelling Studies

Statistical apnalysis was initisted of veid data resd from 20 enlargementa

of rediographic eross-sections of an irradiated uranium cylinder. The primary
objective of the analysis is to determine the precision of estimation of
bubble radii distribution and total void volume from radiographic data.

Since the sections were taken at differing radisl-distances from the center

of the uranium e¢ylinder, additional informetion will be provided concerning
the effect of tempersture on void volume and bubble radii distribution.

6000 Program - Biology and Medicine

Work wes initizted on the estimation of persmeters which cecur in the modified
power function implied by & recently constructed mathematical model for the
uptake and retention of radiosctive isctopes of groups of experimental
enimals.

Consultation was held concerning the fitting of linear combinations of expo-
nentigl functions to data obtained from the aquatic eommunity whiceh has been
administered a fixed acute dosage of radiccesium. An iterative least squares
computation procedure wes suggested as & candidate for the estimation of
perameters cccurring in the sum of exponentials model.

A statistical enalysis of data on mouse lung tumor incidents feollowing adminis-
tration of varicus substdhces was performed and an unclassified letter summsy-
izing the resulte sent to interested persons.

6000 Program - Atmospherie Physics

Work contimued on a formal report jointly asuthored with Atmospheric Physics
personnel discussing the derivation and utilization of statistical techniques
for analyzing data from the pending Air Force - ARC diffusion and depositicn
study.

General

Further consultation was held with Chemical Effluents Technology Cperation
concerning a mathematical description of the breskthrough ratio prediction
curve. A formula obtained from the solution of a guasi-linear second order
partial differenitial eguation was presented, and it was agreed to attempt

a fit cf the mathematical formula to some data obtained from obgervations
on labcratory soil columns.

Work continued jointly with Data Processing Operstion on the checking of s
T09 IBM routine for quantitative resolution of counting results obtained
from mualtiscurce short helf-life »adicactive material in the presence of
appreciable background. '

1252251
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STATISTICAL AND MATHEMATICAL ACTI?ITIES FCR _OTHER HAPO COMPONENTS

Fuels Preparation Department

Employee Relations index data for . all FPD components for the six succeasive
quarters beginning with the fall of 1957 have been analyzed in order to
determine the correlation between ERI figures and attitude survey results,
and primerily tc determine when & shift of a given number of ERI points may
be called significant. This smounts to setting up control charts for
different group sizes. The relationships between ERI's and certain measures
of production efficiency were also investigated.

Test reactor reactivity velues for three sizes of I and E fuel elements having
different smounts of enrichment were anelyzed to determine how well enrichment
can be predicted from & reactivity value.

Mathematical investigations continued in connection with the program of studying
eddy-current and ultrasonic methods of non-destructive fuel element testing.

irradiastion Processing Department

Preliminary discussions were held with interested parties in connection with
the process tube leak problem at F reactor. A statistical approach to this
provlem has been formally proposed. Further action will be taken during April.

Data arising from job knowledge tests given to reactor cperators were analyzed
as requested. It was suggested thet true-false questicns and mulitiple choice
questions, although eagy to correct, are not very adequate in determining
whether or nct a candidate has minimm required jobt knowledge. Correlations
batween test results and types of training given the individuals were also
investigated.

Chemical Procesaing Department

A review was made of the pctential grecund air concentrations of particulate
flssion products and plutenium emitted to the atmosphere from the 200 Area
stacks. Results were given in & private comminication to personnel of
Facilities Engineering Operation who reguested the study. It is anticipated
that further work will be done ip this general problem ares.

Construction Engineering Cperation

Meetings were held with personnel of the Construction Engineering Cperation
concerning the appliication of statistical and probabilistic teechniques in a
systems reliabllity study belng pexformed on the X resctors. A system block
diagram has been drawn up and current effcris are directed toward writing a
precise description of the logic of the system as an intermediate step to
the derivation of a reliability formula.

G 4. Benr by} BY

Jarl A, Bennett, Manager
OPERATIONS RESEARCH & SYNTHESIS

CABRRE 1959957
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PROGRAMMING OPERATTION

MARCE 1959

A, PISSIONABLE MATERIALS - 2000 PROGRAM

The report on an in-reactor, semi-continuous, minimum lnventory process for
"olive" production was issued. (HW-59682, "Advantages of Palmolive Alter-
nate,” by E. A. Coppinger and E. T. Merrill, 3/17/59.) Four alternates
were gtudied and compared. The advantages of the proposed alternate relate
to improvements in product purity, increased production rate, and more rapid
attaimment of a certain production rate.

B. REACTOR DEVELOPMENT - L0OO PROGRAM

1. Plutonium Recycle Program

Schedule and Inventory for FRTR Fuels

A detailed study of a schedule for charging, discharging, and chemical
processing of FRTR fuel was completed. The accompenylng table summarizes
this information which may be used for procurement of the necessary mate-
rials and in planning for the chemical processing operations in anticipa-
tion of the first four years of FRTR cperation. Although the table is con-
sidered acceptable for planning purposes, 1t is not regarded as absolutely
representative of situations which may exist even one to two years from the
present. There are many factors which could change and thus influence the
development of such & chart,

Cycle Analysis

The report, HW-59758, "A Calculation of the Reactivity Worth of Plutonium

and Uranium-235 as Enrichment in Thermal Reactors"”, was completed and dis-
tributed. This report compares the attalmable exposures of uranium-238
enriched with varying percentages of uranium-235 or plutonium in three .
sizes of reactors. The report shows that under certain practical conditions
plutonium-239 has a greater reactivity worth than uranium-235 in thermal
reactors of high neutron utilization efficiency. Also, plutonium contain-
ing sppreciable amounts of the higher isotopes may exhibit a greater
reactivity worth than either plutonium-239 or uranium-235 in high effi-
ciency thermal reactors.

The MELEAGER A and B fuel-cycle analysis codes were compiled and run during
the month, with considerable progress achieved in debugging. Preparation
of crogs-section and related input information was essentially completed.

A paper entitled "Selected Economic Aspects of Plutonium Fuel Utilization
in D20 Moderated Reactors" was presented at an AEC sponsored unclassified
symposium on March 3 and 4. The paper is being issued as a topical report.
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Footnotes

a: Start 10-1-60, first day of fiscal 61 second quarter = reactor day O

b: Charge 11, discharge 7 - balance by temporary displacement of % test pleces.
c: Chérge 10, discharge 14 - test pieces now back. First 10 in batch 1 are not.
d: Identification and dates for processing batches. Date given is day omn

which dissolver may be charged with "cooled” pleges. Recovery and
refabrication estimated at 60 days from dissolver charging.

Type No. Date
Ratural U 11 April 20, 1961
Low Spike 15 July 7, 1961
Low Spike 15 October 5, 1961
Low Spike 15 January 3, 1962
Bigh Spike 18 May 26, 1962
Ratursl U 25 July b, 1962
High Spike 18 September 20, 1962
High Spike 12 December 7, 1962
Ratural U 24 May 12, 1963
Moxtyl 21 September 25, 1963
Moxtyl 21 February 9, 1964
Moxtyl 21 June 26, 1964
Moxtyl at 136.5 day intervals

a: Pleces mesans fuel assembliés or fuel elements.
f: Spike - Pu-Al alloy fuel.
g: U = Natural U0p

h: ML = Moxtyl = "mixed crystal” fuel - mixed uranium and plutonium oxides.
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Final summary of an IBM-650 computer apalysis of two aspects of plutonium
fuel utilization was nearly completed. Some data polnts must still be re-
run using the 650 simator cn the IEM-709 followed by an IBM-702 run, This
is necessary because HAPO no longer hes the IBM-650. These runs have been
delayed by difficulties assoclated with the crganization of data through
the aimulator codes.

C. 6000 PROGRAM

Radiological Consultation

Consultations were held cn the possible use of icdlne-l131 as a tracer in
petecrologlical experiments designed to study the deposition properties of
vapers a3 compared to particles. Investigatlons of shorter-lived lsotopes
were gtarted to minimize the quantities released from the controlled area
and the time pericd between experiments due to contamination of the course.
Discussions on the permissible release rates from the sepsrations areas
gtacks and the potential problems were held.

Calculations of the radiation doses expected from a ground level release
following a single tube incident in PRTR were performed and the previous
write-up on elevated release from the same type of incident revised to Include
both types of releage,

A paper "Radiation Protection - Staniards aml Laws" was prepared for pres-
entation to the American Industrial Medical Assoclation meeting in April.

A trip to the Vallecitos Atomic Laboratory and to San Jose tc obtain infor-
mation on the Vallecitos Bolling Water Reactor was made on behalf of the
Small Boiling Water Reactor Subcouncil of the GE Reactor Safeguards Council.
Notes from this trip were prepared and submitted to the other members of the
Subcounecil.

D. CTEER ACTIVITIES

At the request of the AEC, sltermate proposals for conduct of the 1959 -
Summer Institute cn Nucleer Energy program at HLO were prepared, These
alternates involved offsite trips and an expanded lecture program to
inelude offsite speakers. Either of these alternates resulted in sub-
stantial deleticns of time usually devoted to the problem assignments.

The study of these alternates was presented at a meeting of the ASEE
Nuclear Committee in Washington, D.C. on March 8., The alternate involving
rresentation by offsite speakers was unanimously favored over the one
involving offsite trips hecause of the lesser effect con time utilized on
problem assignments.

At the same meeting ten candidates for the 1959 - SINE program at HLO were
accepted. WNine of these have chemical engineering backgrounds; one has a

chemistry background. ZEight either hold or formerly held "Q" clearances.

Eight have Ph.D. degrees,
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Arrangements were completed to permit B. Mastel and J. DePangher to speak
before the Washington State University Chemistry and Physics Departments,
respectively. Professor Harold Dodgen was Invited to talk before the HLO
Seminar group. He will talk on the WSU research resctor and the program
of research assoclated with it,

Arrangeﬁen‘ba were completed and Dr. A, Hadley Cantril addressed the HLO
Science Colloquium on March 5, Approximately 150 people attended. The
talk was exceptionally well received.

A rough draft report describing HLO's research and development activities
for the next five fiscal years (AW-59633-RD) was prepared and issued for
. comment as part of the BAFO Five Year Program document.

Batimates of manpower and money requiremente for the next five years for
HAPO research and development programs were supplied to the loeal AEC. .

The informetion is to be used as background information for the JCAE Hearings
soon to be held on AEC Laborsatories,

e GG e o TN Al
LR McEwen:dl Hanager, Programuing
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - MARCH 1959

A. ORGANIZATION AND PERSONNEL

Plans to realign the functions within the Radiation Protection Operation were
announced. The main changes included esteblishment of a Radiological Evaluae-
tion Working Group headed by R. L. Junkins and inclusion of the Regional
Monitoring funmction 1o the Radiation Momitoring Operation. The changes vere
effective April 1, 19%59.

On March 2, 1959, Joan M. Weston transferred into Radiation Monitoring and Luese
W. Powers transferred to P&IR&D. R. K. Jones tramsferred into Exposure Evaluation
and Records on March 9 to replace R. H. Beauchamp who transferred to R&FR&D on
March 16. Also on March 16, L. J. Defferding transferred to R&FR&D and A. F.
Patrick transferred to CFD. Edna D. Britch was reactivated from illness leave

on March 23. Lillian J. Whitney transferred into Radiatlon Monitoring on

March 23, 1959.

Five employees were transferred withipn RPO to increase Job knowledge and provide
additional experience. The RPO force remains at a total of 132.

B. ACTIVITIES

An explosion occurred on March 31, 1959 in a lathe hocd located in Rocm 179-B

- of the plutonium metallurgy facilities in 234-5 Building. Two Hanford Laboratories'’
employees were machining a piece of plutonium metal in the hood at the time of the
explosion. A piece of the broken hood front struck one of the employees above the
left eye causing a laceration about 3/h4" long. Both men and four other employees
working in other parts of the room left the room immediately. High-level plutonium
surface contamination cccurred on the face and shoulders of the two men working

at the hood at the time of the explosion. The injured man received a shower
promptly after the incident to remove loose surface contamination. After the
shower, contamipation levels in excess of 40,000 d/m plutonium were found on the
head and shoulders of the injured employee. Thia same level of contamination

was measured in the vicinity of first degree burns on the left side of the neck

of the employee who received the laceration. ’ )

Skin decontamination down to levels on the order of 1,000 d/m was successful
within a few hours after the incldent. Minor excizion of contaminated tissue was
performed at the 200-W First Aid Station as a precautionary measure.

Diethylenetriaminepentaacetic acid (DTPA) treatment was administered sbout three
hours after exposure. The injured employee was taken to the Kadlec Hospital for
further mincr decontamination and treatment. Measurement of pessibie contamination
in the wound area was made the feollowing day in the Shielded Personnel Monitoring
Station. Approximately 2,000 d/m plutonium was detected in the vicinity of the
wound area and approximately 4,000 d/m was measured in the vicinity of the neck
burns. Preliminary analysis of the first urine sample cbtainmed about three and
ope-haelf hours after the incident indicated that plutonium deposition 1ln exceas

of the permissible limit was very unlikely. Skin decontamination of all employees
associated with the incident was succesaful. Gross amounts of plutonium contamina-
tion were deposited on most of the exposed surfamces in the laboratory room which
wvas sealed off pending orderly decontamination. :

123225 |
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Excluding the above incident, no additional cases of plutonium depositicn were
-confirmed during the month. This malntains the total number of deposition cases
which have occurred at Hanford at 228. There are 162 employees currently employed
who have a measurable deposition of plutonium.

Apalyses of the f£ilm badges and wark assigmments of three IFD emplcoyees indicated
that these employees had received radlation exposure slightly in excess of 0.3 r
in seven days. A particle discovered on the shoe of one IFD employee resulted

in an estimated localized dose to the skin of about 6 rads including 0.6 r.

‘A fire involving peaput oil occurred in & hood in Room 179-B of the plutonium
metaliurgy facilities in the 234-5 Building. The fire was extinguished with sand.
No spread of contaminaticn to the room or persomnel resulted. A contipucus alpha
air mooitor was installed in Room 179-B of the 234-5 Building to provide monitoring
and alerm for plutonium alr contamination.

Modification of the positive ion Van de Graaff accelerator was campleted. Radi-
ation measursments during operation testing indicated that the abnormal condition
which resulted in an exposure above permissible limits in Februsry had been
carrected.

Incidental to & background aerial survey flight to Spokane, a flight was made over
several working uranium mines in the area in order to compare the capabilities

of the 5" x 5" plastic scintillator with camercilally available uranium prospecting
equipment. Preliminary evaluation indicated that the larger mines were easily
detectable from the air.

Testing of the reduced area electrodeposition procedure for plutcnium bloassay was
continued during the month. Prototype reading of the total area indicated an aver- -
age yleld of arcund 75% for six spike samples. Same difficulty was encountered in
croas-contamination of the test blank samples. Operaticnal testing of this proce-
dure is continuing. The eventual application lies in on-plant bilcassay sampling.

A "ecriticality drill" was held to test the effectiveness of the RPQ emergency proce-
dure for high-level film dose evaluaticn. The unknown doses were evaluated in
siightly less than two hours; however, overestimaticns up to 60% were made at some
dose levels. Investigation was started into the possible effect of film fading as
the cause of the cverestimaticn.

The appropriation request for procursment of an autamatic film proecessing system
was approved. Requisition of coampoment parts was initiated.

Stardard gamma pencils and stray radiation chambers were used to measure the gonad

dose associated with various X-ray procedures at Kadlec Hospital. IEmphasis for
this survey was placed on the gonad dose which is received during the 4" x 5" and
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14" x 17" chest X-ray examinations. The lead aperture which is now used with
the X-ray measurements has resulted in a significant reductions in the dose to
both male and female gonads and alsc to the head of the subject. A masonite
and & water phantom were used in all of the measurements. The application of
the pulse pencil reader technique tc these measurements has been a significant
advance in evaluating with a high degree of accuracy these very small doses.
These measurements may be the most accurste measurements of this type yet to
be performed. Appropriate chambers permit measurements of dose as low as one
mierorcentgen by application of the pulse pencil reader principle.

Advice was provided on drafting of a chapter for radiocactive shipping require-
ments for the SS Accountability Manual.

Committee work was completed for the AEC Committee on Tramsportation of Highly
Radicactive Materiala.

Information on the mumber of perscmnel engaged in radiation protectiom work at
HAPO was prepared for AEC-HOO for forvarding to the Division of Production,
Washington, D. C. '

C. EMPLOYEE RELATIONS

Announcement was made that A. R. Keene had been invited to preaent a paper
entitled "Confinement Techniques and Handling of Plutonium in Research Laboratories”
at the OEEC Symposium on Health Physics at Riso, Demmark, on May 25-28, 1959.

There were two medical treatment injuries for a frequency of 0.91. No security
viclations occurred during the month.

Three suggestlons were received for evaluation. Six suggestion evaluations were
completed and none were adopted. Two Buggestions are pending in RPO for evalua-
tion. Ko awards were made. ' :

A lecture on "Radiation Hazards" was presented to the R&D Flight of the GhkOlst
Air Reserve Squadron at Washington State College, Pullman, Washington, by
B. G. Lindberg. .

D. ESIGNIFICANT REPORTS

FW-59859 "Monthly Report - March 1959, Radiation Monitdring Operation” by A. J.
Stevens. : o

EW-59307 "Resistance of Elastomer Gloves to Nitric Acid" by T. C. Mehas.

HW-59399 "Radicactive Contamination in Liquid Wastes Diécharged to Ground at
Separations Facilities through December 1358" by K. F. Baldridge.

Con. Undoe. "Inventory of Radiocactive Liquid Wastes to Active Disposal Sites -
Jamary 195¢" by K. F. Baldridge.

HW-59918 "Regional Monitdring Activities, March 195%" by B. V. Andersen.

HW-59880 I'“Weus'l;e Dieposal Meonitoring Activities Summafy, March 1959, by K. F.
Beldridge. .

Report of Invention - "An Improved Fluorescent Lamp" by A. R. Keene.
| UNCLASSIFIED
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UNCLASSIFIED G-6 BW-59T17

REGIONAL MONITORING - RESULPS (February 23, 1959 - March 22, 1959)

Activity Monthly Trend#+

Sample Type and Location Type Average Unita®* Factor

Drinking Water
100-F Area Isotopic 1.k p % MPCqr -
Separations Areas Total Beta 2.2 x 10~ ue/ce -2
Pasco Isctopic 0.6 % MPCgy —
Kennewlick Isotopic 0.3 % T -
Richland Total Beta < 3.0 x 1079 pe/cc -
Columbla River Water
Above 100-B Ares Total Beta 4.0 x 10-8 ue/cc -~
100-F Area Isctopic 6.8 % MPCqI --
Hanford Ferry Total Beta 7.7 x 10-> uc/ee -
Pasco Isotoplc 1.6 % MPCqp -
McNary Dam Total Bata 3.0 x 1676 ue/ec +4
Vancouver, Washington . Total Beta T.3 % 10-7 y,c/cc --
Waste Water
Qutlying Test Wells Total Beta 2.7 x 10-0(Max) pe/ce -
Reactor Efflusnt Retsntion

Basins to River Total Beta 29,000 curies/day .-
Atmosphere
Groes Dose Rate - _

Project Gauma 0.8 mrad/day --

Environs Gamms 0.5 nrad/day --
I-131 Separations Areas I-131 2.2 x 10°13 pe/ee --
I-131 Separations Stacka I1-131 3.1 curies/weex  --
Active Particles - Project - 18 ptle/100 m3  --
Active Particles - Environs - 31 ptle/200 m3  --
Vogetation
Separations I-131 1.9 x 1076 uc/gm -3
Residential 1-131 < 1.5 x 10-6 iy -
Tastern Washington and -

Oregon - I-131 < 1.5 x 106 ue/&m --
Flaslon Products less I

I-131 - Wash. and Cre, Beta 5.6 x 10° pe/ g --

* The % MPCgy is the percent of the maximum permissible limit for continucus
occupational exposure to the gastrointestinel tract calculated from drinking
water limita,

*# The trend factor shows the n-fold increase (+) or decrease (-) from last menth,
where values of n less than 2 will not be noted.

1232200 | UNCLASSIFIED
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EXPOSURE EVALUATION AND RECCRDS

Exposure Incidents Abhove Permissible Limits

—

Whole Body Localized
March . 1l 1
1959 to Date L 3
‘Gemma Penclls
Pancila Paired Readings Paired Readings Lot
" Procesaed 100-2680 mr Over 280 mr Readings -
March 30,860 56 0 1
1959 to Date 96, 706 150 ' 7 _ 3
Beta-Gamma Film Badges
Badges Readings Readings Readings Lest Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
' mrad{ow) mr{a,
March 10,092 759 Lo 19 L3 .0 15.0°
1959 to
Date 30,822 2,604 302 41 185 Lok 15.0:

Neutron Film Badges
Film Readings Readings Readings Lost
Processed 50-100 mrem  100-300 mrem = Over 300 mrem Readings

Slow Neutron

March 1,189 6 0 0 2
" 1959 to Date 3,509 17 1 0 10

Fast Neutron

March 149 0 1 o) 2
1959 to Date 224 0 2 o} 11
Bioassay _ March 1959 to Date
Plutonium: Samples Assayed 8 713 2,351

" Results above 2.2 x 107" uc/sample 37 8s
Fission Products: Samples Assayed s 663 2,271

Results above 3.1 x 10 7 pcFB/sample 2 12

Uranium: Samples Assayed 265 877
Confirmed Plutonium Deposition Cases 0 b*

*This brings the total pumber of plutopium deposition cases which have
occurred at Hanford to 228.

** Tpeludes two incidents occurring in Januery and one in UNCLASSIFIED
February which were nct included in last months' total.

1252261



UNCIASSIFIED G-8 HW-59717

Uranium Analyses

Following sure Following Period gf No Exposure
Units of 1077 uc U/ce Units of 1077 pc Ufec
Number Number
Sample Description Maximum Average Samples Maximum Averags Samples
Fuels Preparation 32 3.6 Lé 5.1 2.1 Ly
Hanford Laboratories 23 4.0 22 . 6.5 2.4 13
Chemical Processing 31 5.9 s7 30 3.5 60
Chemical Processing® 8.6 8.6 1 0 0 0
Special Incidents 1.1 1.1 1l o 0 0
Random 2.2 0.6 2k - Q 0 0

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

Thyrold Checks ' March 1950 to Date

Checks Taken 0 0

Checks Above Detection Limit o 0

Hend Checks

Checks Taken-Alpha | 26,848 8k, 548
-Beta-Gamma 18,781 56,120

Skin Contaminaticn

Plutonium 23 Sk
Fission Products. 1 116
Oranium _ _ ' 9 35
CALIBRATIONS
Number of Units Calibrated

Portable Instruments March 1955 to Date
CP Meter 903 2,769
Juno 269 879 ..
oM : 1,283 3,983
Cther ' ‘ 201 614

. Total 2,553 B, 265
Parsonnel Meters |
Badge Film 932 2, 764
Pencils ' 2,231 3,545
Other 384 1,258

Total ' 3,547 7,567

Miscellaneous Special Services Lo6 1,033
Total Number of Calibrations 6, 609 16,865

/G{{fé’l;rw
Radliation Protection

AR keene:ke URCLASSTIFTED
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LABORATORY AUXILIARTES OPERATION
MONTELY REPORT - MARCE, 1950

GENERAL

Safety perfomiance of the operation was considered satisfactory. There were no
major injuries; the minor injury frequency rate was 3.83,which is considered
about average experience.

The absenteelsm rate was 4.28 per cent, which is about average experience.
There were no security violations charged tc the Operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 1lL,317 hours. The total shop work back-
log is 21,151 hours of which 50% is required in the current month, with the
remainder distributed over a three month period. OQvertime worked during the
month was 6.4% (1160 hours) of the total avajilable hours.

Distribution of time was as follows: Man Hours % of Total
Fuels Preparation Department 1466 10.2
Irradiation Processing Depertment 115h 8.0
Chemical Processing Department 57T L1
Hanford Laboratories Operation 10717 : Th.8
Construction Engineering Operation - 39 .3
Miscéllaneous 364 2.6

The number of requests from customers for emergency service increased from the
previous month, necessitating an overtime ratio of 6.4%. Other project shops
were utilized to capacity in providing assistance to the Technical Shops.

The acquisition of additicnazl craft personnel is proceeding on schedule. One
instrument specialist znd cne instrument techniclan trainee were added to the
roll. A Journeymsn welder was tested and found to meet our requirements. He

is eurrently awsiting the necessary security clearance before starting work.
Applications from journeyman machinists were reviewed and fifteen were selected
ag potential HAPO employees. The top seven of this group are in ‘the process of
obtaining securlty clearance and will be called in as soon as possible.

The Rockford Planer, which was placed on order March 2, was received on March 27
and placed in operating condition.

The Technical Shops manager visited Offutt Air Base in Omaha, Nebr., and the
Bendix Co. Plant at Kanses City, Mo., to inspect surplus machine tools owned
by the Federal Government. Two turret lathes were found to be acceptable and
were obtained for use by the Fuels Preparation Department. A precision lathe
and a boring and turning machine were tentatively obtained for the Technical
Shops pending release by the Air Force. Work is continuing on the program to
replace the loaned grephite equipment which must be returned to the 2101 Bldg.
in the fall of 1959.

UNCLASSTFIED
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RADIOGRAPHIC TESTING OPERATTION

Activity for Radiographic Testing Operation was slightly above pnormal due to
inereased activity orn the tubular product program. A total of 9,555 tests
were made, of which 1,217 were radiographic (including X-ray and gamma ray)
and 8,338 were supplementary tests. Out of a total of 954 man hours, 528
(55.3%) were used in connection with radiographic tests, and 427 (44.7%) were
used on supplementary testa. The supplementary test work included dimensional
measurements (micrometric and plug gage), eddy current, leak detection, pene-
trant, and ultrasonic thickness measurements.

The number of pleces handled this month was slightly under that of the previous
month, totalling some 2,577 items. However, agaln continuing the trend of last
menth, the feet of material examined was considerable, ampunting to 29,200 feet.
This large increase is indicative of continued automation of scme tests on
tubular products. Work was done for 16 different organizational components, re-
pregenting most of the operating departments and service organizations. A
total of 19 reports were issued detailing test findings with conclusions and re-
commended action. Radlographic Testing Cperation was consulted on 16 different
oecasions for advice and information regarding general testing theory for other
than the jobs tabulated in Part II - Testing Statistics.

Approval was received during the month for relocation of Radiographic Testing
Operation field facillities from the 200-E Ares to an unused shop building at
White Bluffs. The building will be identified as Building C-26-WB Testing
Laboratory and will provide space for the tubular products program and Radio-
graphic Testing Operation activity.

Als=o, in the new facility category, equipment has been moved intc the basement
of the 325 Bullding to assist in the Ceramic Fuels Development Program. The
items involved include x-ray equipment, eddy current testing facilities, fluor-
ezcent penetrant testing equipment, and a mass spectrometer for leak detection.
The fuel development work being done will be facilitated by having the test
equipment integrated with fabrication work.

The heavy equipment has been removed and the building completely clezned of
acoumilated debris, at White Bluffs. Cutting the trench in the floor glab for
the conduit and drain plping has begun. Fabrication of the pickling troughs is
about 50 per cent complete and work has started on the jib crane, tank supporta,
exhaust hoods, ductwork, etc. An acid storage tank, ANN storage +tank and make-
up vessel that have been found on plant as available, as well as the available
deionized water storage tank, have been delivered to the White Bluffs shop for
the necessary modifications.

UNCLASSTFIED
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Testing Statistics

No. of Ft. of Weld
Component Tegts or Material

H-3

No. of
Pleces

BW-59717

Description

CPD ok 109-1/2
CEO 1296 1693

HIO 81k1 27367

IPD | 2k 13-1/3

9

201

2255

25

TOTALS 9555 29203

FACILITIES ENGINEERING OPERATION

Projects

2577

Purex silver reactor, 2" sch 40 and
10" sch 10, 88 pipe; Redox dissolver
plate and pipe welds 2", sch 80.

2-1/2", 8", 10" nozzles; 8" and 10" -
85 flanges. PRTR containment vessel
weld seams.

- Pig x-ray; PRTR ceramic fuel rod

closures and cladding; gamma heating
slug; swelling capsules} 1/8" 0.D.

X 22' long 8S sheath; Zr clad solid

U core fuel rod; 1.3, 1.65, 5% Pu-Al
fuel rods; é%, 10%, 16%, U-Al CO-
extruded rods; .680" I.D. x .035" x T'
long zr tobes; -.505" -E.D. x .030" wall
x.10' long zr tubes; KER, ribless zr.
process tubes..

PRIR mark 116 heated mock-up:

18% (NP oxide) AL:NP fuel rod.

Pig tail adapter fittings; 1" and
2.24" 0.D. Joints, #27, V8.

There were 18 authorized projects at month's end with total authorized funds of
$7,726,400. The total estimated cost of these projects is $7,870,400. One

project was completed during the month.

Two new prejects are zawalting AEC

approval. Project Proposals for ten new projects are in preparation.

The attached monthly project report details the status of individual projects.

Engineering Service

Title

Reroofing of 1Lh6-FR and 222-U
Buildings

Removable Grating - 37L5-B Building

Traveling Crane Improvements 314
Building

1252271

Status

Work complete except for gravel course.

Material expected 4-15-59.

Work complete.

UNCLASSIFIED




UNCLASSIFIED

Title

Noise Attepuation 3760 Building
Provide Additional Hoods, Foom T-24,
325 Building.

Decontamination of the Interior of
314 Building.

Renovate Room 30-C - 326 Buitding

Improve Lighting - Rooms 11-14
& B - 329 Building

306 Building Water Filter

besig;n & Install Fire Alarm System
314 Building

Air Balance - 108-F Building

Auxiliary L.P. Propane Gas Supply -
325 Building

Building Modifications - lu6-FR
Building

Lighting Study, Bindery Room,
3760 Building

Gamms Irradiation Pacility - 3730
Bullding

Locker Room Modifications - 321
Building

- Beating & Ventilating Study - 306
Building

Unfired Pressure Vessel Survey

1252212

H-k EW-59717

Sta.tua

Equipment room will receive additional
noige atitenuation treatment. '

Work complete.
Work 13 essentially complete.
New equipment is being received for in-~

stallation.

Work 1s progressing. Fixtures on hangd.

No action pending negotiation with vendor.

Design work being annlyzed for cost savings.

Engineering work in progress.

Work essentially ccmplete.

Space 1is occupied. Work ‘assentially

complete.

Installation work delayed because of lack
of materisals.

Roof opening complete. Concrete removal
complete.

- Work in progress and nearing completion.

8tudy work completed. Recommendations are

- being analyzed prior tc physical performance.

Unfired Preazure Vessels in the 300 Area
are being physically checked and maximum
allowable stresa is heing calculated.
Safety relief valves have been ordered
for several vessels and some piping
changes have been made for code con-
formation. Third party inspection was
made on 7 vessels this month.

UNCLASSIFIED
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Title

Brection of Towers for Atmos-
pheric Physics

Study - Layout of Biology

326 Building Retention Waste
Sunp Modifications

Uranium Scrap Burper - 306 Building

Design and Drafting

Title

Equilibrium Chamber

Creep Capsule

Wide Angle Viewer - PRIR
Examination Cell

Wet Storage Basin Manipulators:

and Cleaner - 325-A Building

1252273

H-5 HwW-59717

Status

The contract was let o Patton-Hill of
Pasco for the contract price of $11,600.
Work etarted on 3-18-59 and is approxi-
mately 15% complete.

Work 1s being performed for preparation
of Bidlogy Facllities Layout to meet
requirerents for next 10 years inecluding
design cost estimate, and right order of
magnitude construction cost estimate.

Removal of existing retention tanks and
use of sump as collecting basin is being
consldered. Sump pumps with greater
capacity wlll reduce maintenance and the
possibllity of basement flooding.

Initial study work has been started.
Equipment has been determined. Pre-
liminary design has been reviewed with
customer. Constructlion cost estimate
indicates this work will be of Informal
Requesat magnitude.

Status

A device to measure thermal conductivity
of dense ceramlcs. Detail work essentially
complete.

In-reactor creep measurement of zirconium.
A capsule to monitor stress, elongation,’
and temperature while being irradiated.

20% complete.

Work complete.

Work in progress at 50% complete.

UNCLASSIFIED
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Other design and drafting work in progress includes the following:

Automation of feed mechanism of Kux Hydraulic Press - 325 Building.
Mechanism for Rupture of Irrzdiated Fuel - 3x3 loop ETR.

Redesign of portion of in-reactor loop - 3x3 loop ETR.

Tools for handling discharged fuel elements - ETR

Modifications to 14 ton Shipping Cask.

Modifications to Vacuum Welding Box -~ 306 Building.

Maintenasnce and Building Engineering - Landlord Functions

Costs - February - $ 116,249
January - 112,907

FYID Total: $79%,986 - 63.9% of Budget. The predicted expenditure forecast
cost over the same period was estimated to be $815,600 or £5.5% of Budget.

Analysis for Month of February: Unusual maintenance fell off because certain
work which was expected tc take place was being rescoped. Building msintenance
on the other hand exceeded prediction by $5000; this is partially attributable
to some jobs belng considered of a not "unusual” nature. Steam was within -
$500 of that anticipated. At month's end, this account wes $20,600 (1.6%)
under expended. But billings for power operators amounting to $7,000 were

not received yet a.ga.inst this account. Unusual activity 1s expected to-
increase.

Miscellaneous

Engineering investigation of the Livonia-type roof on 325 is still in the
fact-gatheriang stage. A meeting was held March 16 to obtain the laboratory
staff's point of view.

Engineering investigation of the heating and ventilating problem in 329
Building is in an analytical phase. Detailed questionnaires for room are
being evaluated.

The lunchroom relocation study for 3760 Building has been implemented by
a work order to Construction Cperation.

The potential radon problem has been carefully reviewed in a series of
meetings chairmanpned by the Maintenance and Building Engineering Specialist.
Specific recommendations were made at the meeting held March 17, 1959. In-
terested physics, health, and radiclogical personnel were in attendance.

A preliminary study to improve the appearance of the 300 Area grounds and
the vicinity of the 747 Building has been undertaken by CEC.

AEC spproval was obtained thi'ough a formal request for performance of con-

tingency maintenance of the 327 Crane. The work will render the crane more
maneuverable and responsive, with attendant efficiency and safety.

UNCLASSTFTED
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AEC approval was requested for contingency maintenance to the 325 building
ventilating and exhaust fans. 7This work can provide the necessary alr for the
High Level Radlochemistry Faelllity and for the Basement Improvements of the
Heavy Equipment laboratories, as well as for other required hood and cave
additions.

TECHENICAL INFORMATION OPERATION

As & result of & suggestion by a Hanford secretary, a list of standard
abbreviations and compound words was distributed to the Plant through the
Department communications specialists. The list suggested that, aince often
alternate forms of an asbbrexiation are acceptable, it is desirable to select
-one of these alternatives and to use it consistently. The list should be
useful to Hanford secretaries, stenographers, and report writers.

A summary of the AEC's book publishing program was distributed to the fleld.

It described the purpose of the program, listed books which the AEC would

like to see written, and the methods by which this is accomplished. The intent
of the summary is to encourage HAPO participation in the program, since a number
of the books which the Commission would like to see written relate directly to
HAPO activities and desirably should he written by Hanford authors.

A mmber of unclassified HAPO fuel element subcontracts were upgraded to
Confidential by BOO. The criteria on which this action was based are very
general and restrictive. Unless these criteria change, all research ang
development work carried out with or for production reactor fuel elements
must be born classified. A review of the effects such s ruling will have
orn the NPR fuel element development schedule is currently being made by
appropriate HAPO personnel. A requeat has been sent to HOO for review and
declassificatlion of development work involving external modifications of the
fuel elements for the exdsting production reactors.

About 1,400 Geneva Papers, mostly foreign, were received. These papers went
directly to file without any additional record-keeping since we have been
notified that all Geneva Papers would be indexed in a special editicn of
Nuclear Science Abstracts. '

The results of the 1958 inventory of Research and Development reports and
Atomic Weapon Data reports were reported to GE Security. BEAPO's holdings are
10,130 copies of which 105 copies are Weapon Data reports and the remsining
10,025 coples are Research and Development reports. Twenty-nine copies were
reported as unaccounted for, of which twenty-seven were carry-overs from
previous annual inventories. None of the unaccounted for reports are

Weapon Data. '

Work Volume S{atistics February March
Document Distrtbution and Files
Documents routed and discharged {copies) 13,219 15,913
Documents issued {copies) 10,354 9,197
Documents sent offsite (copies) 3,893 3,904
Document reserves filled (copies) 987 820
Documents picked up and delivered 25,790 23,015

1252275 | | UNCLASS IFTED
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Document Accountability
Holders of classified documents whose files
were inventoried
Documents inventoried in Files (copies)
Documents destroyed or retired (copies)
Documents revised (copiles)

Documents pulled and documents filed (copies)

Documents reclassified

Accountable coples of SECRET and DOCUMENTED

CONFIIENTIAL documents cnsite

Reference and Publication
“Books cataloged (new titles)
Books added to the colleetion (volumes)
Ready reference guestions answered by

professional staff

Literature searches by profeasional staff
Reports abstracted (titles)
Formal reports prepared (titles)
Offsite requests for HAPQ reports (copies)
Reports released to CAP (titles)

Library Acquigitions and Circulation
Books order=d (volumes)
Periocdicals ordered
Books circulated (volumes)
Periodicals circulated (issues)
Inter-Library loans
FPilme berrowed or rented
Industrial film showings
Bound periodiczls added to the collection

Library collection:

February

310
28,705
5,2Th
2,835
12,815
561

202,961

227
185
107
21h

208
20

415
1,601
2,549

66
31
28

EW-59T717

March

bht
9,220
3,801
1,735
17,623
328

202,995

191
512

186
123
20L
5
217
56

333
225
1,835
3,225
61

2k

72

a9

Main Library W-10 Library 108-F Library Ind. Med. Totals
No. of books 25,869 8,181 1,398 1,938” 37,386
No. of bound
periodicals 11,588 _ 1 1,431 96 13,116
37,457 8,182 EE; 2,034 50, 502
UNCLASS IFTED

125221%




UNCLASSIFIED . ' H-9 EW-59717 H

Classification and Declassification February Barch

Documents, includifig drawings and photographs
reviewed for downgrading or declassification 128 93

Documents and papers (intended for oral pre-
gentation or publication) reviewed for 2k 33
appropriate classification

Docunents submitted to Declassiflcation
Branch, QOak Ridge 21 g

Manager
LABORATORY AUXILIARIES

JL Boyd: jew

1252217
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EMPLOYEE RELATTONS OPERATTON MONTHLY REPORT

GENERAL

At month's end, the staff of the Hanford Jaboratories Operation totalled 1225
employees, including 576 exempt and 649 nonexempt employees. There were 489
exempt employees possessing technical degrees, including 278 B.S., 108 M.S. and
103 Ph.D.

TRAIRING

Seven sessions of the first program of the Information and Orientation Series
were presented with approximately 85% of Laboratories nonexempt employees attend-
ing. Plans were completed for presentation of Program IT.

UNION RELATTORS

One grievance was received during the month., A Radlation Monltor Journeyman grieved
concerning his transfer t¢ another component., The Step I answer was not satisfac-
tory but the grievance iz now considered settled at Step I due to expirstion of
time 1imit,

There have been a total of six formal grilevances procesaed’in HLO since Janumry
1 with three 'being answered satisfactorily at Step I and one pending arbitration
hearing.

COMMUNICATIONS

Two seseions of the apnual HLO Department Information Meeting were held in the
Village Theater during the month. Approximtely 300 employees were 1ln attendance.

Tours were conducted for 10 National RBapnk of Commerce officials, 30 Clarkston High
School students, 40 Kennewick High School students, and 60 Richland sehool teachers.

EMPLOYEE COMPENSATION

The necessary approvels were obtained to implement organizational changes in Rad.ia.-
tion Protection and Employee Rela.tions », both to be effective April 1.

At the March meeting of the HIO Suggestion Board, four suggestions were approved
for awards totaling $810, leaving a balance of $2, 075 in the HLO suggestion fund
for the calendar year.

Applications for General Electric scholarships for two HIC employees were approved
locally and have been forwarded to the Company for considerstion.

Hanford Laboratories' participation in the Employee Benefit Plans is as follows:

Year Pension Savings Savings Sa.vixigs &

1959 Insurance Plan Stock Bonus Plan Security
Jan, 99.8 98.9 40,0 8.2 gk.5
Feb. 99.8 38.9 37.9 7.9 ok.0
Mar, 99.8 99.0 37.3 7.4 93.7

1252289
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HEALTE & SAFETY

laboratories perscmnel worked a total of 206,000 man-hours during the monthk with
no disabling injuriee. Since September 1, 1956 a total of 5,878,868 man-hours
have been completed with no disabling injuries.

The medical treatment frequency for March was 1.60 as compared with 1.67 during
February.

There were three security viclatlons during the month of mrch, bringing the total
to 13 for year to date.

A vapor explosion in a glove-box lathe hood at Plutonium Mefa..u.urgr caused minor
injury to one employee and some contamination to co-workers. Physical damage,
exclusive of decontamination costs, was estimated at $200,

PROFESSIONAL PERSONNEL PLACEMENT

- Twenty-one Fh.D. candidates vislted Richland during the month of March and offers
have been extended to six candidates, Four rejections were received including twe
from physicists who plan to accept post doctoral or academic positions. Physics
continues to be a field of major concern.

Eight BS/MS candidates accepted Hanford offers during the month.

Follow-up visits to Northwest universities indicste that ocur salary offei's probably
are slightly low compared tc current market and that plant visits by these candi-
dates will be expected to become a serious problem next year.

Hiring for the Summer Program is now complete with.ll professors, 12 graduate students,
10 junicrs, and 5 high school teachers having accepted summer offers.

EMPLOYMENT

Twenty-five requisitions for nonexempt employees were filled during the menth,
leaving LO open., There are 17 candidates in process and two transfers pending,
leaving 21 cardidates to be procured to £111 the existing openings.

L Dty L

Employee Relations

T.G. Marshall:tr
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TABLE II. NONEXEMPT EMPLOYMENT

Norexempt Employment Status Feb. Mch. DNonexempt Transfer Requests Feb. Mch.

Requizitions ~ Transfer Requests
At end of month ' 50 39 Active cases at end of mo. T4 T3
Cancelled 1 L Cancelled 2 3
Received during month#* 27 19 New 6 5
Filled during month 15 26 Transfers effected 1 3

Candidates Considered
Totel applications 35 35

# Includes 5 off of "hold" basis

TABLE III. UNION REIATIONS

Grievanpcas Prozessed - Januayry 1, 1959 to date

Total Processed 6

Step I
Answered satisfactoriiy® 3
S Il

Pending Step 11 answer
Apgwered
Satisfactorlily**
Pernding time limit
Applied for arbitration
Pending arbitrator’'s deciaion

|

HHOM

* Step I grisvances which Jouncil indicated a desire to discuss at Step II not
scheduled for discussion within three months are considered settled at Step I.

#% Step II grievances in whiskh the Council formally applied for arbitration but

for wkich zo furtiher action is takern within three months are considered settled
&t Step IZ.

UNCIASSIFIED
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£ - Techniecal Graduate and Technician Training Program
Month ending March 31, 1959 -

TG Program IT Program

Number Personnel con assigoment 25 10

(HAPO Tech Grad Program........24)

(Weat. District E.Pvvecsvsassas 1)
Distribution of assigoments by Depts.

HLG 10 3

CEQ 0 O

R&UO 4] 0

FFD 3 ¢

IFD 11 7

CFD 1 Q
Distribution of .a.ssignmeuts by functions

R&D c¢r Engineering 20 10

Cther 5 0

URCLASSIFIED
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FINANCIAL OPERATION MONTHLY REPCRT
MARCH 1955

There wefe no changes in perscnnel during the month.

Activities

GENERAL ACCOQUNTING OPERATION

2000 Program funds for Equipment Not Included in Construction Projects have been
reallocated within Hanford Laboratories to provide additlonal funds for sections
where the previous allcocation has proven to be insufficient. The adjusted allo-
cation 1is as follows:

Expenditure Commitment

Ceiling Celling

Reactor & Fuels R&D $1 260 000 $1 398 000
Chemical R&D 250 000 60 000
Phyeics & Instrument RRD 150 000 90 000
Laboratory Auxiliaries 180 000 20 000
Radiaticn Protection 120 Q00 L2 000
Total Allocation $1 260 000 $1 610 000

Classification activity included transfers of $229,390 fram the Work In Progress
accounts in addition to the review of T78 purchase requisitlions and 666 work
orders for capital-expense determination.

Considerable time was spent on investigation and detail adjustments of equip-
ment records for Washington Deslgnated Progrems, the responsibility for which
was traneferred to this offlce in March.

Travel, living and entertainment expense reports processed during March totaled
186. This represents the highest volume processed for any month in HLO except
“June 1958 when the closing of the ledger was delayed to complete fiscal year
reports.

Review of continuity of service over-accruals during 1958 are about complete.
Appropriate credits will be passed to Cost in April business.

The Inventories Budget for FY 1961 and Revision of FY 1960 was consolidated and
submitted to Contraect Accounting by the due date. Inventories for which Hanferd
Laboratories are responsible will not vary significently from the present levels
except for Zirconium, Heavy Water, and Spare Parts, due primarily tc the Plutonium
Recycle Program. A summary of our submission by type and FY ending balances

are as follows: :

Platinum $113 512 $ 116 410 $ 118 986

Gold 9 625 10 502 11 515
Silver 152 167 181
Palladium 3 597 4 003 L 351
Beryllium 8 507 8 632 8 764

UNCLASSIFIED
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7-1- 6-30-60 6-30=61

Radium 62 934 62 93k 62 93k
Gallium 135 185 135
Iridium 131 131 13
Rhodium 5T ST 57
Ricbium T2 T2 T2
Heavy Water o . 37 893 ko3 216 k93 216
Zirconium 498 000 L81 000 392 000
Spare Parts 31 000 141 000 2kl 000
Standby - Spare Parts Lo 615 4o 615 40 615
Total HLO Inventories $806 230 $1 358 22h $m

Project AEC-167 (PRP) will provide $200,000 in spare parts which will be
purchassd as construction spares and transferred to the operating spares
invertory sbout 7-1-60. The inventory level is expected to turn over
every two years or at the rate of $100,000 per year beginning in FY 1961.
Heavy Water initial requirements for project AEC-16T7 include 85,000 lbs.
valued at $l,275,000 which will be purchased and transferred to CWIP in
FY 1960. Thirty-thousend pounds (valued at $450,000) sufficient to
replace all of the material in any one of the loops will be carried in
inventory. After the Teqt Reactor is in operation, consumption will be
at the rate of 1,000 lbs, per month, 500 1bs. loss and 500 lbs.
reclaimable,

Arrangements were completed: for the regular quarterly inventory of special
materials as of March 31, 1959 tc be conducted by custodial personnel. Property
Accounting will not witness the coumt but will reconcile the results to Property
Ancounting records. A report of results will be issued in April upon completion
of reconciliation. :

In sccordance with AEC instructions that non-fund costs of Heavy Water billled
froam off-site must be bocked to inventory but separate ildentlty maintained for
reporting purposes, two new Genersl Ledger accounts were established. These
costs represent depreclation orn facilities used to produce Heavy Water at other
AEC Operaticn Offices. Account 1272 - Special Reector Materials - Non-Fund -
will be debited for depreciation shown on hillings for Eeavy Water and as the
material is removed from inventory, the applicable depreclation will be credited
to this account with the offsetting debit to account 3518 - NP Depreciation
Frem Off-Site - which in turn will be closed to the AEC at fiscal year erd.

We will receive from the AEC $26,475 in the month of April representing
‘depreciaticn on current holdings of BEavy Water.

physiczal inventory of equipment purchased for use in the Whitney Program was
conducted in compliance with AEC directive 1123-035, Borrowed Equipment. Con-
glderable time and effort was required to make complete records and place these
items on IfM. Informaticn was obtained from records of flield perscunel as well
as a screening of work orders, purchase orders and receiving reports filed in
HLO Financial Operstion. A complete listing of Whitney equipment will be
carried on IEM and reported as & memo to Plant and Equipment in Service. rifty
tags were placed on equipment during the inventory. These tags, for the most
part, were placed on component parts of systems which had been previocusly tagged,
or KDX equipment. Three hundred twenty-four pieces of equimment were lnventoried

UNCLASSIFIED
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" with a value of $574,395. Five items ($451) were found to be missing. After

a thorough search, a request to write these items off from record was sent to
the University of California Radiation Laboratory. Approval was recelved in
a letter to R. L. Warburton, dated March 25, 1959 from L. A. Fitzgerald.

In accordance with the AEC Menual, Section 110411, the Commission has requested
we add to record equirment acquired under Washington Desigmated Contracts in
completed plant accounts. Equipment purchased in previous fiscal years was
recorded in completed plant by the use of the non-fund adjustment account (3561)
and equipment purchased in the current fiscal year will be transferred to
completed plent through EWIP. Previous years acquisition are 82 items with a
value of $92,781. Current year acquisitions transferred to completed plant

are 7 items at a value of $7,453 for a total transfer to completed plant from
Washington Designated Programs of $100,234.

Work was resumed in March in comnection with our program of insuring the correct-
ness of Property Accounting fixed assets. A concentrated effort is being made to
complete the inventory and up-dating of our records of fixed asseis.

Preparations were completed and a procedure distributed for the physical inventory
of uninstalled cataloged eguipment in the custody of Chemical Research and
Develomment Operation. The inventory will begin April 6, 1959 with an antici-
peted completion date of April 27, 1959 for fleld work. This is the final -
inventory of wningtalled cataloged equirment for fiscal year 13959,

Reconciliation of the pkysical inventory of uninstalled. cataloged equipment in
the custody of Reactor and Fuels Research and Development Operation is complete.
A listing of unlocated equipment was furnished tc the Sectlon Manager for his
review and for use in locating equipment. All of the equipment was located
except for 12 items valued at $2,278, Upon receipt of a Missing Flant and
Equipment Report, a report of results will be 1ssued.

COST ACCOUNTING OPERATION

Preparation of the Budget for FY 1961 and Revigion of Budget for FY 1960 is
complete. Submissior of data <o Contract Accounting has been made with the
exception of the "Proposals for Research and Developmernt” which are presently
being typed in final form.

Following is a sumhary of HLO operating program requirements for FY 196C and
FY 1961 as compared %¢ the cuwrrent budget for FY 1959.

(Amounts iz Thousands ) 7Y 1959 FY 1960 FY 1961
HLO Research & Develomment B $783 $95 318 $10 L6k
Off-Site Research & Development

Special Requests _ 715 1 000 1 000

Project Whithey ‘ 669 660 660

Washington Designated Programs 419 41 LeT
Equipment & Construction Work in Progress 85 140 158
Miscellaneous-AEC, Inventories, etc. 15 10 10
Standby-Hot Semi-Works L5 36 36

Sub-Total 5 784 11 665 12 795

1252291 UNCLASSIFIED
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(Amounts in Thousands) FY 1959 FY 1960 FY 1961
Charges to Other HAPC Components
Research and Development $5255 $5189 $5155
Process Technology 681 T3Z TZS
Other ' 1 902 1 la
Sub-Total ﬁ 7 % T ?1
Service Assesaments _ 2 373 2 693 2 Bl7
Total HLO Requirements $20 Los  $22 238 $23 513

The following budget adJustménts were made in March to the FY 1959 Midyear Budget
Review and reflected on March cost reports.

1. A reduction of budget funds from $480,000 to $200,000 in the Plutonium
Metallurgy Cperatimm fer the fabrication of the U-233 Fuel Plates to
reflect the current auvthorizaticn rather than the astimate made last
Fall.

2. An sdjustment to reflect the fabricatiom of iransplutonic fuel elements
as a part of the HAPO 2000 Program rather than an off-site special re-
quest a3 originally budget. Funding for this fabrication Job, estimated
at $210,00C operating costs and $40,000 capital equipment, will be pro-
vided from the existing approved funds.

3. An increase of $22,000 in the Plutonium Metallurgy Operation for 234-5
Weapons Research snd Develcopment sponsored by the Chemical Processing
Department.

PERSONNEL ACCOUNTING OFERATION

On March 20, 1959, 1,019 envelopes containing Company Proxy Statements, a card

extitled "Vote Instruchtions o Trustees", a dbusinass reply envelope, and a cover
lefter of explanation frem Mr. Cordiner and the trustees, were delivered to
partloipents of the Savings ‘aind Security Program along with an equal nmumber of
envelopes containing the 1958 Annual Report.

Av=raga stock price for the month of February was $77.743. During the month of
February, emplcyees' collaction for Savings and Security Program amounted to
$37,291.33. Company preportionate payment amounted to $19,256.78 and the cost of
ineerntive shares amounted %o $6,704.06.

1958 Annual Reports were delivered om March 27, 1959 teo Stock Bonus Plant partici-
pants who have not as yet becime share owners through participation in priar
years, or who did not receive a copy of the Annuasl Report as participants in the
Savings and Security Program.

i anticipation of the transfer of resporsibilities, a msnual was prepared and
transmitted o Perscmnel Accounting, Contract and Accounting Operation,
explaining in detail the preparation of all reports and statistics prepared for
HLO management, AEC, e+c.

1252298 | | momssTTm
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PROCEDURES

The initial IBM tabulation of off-site commitments for meterial and/or services
has been received. The necessary detalls have all been esteblished and the
procedure hae been turned over to HLO Cost Accounting for routine operation.
The tabulatlon shows open requisitions, purchase orders and contracts for

each research program within an operation.

Some liaiscn work was performed with Date Processing during the month to obtain
& satisfactory summary tabulation of active work orders written by HLO personnel.

Discussions were held with other HAPO procedures specilalists for the purpose of
designing one form to be used for adding employees to the roll and for changing
the status or information pertinent to an employee. This one form would replace
several separate forms which are now used.

MEASTREMENTS

Contacts were made with four different Company laboratories to exchange informa-
tion and to study approaches used elsewhere. In addition, a me=ting on the
subject of leboratory measurements was attended, A breakdown of Technical Shop
costs into these assozlated with the different types of shops is nearly complete.

AUDITING
The finel draft of the Work Order Audit report has been completed and referred

to those concermed for review. Field work has started on the Audit of Genersl
Accounts ard Cash Contrzls.

AN

Maneger - Flnance
W. Sale/bk
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Payroll Statisties

Number of HLO Employee Total
Changes During Month
Employses on Payrcll at Beginning of Month 1210
Additions and Transfers In - 27
Removals and Transfers Out (11)
Employees on Payroll at End of Month 1 226
Qvertime Payments During Month
March
Exempt $ 4 088
Sajlaried 13 288
Tot $lI 26
gross Payrcll Paid During Month
Exempt $468 L35
Selaried 289 814
Total $128 250
Participatior in loyee Marech
Benefit Plans at Month End Participation
Number Barcent
Pensicn Plan 1 165 93.0
Insurance Plan
Perscnal Coverage 1245 99.8
Dependent Coverage 834 -
J.5. Savings Bonds
Stock Bonua Plan 5 3r.3
Savings Plan 91 7.4
Savings & Securlity Plan ° 1 Q24 93.7
Good Neighbor Fumd 841 . 68.6
Insurance Claims March
Number Amount
Empiloyes Beneflts
Lifs Insurance 0 $ o
Weekly Sickness & Accident 12 1 163
Comprehensive Medical &4 5 057
Cepenient Berefits
Comprahensive Medical 174 1k 380
Total 250 $20 800
1252300

BW-59717-
Non;
Exempt Exempt
75 635
T 20
L&) L5)
bi(3 &30
February
$5 172
10 0
$12 2kl
$5 638
284 685
130 323
February
Participation
Number Percent
1157 98.9
1231 96.8
827 -
75 37.9
95 7.9
1012 94.0
82k | 68.1
February
Number Amount
0 0
15 1 678
55 5 187
113 _T 457
;g; $14 320
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief no inventions or discoveries were made in the course of their
work during the period covered by this report except ag listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

W. 8. Kelly Movable Outlet on Air Supply Ducts
Using Metal Zippers

L. 1. Ames ' The Removal of the '"Bone-Seeking”

Groups of Radioisotopes from Solution
by a Calcite-fluoride or Apatite~fluoride
Reaction

R. H. Moore A Pyrochemical Process Applicable to
_ a Thorium Breeder Reactor Fuel
Cycle (HW-59800) :

A, R, Keene An Improved Fluorescent Lamp

Aok

UNCLASSIFIED
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