DECLASSIFIED nevosmory PNL HW-69062

COLLECTION Q,;&mﬁphm \QJJJ),CIAQ_, CoPY No. zf A |

T ~ EOXWo. ’O.Lﬂ'
MR 7216

FCLDER

HANFORD LABORATORIES OPERATION
MONTHLY ACTIVITIES REPORT

MARCH, 1961

APRIL 15, 1961

THIS DOCUMENT HAS BEEN SCANNED
AND IS5 STORED ON THE OPTICAL D!5K DRIVE

TUTS DOLUMENTY IZ DuELILLY
l‘s Al -AB_-_

HANFORD ATOMIC PRODUCTS OPERATION

RICHLAND, WASHINGTON

. GENERAL@ED ELECTRIC

st 2t momans mam DECLASSIFIED
12249920




LEGAL NOTICE

This report was prepared as an account of Government sponsared wark. Neither the United States,
nor the Commission, nor any person acting on behalf af the Commission:

A, Maokes any warranty or representation, axpressed or implied, with respectto the accuracy, com-
pletenass, or usefuiness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any ligbilitias with respact to the use of, or for damages resulting from the use of
any information, apparatus, method, or pracess disclosed in this report.

As uysed in the gbove, “person octing on beholf of the Commission” includes gny employee or
controctar of the Commission, ar emplayee of such contractor, to the extant that such employee or con-
tractor of the Cammission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employmant with

such contractor.
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March operating costs totaled $2, 250, 000; fiscal year-to-date costs are
$18, 966, 000 or 72% of the $26, 279, 000 budget.

Hanford Laboratories research and development costs for March compared with
last month and the control budget are as follows:

' Cost
{Dollars in Thousands) Current Last FY %
Month Month To Date Budget Spent

HLO Programs

02 Program $ 96 § 50 $ 43¢ $§ 661 66%
04 Program 841 784 7071 9 619 T4
05 Program 64 65 588 796 T4
06 Program 198 159 1 854 2 402 71
1198 1 058 9 793 13 478 74
IPD Sponsored 260 268 2 398 3170 76
CPD Sponsored 144 168 1 483 1 954 76
Total $1 603 §1 454 $13 6875 $18 602 74%

'RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

Startup of PRTR proceeded., The helium system was placed in operation,
initial operating problems were determined, repairs effected, and the system
returned to service. The secondary coclant system was operated, modified,
operated again, and tested during the first week of the month. Design testing
of the primary coolant system began on March 21, and continued intermittently
with progress limited by the helium system problems associated with loop
pressurization,

The contract for paving and landscaping the PRTR and PFPP site was
awarded March 23, 1961, and is to be completed within 120 days. Construc-
tion of the Maintenance and Mockup Facility {including the PRTR Rupture
Loop Annex and PRP Critical Facility Buildings) is estimated at 68. 5%
completed versus 76% scheduled predicted to April 1, 1961,

Bristol-Siddeley, Ltd., reports successful operation of one Gas Loop blower
at reduced conditions of 3000 pounds per hour and 450 F for several hundred
hours and approximately one hundred starts and stops. Delivery of one such
blower by May 15, 1961, was verified. The heater for the PRTR Gas IL.oop
in-reactor test section testing was repaired, bench tested, and installed in
the mockup.
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The conceptual design and economic evaluation of a 300 MWe Supercritical
Pressure Power Reactor continued with studies directed toward defining
the more detailed aspects of the power cycle, fuel element design, reactor
control, and plant layout.

A review of the ORNL Pebble Bed Reactor design was completed and sub-
mitted to the AEC, Advance Evaluation Branch. The concept was found to
be technically feasible. It was recommended that a more detailed study of
the concept be performed in order to better predict the power cost.

Studies are in progress on the distribution of micron size particles of
simulated PuOs in relatively coarse particles of arc-fused UQy for applica-
tion in swage compaction and high energy vibrational compaction processes.
Two loading techniques were developed which control the axial distribution
of fines in half-inch diameter by eight-foot long fuel rods to a variation of
plus or minus five percent. Mixtures of PuOs and UOg3 fines and coarse UOg
are also under study.

Volatility and flow of PuOg previously observed in a hydrogen atmosphere
was not seen with samples heated in helium for 72 hours. This supports the
speculation that the volatility in hydrogen is due to the high vapor pressure
of the reduced species, PuOg-,.

Radiometallurgical examination revealed no changes in a seven-rod, Zircaloy-2
clad, aluminum-plutonium alloy cluster thermal cycled 72 times in a high
temperature ETR loop. '

Fabrication of aluminum-plutonium spike elements needed for replacement
of depleted first PRTR loading elements is about 60% complete. Autoclave
malfunctions and availability of Zircaloy are current problems,

Power generation calculations indicate an acceptable self-shielded plutonium
fuel element can be designed using a small diameter PuC core surrounded
by graphite and clad in Zircaloy.

End caps have been successfully welded into type 406 thin wall stainless
steel tubing using the fillet head weld. No failure of the weld or weld zone
occurred in hydrostatic burst testing.

Although a swaged UQOg, 19-rod cluster fuel element was irradiated for 13
hours after sustaining a failure, there was little evidence of washout of the
fuel. The cause of the cracked fuel cladding has not been determined,

Investigations of the compatibility of UC and UQOg with several refractory
metals show that in general UC is by far the more reactive, Tantalum
proved to be the most compatible with UC and was able to contain molten
material for three minutes at 2350 C.
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An NPR inner tube, designed to check the hypothesis that an unbonded flat-
bottomed end cap could be used satisfactorily, failed by shearing the jacket
at the base of the cap with subsequent cracking of the weld after an exposure
of 1700 MWD/T.

An eight~piece production test with closure of the tubular elements produced
by hot heading and projection welding operated satisfactorily to an exposure
of 2000 MWD/T.

Four KSE-3 single tube elements operated satisfactorily to 2000 MWD/T
under conditions closely approximating those in NPR. Basin examination
disclosed white areas on the Be=Zr closure and a gray appearance replaced
the usual lustrous autoclave film.

The maximum radiation-induced expansion transverse o the long dimensions
of the NPR graphite bars is expected to be 0.02%, occurring at an NPR
exposure of about 400 MWD/AT. An additional 0.01% expansion is expected
from the thermal annealing of stresses in the graphite.

To limit the corrosion rate of carbon steel in the NPR emergency cooling
system, it will be necessary to reduce the concentration of dissolved oxygen.
Tests with flowing river water indicate that the addition of sodium sulfite
and cobalt ion catalyst is a promising means of reducing the oxygen concen -
tration to an acceptable level.

Earlier indications that sections of a locally hydrided KER~1 zirconium
process tube had transformed to the beta phase in-reactor are now attributed
to overheating during sectioning., However, evidence of partial recrystalli-
zation found throughout the tube is still valid.

Microsectioning of very thin oxide films on aluminum and zirconium alloys
has been accomplished by ion bombardment. This technique will be useful
in studies of the structure and properties of corrosion films,

Hydraulics laboratory experiments indicate that flow reductions caused by
partial blockage of the front nozzle coolant inlet port during operational
charging operations at the B, D, F and K reactors are not serious enough
to cause excessive fuel temperatures,

2. Chemical Research and Development

Better characterization of the foaming problem with batch waste calcination
was obtained. A tangential air sparge into the top of the boiling pot seemed
effective in controelling the amount of foam over simulated foaming wasies,

The radiant heat spray caleiner is being modified by inserzion of an insulated
inner sleeve at the top of the vertical column. This feature was designed
to cause channeled recyecle of hot gas up the outer annulus and into the spray
region where partial evaporation will occur as the gas and droplets move

1226928 ——
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down through the center of the sleeve insert. This feature should reduce
scaling of the hot cutside walls of the column. '

Low concentrations of ammonia in Purex waste tank condensates were
detected and believed responsible for poor results on recent tests of ion
exchange purification of these wastes.

Repairs were completed to A~cell equipment in the High Level Radiochemistry
Facility and a third purification run recovered about 8, 000 curies of gtrontium-
90, This product was added to 13, 500 curies previously recovered and loaded
into the HAPO~1A shipping cask on a Decalso bed (inorganic ion exchange
media), Twenty thousand curies were retained in the cask for shipment to

the Oak Ridge National Laboratory.

Laboratory scale testing of the Hot Semiworks flowsheet for solvent extrac~
tion recovery of strontium~90 showed excelient sirontium recovery from a
feed of 10% full level activity. Other features of the flowsheet were within
expected behavior. The Hot Semiworks began shift operation during the
month to check out the process system. A review of safety and radiological
hazards of Hot Semiworks operation was completed.

A systematic study of electrodeposition of UQy from NaCl-KCl melis
showed the atmosphere over the melt had a profound effect on the nature of
the cathodic UOy deposit. Dense, polycrystalline deposits with 98% of
theoretical UOg crystal density were observed with O/U ratios as low as
2.0015. Under aliernate conditions large single UOy crystals as much as
8 mm long were formed.

Electrodeposition of UO3 from PbCly-KCl salt mixtures were studied at
temperatures from 500 C to 750 C with potassium to lead ratios from 1.0
to 2. 5. Well-formed UQOg of good quality is deposited over this wide range

. of conditions and the electrochemical behavior of this system gives promise
of a better theoretical insight to Salt Cycle technology,

A simple device was developed o assure one-way flow of resin in a continuous
ion exchange contactor. The device acts as a ''resin pump'' and involves
two plastic sphere check valves operating in conjunction with a pulser.

Comparison of U. S, Geological Survey aerial magnetometer data taken in
1959 to ground level magnetic field measurements made locally showed
reasonable agreement on site geological features. These extended data
identify a basalt anti-cline passing beneath 100-F and 100-N Areas in an
orientation south of 100~D area. The significance of this newly identified
sub-surface basalt mass is being evaluated,

Mineral bed experiments indicated that pyrite (FeSy) will be replaced by
sphalerite (ZnS) in aqueous solutions where zinc ion concentrations are as

1229928 DECLASSIFIED o
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low as 1073 or 10™% molar. The reaction is independent of the oxygen con-
tent of the system, indicating that the mechanism does not involve oxidation
of the mineral pyrite. This work may have significance to the problem of
removing radiozinc {Zn-635) from surface waters or low level aqueous wastes.

Physics and Instrument Research and Development

A simple system for automatic control of existing production reactors is
being studied jointly with IPD. This system uses on~off rod motion actuated
by limits on outlet tube temperatures, Satisfactory performance was obtained
in four tests on an operating reactor in which an operator simulated the
proposed controller action, Effects of wider variations in parameters of

the controller operation are being investigated by analog simulation,

Knowledge of the neutron economy of the NPR was aided by exponential pile
measurements intended to throw light on neutron streaming in the many void
channels of the graphite stack. Hazards analyses will be agsisied by reduc-
tion to useful, accurate formulas of the data recently obtained on reactivity
effects of fuel temperatures. These formulas now include the effects of
phase transformations in the fuel, Control rod strengths were also studied
further,

In the Plutonium Recycle Program a reassessment of the state of knowledge
of basic nuclear data was made possible by recently available results on
U-235 and U-233 obtained elsewhere, The conclusions are that the thermal
neutron data on U-235 and U-233 are geod to one percent but that the data
for Pu?3? are good to only four percent accuracy., Further measurements
will be required to improve the reliability of nuclear data of Pu?

Nuclear safety analyses will be aided by improvements in two methods of
criticality prediction. In one, a computation method for predicting inter-
actions between neighboring accumulations of fissionable material in com=
plex geometries has given good agreement with more exact methods when
applied to geometrically simple test cases. In the other, methods developed
for predicting critital masses of plutonium oxide-~water slurries were found
to be consistent with existing experimental data on dilite plutonium solutions.

The inexpensive radiation detector newly developed for installation at
locations where nuclear incidents might conceivably occur has been success-
fully tested for gamma dose rates from 5 r/hr to one million r/hr and for
total doses up to one hundred million r.

The accuracy of field radiation instruments will be improved through use of
a new portable scaler which reguires about one-tenth the power of the bhest

available commercial scaler,

The range of available data on diffusion of atmospheric contaminants was

122993



. ] X HW -69062

extended substantially by completion of the reduction of all data taken during
the 1960 field test series. Data now available include those taken under
moderately unstable conditions as well as under a range of stable situations.

A pebble bed reactor design, evaluated jointly with Reactor and Fuels at
AEC request, would be improved by better matching of coolant flow distri-
bution to heat generation distribution, With this exception, completion of
the physics portion of this study has indicated generally attractive nuclear
properties for the design and has also pointed up the need for improved
nuclear data on thorium,

Utilization of available physics computer codes should be improved as a
result of the current effort to issue documents describing the codes. Two
such documents were issued during the month: HW-68858, describing

"A Computer Solution to the Generalized Least Squares Problem'; and
HW-68100 RD, describing ''Meleager--A Burnup Code for Fuel Cycle
Analysis. "

Our knowledge of the behavior of P-32 in humans will be augmented by a
cooperative study begun with the University of Oregon Medical School,
using the whole body counter to determine the distribution of that isofope in
some of their patients.

The direct thermal testing of the heat transfer properties of fuel element
bonds was assisted by the development of an alternate method for making
Such measurements using a plasma jet heat source and an inductive (eddy
current) thermometer. The new method may be advantageous with ribbed
fuel, for example, and on smooth fuel gave results comparable with those
obtained using an induction heater and infrared detector.

Biolo gy

C columnaris is showing a wide variation in virulence, making it extremely
difficult to associate virulence with environmental factors,

It was previously shown that absorption of strontium and calcium from the
lumen of the small intestine of the rat into the blood showed discrimination
and a changing discrimination factor with change in calcium concentration.
For the reverse process, where strontium and calcium is introduced into
the biood and the amount that appears in the lumen is measured, there was
found te be no discrimination and no change in discrimination factor with
calcium concentration. This important finding shows there is a one-way
active iransport process operating in the small intestine for the absorption
of these two ions.

By using dinitrophenyl (a specific plant poison), it was shown that water
moevement {transpiration} and calcium uptake in plants do not parallel each
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other. This may prove an important step in elucidating basic mechanisms
in plant physiology. '

Rats can apparently take bi-weekly doses of 500 r without protection up to a
total of 10, 000 r. At this dose, animals seem io die of starvation. Cysteine

prevents the weight loss and mortality.

5. Programming

Substantial progress is being achieved in the development, simplification,
and improvement of computer codes for performing a variety of fuel cycle
and fuel value calculations, This includes routines for calculating exposure
vg. enrichment, isotopic composition vs. burnout, plutonium 'value' for a
wide range of uses, and minimized fuel costs and conditions as a function
of variables such as reactor constants, fueling mode, uranium price
schedule, and fuel element fabricating and jacketing costs.

An economic study has been initiated to evaluate the potential of partial-
decontamination separations processes, including the ""Salt-Cycle" process,
for recovering plutonium for recycle i0 power reactors. An important®
factor included is an estimate of the cost of remote, shielded refabrication
of the partially-decontaminated plutonium,

‘TECHNICAL AND OTHER SERVICES

There are 16 currently active projects having combined authorized funds in the
amount of $18, 388, 000. The total estimated cost of these projects is $25, 383, 000,
Total expenditure through February was $14, 654, 000. In addition, project pro-
posals have been submitted to the Commission requesting authorization for eight
new projects with an estimated cost of $753, 000,

A major bibliography ""Review of Power and Heat Reactor Designs -- Domestic
and Foreign' was completed during the month. Fifteen copies were prepared
for internal HAPO use. The multilith masters are being forwarded to the Qffice
of Technical Information Extension, Oak Ridge, from which they will be able to
reproduce additional copies as off-site demand warrants,

The Classified Files microfilming program is proceeding steadily, with 22, 800
documents microfilmed to date.

Project CG-785 - In-Reactor Studies Equipment - 105~-KW. Project CGH-805 -
High Temperature Tensile Testing Cell - 327 Building, and Project CGH-507 -~
Strontium-90 Interim Program, were completed during the month,

An HLO employeed assigned to the 325-A High Level Facility received an exposure
of 6.5 rads, inciuding .18 r, as a result of handling a contaminated piece of
equipment, The dose to the skin slightly exceeded the permissible dose of

8 rads recommended by the NCRP for a 13-week period,
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There were no new cases of plutonium deposition confirmed during the month,
The total number of plutonium cases that have occurred is 265, of which 183 are

currently empiloyed,

A faulty seal on a tank containing plutonium nitrate solution resulted in contami~
nation of equipment, floor areas, and three employees at the Physical Constants
Test Reactor in the 305 Building, Decontamination and resurfacing proceeded
throughout the month., Preliminary bicassay samples of involved employees
indicated minor, if any, deposition of plutonium.

Data from the complete file of fuel elements thus far irradiated and measured
under the Quality Certification Program are being used 0 obtain revised estimates
for the coefficients of various models of fuel element performance.

Initizl steps are being taken to use evolutionary operation techniques in connec~
tion with certain production problems in the Finished Products Operation of CPD,

Consultation was continued in connection with instrument calibration for the pro-
posed pulse column test facility experiments,

The statistical analysis of data from the work sampling study recently conducted
by the Analytical Lahoratories Operation has been completed.

Nondestructive testing at field locations with radiography and other test methods
will be expedited and performed more efficiently through use of a new mobile
laboratory.

SUPPORTING FUNCTIONS

Special requests were received from the U. S, Air Force during the month to
perform atmospheric studies at Cape Canaveral, Florida {$190, 000) and Edwards
AFB, California {$55, 000), Due to the cancellation of U, S, Government con-
tracts in the nuclear aircraft field some of this work may be cancelled.

The budget for attendance at professional societies was 39% spent at the end of
the month.

Sections have been requested to estimate their expenditures for Equipment Not
Included in Construction Projects for the balance of this fiscal year. Information
gained will be used to effect any necessary budget reallocation,

Fourteen Ph.D. candidates visited HAPO for professional employment interviews.
Three offers were extended; one acceptance and two rejections were received,
Current open offers total three. Recruiting trips were made to four universities.

Eighty-eight BS/MS applicants were considered, 51 offers were extended, 8
acceptances and 16 rejections were received, _Current open offers total 38.
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Six Technical Graduates were placed on permanent assignment during the month;
four others terminated from HAPO rolls. Current program members total 51,

Nine requisitions for weekly salaried personnel were filled during the month with
a total of 11 active requisitions remaining to be filled.

Information meetings were held in each department at HAPO concerning the
Advanced Engineering "A" Course to be held this fall.

Two consultations were held with legal counsel regarding the acceptance and use
of proprietary information on {rade name chemicals of other companies.

The incidence of medical treatment injuries (49 for the month) and security
violations (5) continued at the increased levels established in February with a
strong decline in the injury rate beginning in the middle of the month.

Ten participants completed the Creative Approach Seminar, Arrangements were

essentially compileted to offer "Principles and Applications of Transistors"
beginning early in September.

Cow C. o

for Manager
Hanford Laboratories

HM Parker:CARB:mlk
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REACTOR AND FUELS RESEARCH AND DEVELQFPMENT OPERATIQN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERTALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Erosion - Corrosion of Aluminum Alloys. The impingement apparatus hag
been modified by increasing the size of the small groove between intake
and exhaust holes from 15 to 25 mils to allow more water to flow past
the sample with less friction. Samples of X-8001 and 1245 aluminum
alloys were exposed to 300 Area tap water at 110 C in the modified
system. The corrosion of 1245 was about half that of X-800L in five-
hour tests. However, the difference was not as pronounced after 16
hours. A 300 psi back-pressure caused approximately an 8% decrease in
the amount of corrosion at several water velocities. Experiments were
also run with deionized water at 110 C for 24 hours. The velocity of
flow was varied from 60 ft/sec to 120 ft/sec, but very little increase
in the amount of corrosion was measured. The corrosion was negligible
when compered with samples exposed to tap water.

Chromic Acid Protective Film on Aluminum. Autoclaving saluminum in one
percent chromic aecid at 170 C for 40 hours produces a thin film which
has been previously demonstrated to offer a high degree of corrosion
resistance in a reactor environment. However, this treatment alsco pro-
duces a localized attack reswlting in dark elongated pits, which have
been termed "worm tracks'.

The nature of the worm track attack is quite similar to "Filiform
corrosion"” which is observed on steels and cother metals which have
protective oxide or lacgquer films. Several approaches being studied
to eliminate worm track attack include: (a) increased pH and chromic
acid concentration, (b) initial treatment at high pH, followed by low
PH treatment, and (¢} initial treatment ar 100 C followed by treatument
at 170 C.

Bydriding of Zircaloy-2. The effect of several gas mixtures con the
corrosion rate and hydrcgen pickup in Zircaloy-2 folls of five mils
thickness has been measured at 400 {. The foils were exposed in a
glass vacuum system to the following atmospheres: 23 mm water vapor;
23 mm water plus 25 mm oxygen; 23 mm water plus 400 mm hydrogen.

The corrosion rates in oxygen-water vapor were similar to those in water
vapor alone. The corrosion rates in hydrogen-water vapor were high,
particularly when the hydrogen content of the metal exceeded 300 ppm
(the soclubility limit at OO C).

DECLASSIFIED _
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The hydroger piciups in water vapor alone were low, averaging 7 ¢ 1C%

of the corrosion hydrogen, whereas 15 to L0% is normal for 40O C,

150C psi steam. Hydrogen pickups in oxygen-water vapor were still lower,
averaging 5 to 8%. Hydrogen pickups in hydrogen-water vepor were higher
than for wafter vapor alcne, averaging 18 to 38C%. Hydrogen pickups in
excess of 100% of the corrosion hydrogen indicate hydriding from the
hydrogen overpressure. In contrast tc the above results, LOC0 mm hydrogen
gverpressure in 1500 psi steam has no effect. PFurther tests are planned
to determine if the increased corrosion rates and hydriding observed
when the hydrogen confent exceeds the sclubility limit are real and re-

producible effects.

Corrosiaon Evaluation of the Irradiated KER-1 Zircaloy Process Tube. Pre-
liminary corrosion data have been cbtained from s sample cut from the
irradiated high ceorrosion porticn of the KER-1 process tube. The sample
was clesned of all oxide, etched, ard exposed tc 300 ¢, pH 10 water.
Sections cut from the cold end of the KER-L tube and 30-mil Zircaloy
strip were also tested.

After approximately ten days of exposure, the irradiated sample appears
to be corrosion-prone. The cxide surfacss »f the irradisted sampie are
beginning to show visible cracks and the weight gain for the sample is

almost twice the value cobtained for the 30-mil strip comparison pisces.
The sample sections cut from the cold end of the KER-1 tube show black

cxide films and weight gains only elightly higher than the 30-mil strip
comparison pieces.

The corrosicn test of the irradiated sample is beirg examined for any
information it may reveal on the solubility of Zr0s in high femperature
deionized water. Some radiomctive deposition has heen found on the cold
pieces which does not appear to be zirccmium. A radicassay of the water
discharged from the autoclave shows virtually no acsivity.

Radiome+allurgy Laboratory Studies

An inrer and outer tube from the her head closure Zr-2 clad tube-in-tube

elements were sectioned and are being examined metallographicslly. Con-

siderable cracking of the urarnium cores was found, %ut ro serious defects
in the cladding have yet teen seen (RM-70€).

Three KER single-tube Zr-2 clad enriched elements with Zr-Be vrazed end
caps were measursd for diame<er, lergth and warp. ne of the elements
showed a maximum double throw warp of 30 mils. The irradiation had
caused a slight shortering of +he elemerts (RM-S77).

Examination of the elemenw and basket from rthe fifth defect *test has been
completed. An estimated 25C ppm Hz ir the Zr-2 tasket opposite the rupture
was found from the metalicgraphic examination. This will bhe checked by
hydroger. analysis (RM-S74 ;.

The resultus and izterpretations of thess examinations will be reported in
more detail in connection with +the development programs served.
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Basic Metallurgy Studies
Rediation Effects in Structural Materials. In order to augment limited
data on changes in mechanical properties of structurel materials result-
ing from rediation damage, tensile specimens of aluminum alloys M-388
and M-257 were irradiated in the 1C5~KE megazine facility. Three charges
accumilated exposures of 7 x 1019 nvt, 3.19 x 1020 nvt, and 6.25 x 10°
nvt {thermal), respectively. The aluminum powder metallurgy atloy (M-257)
is of interest because of 1ts superior high temperature strength; however,
it does not have corrosion resistance in high temperature water compar-
able to the nickel aluminum alloy M-388. A comparison of the mechanical
properties of the irradiated alloys demeonstrates the persistance of
strength differences. Their ductility was not markedly affected by the
irradiation. Test results are given in the following table:
Irredistion Exposure  Strength 1000 psi Young's % Total
Alloy nvt thermal .2% Yield -Ultimate Modulus Elongation
M-257 Unirradiated 25.3 36.2 10 8
" 7 x 1019 28.8 35.3 11.7 10
" 3.19 x 1020 3.7 38.6 11.4 &
" 6.25 x 1020 35.5 4o.2 11.3 6
M-388 Unirrediated g.2 16.1 11 29
i 7 x 1019 6.8 15.3 -- 29
" 3.19 x 1020 8 17.1 9.k 23
" 6.25 x 1020 10.2 19.1 13.5 15.6

| Z

Electron and QOptical Microscopy. The study of the microstructure of
cladding and fuel material before and after irradiation is a direct way
of detecting radiation induced damage in these materials. Thin films
and folils suitable for electron microscopy offer advantages, since radio-
activity hazards are minimized. High purity anneeled aluminum foils,
0.003" thick, have been irradiated to 1 x 1020 nvt (thermal) and thinned
for transmission electron microscopy. Prismatic dislocation loops
similar to those observed in foils which received one tenth of this dose
were again detected. Normal dislocation lines appeared jagged and fre-
quently were clustered into tangles.

An aluminum rod with a polished, transverse face was coated with a thin
layer of collodien and then UQp. After irradiation the collodion with
adherent UQp was stripped in acetone and the original polished surface
of the aluminum was replicated. This experiment, similar to a previcus
one, indicates that fission fragments which enter a solid do, indeed,
damage the surface of a solid meval. It is impossible to directly de-
termine the extent of damage as a function of distance below the specimen
surface by chemical or electrolytic removal of surface layers and subse-
guent replication. However, it is possible to study fission fragment
damage as a function of depth in sandwich foils containing a constant
thickness of U0z and varicus increas:ing thicknesses of metal. This type
of study has begun.
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A series of specimens comtaining approximately 60 A thick UOp films were
prepared by a single evaporation. These films wers then arranged at
appropriate distances from & Pl evapcration source to provide a series

of sandwich films each differing by a geometric factor in thickness of
the pallsdium metallic layer. Subsequent irradiaticn and direct trans-
mission examination of the £ilms discleosed that (1) damage regions or
track geometry is definitely a function of metallic film thickness;

{2} in very thin layers, & ~ 10 A, the tracks appear to be independent

of the metallic layer and characteristic only of the UOs layer; (3) in
f£ilms approximately 40 A in thickness, the projected damage track consists
of discrete high density damege spots (maximum electron transmittancy)
and superimposed regicns of broad irregular regions of damage zbout the
main track. These tracks are characterized by heterogeneous patches of
condensed or piled up material adjacent to the bread damage regions;

(4) in £ilms approximately 5& A thick, the tracks become narrcwer and
their length and number per unit ares appear to decrease. Since loss in
contrast is a function of effective electron scattering power of the
material being studied, the conclusion that damsge in thick films is less
than in thin films may be erronecus. The effect is now being studied by
a modified technique.

X-Ray Diffraction Studies. The crystalline perfection of large metal
single crystals before and after neutron irradiation is beling studied
through measurements of x-ray extinction. The megnitude of the extinc-
tion can be interpreted in terms of the sizes of the "blocks", or co-
herently diffracting domains, and the degree of angular misorientstion
between blocks. A single crystal of molybdenum, grown by the strain-
annesl method has Yeen cut into seven individual specimens. QOnly the
central ocne-third of the rod was used. The individuals were oriented
by x-ray methods, and faces were ground parallel to selected crystal
planes. Three were ground with 110 faces, two with 211 faces, and two
with 100 faces. Grinding was followed by finish polishing and heavy
electropolishing. Precise measuremsnts of x-ray Intensity diffracted
from these faces are being performed. The extincticon, as indicated by
lncomplete data, is that expected from a crystal containing domains
about one micron in size. Assuming these domaing are bounded by dis-
locations, a dislocation density of about 108/cm2 ig indicated. Several
samples of aluminum single crystals of high purity (99.996%) and with
varying degrees of physical perfection have also been obtained and will.
be included in this study.

Tantalum Pabrication. Work is currently under way to attempt the re-
covery of about 35 pounds of tantalum scrap in the form of turnings. It
is anticipated that this material can be made into usable metal by con-
Sumable vacuum arc melting. Four octagonal electrode bars have been
compacted into bars weighing 8.5-lb each. Density of the compacted hars
is 70-75%. Preliminary welding tests indicate that these bars can be
welded together with the electron beam welder to make the finished
electrode.

1229938



L A-5 HW-59062

Zirconium Alloy Febrication. Forging of the 13 zirconium base alloys
(Nov. 60 and Feb. ‘6L monthly reports) has besen completed. Forging was
performed cn the T0C0-Ton Bliss Press. Preheat temperature was either
850 € or 875 C depending on the alloy being forged. Three of the alloys
showed a slight amount of center crecking. Two of these reguired crop-
ring before forging could be completed.

Metallic Fuels Development

Fuel Irredistions. Rediometsllurgical examination was continued on the
KER tube/tube eiements irradiated to an average 3200 MWD/T exposure in
KER Loop 2. The following density measurements were made on specimens
cut from the center of & uranium core element and a U-2 w/o Zr cors ele-

ment .,
% Density
Density - Decrease
U Core Inner Tube 17.92 5.28
Cuter Tube 18.36 2.96
U-2 w/o Zr Tnner Tube 17.k2 .65
Core Outer Tube 17.15 €.14

The outer tubes both increased in OD and decreased in ID. However, the
uranium inner tube increased in ID and the U-2 percent Zr inner tube
decreesed only slightly in ID.

An NPR-size inner tube fuel element (KSN-1) ruptured in a KER loop after
170C MWD/T. The end caps of this element were flush-fitted to *the uranium
and welded in place. An axial section was made through the feiled end cap.
In addition to a crack through the weld, there is a crack on the inner
clad of the fuel element next to the cap-uranium interface. The cuter
clad next to the cap-uranium interface is deeply grooved as & result of
thermally-induced shear strain in the clad. At one point this groove has
cracked open. It is probable thet this failure initiated at the cap-
uranium interface as & result of shear failure in tne clad.

The post-irradiation examination of PT-IP-300A is compiete. This PP con-
sisted of eight, 20-inch long, natural uranium, Zr-2 clad, KER tube-tute
elements irradiated in KER at 28C C outlet to 2000 MWD/T, at an average
specific power of 70 kw/ft. The imner tubes feature the hot-headed and
projection welded closure;. the outers were closed by TIG welding. Dimen-
sional measurements, including double throw warp were taXen on all elements.
No defects, other than cracking of the uranium, were found in the one inner
and cne cuter tube sectioned for metallography.

Ten 15-inch elements of NPR inner tube stock, processed with variable beta
heat treatment, are being irradisted in KER Loop 1. The approximate ex-
posure of the elements on March 23, 1961, was 890 MWD/T. The average and
maximum element power was 48 and 54 kw/f<, respectively. The charge 1s
operating normally and is due for scheduled discharge during the firs%
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week of April at an exposure somewhat in excess of 1000 MAD/T. Two
elements of the same group have been approved for irradiation in the

3x3 loop in the ETR during Cycle 36.

The second KER loading of enriched single tubes (KSE-3) was discharged
from XKER Loop 2 late in February after attalning an exposure of 2000 MWD/T.
Operating conditicns of these coextruded elements with Zr-Be eutectic
brazed closures simlated those expected in NFR cuter fuel tubes. Exam-
ination of the elements in the K basin revealed some white areas on the
Zr-Be eutectic braze closures and the absence of the usual black, lustrous
appearance of KER irradiated Zr-2 clad materiasl. In other respects,

there appeared to be no changes produced by the irradiation. The fuel
elements were weighed in water against an unirradiated standard piece for
the direct determimation of swelling behavior. Calculations of the ir-
radiation-induced volume increases {rom the weight change data for the
four elements were in good agreement and indicate a 3.0 percent increase
in fuel volume. This comperes with a 1.3 percent volume increase deter-
mined at 1200 MWD/T. '

Radiometallurgical examination of the 18-inch long KSE-3 fuel elements
discharged during January at 1200 MWD/T shows a length decrease of about
0.070-1inch, warp changes .of -0.002 to +0.008 inch, and outside diameter
chenges of +0.003 to +0.005 inch.

Heat Treatment Studies. X-ray data have been received on the preferred
crientation of the samples of NPR inner and outer tubes which underwent
various heat treatments invelving varying hold temperatures and nitrate
quenching temperatures. All heat treatments showed an effective random-
ization of the grain structure, but further analysis will be regquired to
determine if any one of the heat treatments offers a better randomization
than the others.

All grain sizes of samples studied in these heat treatment studies have
been remeasured using the uranium zrain size standards kit adopted by the
Fuel Element Development Committee with an attendant increase in the
accuracy of measurement and consistency of results. Previous conclusions
are more strongly supported and show that the nitrate guench definitely
gives the finest grain sizes of any of the quench media studied. The
normal grain size cbtained on NPR inner tube 59 (30-mil inner clad, 38-mil
outer clad, 1.263 D, 0.431 ID) using e nitrate quench was A3 (Al being
the large end of the range) while the same treatment on samples of NPR
outer tube T4 (25-mil inner and ocuter clad, 2.4L01 (D, 1.740 ID} resulted
in a finer grain size of AS to A6.

Werp Studies. Twenty-four NPR inner tube elements, 2hk-inch length were
salt bath beta heat treated for warp studies. These elements were obtained
from six coextrusions mede on the 700-ton vertical press in an 2ffort to
evaluate the warp problems arising from the horizontal orientation of the
production press, such as billet chilling and cooling ted handiing. The
extrusions were cooled by hanging vertically from the die.
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The warp data for the as-recevied and beta heat treated conditions are
shown in Table I. All orientation of the elements has been kept with the
top of the die of the primary extrusion from which the coextrusion billets
were machined as the reference point. Wall thickness variation and shift
of the coextrusion were also related to this reference point. There is
no apparent correlation of the warp direction with wall thickness, shift,
or direction of the primary billet. The elements were sealed by welding
wbonded end plugs for hot straightening and eutoclaving tests.

TABLE I

Warp Data for NPR Inner Tube Verticael Extrusicns

As-Received Beta Heat Treated Warp Vector
Element Warp Orientation Warp Orientation Warp Orientation
No. Mils Degrees Mils Degrees Mils Degrees
1-11 80 300 - 156 90 230 100
1-35 50 270 61 Q0 111 g0
1-59 30 170 48 175 16 182
1-83 24 390 31 170 36 211
2-11 32 30 57 100 28 11k
2-35 45 240 &2 245 18 259
2-59 22 190 16 195 6 353
2-83 19 170 13 150 9 20
3-11 Ty 180 37 170 7 58
3=35 55 185 53 130 6 300
3-59 12 180 25 170 14 161
3-83 HTo) 270 20 270 20 30
4-10 115 195 87 270 126 333
L34 31 198 28 230 8 313
L-58 10 50 27 265 36 256
482 L7 100 33 100 14 - 280
5-11 56 190 110 260 106 290
5-35 43 270 %2 275 4g 280
5-59 14 190 29 260 28 288
5-83 21 90 Lo 110 op 128
6-11 111 270 93 270 18 90
6-35 22 170 34 165 12 156
6-59 15 270 11 270 Ly g0
6-83 23 180 28 250 30 297
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The Effects of Cladding Thickness Uniformity on Zircaloy-2 Clad Co-
extruded Rods. Failures of Zircaloy-£ clad uranium rods and tubes &as a
result of localized clad straining kave cccurrsd irn NaK capsules anpd high
temperatures recirculating water loop irradiations. Radiomevallurgy
exasmination of the Zircaeloy-2 clad uranium rods irradiated in NeK capsules
has been completed. Measurements of cladding thickness variations from
photographs of the rod cross-sections 8& planned. With these measurements
it is hoped to verify the conclusion made from previous observations that
an appreciable percentage thickness change over a short gage length may
be necessary to initiate loecal instability.

To further study the effects of cladding thickness variations on the sus-
ceptibility to failure, a series of NaK capsule irradiations of Zircaloy-2
clad fuel rods is planmed for the Hanford reactors. Two 0.6Q00-inch
diameter Zircaloy-2 clad rods of U-2 w/o Zr have beer coextruded. These
rods have been bond tested, messured, and machired %o length for the ir-
radietlion specimens and control samplss. Cladding thickress on the first
extrusion varies from 0.029 to 0.03L4 inch and on the second extrusion it
varies from 0.028 to 0.033 inch. When the cladding on the irradiation and
_conurol specimens is machined concentric with the ursnium to a thickness
of 0.025 inech, the variation will be decreased by the amount of the surface
irregularities. Heat treatment and primary extrusion of an unalloyed
urenium billet preparatory to making coextrusion biliets is compliete.

Fuel Component Development. The NPR fuel slsment self-supports, as now
designed, have a negative temperature coefficient for the support circle
diameter. This is caused by the increased separation of the support tabs
as the fuel element expands thermally. Separaticr of support tabs be-
cause of heating lowers the support height mere than thermal expansion
increases the fuel diameter. This condition is greatest for the inside
support where the diameter clearance between the supports and the outer
tube will be 15 mils greater when the fuel is operating than when it is
cold. A support designed to have 2 zero or positive circle diameter co-
efficient is being develcped for tasting.

Closure and Joining. In order to enhance the investigatior of the metal-
lic inert gas filler metal process as a method of mak.ng the finali closure
on the NFR fuel element, several changes in the =quipment were made and
several are plamned for the future.

The turntable drive was cnangsi frem belt to chair with a chang= In the
diameter of the sprocket and driven gear. Thi:z changs WiLll give a positive
drive to the turntable, which had a tendency to siip, and ircrsaae the
speed with which the turrtsble can ve driven, thus allowing a weld on the
ID of the fuel element to be made under rthe same conditions as the (D weld.
Instrumentation was added t¢ the sys=em which will allow more precise
settings of the welding machine ard also acT as a check on the acceuracy

of the machine dial settings. Iz addition tc rhis, a record of the weld-
ing velfage of each specimen will be made.
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Before the equipment changes mentioned atove were mads, a group of welds
were made on specimens with varying step dimensions. The start and the
arc {(or running) voltage was also varied in a range just above the lower
limit of the welding mechine. Several cof these welds showed very little
or no beryllium in the weld metal when they were polished and viewed on
the metallograph. The majority of the samples showed at least cne small
spike of braze material in the weld. In some instances, however, the
spikes were smell and did not appear to go through the weld t¢ the outside.
Other specimens are to be welded in the near future ir an atfemp: to dup-
licete these welds.

Atftempts to resistance braze a Zircaloy-2 cap to the ursnium surface in
the projection-welded resistance-brazed closure have bean encouraging.
Approximately 80% of the surface was bonded by using the existing 10C KVA
welding machine at full capacity. The braze material used was a copper
immersion plate on the face of the Zircaloy-2 cap.

The initiel projection weld between the cap and the element cladding has
been improved to the point where the weld is adequate for the succeeding
brazing step; however, results indicate that additional power and pressure
will be necessary to produce a weld satisfactory for the closure.

Fuel Deformation Studies. A model for tubular fuel elements has been
formulated which accounts for the cyclic nature of straining within the
cladding but neglects the resistance to shear stresses of the fuel
material. Assuming c¢yclic strain data can be represented by a power
function and detas obtained from relatively rapid rates of strain cycling
can be used tc evaluate the cladding materizl model, the resulting equa-
tions for the fuel element model have been solved and evaluated. These
analyses predicted that the ratio of exterior cladding strain to spscific
volume dilatation should be C.181 for an NPR ocuter tube, 0.385 for an NPR
inner tube, and 0.258 for the XSE-3 tubes presently being irradiated.

The rough draft report describing these analyses is written. Testing
apparatus needed t¢ evaluate the effect of realistiec rates of strain
cycling and the effect of incremental straining is designed. Parts for
the apparatus are on order and the extensiometer is fabricated.

Increased Creep Rates Due to Large Temperature Changes. Temperature
cycled constant load tests on uranium are being conducted. In order tc
evaluate the deformations of tubular fuel elements, the flow resistance
of the uranium during temperature decrease and increéase must be deter-
mined. Previous measurements have only detected the nevt srtrain per
temperature cycle. Two weeks of temperature cyciirg tests of a specimen
without any loading were run in order to establish *he theraal expansion.
The variations in lengths during thermal cycling were so erratic thar a
mean thermal expansion could nct be eswablished. Hence, separation of
the strains occurring during heating and cooling will not be possible
with the existing eguipment.
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Extrusion Lubricants. It has heen known for some time that vanadium
pentoxide above its melting point is a slightly viscous liquid with
extremely oily characteristics when in contact with other metals. Un-
fortunately, the melting pcint of vanadium pentoxide is approximately
690 C, which happens to be above the alpha phase of uranium. A search
was made for a method of depressing the temperature of this liguid
phase; two means of doing so were found. The addition of 9 w/o calcium
cxide to vanadium pentoxide forms a eutectic with a melting point of
618 C. It has also been found that the addition of lead oxide (Fb0) to
vanadium pentoxide in a 50-50 mol percent produces a eutectic with a
melting point of approximately 490 C. A small smount of the PbO-VoQg
eutectic has been made and will be ground +to a powder for subsequent use
as a billet lubricant in the extrusion press. Similar experiments will
be made with the Ca0-V205 in the near future.

2. HEACTOR PROCRAM

Cooclant Systems Development

Cyclic Testing of APACE Decontamination Procedure. Two cycles have been
completed in ELMO-14 in the past month, making a total of seven completed
cycles in the inhibited APACE study. Isolated permanganate stains have
been noted on several stellite coupons. Sectioning in the stain area re-
vealed dendritic attack to a depth of about 75 mils. Since the stains
are seen on both sides of the coupons, it is possible that some continuocus
channels rupn completely through the 100-mil thick coupons. It is postu-
lated that this attack resulted from casting defects in the test coupons
and that exposure to the alkaline permanganate solution opened channels
through these casting defects. Although coupons from the same lot nave
been used in cyclic tests of other decontamination processes, this attack
has not been observed previously.

Oxygen Scavenging Studies. It will be necessary to reduce the concentra-
tion of dissclved oxygen in +the NPR emergency cooling water to keep the
corrosion rate to an acceptable level. A dynamic test has been completed
at 10 C to determine the corrosion rate of polished carbon steel zoupons

in water that has been filtered and treated with sodium sulfite to remove
dissclved oxygen. Cobalt ion was usad as a catalyst for the scavenging
reaction. The coupons were mounted on a stainless steel ladder which

gave an effective area ratio of carbon tc stainless of approximately 0.9.
The operating conditions were similar to those specified for NPR emergency
cooling operations. During this nest 98 te 100 percent of the dissolved
cxygen was scavenged. The residual dissolved oxyzen concentration averaged
over the total period of operation was S0 =o 75 parts per billion. This
level is considered acceptable. The addition of sulfite appeared to

reduce the corrocsion rate of the carvon steel. GQuan+itative dara tg
the exact amount of reduction will be obtained.

zhow

During the corrosion test it was necessary to increase the sulfite con-
centration to 1.5 times the concentration normally required to gbtain
compliete scavenging. 'This result has been tentativelv atrributed to
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adsorption of & fraction of the cobalt ions on ~he metal surfaces, re-
sulting in a decrease in catalytic activity. However, this hypothesis
has not yet been verified experimentally.

Tests are planned to determine the effectiveness of hydrogen gas and
hydrazine as an oxygen scevenger in the normal NPR coolant water. A
production test is being written to authorize the use of one or more
of the KER loops for tests with or without & charge in the active zone.

Crud Studies. A program is now in progress to evaluate the concentration
of particulate solids in coolant streams by filtration through kemicron
plastic paper. Although the present tests are intended tc establish the
feasibility of this method and are, therefore, not yet capable of accur-
ately determining the concentration of crud, the method appears promising.
It is much simpler and less expensive than the carbon filters (hot crud
probes ) currently being used, although the hot crud probes are capable

of retaining finer suspended sclids than is the L-micron peper.

Samples from ELMO-5 and KER-1 were viewed at 600X magnification to
examine the crud and to determins whether or not a particle count would
be feasible. A heavy background of rust particles was present in the
KER-1 sample but not in the ELMO-5 sample. Photographic techniques are
now being evaluated as a means of determining the size and concentration
of crud particles.

Corresion in High Temperature Water. Corrosion tests of stainless steels,
Monel , super alloys, and Zirceloy in 300 C water are continuing. The
corrosion rates of all alloys are low, ranging from 0.02 to 0.Ch mils/yr.

The KSE-3 elements discharged recently from the KER-2 lecep had a very
light colored oxide film after dischargze. An unirradiated element from
the same lot is being exposed to pH 10, 300 C recirculating water to
determine if the light cclored film can be duplicated out-of-reactor.

ELMO-15 Supercritical Loop. The construction of ELMO-15 has been delayed
to permit further pressure testing of the components. The heater vessel
was agein tested with a stress coating at 12,600 psi. The results of the
test were all satisfactory, except for the heater head which was incon-
clusive; this part will be retested. Another review of the pump was made
and a delay in shipment was requested until specific answers could be
obtained to guestions on design, testing, and certification. This will
result in considerable delay of the program, since the loop fabrication
cannot be started until the pump is on site. The pump will be securely
anchored, with other pieces of equipment free to move relative to the

punp .

Structural Materials Development

Burst Testing of Pressure Tubes. A revision to the project for the con-
struction of an unirradiated burst test facility has been approved. The
project was discussed with the contractor but construction has not started.
Construction is scheduled for completion in early August 1961.
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A technique for measuring localized deformation occurring during the
burst test was developed. Heat resistant paint is used to print a grid
on the tube prior to testing. Initial results reveal a marked variation
in both axial and circumferential strain throughout the specimen.

The design of a prototype chamber for burst testing irradiated pressure
tubing at elevated temperature is nearing completion. When fabricated,
the chamber will be placed in the basin of the 327 Building to test the

2dequacy of the design.

Zircaloy Retubing Program. With the advent of the overbore concept for
retubing the production reactors, about 200 Zircaloy tubes fabricated
during early development work will no longer be suitable for C Reactor.
Adaptation of a special fabricasting technique was undertaken to convert
these &3-foot € Reactor tubes to larger dismeter U8-foot X Reactor tubes.
Initial trials with short sections of tubing were successful. Close
control of the increase in the inner and outer diameters, the decrease
in wall thickness, and the increase in length was demonstrated. Tubes
with fabrication histories varying from annealed, 30 percent and 60 per-
cent cold work were successfully resiged. To assure that the minimum
length requirements are met, some of the tTubes will require a short
length of tubing to be butt welded on the end. Techniques for butt
welding were successfully developed, and the welds underwent resizing
without apparent damage. Prior to attempting the resigzing of full length
tubes, minor regrinding of the tools will be required to eliminate the
light die pickup encountered during resizing.

NPR Process Tubes. To develop an ultrasonic test for small transverse
tears in NPR process tubes it was necessary %o produce a standardi against
which the material under test could be compared. Transverse nctches of
kncwn dimensions were produced on the inner and cuter surfaces of a
section of tubing using the Electrojet machine. This machine cuts by
action of a carefully controlled spark discharge between the work piece
and a tool of the desired gecmetry. The machine had not previgusly been
used at Hanford for this purpose so it was necessary to develop the
tooling and machine settings reguired to rroduce notches 1/8" long,

3 mils wide and from one to five mils deep. A replication technique was
adapted for measuring the actual depths of the grooves cut in the inner
and outer surfaces of the tube. '

For the ultrascnic tests a focusing crystal was emplroyed to determine the
correct angular relationships and machine setvings 7o provide a balanced
response from the grooves on the inmner ani outer surfaces. Tests proved
that scamnning rates which are impractically siow are required to assure
detection of defects. Application of a flat crystal allowed greatly in-
creased scanning rates with only a small loss in precision. The tesgts
successfully detected a small pi% and crack present on the inper surface
of a production tube. Additicnal refipements will be nesded, but wWitimate
success of the technique Iz now assured.

12209640



A-13 HW-69062

KER-1 Process Tube. Previously it was reported that the grain structure
of samples from two sections of the KER-1 tube indicated beta transforma-
tion had taken place. BSubsequently it has been determined that this was
caused by sample preparation. It has been demonstrated with unirradiated
samples that insufficient cooling water while sectioning allowed the
specimen to heat into the beta phase. Most of the samples from KER-1
were submerged under weter during sectioning which reduces the amount of
heat-affected material to a region less than one mil from the cut surface.
This material is easily removed during the grinding and polishing. Thus,
evidence of partisl recrystallization found throughcout the tube is still
valid.

Wet chemistry completed on a portion of the tube that was beneath the

heavy oxide layer gave the results: mnickel, 0.073 ¥ 0.004%; iron, ©.030

* 0.002%; copper, 10 ppm. No tin was detected by wet chemistry, but the
spectrochemical analysis indicated one percent or greater. Tin is very
difficult to keep in solution, and it is possible that the tin precipitated
out prior to the chemical analysis.

. Nonmetallic Materials Development

Graphite Burnout Rates at C Reactor. Burnout samples were discharged
from 188G-C, 1960-C and 2780-C after 115 operating days. The average
burncut rates (percent weight loss per 1000 operating days) are shown
below:

Distance from Front Van Stone Flange

10-f%, 8-in. 15-ft, b-in. 20-ft, b-in. &5-ft, o-in. 30-F%
1889-C 2.12 2.35 0.29 0.23 C.11(gain)
1360-C 2.71 2.94 0.65 0.20 0.11(gain}
2780-C 0.12 0.60 0.36 0.18 0.03

The retes in the front zone of the reactor in the first two chamnels are
greater than the established limit of 2% per 1000 cperating days. However,
they are lower than a year ago when a high rate of 35% per 1000 operating
deys was measured in 1960~C. The rates from the same relative position in
channels 1889 and 1960 are nearly the same, while those from 2780 are con-
siderably lower. Hence, it might be concluded on the basis of these data
that the oxidizing condition extended across the stack in the areas of
these two channels but did not reach as high as the 27th row.

Physical Properties of NPR Core Graphite. The tensile strength of NPR
core graphite has been measured parallel and transverse to the direction
of extrusion. The average high and low values of sixteen parallel samples
were 1668, 1909, and 1242 psi. In the transverse direction these wvamlues
were 957, 1421, and 545 psi.

Defects in NPR Tube Blocks. NPR tube blocks wnich have been rejected for
visually observed cracks were examined. Flow lines as well as cracks
were noted. The flow lines reduce the tensile strength of l/L-inch and
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1/2-inch sections. The compressive strength of large sections is appar-
ently not reduced by the flow lines. Cracks were alsc observed between
the bore and outer surface of the bar. This type of defect will probably
become apparent when the keying notches are machined and mey result in

further rejection of bars.

A~k HW- 69062

Initial Radiation-Induced Expansion of NFR Core Graphite. On the basis

of available data it appesrs that the maximum radiation-induced expansion
transverse to the long dimension of the NPR graphite bars will be 0.02%.
This meximum will occur at an NPR exposure of approximately LCO MWD/AT.

An edditional expansion of about 0.0l% resulting from the thermsl annealing
of stresses in the graphite will be superimposed on the radiation-induced
expansion.

Thermal Properties of Trradiated NPR Core Graphite. Room temperature
thermal conductivities after irradiation at SC0 to 600 C, 1257 MWD/AT in
KW Reactor (an equivalent exposure of 600 MWD/AT in the NPR) were

0.19 cal/cm-sec-C parallel to the extrusion axis and 0.09 cal/em-sec-C
transverse to the extrusion axis. The thermal expansion ccefficients
between 25 and 485 C decreased slightly upon irradiation to about 500 MWD/
AT but returned to the unirradiated walue upon continued axposure to

1257 MWD/AT. These results have been reported ir more detail in HW-687562,
"Irradiation Effects on NPR Core Graphite - Initial Short Term Irradiation
Results."”

Irradiations of NPR Graphite in the ETR. The GEH-13-5 graphite irradia-
tion capsule was discharged from the ETR on March 5. The NPR reflector
graphite contained in the capsule was irradisted at 700 € to a maxirum
exposure of approximately 1.h x 1021 nvt, £>0.18 Mev, The capsule was
successfully disassembled in the hot cell and all four sample cups, con-
taining three samples each, were recovered intact and are being snipped to
HAPQ for post-irradiation measurements. T™wenty-two of the 24 iron, nickel,
and ccobalt flux monitors were recovered.

Fabrication has begun on a capsule, GEH-13-7, to be irradiated in the F-6
position of the ETR. The purpcse of this irradiation is to obtain qual-
itative comparisons of NPR core, NPR reflector, and CSF graphites. The
capsule will contain 24 quarter-rvound samples in groups of four. The
sample temperatures, which are expecred r> be in <he range 400 to 300 C,
will be monivored by nine thermocouples.

Thermel Hydraulics Studiaes

Heat Transfer Experiments Pertaining te ¥PR. The studies tc determine the
boiling burnout conditions for tne NPR tube-in-tube fuel elemsnt were con-
Tinued. Experimenta. data were obtained 1rn the hear transfer Laboratory
To complete the scheduled program for a ~est section of the outer flow
annuius of the fuel element.

The test section consisted of a 2u-inch long Hastelloy tube having an QD
of 2.39C inches placed inside a 2.7C0-inch ID process tube. The Hastellov
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tube was electrically heated and the heat was transferred to water flowing
through the annulus. Thermocouples attacned to the inside wall of the
Hastelloy tube allowed the detection of temperature excursions associated
with boiling burnout conditicns.

A series of burnout points were recorded at 1000 psig with inlet tempera-
tures gf 530 F and mass flow rates over the range from 0.5 x 10° to

5% lOg 1v/hr-£+€. Additional points were obtained at 1500 psig with in-
let temperatures of 510 to 550 F. Purnout indications were always given
by thermocouples in the bottom 90° quadrant of the annulus. The data from
these experiments are presently being prepared for 7090 computer analysis.

Preliminary enalysis of the test results obtained previously for the inner
amnulus of the tube-in-tube fuel element indicate that the burnout heat
flux will correlate well with mass velocity and ocutlet enthalpy at mass
velocities above 1 x 100 1b/hr-ft2. Difficulty has been encountered in
obtaining a satisfactory correlation at lower mass velocities.

Special test sections are presently being fabricated to study the effect
on boiling burnout at high pressure of having the inner tube of the tube-
in-tube fuel assembly placed in a non-coaxial position within the outer
tube.

Fuel Element Temperatures Following A Front Header Pressure Loss At

K Reactors. A study was concluded to determine the fuel element tempera-
ture rise which would be associated with various degrees of coolant supply
pressure decrease at a K Reactor. Such pressure losses could result from
loss of electrical power to the process pumps, or rupture of coolant supply
piping between the pumps and the front headers. The pressure reduction
events were simulated on the single ‘tube prototype K Resctor assembly while
using d-c¢ glectrical resistance heating to similate the nuclear heating of
8 38-piece charge of I&E fuel elements. Power input to the test section
was reduced systematically to simulate a 500 ih reactor scram. The results
of the experimental study will be useful in evaluation of the reactor
hazards which involve the coolant supply systems. The resulis are re-
ported in HW-68273.

While it was not the purpose of the study to make specific recommendations,
the experimental data allow one to make conclusions such as the following
sample conclusiong: (1) With five-pump gperation a sudden pressure re-
duction event as severe as rupture of a supply line to & front riser could
result in fuel jacket melting during the reactor scram and subsequent
power decay at tube powers of about 1500 KW. {2) With six-pump operation
fuel jacket melting would not occur even with failure of a front riser at
tube powers up to about 1900 KW. (3) Coolant boiling following & complete
electrical power loss should be avoided to prevent fuel jacket melting.

The appendix of the report includes a comparison between the heat output
from the 189-D experimental equipment following a simulated reactor scram
and the recompended curve of reactor heat output which is based on a
number of reactor experiments.
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Silicon Rectifier Control System Modification. The control system of the
silicon rectifier direct current power supply has been modified to prevent
progressive damage of multiple rod heating element test sections during
boiling hurnout experiments. The control system was originally designed
and installed with a power feedback control such that the rectifier ocutput
centrol was based on test secticn power. During experiments with eleac- :
trical heating in several parallel electrical paths, the inadvertent
failure of one element would not change the total power supplied to the
test section and thus would result in increased power generation in the
remaining elements and progressive burnout failures.

A voltage feedback contrcl circuit has been added to permit the rectifier
output control to be based on test section voltage. Thus, failure of one
element will not affect the power generation in the remaining elements.
Since power feedback is desirasble for single element "fuel" assemblies to
overcome changes in test section resistance due to temperature change, the
power feedback control circuit is being retained on a selector switch basis
with the voltage feedback control circuit.

Low Pressure Boiling Burnout Conditions for Eccentric Annuli. The program
was continued to investigate the effect on heat transfer conditicns of the
non-coaxial positioning of fuel elements within a coolant tube. During
this month the effort has been directed toward the collection of data
applicable to IXE fuel elements in a K Reactor process tube for the case
of % eccentricity (i.e., concentric annulus).

In these experiments thermocouple trouble was encountered, and it was
found quite difficult to detect boiling burnout and menually reduce power
before test section damage occurs. Cme fairly conclusive burnout point
was determined for K Reactor central zone flow conditions (40 gpm annulus
flow) and 107 psig at a heat flux of 1.87 x 106 Btu/hr-ft2 at 3 F sub-
cooling. A one by 1/2-inch hole was melted in the test section as a
result of this burnout point. This burnout heat flux is about seven times
the burnout fluxes which vere determined with 90% eccentricity and 40 gpm
annulus flow.

Flow Reduction During Operationasl Charging. Hydraulics laboratory exper-
iments indicate that flow reductions caused by blockage of the front

nozzle coclant inlet port during operaticnal charging operations will not
exceed 10 percent of normal central zone flow rates. Part of the experi-
ments were conducted by recording transient flow rates during use of a
Merk IT Operational Chaerging Machine (designed by IFD persomnnel) on a X
Reactor single tube mockup. The remaining experiments were conducted on a
BDF single tube mockup under steady state flow conditions while purpesely
restraining a fuel element over the nozzle inlet port. In neither case

was the flcw reduction caused by the charging machine action or the "stuck"
fuel element greater than 10 percent of a normal central zone flow. Since
& flow reduction of about 30 percent is necessary to cause flow lnsta-
bility, excessive fuel temperatures as caused by insufficient flow should
not be a problem during changing operations with the geometries investizated.
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Project CGH-834. Installation of equipment in the 189-D heat transfer
laboratory was resumed on Project CGH-834 which will allow investigaticn
of fuel temperatures following a simlated rupture of reactor coolant
piping at pressures up to 2000 psig. Eguipment installed during the
report period included two heat exchangers, two pressurized air tanks,
and 8 1000-gallon water storage tank. The tanks will supply water at
constant pressure during the similated piping rupture. The completion
of this project awaits the receipt and installation of some gquick
acting valves designed to simulete the piping rupture.

A new injecticon pump was installed in place of one of the large injection
purps used previously in the high pressure experimental apparatus. The
new pump uses three cylinders instead of one to deliver the required
injection rete and thus should reduce the magnitude of the system pressure
fluctuations.

Shielding Studies. The IBM-T090 computer program to calculate neutron
and gammas attenustion for shielding design studies is in the debugging
stage. .

The electronic components of the fast neutron spectrometer are being
overhauled in preparation for future neutron spectrum measurements in
shield materisals.

WEAPONS - 3000 PROGRAM

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

%
@%
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€. REACTOR DEVELOPMENT - L0OO PROGRAM

1. PLUTONIUM RECYCLE PRCGRAM

Plutonium Fuels Develcpment

PRTR Fue)l Fabrication. The fabrication of replacement Pu-Al elements
for PRTR use has been delayed by uncertainties in sheath tubing
guality. Of 487 tubes received in 1961l for this loading, 97 are
being held for corrosicn testing as all tubes using K and L billet
material are guestionable, and samples from each tube are being auto-
claved. All the other tubes on hand have been made into fuel element
rods and awalt etching and autoclaving. Autoclaving will continue as
soon 88 the new racks, holding 57 rods compared to the 36 in the
previcus racks, are conditioned. '

Fabrication Development. The development of economical fabrication
techniques for uniformly enriched UO2-Pul2 fuel clusters has been
accelerated during the past month and is essentially on schedule.
Swage compaction fabrication will be utilized in fabricating the first
portion of the 8l-clustear PRTR load, followed by high energy vibration
compaction of the remeinder. This will allow direct comparison of

~ these processes for UOg-PuOp with UOp experieunce obtained during the
fabrication of the first PRIR loading. Incremental process differ-
ences due only to the plutonium enrichment can ther be evaluated.

Distribution of plutonium oxide ir uranium oxide is one of the mejor
problems involved in the development. Although the utilization of high
density UOp-PuOz solid solution feed material wowld ¢ompletely eliminate.
the problem, considerable fabrication eccnomies will result if small
particle size PuOp can e uniformly distribtuted in arc-fused UOg having
the wide range of particle sizes needed to achieve high fuel densities
by both swege and vibra*ionsl compacticr techrigues. The complexity of
this problem 1s demonstrated by dispersion results obtained on a twenty
kilogram blend of O.44€ w/o PuOz higp surface area powder in arc-fused
UO2 directly af+er removal from the twin sheil biermder. Since this iz
the mcst favorable process poirt at which to expect homogeneity, subse-
gquent pouring, vibrating and swaging operaticns wilil aggravate rather
than relieve the problem. Distridbution resuits Ty chemical analysis
were ag follcws:

1. For 15 samples maken througnout rthe olena,
a. Twe-thirds of the camples were withir ¥ 3% of she
nomircal vaiue.
b. QOver-all variance within -h: grcup of sampies was
approxirately 19%.

2. For the sample taken from the blender wall,

The sample showed a reventlion of PuQp In the ~iender.
The magritude of the retention was four times ths
nominal tlerd vaius.

12294952 HCLASSIFID
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3. For 10% cut sample Srom the blend,

The sample analyzed 12% below the nominal blend value.
This analysis was below any of the 15 individual samples
mentioned sbove. As a cut 10% sample of a blend should
be more representative of the blend than an individual
"grab" sample, a repeat analysis will be made.

Since the PuOp powder used in this study was low temperature calcined
plutonium oxalate of very high surface area, some improvement should
result from the use of lower surface area powder formed by a higher
temperature calcination or by calcination of plutonium nitrate. There-
fore, this experiment has been repested using oxlde calcined at 1000 C
for four hours, but analytical results have not yet been obtained.

Two methods were developed to control the macro-distribution of plutonium
oxide rlcng the length of 2 tube loaded with mechanically mixed UCo-PuOp
powders. One method consisted of preparing and mixing "one-tube batches”
of cxides and controlling the percentage of fines (-325 mesh particles)
in the batch. The other method consisted of incrementally loading the
tube so that each small increment contains the required amount of plu-
tonium. Both methods heve general application to other systems of mixed
powders. The advantages of the first method are simplicity and initial
cost, while the advantages of the incremental method are flexibility,
accuracy, and amenability to mechanization. Since both of the methods
were developed with UQo fines, determination of variations with mixed
UOp-PuOs fines will be made. Since the celcined PuOp particle size 1is
very small (entirely -325 mesh), it is assumed that PuCo will follow
the genersl distribution of -325 mesh U0p. Therefore, a less time-
consuming and more basic understanding of the distribution problem is
obtained by studying the distribution of particle sizes of UOo along

the length of a tube than by obtaining spot analyses of plutonium
throughout the fabricetion process. The experimental method consists

of loading a tube with UOp, shaking on a 60-cycle vibrating table to
obtain the desired tap density, cutting the tube into segments, and
obtaining the particle size distribution in the segments through screen
ganalysis. BPBased on the results of the experiments the following cconelu-
gions are drawn:

l. The mixing, blending, and pouring methods and the container
materials all affect the distribution of particles in the tube.

2. A process of blending in large batches and splitting into
"one tube load" batches is not sufficiently under control
to assure (a) obtaining the proper amount of fines (~325
mesh particles, e.g., PuOp) in & given tube, and (b) obtain-
ing uniform distribution of the fines in the tube.

3. A process of blending "one tube batches" affords better control
for both obtaining desired plutonium content and distribution
in & tube.

UNCLASSIFIED
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L. The variation of fines along “he length of the tube (W% to 20%
fines) may be expressed by the empirical formula:

_ 180
h s
where: Vp = total varietion of fines expressed as a percent
of the percentage of fines

F = percentage of fines (-325 mesh particles).

Thus, for a mixture containing 4% fines total variation of fines along the
tube will be 45% or approximately 4% ¥ 1/2(0.450)(4%) = 4% * 0.9%, or
total varistion from 3.1% to 4.9%. Similarly, with 20% fines the total
varietion is approximately 9% or 19.1% to 20.9%. Increasing the percent-
age of fines decreases the relative variation, so that if it were desired
to keep plutonium distribution within a 10% variation (¥ 5%), as is the
case for Al-Pu spike elements, approximately 18% fines would be required
in the charge. Since greater amounts of fines decrease final density in
the cold swaging process, no determinations beyond 20% fines were made.

A more accurate and flexible method of obtaining uniform distribution is
by incremental loading. The technique was developed when particles in a
glass tube were not cbserved to preferentially settle or migrate when
being vibrated on a 60-cycle table. This led to the conclusion that the
longitudinal distribution would be uniform if the PuOp could be loaded
uniformiy. Several tubes were incrementally loaded with UQp using the
-325 mesh UOs to follow the distribution of fines which would include the
PuOs enrichment. The tubes were manually loaded in one-quarter inch
increments. In eech increment fixed quentities of coarse particlas were
mixed with fixed quantities of -325 mesh particles. Screen analyses vere
made of segments cut along the length of the tube. lLess than 10% varia-
tion of -325 mesh particles was readily obtained, and it appears that
mich smaller variations will result from refined loading techniques.

Hand loeding tubes in increments is relatively slow {approximately 30
minutes per tube), but the process is readily adaptable to automation.

In addition to the distribution of the Pul2 in UO2, a number of other
problems peculiar to the swaging process are under investigaticn. Seven
additicnal UOp-Pulz fuel rods have been swaged witn an over-all length
variation after four swaging passes of approximarely 1-3/8 inches. Tube
wall thickness variations as well as die heating due tc friction and
mechanical work are the main contributing factors in length variaticn.

It now appears practical to contrel length with a total variation of one
inch and rods will be segregated sc that within any one cluster total
length variation will be within one-half Inch. Fluorescent penetrant
exemination of these rods after they rad been given a brief cleaning etch
revealed numerous pit type defects. Surface examination showed that the
cleaning etch had not been of long enough druation te attack the ciadding
surface completely. The rods were given a standard etch, (0,004 - 0.005-
inch on the diameter}, and on re-examination all rods passed the fluarescent
penetrant test. Ultrasonic testing of the rods indiczarted defects ranging

UNCLASSIFIED
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from 0.003-inch to 0.005-inch in the preswaged ends. Traces along the
rest of each rod were uniform, and no defects were recorded. Improve-
ments are needed in the quality of the preswaged ends; however, this
problem does not exist with the alternate process using swagable end

Caps .

A study was made of the relative movement of various sized particles in
a vibrating column using the high energy vibratory compactor. A one-
ineh ID lucite tube was filled with alternate layers of fused UOs:

(1) coarse (-6 +10 mesh), (2) medium (-35 +60), (3) fine (-200}, and
(4) coarse from bottom to top. This was shaken and the movement of the
interfaces was observed with & stroboscope.

Confirming the results found on the Syntron shaker, nc interfacial move-
ment was ncted at 60 cps when the acceleration level was cne gram or less.
At two grems acceleration the medium particles began to move through the
coarse fraction. The experiment was repeated varying the frequency. It
was found that movement of the medium particles through the co@rse layer
took place readily at a one-gram acceleration level when the frequency
was in the 30-40 cps or the 4S0-480 cps region. At acceleration levels
of two grams or less no movement was detected of the fine particles
through the medium ones. When the acceleration was increased to 20 grams
and the rod was cycled for ten minutes between 30 and 2000 cps, some '
disruption of the fine-medium interface was noted, but the mixing was not
extensive. As is to be expected, no penetration of the fine layer was
made by the top cofrse particles. It is concluded from these experiments
that there is a threshold acceleration below which relative particle
motion does not occur. This threshold is considerably lower at natural
resonance frequencies than at 60 c¢ps.

Development has continued on a nondestructive technique for determination
of longitudinal segregation after swage compaction or vibration compaction
of UQp-Puls fuel rods. Gamma spectrometer studies were made on the two
five-inch capsules previcusly reported but measurements did not reveal

the one w/o defect present in one of these capsules. Three additional
capsules were fabricated in the same manner, containing 10 w/o, 3 w/o,

and 2 w/o defects along with a fourth cepsule repeating the one w/o
defect. On initial examination all of the defects with the exception of
the one w/o defect were readily detected. Further examinstion of the
capsules is continuing.

Semples from sections of three zirconium rods extruded from scrap and
sponge were studied metallographically. The samples were then subjected
to a steam sutoclave corrosicn test. The sample made from sponge showed
considerable impurity in the form of hydrides at the gzrain boundaries

and unrecognizable inclusions. The grain size varied from fine at the
outside to large at the center. Corrosion resistance was very poor with

a weight increase of 234 mg/dmg. Heavy white oxide prevailed. The samples
made from scrap were in each case & good clesn specimen. There were some
light oxide stringers. One sample showed mixed alpha and transformed beta
zirconiur while the other sample was all alpha with very fine grain. The
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difference would have to be due to temperature arv the die during extru-
sion. Each of thess samples showed good corrosior resistance, 18.1 me/dme
for the fine grein alpha and 23.3 mg/dm for the alphe and mixed beta.
Tools for the extrusion of 2 one inch diameter tube have been fabricated.
It is planned to direct extrude a tube from locse particles of scrap,
using only a copper cen to contain the particles.

Weld quality tests have been made on 0.565-1inch diameter, 0.010-inch wall,
type 406 stainless steel using the fillet head weld. The welds have been
subjected to hydrostatic burst tests and autoclaved at 350 C and 2400 psi
with no detectable change, further studies are being made on the weld-
ability of 406 stainless steel for fuel element end closures, It is felt
that fusion welding of 406 stainless steel will not be a probliem.

Ten injection-cast cluster rods were drilled and counterbored preparatory
to making end closures. The machining was done without coolant to avold
introduction of volatile hydrocarbons into the closures. The counterbore
diametars were within dimensional specifications with good surface finish.
Two rods which were transferred to an open front hocd and measured with
calipers were within the ¥ 0.005-inch tolerance for machined length and
the cothers as measursed against a standard with shim stock were also within
specifications.

During the autoclave testing of Zircaloy-4 clad fuel elements it was
noticed that some rods exhibited a uniform grayish coloration rather than
the usual black color. Upon further examinaetion i+ was noted that the
autoclaved surface had small flecks of white oxide uniformly dispersed
with the Plack oxide. This oxide coating is harder to remove by grit
blasting than a uniform black oxide cocating.

Fuel Evaluation. The four-foot long Zircaloy-clad UOp-PuCz seven-rod
cluster containing sintered and ground pellets has beer irradiated 71
full power days in the ETR 3x3 loop. Corrected exposure calculations
indicate the element has received a maximum of 25C0 MWD/T and =n average
of 1400 MWD/T. The calculsted core temperature dwcsing this irradiation
was 1850 C with an asscciated maximum heat flux of 36,000 Bru/hr-f4<.
After an appropriate cgoling pericd, the element will he returned tc
Hanford for examination.

The radiometallurgi:al examiration of the in-pile thermal cycling slement
has been completed. No changes In *hsz seven-rod cluster wers observed as
a result ¢f receiving 72 thermal cycles in the 3x3 loop. Metallcgraphy
showed some intermittent bonding betweer rhe plutonium-sluminum ailcy
cores and the Zircaloy-4 claddinz. This has been observed in other high
temperature cluster irradiations.

Some out-of-pile thermal cyeling ‘ests are bhelng run con dummy elements in
an effort to determine the pressure deperndernce of cycling effects cn PRIR
prototype fuel rods. The cyeling appara-us has been changed so that
constant pressure is meintained regardless of Lemperature and, 28 expecrted,
cycling effects are dependent upon the t=ct pressure pven “though some
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of the rods are badly distorted, no cladding failures have been experienced
with the improved quality tubing now being used for fuel fsbrication.

Rediometallurgy results have been cbtained on & Zircsloy-clad three-rod
cluster. This ll-inch long cluster was fabricated by inserting Al -

3 w/o Pu alloy cores into Zircaloy tubing with an average diametral gap

of four to five mils between the core and cladding. In this respect it

is similar to the PRTR Al-Pu spike power elements. The element was exposed
for 34 effective full power days and initially operated et an aversge power
generation of 66.5 kw/ft with an associated maximum heat flux of about
677,000 Btu/hr—ftz. The external surface of the irradisted element had a
mottled appearance similar to what has been observed previously. All the
fuel cores were loose- in the c¢ladding. The cladding ends have been removed
and core length measurements are being made.

More power generation calculations for the self-shielded fuel concept have
been received. The physical makeup of the fuel concept presently under
consideration is a small diameter PuC core surrcunded by graphite which is
cled with one-half inch diameter, Q.030-inch thick Zirealoy. Results of
the calculations are as follows:

Self-Shielded Power Generation Calculaticns
Pul Core Material

Core Diameter Core Density Power Generation in
(inch) (% Theoreticael) Thermal Flux of 2x10% nv (kw/ft)
1/16 90 19.10
3/32 90 31.97
1/8 30 L6.56
1/16 100 19.81
3/32 100 33.26
1/8 100 48.60

These calculaticns indicate that the self-shielding factor is greater and
the power generation is consequently lower than previously thought ang,
hence, lower temperatures will be encountered. Heat transfer calculations
will now be made.

Corrected power generation values for the PuOp-UQs experiments in the Hy-
draulic Rebbit Facility (VH-k) at the MIR were received. Same typical
values, calculated by computer, were as follows:

Specific

U02-Pulp, Density, Pover
{a/0 Pul2) (% of theo) (kw/£1)
0 65 12.36
0.187 65 16.47
15 65 78.36
4o 65 82.80
0 90 16.12
0.0259 90 35.49
15 90 80.24

1229957 UNCLASSIFIED



UNCLASSTFIED A-2h HW-63062

The PuQp-UQn test element for the reactivity measurements in the SNOUT
Facility mockup in the 305 Reactor has been desisned and prepars:‘:a of
the components has been initiated.

U0z Fuels Develcpuent

Irradiation of 19-Rod Assembly. The failed rod in the prototypic PRTR
15-rod cluster (GEH-12-%) was metallographicelly examined. The failed
cladding shows nc evidencs of strain or necking, indicating that the
fracture was not ductile. The interral surface of the cladding is
penetrated by many small cracks in the area near the failure. It has not
yet been determired whether the failure was asscciated with an internal
crack in the cladding. Localized concentrations of hydrogen { A 100 ppm).
were observed near the outer cladding surface and in the immediate
vicinity of the failure. Swrprisingly little evidence cof wash-out of
the UO2 1s evident, although the fuel clement was opsrated a #ctal of

13 hours after the rupture occurred.

Magnatic Force Closures. The electrical conductivity and hardness of
electrocde materials for resistance welding have a dramatic affect on the
quality of the resulting weld and on the electrode life. There are at
least- twenty-two alloys which mey be obtained as "standard" materials.
Four of these alloys have been evalusted as inserts for the non-segmented
¢ylindrical electrode on the magnetic-force welder. Long electrcde life
was obtained with 10Ow3 (Tungstern Carbids-Copper), 20w3 (Tungsten Copper),
and TC-53 (Tungsten-Carbide-Copper). The low electrical conductivity of
TC-53 improved the neet balance when making closures on thin stainiess
steel clad fuel rods. TC-53 is recommended for welding stainliess stueel
and 20w3 for welding Zircaloy-2.

Vibrational Compacticn. Two vibrationally compacted, fused UQs, thermal
conductivity specimens were prepared. The specimens, three inches in
diameter and one inch thick, were compacted to 86.4 and 84.2% of
theoretical density ir thin-wall stainiess steel containers. The pro-
cedure involved vibration of the coarse {+L mesh) fracticn to minimum
volume, followed by addivion and compaction of a sized and blended
mixture, using a floating restraint on the mixrure to minimize segre-
gation of fines. :

Particle size effects were invesztigated. Widely varying particle size
distributions have been reported as cptimum 5y varigus sitss on the kasis
of theoretical and empirical results. Four promizing mixturas of UOp
particles were selected ard compacted a* low accelzrations and witTh
carefully corntrollad ftimes and frequency cyeling rares. The difference

in bulk density between each of the duplicate samples of the Ffcur mixtures
was less thac 0.3%. The highest density was cbtained using the mixture
empirically derived at Hanford for FRTR fuel rods. Particla zize dis-
tribution of *this mixture is 55 w/o -6+.C mesh, 12.5 w/o -10+2C mesh,

12.5 w/o -35+65 meshk, and 20 w/o -20C mesh.
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Combined low-frequency mechanical vibration and ultrasonic vibration
may provide a method for fabricating large, complex fuel assemblies,
using relatively inexpensive equipment. An electromechanical, 60 cps
vibrator was used in combination with air-jet generators; the freguency
ranges employed wers T-15 kcps and 26-32 keps. In ten mixtures of
fused UQp grain, the bulk densities obtained by low-frequency vibration
were increased by superposed or successive vibration in the high sonic
or ultrascnic frequency ranges. '

Hot Swaging. Reduction in the amount of hydrogen added to Zircaloy
cladding during hot swaging of UQp fuel rods is being investigated.
Fused UOs (-60 mesh) was vacuum out-gassed at 900 C for 18 hours, end
loaded into 12-inch long sections of Zircaloy-4 tubes within a helium
filled dry box. End caps were welded into the filled tubes by the
P.I.G. process. The swage was modified to permit flooding of the heated
fuel rods with helium during the heating and swaging process. Cne fuel
rod hot swaged in & helium atmosphere and one hot swaged in alr are
being metallographically and chemically analyzed for hydrogen. A
2ircaloy-i4 clad, hot swaged, four-rod cluster fuel element was fabri-
cated for irradiation in the MIR. The UO2 density is 92% of the
theoretical. This test will determine the extent to which hydrogen
picked up during hot swaging precipitates as embrittling hydride in
the Zr-4% cledding during irradiation.

The density of hot swaged fuel rods was increased by repid cooling of
the cladding just before the fuel rod entered the swaging dies. This
presumably was the direct result of higher cladding strength at lower
temperatures. With helium as the cooling medium, a density increase
of ~ 2% T.D. (to .~ 94% T.D.) was observed. In one test thus far con-
ducted using water, the fuel rod density was 86% T.D., indicating that
the UOz had cooled too much before swaging. The water cooled fuel rod
did exhibit an excellent surface finish, however. Cther tests are in
progress.

Hydride In As-Received Zr-2 Tubing. Samples from fifty Zr-2 tubes
(0.505 ID) were examined metallographically for zirconium hydride.
Forty-three of the tubes contained less than 20 ppm hydride; seven
tubes hed 25-75 ppm hydride.

Irradiation of Defected Fuel Elements. Post-irradiation examination of
the purposely defected pellet-containing (95% T.D.) fuel element HD-1
(irradiated in a Hanford reactor) was completed. No significant increase
of hydride content was found in either the Zr-2 or Zr-4 cladding. The
element was irradiated at a low heat generation rate and with a low
coolant temperature.

The irradiation of HD-2, & cluster conteining swaged, ~ 90% T.D. UOp,

is continuing successfulily. The test, to date, has included three power
cycles. The first power cycle occurred during initial startup when the
reactor was scrammed after reaching about 1/4 full power. The second
cycle included a normal shutdown (from full povwer), and normal startup.
The third cycle resulted when the reactor was scrammed from full power.
Fission gas release, as determined by a gross jumma menitor on the
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effluent system, apparentliy was not affected by the power cycles.
Analyses of samples of the effluent coolant are incomplete, but it
appears that the quantity of fission producis released to the coclant
is about ten times greater in this test tharn it was during irradiation
of AD-1. This is still many orders of megnitude less than the "allow-
able" fission product release. The two elements were operated at about
the same power generaticn rate.

Recycled UOo, Post-Irradiation Study. The "recycle" fuel element was
returned to HAPO after irradiation in the MIR and is undergoing post-
irradiation examination. Warp measurements and fission gas analyses
are complete. There was a maximum warp of 74 mils over the length of
the pellet-containing rod which forced *he rods to twist slightly and
caused a slight ovality of the rods in the bundle before it was dis-
assembled. The pellet-.containing rod was the cnly one with any mea-
surable warp or other dimensicnal change. .

Corrosion and Materials Studies

Fretting Corrosion. Zircaloy-2 fretting specimens have been examived
after 605 hours of testing im 316 C, pH 10 water. The specimens con-
sisted of ribbed Zr-2 cylinders fastened on carbon steel rods and sus-
pended vertically in a housing lined with Zr-2. The tests were con-
ducted in a coolant flow of 30 fps with both neatural loop vibration and
an imposed vibraticn of three cps. The contact area between the ribs
of the samples and the liner was double that of previous tests. Fret-
ting was cobserved, although the penetration was somewhat reduced. A
penetration of one to two mils was measured on samples exposed only to
the natural loop vibration; this increased to two to four mils when an
additional three cps was imposed. These penetrations are cne-half
those cbtained with cone-half the contact area.

Aluminum Corrosion. Certairn portions of the 606l sluminum alloy shrcud
tubes and shim rods ir <he PRTR arssstimated +o operate at 450 to 600 F
in a heavy water-helium atmospreres ccontaining small amountz of deuterium
and oxygen. A test to investigate the corrosion of 6061 aluminum under
these conditicns has been cperating for 03¢ hours. The first 200 hours
of exposure was at 450 F and tre baiance at 600 F. The corrosior medium
is LO% HpO, 58% A. 1% Hp, and C.5% Op, flowing over tThe ccupons At _
100 mi/hr (STP). No weight gains were found for the ccupens unTil _
2800 hours. At this time, three of the ccupons increassd zkout 2¢ mz/ e ;
the other two coupors, of a slightly diff=srent alloy, had only a vary
small increass in weight. The tsst 1s continuing.

Microsectioning of Thin Fiims oy Ion Beombardmen:t Microsectioning Dy ion
bombardment of very thin oxide films on alumirum and zirconium alloys has
been developed. The usual bombardmsrr srrargsment locates the sampls on
the cathode whers 1t ig in lime with vtae accelsrated ilons of ilnert zas
This arrangemert produces intense arcing through the insulating oxide
film and consequent sampis damags 4duwe to charge accumulatior.. This d4if-
ficulty has been overcoms oy rearranging the sizrtrodes so that the sample
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is exposed to the bombarding ions without being placed at the cathode.

Hydriding of Zircaloy-2. Low-temperature nydriding techniques for the
formation of ZrHz surface layers without dissolving considerable Hp in
the bulk metal are being investigated. Electrolgtlc hydriding at 80 C
in 0.05 M HpSOL at a current density of 46 ma/em® resulted in & uniform
hydride layer 0.0l% mm thick. Gas-phase hydriding at 250 C proceeded
fairly rapidly, but hydriding cccurred only in discrete areas on the
specimen surface. .

Oxygen Additions to Zircaloy-2. Controlled additions of oxygen to
Zircaloy-2 coupons may be accomplished by controlled oxidation followed by
high-temperature homogenization in vacuum. It has been found that the
oxidation step must be carried out at comparatively low temperatures
(i.e., about 600 C) to insure a uniform oxidation for a given limited
amount of reacting oxygen gas. Oxidation at 900 C led to non-reproducible
weight gains.

The dissociation of HgQ was investigated as a possible source of pure
oxygen Tor oxidation studies requiring a constant oxysen pressure. The
Op pressure is theoretically infinitely variable, depending on the
temperature of the HgO bed. It was found that the rate of approach to
the equilibrium oxygen pressure for any given HgQ temperature is slow,
and for all practical purposes the dissociation is irreversible.
Reagent grade HgQ gave off impurity gases that reacted with metallic
mercury elsewhere in the system. The gas obtained from the HgO decom-
position analyzed 97% 0o, an unacceptable impurity.

Corrosion of Zr-i Shesth Tubes. Questiocnable corrosion results on Zr-k
sheath tubes fabricated from Wah Chang Ingot K have been reported by
Wolverine Tube Co. The weight gain of three lots of this material
tested at Nuclear Materials (NUMEC) was about 26 mg/dm after & three-
day, 750 F steam test; the specified maximum is 22 mg/dm Samples

from the same three lots were then autaoclaved for 14 days. The weight
gains of twoc of the lots were normal and the third lot had a weight- gain
of 40 mg/dm? The surface appearance to all samples was reported to be
a mottled gray. These lots represent some 154 sheath tubes.

Babcock and Wilcox Company is fabricating the fuel elements for Heavy
Water Components Test Reactor and Wolverine Tube Company is fabricating
the sheath tubes. Samples from B&W tubes fabricated from this same
ingot have had weight gains as high as 108 mg/dm after a li-day steam
test. B&W a&lso report that Wah Chang Ingot M tubes are falling to pass
the corrosion test.

At HAPO corrosicn coupens were cut from every other tube of K ingot
meterial. Fifteen of the 77 coupons were prepared for weight gain mea-
surement and the remainder for surface appearance only. After 1L days
in steam approximately 50% of the coupons exhibited light to moderate
stringering and one sapple (K-51) was heavily corroded. The weight gains
of all fifteen samples were normel after three- and fcourteen-day tests;
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however, once again approximately 50% had light no moderate stringering.
Duplicate coupons were then prepared {or al. samples which showed string-
ering. These samples now have nine days of steam e2xpcesure and all have
excallent surface appearance including sample K-31 which was heavaly cor-
roded on the previous test. Quadruplicate samples from lotz KA and KB
with over 30 days of expeosure have normal weight gains and excelli=nt
surface appearancse.

Because of <he wide wvariance in results from the different testing
laeboratories, Wolverine Tube Company has initiated a round robin test on
material from Ingots K and M. The sites coopsrating in this test are
Nuciear Meterials and BEquipment Corp., duPont Savannah River Lab., Babcock
and Wileox, and HAPO. Samples have arrived and are scheduled rto begin
testing L4-3-61.

PFRIR Process Tubes. Twenty-seven spare PRTR process tubes have arrived oxn
site and the final six tubes are in transit. A non-destruciive testing
program at Hanfcrd bas been proposed for these tubes. It will provide the
best assurance that only tubes of sound structural integrity and good
corrosion resistance are used in the reactor and conversely that tubes of
questionabie quality are not used in the reactor.

A wide angle borescope (180° field of view) was borrowed from Lerma Engi-
neering Corporation for further tests to establish the feasibility of
coupling a TV cameras %¢ this borescope for the purpose of examining
process tubes in the PRTR. These tests showed conclusively that the TV
camera and borescope can be matched provided the surface of the process
tube under view is properly illuminated and the TV camera is equipped with
a very sensitive vidicon. Light transmission through the borescope must
be 0.2 foot candles or more. A tubular frosted lamp placed about 3/8 inch
in front of the objective lens and a ring of lamps positicnsd To shine
down the %ube past the borescope objecrive lens provide the best 1llumin-
ation of surface films and surface scratches.’
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Effects of Irradiation on Tensile Properties of Iron- and Nickel-Base

Alloys.

Possible fuel cladding and process tube metals were machined

inte duplicate sets of tensile test specimens and Irradiated to &
thermal neutron flux of 2.53 x 1020 nvt in dry graphite-helium en-
vircooment at about 650 C.
heat treated on graphite supports in helium at 650 C (1200 F) for 500

bhours to simdate reactor environment conditions.

The unirradiated contreol specimens were

The effects of irradistion on the room temperature tensile properties
are indicated below, each value representing the average of two '

tensile tests.

Tensile Properties

Irradiated
Alloy Unirradiated (2.53 x 1020 nvt thermal)
Yield Ultimate . Yield Ultimate
Strength Strensth Elongation¥® Strength Strensth Elonz.
lo. Type 1000 psi 5 1000 psi “
14  Ferral(modified) 73.6 97-5 15.5 76 76 3
15 AISI ko6 38 67 33.6 23 70 91 25
22  Hastelloy X 51.7 116 30 37.7 108 34
24  Hastelloy R-235 91 157.5 16.5 57 158.5 19
26 TInconel - 35.6 gL L2 35.5 95 2.5
28 Inconel 702 a7 155 27 g7 154 31
33  AISI 316 S8 29.5 81 62 27 78 56
34 ATSI 347 88 52.8 100 43.5 52 95 39

*Crosshead motion of tensile testing machine.

Alloy 1h, Perral modified, an Fe - 7.6 Al - 5 Cr - 2 Cb - 0.7 Zr experi-

mental alloy suffered the most pronounced property changes from irradiation
by losing close to 25% of its strength and 80% of its ductility.
maining materials tested sustained only minor changes in strength or
elongation.
ation upon the properties of these alloys at iower temperature and differ-

ent environmental conditions.

1229343

The re-

It is intended to further investigate the effects of irradi-
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PRTR Project Management and Design

PRTR Construction. A contract in the amount of $73,664 was awarded
March 23, 1961, to L. W. Vail Company for paving and landscaping the
PRTR and PFPP site and for related 300 Area parking lct werk. Contract
costs have been split as follows: CA-T47 - $40,5L46, AEC-167 - $16,450,
end FFD - $16,650. The contractor has done layout work and started
excavation.

Construction of the Maintenance and Mockup Facility (including the FRTR
Rupture Loop Annex and PRP Critical Facility Buildings) is estimated at
68.5% completed versus 76% scheduled predicted to April 1, 1961. The
MEM Building portion is estimated to be approximately 60% completed
versus T1% scheduled. Ferming and placing embedded items in the 0'-0"
slab of the MAM Building constituted the major effort during the month.
The contractor poured the 0'-0" floor slab, which completed the last
major concrete pour for the building.

The inflatable seals for the PRTR exhaust stack filter are schedulad to
be shipped at the end of March.

Installation of the gasoline engine driven generator unit ard battery on
the loadout facility shipping trailer has been completed. Imitial ftest-
ing has started at the Radiometallurgy Bullding.

New spline shafts of hardened 400 series stainless steel have been ordered
for the Fuel Element Examination Facility manipulator to correct galling
at this location. Delivery is predicted for the end of April pending
successful completion of zesting. No work on equipment installation was
done during the month.

Larger oil absorber units were designed, built, and installed on all
helium compressors and at other kev locations in the helium system. This
work was performed following a faiiure of & compressor d¢aphragm whizh
flooded =2 portion of the kslium system with oil.

The fuel transfer system and automatic HpO injection system were completad

Operating experience with the primary system has revealed a need for
additions and medificaticons to the leakags collecticn system in A cell,
Dezign of these revisions nas begun.

Plutonium Recycle Criticel Facility (Prcject CAH-842). The comstruction
contractor is about 50% complete, on schecule after an extensicn of L3
days allowed because of the late delivery cf the fuel transfer lock. Work
remaeining includes pouring the building foctings. erecting the bullding,
and installing the ventiletion equipment.

The fuel +ransfer lock frame has been placed in the loesdout basin wall
and zrouted in pilace. Some i1nstallation difficulties as a result cf
dimensicrial variarces from the wvendor s arawwng_ have been encountered
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end are being corrected. The compression seals have not veen delivered.
The vendor’s representative was on site dwring tae week of March 20, and
is scheduled to return on April & for seal installation, painting, and
testing.

The heavy aggregate shielding concrete was completed March 21, 1961, and
painting of the heavy aggregate cover slabs has started. Erection of the
structural steel frame was started, and the new doorway was cut infto the

existing 309 Building.

The bids on the Instrument Packege were received and reviewed and the
contract awarded to the ilow bidder, General Blectric - APED, at 2 bid
price of $39,250. Delivery is scheduled for June 1961. Bids have been
requested on the flux chambers for the reactor. The CPFF contractor to
the AEC has placed orders for the in-cell valves at a price of $6,843.67.
The moderator storage tank vendor has completed fabricetion and testing,
and the tank was shipped by truck the week of March 20. (ne of the re-
actor pumps has been received. The other reasctor pump and the thimble
coolant pump are enrcute from the vendor.

Fuel Element Rupture Test Facility (Project CAH-867). All except nine
tracings, part of "B" cell work, have been approved. The total number of
approved drewings now in process of being issued is 48. A complete
package of work contalned in completing "B" cell and the annex has been
prepared and is pending a decilsion on the water plant.

The water plant, which was designhed and spproved to provide filtered:
Columbia River water to both the Rupture Loop and the PRTR heat exchangers,
is being reviewed to re-establish the necessity of providing this source
of water for both facilities. The water plant drawings and specifications
have been approved since January, and delays at this time will extend the
attainable project completion date.

Construction of the annex building is approximately 91.4% completed

versus 94% scheduled. Work on the tummel floor slab and the installation
of the two-inch process drain from the building to manhole "C" prosressed
during the month. Remaining work includes roofing, painting, and concrete
work to complete the Tunnel.

Bids or instrumentation, electricel switchpgear, control valves, and the
mekeup pumps have been receiwved, and orders have been placed or are In
process. The bids on all items were considerably below the estimated
cost. A detail stress analysis of the heater {RLHX-1) revealed that ex-
cessive stresses were possible at the bottom vessel closure (flat plate
design). A new design incorporating an ellipscidal end cep has been de-
veloped and will be provided at the vendor's expense. Delivery of the
vessel will be delayed approximately two months to the middle of May. The
vendor who is fabricating the cooler (RLHX-2) maintains that it is not
feasible to radiograph the high pressure nozzle-to-bonnet and bonnet-to-
tube sheet welds. Review by qualified HAPQ personnel indicates that these
radiographs can be obtained with standard commercial practices. A detailed
procedure for performing the required radiographs was prepared and fcr-
- warded to the vendcr, Pfaudler Compaay.
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Design and Component Testing

PR-10Q - Primary Loop Mockup. The spare primary pump cperated 687 hours
during the month for a total 6049 hours. The lesk rate increased rapidly
up to a maximum of four gph and has settled back to about 3.5 gph. All
pump data appear normal, pointing to possible leaking at the static neo-
prene seals. The nevw self-adjusting seal assembly tc be tested on the

spare primary pump was received during the month.

The prototype pump with the self-adjusting seal assembly operated 637
hours during the month for a total of 5190 hours. The present lsak rate
is 0.9 gph. The seal test stand operated an additional 180 hours and
24 starts for a total of 710 hours and 395 starts with the two prototype
primary pump mechanical seal assemblies.

The Aldrich injection pump cperated 273 hours for a total of 1115 hours,
efter which testing was discontinued on the present set of R/M Vee-Flex
packing due to ane gland leaking 5000 ml/hr with no further adjustment
possible. Disogrin U-cup packing has been received and testing will begin
during the week of April 3, 196l1.

Flexure Loop. The 3-Clamp Grayloc transition union (S8 to Zr-2) completed
450 hours and T4 cycles of operaticn at 2000 psig and 200-600 F.

PRTR Shroud Tube Replacement. The mein efforts were directed toward the
full-scale mockup of the center section of the reactor tank. Scope
design is complete and detail design is 75% complete on this mockup.
This mockup will represent the reactor from Q0'-0" level to the -27'-0"
level. It consists of the large center shroud tube and nine regular
shroud tubes.

After checking dimensions on the west test pit, 1t was ascertained that
the mockup would fit in this pit; however, there is an interference with
the building crane. The crapne will clear the outlet nozzles by six
inches. This means that the "upper rotating shield" would havwe to e
removed in order to use the crane. With this weight supported from the
roof, each of two trusses would have to support 1000 to 1200 pounds,
which is a safe limit and which seems to be the most expedient method
of removing this upper section.

Tests have been started which will determine if an acceptable shrink fig
Joint can be made between the shroud tube and bellaows.

Critical Facility Mockup. The weir for the criticel facility was de-
signed to control the level of the moderatcr in the reactor tank. All
parts for this component have been procured. and fabrication is 25%
complete.

Specifications for components of an eleven-point moderator temperature
monitoring system for the critical facility are nearing completion and
these items should be on order by the first week of April. Resistance
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temperature detector elements have been chosen as a basis for the system.
Differential tempersature measurements with a resolution of 0.0025 degrees
Centigrade are desired with this system. The remainder of the system
consists of a scanning switch, a bridge with provisicns for zero suppres-
sion, and a recorder. Bids were received for the rod magnet power supply
and it was found that none conformed to the specifications. All were
rejected and the specifications were to be sent cut again for bid. An
order has been placed and a contract fixed with the Zxactel Corporation
for four synchro transmitter-receiver units, very similar tothose re-
quired by the origins] purchase specifications. Delivery is anticipated
in about 60 days. Standard Fairchild Model 909, 10 turn potentiometers,
have been ordered for the safety rod position indicators. Initial radia-
tion tests with one of these potentiometers was not conclusive; however,
it is anticipated that, at the worst, these potenticmeters will last for
some 200 to 500 hours of critical facility operation. In the meantime,
further evaluation of potentiometers for radiation service can be com-
pleted.

Bupture Loop Mockup. The o-ring at the bottom of the test section seal
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present Inconel-X system. These results lndicate that the strength of
the PRTR shim system couwld be varied over a considerable renge, if
desired, using readily available materials.

Safeguards Analysis. A memorandum summarizing the results of FRIR fuel
element testing vo date and describing the plarm=d PRIR process tube
monitoring program was forwarded to the General Electric Technclogical
Hazards Council. This was in respconse to 2 request by the Council for
additional information on these programs.

- The detailed study of the consequences of primary coclant lesks in the
PRTR (HW-61236 SUP 2) was published as a supplemen* to the PRTR Final
Safeguards Analysis.

PRP Reactor Physics Calculations. A more realistic set of macroscopic
nuclear constants have been determined to crepresent the PRTR core ard

its detailed compecnents iuring critical testing, for use in reactor
calculations with the FLUX-WEIGHT multigroup code. Of particular coencern
were the plutonium elements. The revized constants include a more ac-
curate treatment of actual fuel content in the core, the consistant use

of Westcot:t cross sections, and a more detailed trestment of seif-shielding.

The success of calculations of multiplication for the all-plutonium
loading is not fully evaluated. Where cne-dimensicnal reactcr calculations
necessarily treat the geometry of +the core as a circular cylinder, the
actual loading configurations were effectively elliptical cylinders of
higher eccentricity. The Jdegree of inequity in leakage due to this dif-
ference in geometry has not vet beern determined. Calculations of multi-
plication in the two- and three-zone configurations of the critical tests
do not present this geometry diffieculty in such a déegres. Moderator
level coefficients calculated for two-zone loadings are greater than
those for three-zone loadings; it is speculated that the importances of
vertical non-uniformities in the side reflector is reduced as the plu-
tonium is moved toward the center of the cors.

A theoretical deverminarion is being made of the reactivity effect of lcss
of coolant for varicus coolant ani moderator degradaticn conditions.

Light water concentrations up to iC% in both coolant ard moderator are
being studied. '

Heat generation rates were calculated for several fuel samplzs whick are
to be tested in the MIR as part of the contirnuing Piutonium Metallurzy
Program. These samples are four inches long and contain varicus fuel and
cladding compositicns. The radial flux “raverse cver the fuel sample was
carried out using <he S, and the P neutron Transport taeory codes. Heat
generation rates varying from one kw/fr to 89 kv/ft ware found deperding
on tihe fuel and cladding used.
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PRTR Operaticns

Reactor Testing and Activation. The buik of the testing work has been
completed on the feollowing Dezign Tests:

DT 4 Helium Pressurization System
DT 5H Helium Gas Balance System - Hot
DT 6 Dry Gas System

DT 11 Secondary Coolant System

DT 14 Single Pass Shield Coclant System

DT 18 Electrical System, Panel Index Verification
DT 19 Electrical System, Switchgear and Controls
DT 20 Electrical System, Motor Control Centers
DT 24 Fuel Handling Equipment

DT 31 Data Handling System

DT 3% Cranes and Hoists

DT 40 Gas Seal Leak Collection System

DT 4L Automatic Controller

Study of data collected during Design Test 55, Moderator Level Stability
continued. A. L. Ruiz of Systems Research, Physics and Instrumentation
Research and Development Operation, participated in the analysis.

Helium system performance was generally satisfactory, although at full
operating pressure several previously undetected leaks were disclosed.
These have primarily been associated with the failure of valves to be
leak-tight. It is anticipated that this may be a long-range problem.
Corrective steps are now being taken, including removal of valves where
possible without sacrificing operating flexibility. New valves may be
required in certain locations to achieve desired levels of system reli-
ability. Pressure control of the primary system at low temperature was
satisfactory. Failure of a high pressure compressor diaphragm released
oil into the gas system, requiring extensive cleaning. In the course of
cleaning, it was discovered that the recoumbiner had not been filled with
catalyst by the Phase III contractor Helium compresscor performance has
been satisfactory since the diaphragm failure incident. Orifices were
installed in the unloading valve lires of the high pressure compressors
to restrict flow to approximately 75 scfm, maximum. This was required
to prevent excessive loss of helium from the high pressure helium system
should the compressor discharge check valves fall to hold. External
leaks in the high pressure helium system were found at the piping con-
nections to the storage tanks. These have been repaired by seal welding.

Piping connections to the rsactor dry gas system compressor were revised
to reduce stresses on the compressor casing. Numerous leaks have been
located and repaired in this system, but gas losses have not yet been
reduced to acceptable levels.

Shinm rod modifications in progress include the following:
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1. The 17-4 PH ball nuts that support the inconel shims on the lead
screws are being replaced with 300 series stainless steel material.
The nuts are being replaced because of possible failure of the
17-4% PH ball nut due to stress corrosion. As an added deterent
to possible dropping of shims, two small steel pins are being
welded in the inconel shim. In the event a ball nut fails, the
pins will limit shim drop to 1/8 inch.

2. Shim assembly wiring is being improwved by providing internal
connectors in place of troublesome soldered connections. The
new cannectors are being potted with a waterproof compound as

werk progresses.

3. The electrical connector at the top of the shim rods was modified
to provide a waterproof seal. The modification was tested and
found satisfactory. ThHe coriginal compression locking device was
removed to facilitate maintenance of the system. Present cable
connectors will be provided with an amphenol screw comnector and
an C-ring seal.

L., The thermocouple attached tc each shim is being replaced with new
SS sheathed couples. The couples are being encased their full
length in an aluminum tube that is welded to the shim web.

5. Each shim is being thoroughly inspected. Doubtful parts are being
replaced or reconditicned. All maintenance efforts are being
accurately recorded to aid future evaluation of shim performance.

6. A program tc improve shim position readout was initiated.
Present VIVM's will be replaced by bridge circuits incorporating
the VIVM's 0-200/us meter for readout. This work is not critical
to completion of the startup program.

The total shim repair job is approximately LO percent complete. All
necessary material is on hand or is being fabricated locally.

Considerable difficulty has been experienced during the removal of three
calandria access plugs. Tt has been found that approximately 200-foot
pounds of torque is required to break a plug loose. This excessive
tightness is due to galling at the seal and will be eliminated in the
future by using new anodized plugs to replace plugs which are removed.

Plans and Procedures. Preparation, review, and approval of the Oper-
ating Standards and Procedures continued. Two Operating Procedures were
approved during the month by the PRIR Startup Council, leaving eight
- procedures yet to be approved. Six new standards were written during the-
month and ars currently being reviewed. Seventeen standards remain to be
approved. Rough drafts of two of the three remaining power test des-
criptions were prepared and are velng circulated for comments. Equipment
procurement and installation is continuing.
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The list of information required for approval of special irradiations
in the PRTR was distributed to the groups expected to sponsor the
majority of tests in the PRIR.

2. PLUTONIUM CERAMICS RESEARCH

Plutonium Dipxide-Uranium Dicxide. Experimemts on the PuQz-UOz system
and on the stability of Pul2 were curtailed due to replacement of a
burned out heating element in the sintering furnace. Another "long time
sinter experiment was conducted, however, in which eight UGO2-Pulz pellets
were held at 1550 C for 76 hours in helium. The volatility and flow of
Pu®o rich compesitions previously seen in hydrogen atmospheres was not
obgerved. This lends further support to the speculation that the vola-
tility in hydrogen is the result of a high vapor pressure of the reduced
species, i.e., PuQp_x. In this experiment each pellet was enclosed in

an individual molybdenum tube and on discharge from the furnace, a thin
molybdenum coating was noted over the majority of the surface of each
pellet. The molybdenum boat wire which was near a PuQp pellet was coated
with fine black whiskers which is evidence of the deposition of oxide from
the vapor. Examination of these pieces is currently in progress.

The resistance to indentation of & ceramic material should be a function
of its total pore volume resulting in a hardness-density relation. Micro.
hardness data have been obtained from the center, half radius, and edge
of about twenty UOp-Pulz pellets ranging from 60 to 97 percent of theoret-
ilcal density. A very definite relation exists between density and DFEN
and should prove of assistance in evaluating in-reactor mass transfer

and densification. Hardness tests will be made on the GEH-1% capsules
currently in Radicmetallurgy storage.

A U0z - 5.67 w/o Pulp }GEHFIH-SB) sample which had been irradiated to
approximately 2000 MWD/T in the MIR has been subjected to x-ray dif-
fraction analyses together with its unirrasdiated counterpart. A quick
comparison of the two scans indicated a slight line broadening and shift
had occurred as a result of irradiation. Intensities were noticesbly
different also, presumably due to excessive grain growth and orisntation.
The two samples are presently being scaled for detailed examination.

FPlutonium Carbides. Experiments to determine the composition limits and
galn some understanding of the defect phase PuC have continued. Back
reflection x-ray data cobtained from 19 plutonium-carbon alloys in both
the as arc-melted and annealed condition showed the lattice paremeher to
very uniformly over the range 43-49 a/o cerbon. The samples which had
been amnealed at 1Lk5C C in vacuum showed a slightly higher lattice
parameter, presumably due to loss of plutonium. Above 49 afo C, the
lattice parameter remains constant at 4.97h A. Below 43 a/o C, the
lattice parameter also remains essentially constant as & function of com-
rosition, but extrapolation indicates the composition to correspond to
about 48 a/o C. Densities obtained on the arc-meslted buttons gave epprox-
imately 13.35 g/cc for the PuC phase and varied uniformly with composition
for carbon rich and carbon deficient PuC. The above data were fit to the
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PuC phase diagram proposed by Ellinger and several modilications to the
"dashed" lines are postulated. It should be poinmted out that the com-
positions discussed above are bvased on the amounts of plutconium and
carbon initially mixed together. All the alloys are presently being
analyzed for carbon by & combustion technique.

Additional melting data fixes the peritectic decomposition of PuC at
1660 * 15 C and that of PupC3 at 2075 ¥ 25 C.

Micro hardness tests on a2 series of arc-melted PuC-UC alloys was rather
- unsuccessful due to oxidation of the sample surfaces. The most reliable
data were cbtained from a pure Pul specimen and gave a value of T70C DPHHM.
These samples will be rerun next month immediately fellowing a peolishing
treatment. Detailed metallographic examination was also impossible due
to poor surfaces.

Pluteonium Cxide~Zirconium Cxide System. Seversl sintered pellets ranging
in compositicn from (7 - 95 m/o ZrOp were quenched in water from 600-
1000 C. Points determining the phase boundary between the F.C.C. sclid
solution and the two-phase (F.C.C. solid solution + monoclinic ZrQp)
regions are as follows:

Composition (m/o ZrGp) Temperature(9C)

TT.0 Approx. 20
83.6 600
89.4 800
gk.9 1300

Thermal Conductivity. After familiarization with the thermal conductivity
device and the concept involved in the determination of thermsl conduct-
ivity by the comparative method which is the design basis of this setup,
som& changes were found tc be required. A new set of thermocguples was
attached to the conductivity insert and the head plate was machined to
remove a warp that had been introduced during installation of a cocling
coll. Alteration of the heater circuitry completed these changes.

The first two trial runs showed the thermocouples, vacuum system and main
molybdenum heater to be functicning properly. Trial runs three and four
showed that the constant voltage source used was inadsguate tc raise the
maximum thermode temperature over 250 C with the main heater alone. Ruus
five and six tested out the bottom balance heater and recirculating water
purp. The pump was found to leak after pressure anad deen built up. This
was remedied. The maximum temperature obtained with the main heater and
bottom belance heater was less than 300 C af+ter five hours. Changes were
made in order %o put higher amperages into the main heater and the top
balance heater. Trial run seven employed all tiree heaters. At a Termp-
erature of 430 C, the top belance heater went cut. Disagsemply revealed
that the heater windings had shorted and alsc that much of the heater in-
sulation had broken off. Three faulty water valves were aiso discoversd
and replaced. The heater was rewound and will be assembled following a
few more changes.
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U0z FUELS RESEARCH

Fuel - Ciaddirg Reactiors

High temperature reactions of U0y and UC with various claddisng maverizls are
being investigated. Small specimens (about 57 mg) of U0z ard UC are weighei
to * 1 ug and placed on a 1/4 inch wide strip of the cladiang beirg investi-
gated. The strip of cladding is resistance heatsd in 2 helium atmosphare

tc the desired temperature {(as measured with ar optical pyrometsr) and
allowed to soak for a predetermired length of time. Speclmen weight change
is measured and any changes in specimen appearance iz ncted. The filamect
and specimens are then sectioned and sxamined merallographically. Cladding
materials irclude tungsten, tertalum, molybdsrum, Zircalcoy-2, Zircaloy-k,
304L stainless steszl, Hastelloy F, Inconel X, Fansteel 80 (99% Wb, 14 Zr),
and Fansteel 82 (66% Nb, 33% Ta, 1% Zr}. UOp and UC specimerns were heated
on sach of these materizals for ter minutes at 1000-1500 ¢ {cr the meifing
point of the cladding minus L0OC C, whichever is less), the pelting pcint

of the cladding mirnue 100°, the melting point of UC (235C C) and the mslt-
ing point of U0z {279C C).

Uranium carbide was much more reactive than UQ2 in all caseg. The molten
carbide reacts vigerously with tungsten, molybdenum, and Fansteel 80 and
82. Tantalum was most compatible with UC ard was able to contain a

melten puddle for about thres minutes at 2350 C before the filament =epar-
ated. All of the claddings whose melting temperature was less *than +hat

of UC reacted extensively at a tomperature 100 C less than the melting
point; but with the exception ¢f Hastelloy F, all filaments remmined in-
tact for the duration of the tan-mirnute test. The Hastelloy filamernt broke
after four minutes at 1200 C. Heating at <=emperatures grester Than 1000 C
produced & silvery metallic costing or the surfacsz of tha cartide in most
cases. This was especially evident on the specimen heated on Zircaloy.
Complete penetration of a 30-mil thick strip of Zircaloy-2 by a Juil black
reaction product cecurred during heating at 1660 C for ten minutes. A 1°5-
mil strip of 3CLL stainisss stesl was also penetratel. bur by a shiry
black product, &t a temperature of 1300 C The other claddings i reacted
to form dull gray products whkieh sesm <2 be lssz refractory thar <he re-
acting metal.

Uranium dioxide appears to be ccapartiltls with —urgsten &+ all Temperaturss.
Molter UOp reacts rapidiy with wantal.m. byt av tsmperatures less than

2800 C the two appear Tc be guive compatibl:z.  Molybder.m ice€:s Lot appear to
reéct appreciably with UQz at Tsmperavurss *¢ 2275 €. A TI0p meral reaction
does occur at temperatirs:z 1000 Lelow the meliting point of all the »ther
claddings investigated, out only in the cas= of Fansteel B0 was it guffi-
clently extersive %c prevent remeval of the Uls specimen from the cladiing
after heating. The Parsveal 8C strip brcke after three minuves, & seccrds
at 2290 C, and <he UGz appzarsd ¢ rave react:d almost ccmpletely.

Metallography ard asaiyses of observed weight changss are 2xpectei to yield
more definitive informarion regardirg “hes: rsacrions.
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High Temperaturs and Electron Microscopy

Reflection elzctron microscopy hechniques were used to examine the cleavage
surfaces of a fused U02 single crystal. The appeararce and detail of <he
micrographs were comparable to those of transmissicon replica micrographs.
The quality and information vaiuve of the reflection micrcgraphs appear ©o
he closely related to the nature of the surface examined and the applica-
ticn of careful experimental technique.

The UQs cleavage surface was alsc exemined by high temperature reflection
microscopy. Initial examination revealed nc apparent changes after heating
at 1000 C for 20 minutes. Experiments to allow more detziled examination
to the present upper temperature limit of *he apparatus {[approximately
1200 C) are in progress.

A ministure reslistance heating furnace was selected as the most direct
approach for obtaining the desired 18Q0-2000 C in the electron microscope.
The proposed design, utilizing Luceslox ceramic supporting members and
tungsten zrid and connecting wires, will allow removal of the specimen
from the vacuum chamber without disassembling the microscope. The optical
transmission characteristics of Lucaleox ceramic should allow tsmperature
Teasurament by optical pyrometry. Direct beam heating o achieve tempera-
Tures above 2000 C also may be possible. A design invelving a grid bias
control and "telefocus" grid to control the specimen heating and the image
intensity independently is being considered. .

A series of exposure tasts was performed with the hot stage of the optical
microscope using various types of black and white and colored still and
moticn picture films. These tests willi provide calibrations for the high
Temperature microscopes when they are used as mertallographs under various
lighting conditions. Royal Pan and Ectachrome were found to be most
suitable for still pictures; Kodachrome A was satisfactory for motion
picture microscopy.

High Energy Impact Forming of Ulp

A series of statistically-designed experimsrts was performed in which the
effects of temperarture, pressurs andi Q/U -atio on the UCp dsngsitv at+ained
by high energy impact feorming were detzrmined. Density measuramer~:z of the
compacted Udz are in progress.
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L. BASIC SWELLING PROGRAM

Irrediation Program

Constant temperature capsules No. 7 and 8, each containing three axially
split, hollow, uranium cylinders, were successfully charged into a
reactor and are presently operating at contrcl temperatures of 500 C.
They will be operated at this temperature for a short period of time in
order to safely establish the "in-reactor” operating characteristics of
the capsules and the contrcl instrumentation. The control temperatures
will be increased to 525 C and $75 C for capsules 7 and 8, respectively,
and remain there for the duration of the irradiations. It is not
enticipated that the small amount of burnup accumuiated at the low
temperatures will significantly influence the ultimate results of these

irradiations.

A vacuum heat treating fecility hes been mecdified to allow annealing of
laboratory capsules containing wranium specimens identical o those
irradiated in swelling capsules. Five laboratory capsules have been
fabricated and will be subJjected to the same thermal treaiment as the
in-reactor capsules. Post-annealing examinstions will be conducted in
order to determine the changes that have occurred with respect Lo gecmetry,
density, and microstructure. Comparisons will then be made between these
Jaboratory specimens and the irradisted samples.

Pore Size and Distribution

Optical and electron microscopy are being used as a direct means of deter-
mining the size and distribution of pores in irradiated uranium. Specimens
of 0.29 a/o and 0.41 a/oc burnup which were annealed in an unrestrained

state at 400 C and 500 C for times of one hour and 100 hours have been
replicated and their microstructures have been photographed. Pore size
distributions are currently being derived from the micrographs. In
addition, & specimen with a burnup of 0.29 a/o was annealed for 100 hours

at 700 C to provide metallographic data on pore size distributions. This
latter heat treatment and metallography is & duplicaetion of prior work, as
there were reservations concernirg the wvalidity of the original observa-
tions. The swelling, A("/P , Bssociated with the 0.29 a/o burnup specimens
{ @ as irradiaved = 18.62 g/cc) was found to be 0.021 and 0.035 due tc one
hour annealing at 400 and S00 C, respectively. The swelling associated
with similar specimens annealed at 400, 500 and 500 C for 100 hours was
found tec be 0,020, 0.028, and 0.092, respectively. Specimerns utilized for
gimilar annealing treatments but representing burnups of 0.41 a/o (~ as ir-
radiated = 18.70) yielded the following fractional changes in volume: for
cne hour annealing at %00 and 500 C,Af /L = 0.021 and 0.047, respectively.
Changes for 100-hour anneseling treatmernt at 400 and 500 C were 0.022 and
0.057, respectively.

Statistical treetment of pore size measurements permits estimaticn of the
fractional volume in the uranium which is occupied by pores, the pore void
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fraction (V.F.), and elsc the number of pores per unit volume, the pore
void density (V.D.). Assuming thar the internal pressure of all pores is
exactly balanced by surface tension forces, it 1s possible to celculate
the number of ggs atoms that are contained in observable pores from the
pore distribution data. Values so calculated were compared with the
theoreticel number of gas atoms that should be present on the basis of re~
ported burnup. A s ée irradiated to 0.29 a/o burnup should theoreti-
cally contain 34 x igf gas atoms per cc of uranium which is somevwhat less
than the experimentally derived number, 51 x 1018 atcms/cc, for a specimen
annealed at 700 C. The discrepancy is undoubtedly due to errcrs in sur-
face tensian and restreint values and errors in the experimentally derived
pore volume fraction and pore void density values. On the assumption that
all of the gas ataoms are contained in obserwvable pores after the 700 C
anneal and thaet errors associeted with messurements after various annealing
treatments are alike, it can be icferred that 61% of the atoms are
accounted for in the as-irradiated state, 78% after a 600 C anneal and
91% after a 650 ¢ anmeal. This information is being correlated witk
various hypotheses to explain the agglomeration and growth of pores in
irradiated uranium snd involves consideraticon of gas atoms in pores which
are toc small tc be observed by the techniques employed.

Fission Product Mobility

Uranium specimens are being examined that have had inert gas introduced
into the surface by "glow" discharge and U-U diffusion couples are being
examined that have had an appreciable amount of fissioning cccurring in
one-half of the couple, but ndne, or at least very little, in the other
half. Two NaK-filled capsules are at the MIR awalting irradiation at
essentially ambient water temperature. Each cabsule contains a single
specimen which consists of a slice from an extrusion which has a cors of
depleted uranium and & skell of enriched uranium. One surface of each
Specimen is completely precharacterized.

A uranium disk that was "glowed” in Kr and then heated in several stages
in the same system o asbout 900 C was removed from the system, Lizhtly
electropolished, and reheated to its melting point in a new vacuum anneal-
ing system integrally connected tc the mass spectrometer. A maximum in
the Kr evolution rate was c¢bserved at about 400 C amounting to about

2 x 1013 atoms per second. No increase in rate was obssrved when ths
previous maximum temperaturs of 900 C was exceeded.

Restrained Irradiaticns

Zircaloy-2 clad uranium fuel reods with selected uranium temperatur=s,
cladding thickmesses, and exposure are being irradiated in NaK-filled
temperature monitored capsules. Three swelling capsules, GEH-14-04,
1ho95, 14-GG, are presently being irradiated In the MIR tc various goal
exposures Exposures and average outaer uranium temperatures for the fuel
rods in these capsules are respectively 0.18, 0.27, 0.29 a/c and 575, 500,
and 540 C. Severn capsules have now beer discharged from the MIR and will
be examined in Radiomet during the succeeding months
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Radiometallurgy Laboratory Studies

The third NasK capsule corntvaining an unrestrained uranium specimer irradi-
ated at high burnup has been opened and is being examined. Gross swelliing
and distortion of the specimen had occurred (BM-284}. Results and inter-
pretations of these examinations will be reported in more detail in con-
nection with the development programs served.

5. IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

In-Reactor Creep Measurements

The in-reactor behavior of one second generation creep capsule showed that
certain weaknesses in the cepsule had to be corrected befors other capsules
in this series cculd be irrsdiated. Consequently, three capsules were
returned to the vendor's plant for modification. Emphasis was given tc

the reworking of one capsule so it could be shipped ahead of the others.

The modification work on one capsule was followed at the plant by a labora-
tory representative until the capsule was completed and packed for shipment.

Upon opening the capsule in which thermocouples had failed during thermal
cycling, it was established that the failures were in & short section of
swaged oxide thermocouple extension lead. All the thermocouples in the
capsule have been replaced with heavy gage wire and alumina insulators
identical to those used in the successful prototype capsule. Another area
of concern in the modification work was the limited life impesed by using
unlubricated components in the mechanical extensometer system in the capsule.
It is generally known that lubricants suffer deterioration in a nuclear
environment , yet all attempts to use unlubricated bearings in reactors have
indicated that any lubricant, no matter how poor, is better than none at

all. Therefore, when the capsules were open, the best known dry film lub-
ricant was selected and used to lubricate the moving parts. A lubricant
composed of lead oxide ard graphite was selected as being the best for our
capsule. A specizl formulation was made for this particular case which
eliminated all organics that could decompose and contaminate the hellium
atmosphere in the capsule. The mecharnical extensometer after lubrication
exhibited a marked improvement in the smoothness of coperaticn at room
temperature. The lubricant becomes more effective at temperatures near

500 F, which will be the operating temperature of the extensometer in the
reactor. During the modification of the capsule some material was removed
from certain areas in the capsule To obtain improved thermal characteristics.
Component testsz duripg reassembly revealed a trouble spot in fhe variable
permeance transducers. The temperature cycling had caused the cores of the
transducers to become loose on the gaging support, which would cause
erratic behavior of the tTramnsducer cutput. The cores were reaffixed to the
gaging wires in a way that thermal c¢ycling will not loosen the cores. The
reworked capsuls was completely checked at the vendor's plant before
shipping. A further check will be made after arrival at Hanford before

the capsule iz charged in the reactor.
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Capsule and Instrument Development

A review of the drawings, the maverials and technigues of constructicn for
six third-generation capsuies has now bheen completed. The major difference
in the third generation capsules over the others is the attention paid to
simplification. 0Only one variable permeance transducer and one mechanical
extensometer are used. The tweo extensometers are cambined, however, so

that each may be used independently and either ope can be used to calibrate
or check the other. The known system accuracy of the mechanical system of
the second generation capsule has now permitfed a ten-fold reductior in the
ratic of the gear box withir the new capsules. The ten-fold reduction in
the gear box ratio, from 20,000:1 to 2000:1, should retain all the system
accuracy but require only cne-tenth the operationsl time for obtaining the
readings. This reduction in operational time will greatly improve the life
of the mechanical extensometer system. The mechanical system will be proved
at the vendor‘s plant before installatior in the capsules. Further improve-
ments were made in the heat balance in the third generation capsules as well
as lmprovements in the ease of fabrication and agsembly.

Pre-Irradistion Materiel Charscteristics

Measurement of the activation energies for creep of annealed and cold worked
Zircaloy-2 at various temperatures and stresses has continued. Activation
energles were determined in the temperature range 300 to 350 C on annealed
material and 300 to 317 C an cold worked materisl. Values found in the
temperature range studied were within the experimental scatter of the
previcusly determined velue of AL.4 K cal/mole.

Av existing creep frame has been modified tc allow determination of acti-
vation energies as low as 1 K cdl/mole in the temperature range zero %o
250 C. The modified apparatus will aliow determination of the activaticn
energy spectrum at temperatures below which only rough =stimates of acti-
vation energies could be made by using conventional creep machines.

6. GAS-GRAPHTTE STUDIES

EGCR Graphite Irradiation

The H-3-2 experiment contirues tc operars successfully in the GETR. The
capsule has bBeen in the reactcr fir four cycles, but due to two long shut-
downs fer loop installations, has recsived only wwo cycles of irradiation.
All but cne of the thermocoupies are cpsrating satisfactorily

EGCR Burning Experiments

Experiments conducted in tke EGCR burning rig demonstrated that silicon
carbide coated fuel sleeves greatly reduce the hazard of ruaway aoxidation.
Runaway did not occur until graphite temperarures exceeded those expectad
in the reactor by 100 C. All experiments were corducted with a fali scale
radial mockup cf ar EGCR fuel chanrel and with sxpected alr rlows.
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In the cases where runaway occurred two distinct causes were chserved.
The more sericus was a fuel sleeve failure ir the vicinity of a jeint
reasulting from pocr coatings or uncoated sleeve ends. In this case a
hole was cpened from the fuel coolant channel to the moderator coolant
annulus. Air streams through the hole impinged on the moderator and
caused oxidaticn to proceed through the moderator block. Temperatures
begen to rise at approximately 10 ¢/min and showed no indication of
stabilizing. Such a failure in the reactor would cause the fire to
spread to adjacent channels.

The second type of runaway observed was caused by a coating failure near
the center of an assembly in the fuel coolant channel. In this case the
sleeve did not serve as & heat sink for the section of moderator copposite
the burning spot. Temperatures increased at the rate of 1.5 C/min for

about 100 minutes, after which the rate decreased to about cne-half this

value.

Gas Loop Project Menagement and Design (Project CAH-822)

A preliminary estimate of approximately $6,500 was received from Struthers-
Wells to modify the pre-heater by reducing the amount of NaK contained to
e tolerable level (approximately 150 1bs). A contract was awarded to
Struthers-Wells in the amount of $10,850 for the detailed design of a re-
movable section type steel shield for the external face of the gas loop

. framework. It is planned to invite bids on the open market for fabrication
and delivery of the shield before Juliy. '

Details of the Bristeol-Siddeley blower shipment were discussed with

C. E. Wurr of the vendor’s engineering staff. It was agreed to eliminate

the touch meter and internal thermoccuples from the machine. Mr. Wurr
recommended 60-cycle starting, which can be done. In the event replacement

of rotor is required, the new assembly will require balancing with the impeller
on an air bearing machine {(Gisholt 315). This probably can be done at

Boeing's in Seattle; however, Mr. Wurr foresees no difficulties in six

months ¢f operation.

Component Testing

As previcusly reported, testing of the in-reactor test section has bheen
delayed due to failures of the internal electrical hester. Both heater
failures hawve cccurred in the lower portion of the test sectlion where the
clearance between the hester and test section is limited. . The repaired
hester, which is reedy for installation, has been shortened s¢ that the
heater does not extend into the limited clearance section. The heater has
been successfully bench tested at 31 KW and reinstalled in the test section
mockup -
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GRAFHTTE TRRADIATICN DAMAGE STUDIES

ETR Graphite Irradiations

AW-50Q0A2

The GEH-13-6 irradiation capsule was installed in the N-1k position of
the ETR on March 1k. This capsule contains seven sets of three samples
each. The temperatures of four of the seven sets will be controlled by
thermocouples and heaters. The remaining three sets will be operated

on gemms heat alone and have neither heaters nor thermocouples.

The five

graphites included in the test are: CSF {Standard); "A" grade, a raw
coke graphite; ZT, a& hot worked graphite; ARF-3, a furfuryl alcchol
bended graphite; and 901-.S, a special isotropic graphite.

Preliminary design has started on the GEH-13-8 irradiation capsule. The
purpose of this experiment is to obtaln irradiation data at sample
temperatures of 200 to 600 C. Information in this temperature range is
needed to extend the high exposure data from test reactor experiments
The capsule will be irradiated

down to exposures in Hanford test holes.
in the E-5 pcsition of the ETR.

Hanford Graphite Irradiations

A variety of experimental graphites is being irradiated in the Hanford
reactors at about 500 C to determine the relative effects of binders and
fillers on the dimensional stability. Petroleum pitch and furfuryl

alcchol binders are combined with conventicnal fillers.

Korite ccke, -

fluid coke, coal tar pitch coke, lampblack and anthracite fillers are
combined with coat tar pitch binder. Graphites proposed for sleeves in

similtaneously.

Sonic Modulus Measurements of Irradiated Graphite

"the HTGR and EGCR, as well as NPR core graphite, are being irrad.ated

The dynamic modulus of TS-AGOT and TSF graphite irradiated to 3385 MWD/AT
at 30 C was determined as a function of temperature to 2500 C by Armour
cocling cycles to

Research Poundation. On each sample two heatinr and
2500 C were run to determine the extent of annealing.

Unirradiated con-

trol samples were measured to indicate the precision of the measurements.
indicated in the
accompanying table. Two samples were measured at each exposure. The dif-
ferences in modulus due to irradiation to different exposures is statis-
tically significant ornly at the 90% confidence level.

The room temperature moduli varied with exposures as

SONIC ELASTIC MCDULUS OF IRRADTATED GRAPHITE

SAMPLES AT ROOM TEMFERATURE

Graphize Type Exposure
TS~AGCT Unirradiated
TSF 139 MWD/AT
TS-AGCT 2471 MWD/AT
TS-AGOT 338 MWD/AT

-
Elastic Modulus x 109 psi

O OO

.678,
.720,
.635

o}

.625,

665
720
TG
,67C

QOO0
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The effects of annealing were small. Only the samples irradiated o 274l
and 3385 MWD/AT displayed a lower modulus at the start of the second run.
However, there was a noticeable difference in the character of the modulus
versus temperature curve, with the greatest differences appearing at
higher temperatures.

Irradiation of Pyrolytic Graphite

An initisl short irradiation {130 MWD/AT)} of pyrolytic graphite at 500

to 600 C revealed a distinct difference in the behavior of as-deposited
material and materisl annealed at temperatures ranging from 2200 to 3000 C.
As-deposited material expanded about 0.2% in the direction parallel to the
layer planes, whereas the annealed material did not expand. Upon continued
exposure this distinction has disappeared. Both as-deposited and annealed
samples expanded about 0.4% after 2100 MAD/AT. In addition, some samples
were large enough to measure transverse length changes. After 1930 NMD/AT
an expansion of 0.3% occurred. Thus, there is a reduction of about 1% in
bulk density upon high temperature irradiation to 2000 MWD/AT.

Irradiation of Explosively Compacted Graphite

Samples of explosively compacted material made from natural flake and from
ground nuclear graphite were irradiated at 500 to 600 C to 1930 MWD/AT.

The original bulk density of the natural graphite compacts was 2.12 g/cm3.
After irrasdiation an expansion of 0.9% was noted in the transverse directicn
end a contraction of 0.2% in the parallel direction. In contrest, nuclear
graphite compacts with an original bulk density of 1.9 g/cm3 contracted
about 0.07% in both the transverse and parallel directions.

Electron Microscopy Studies

Compar:scn of cathodically etched and as-polished graphite surfaces by
‘electron microscopy has shown that, although cathodic etching reveals a
network of microcracks, the surface between cracks ig left smooth and

more difficult to interpret than the small oriented platelets present on
unetched surfaces. Oxidation will be combined with cathodiec etching in an
attempt to rewveal the crientation of structure between microcracks.

Metallography Studies

Work on a technique to improve replica contrast of porous materials was
initiated. The conventional shadowing technique obscures much detail with
a material such as graphite because long shadows are cast by replica
materlal stripped from pores. The technique under study would leave no
shadows and allow observetion of areas in or near pores. A thin film of
liguid epoxy resin 1s appliied %o a carbon replica prepared in a conven-
tional manner, with the exception that no heavy metal shadow deposit is
applied. The liquid resin seeks a level on the contoured surface of the
carbon. A wvariable resin thickness results which will cause a variation

in electron scattering. The application of the resin to one surface of the
carbon will result in a positive replica, whereas application to the opposite
surface yields a negative replica. Japanese investigators have picneered
this method on other materials with scme success.

UNCLASSTIFIED
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8. SUPERCRITICAL PRESSURE WATER REACTOR STUDY

The conceptual design and economic evaluation of a 300 MWe Supercritical
Pressure Water Reactor continued with studies directed toward defining

the more detailed aspects of the power cycle, fuel element design, reactor
centrol, and eguipment layocut.

Moderator Heat Utilization

Heat generated in the moderator by nuclear reaction and absorbed by the
moderator through transfer from the fuel elements may be as high as 10%

of the total thermal output of the reactor. Effective utilization of this
heat for feedwater heating is, therefore, an important consideratiom. If
the heat in the moderator represents nc more than approximetely six per-
cent of the total power, neerly all of this heat can be recoversd and used
to preheat the feedwater. Any quantity of heat in excess of six percent
can be used only partislly, with about 1/2 percent reduction in over-all
thermal efficiency for every one percent heat generation in excess of the
base six percent.

The most effective method for comserving the moderator heat is to directly
feed the moderator into the feedwater cycle. This methed was originally
incorperated into the power cycle. However, concern about severe contam-
ination of the primary system upon fuel element failure (blowout of a
pressure member) into the moderator led to separating the primary asnd
moderator systems. In addition, the desirability of moderator poisoning
for coarse control of reactivity resulting from burnup and other slow
transients has been under consideration. Where boron is used, a direct
moderator feed to the feedwater cycle is, of course, prohibitive. For
these reascns the power cycle has been revised to regeneratively transfer
some of the moderator heat to the feedwater in a heat exchanger. A second
beat exchanger to lower the moderator temperature further is also required.
Tentative sizing irdicates both heat exchangers to require about 19,000
square feet of heatf transfer area if heat in the moderator is 10% of the
total reactor heat output.

Turbine Bypass System

A turbine bypass system is necessary during rapid or slow startups and
shutdowns. During the operation of the bypassz system, close proximity

of normal temperature must be maintainsd throughout the cycle to prevent
thermal shocks or overtemperature conditions ir *he reactor compcnents.
The most difficult condition appears to resuit from turbine stop valve
trip folliowed by reactor scram. In such an event the bypass system must
progressively reduce the pressure and remperature of the {luid leaving
-he last pass of the reactor to provide heat sink media in the reheat
neat exchangers, and yet maintain steam at appropriate pressure and
temperature for the feedwater heaters and for the turbine-driver feedpump.
Simiitanecusly, the pressure and temperature reductlion rust correspond to
the reactor flow reduction which must follow the reac-or power decay
relation.

UNCLASSIFTED
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As a resuwlt of these considerations it is proposed to utilize several
bypass valves, pressure reducing devices, and desuperheaters in the
turbine bypass system to regulate the pressure and temperstures. Be-
cause cof the speed of response necessary, some compromise may be neces-
sary. This area appears to be the main problem in the supercritical
pressure water concept from the power cycle standpoint.

Equipment Sizing and Cost

Preliminary specifications for the reheat heat exchangers, feedwater
heating system, condenser, and pumps have been submitted to various
manufacturers for sizing and cost information. To date, information has
been received on the condensers. Vendors' recommended sizes for the service
have been essentially similar to preliminary calculations. For a meximum
cocling water temperature of 75 F, the surface condenser will reguire
170,000 square feet of area to meintain 1.5" Hg absolute pressure. On

the besis of an average cooling water temperature of 57 F, the surface area
requirements will be 110,000 square feet.

Fuel Element Assembly

Work continued during the month on optimization of the fuel element
design for the "inverted cluster" element. The U-tubes carrying the
coolant, initially 26 in number, were decreased to 18 to provide a more
favorable fuel-to-tube metal ratio and to ease fabrication problems.
With the 18-tube cooling array, power densities on the order of 20 mega-
watts per ton of uranium appear feasible.

One of the basic quantities which must be assigned in a power reactor
study is the design value of the heat flux to the coolant. For a given
fuel design, this value determines the specific power (MW/T) and hence
the core size. 1In most reacter concepts the value is assigned by deter-
mining the burnout heat flux (about 1,000,000 Btu per square foot per
hour for many resctors) and teking a factor of two or three for safety
and unknowns. For supercritical water technology no burnout limit has
been determined, indeed if one even exists. However, there does exist

a phenomenon called the "whistle effect", which, while the consequences
of it appear to be an entirely different order of seriousness from
burnout, does produce pressure fluctuations and vibration (about 1500 to
2500 cps). Because of the limited data on the "whistle effesct", a factor
of two on the estimated "whistle effect"” region in the Supercritical
Pressure Water Reactor has been assumed, resulting in a design heat flux
of 750,000 Btu per sguare foot per hour. This results in a reactor
average heat flux of about 200,000. Definition of the magnitude and
location of the "whistle effect” represents, perhaps, the most signifi-
cant barrier to fully exploiting supercritical cooling technology.

To provide a reasonable distribution of the heating load over the fuel
elements, circulaetion of the coolant through the reactor in three passes
has been selected. These passes will be:

UNCLASSTFIED
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(1) Pirst Pass: 1Inlet temperature 540 F, outlet 305 F.
{2) BSecond Pass: Inlet 805 F, outlet 1050 F.

The exit coclant from the second pass will be led to the steam
reheat exchangers returning at 805 F for the third pass.

(3) Third Pass: Inlet 805 F, outlet 1050 F.

The effluent from the third pass will be fed directly to the
turbine.

The first pass will represent approximately half of the total heat load.
Tubes carrying "first pass" coolant will be concentrated in the central
zene of the reactor, whereas the "high temperature” passes will comprise
the lower power fringe tubes. It appears that an average pressure drop
of about 200 teo 250 psi per pass will be encountered at projected cpera-

ting levels.

Reactor Control

To redllize the high exposures {(approx. 20,000 MWD/T) desired from the fuel,
it will undoubtedly be necessary to introduce a variable reactivity factor,
either by introducing a burnable poison into the reactor loading or by
utilizing a varisble-density soluble pcison in the moderator. One
interesting possibility being considered is the division of the moderator
tank into zones by partitioning and controlling the scluble poison content
of each of the three temperature zones. Such an arrangement would permit
tailoring of the poison content to the reactivity of the individual zone
and should permit extension of fuel operating life without accentuating
flattening problems.

"Gray” control rods would then be used primarily for short-term reasctor
control, with strong safety rods interspersed in the fuel pattern for
shutdown. -

Work continued on the layout of the SPWR site and reactor building. The
layout of the control, office, and waste handling areas has been completed.

The waste handling system flow diagram and the first draft of the systeﬁ
description were completed. A cost estimate for the system is being pre-
pared.

Work continued on the refinement of the SPWR unit cost of producing power.
While the costs remain quite competitive, sufficiently detailed analyses
" have not been made to set a power generating cost.
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9. ALUMINUM CORROSION AND ALLCY DEVELOPMENT STUDIES

Metal Growth During Corrosion

The relaticnship of dimensiocnal changes and film growth is being determined
for Zircaloy-2 and for the aluminum alloys X-8001 (1% Ni, 0.5% Fe),

1245 (99.45% Al), and an experimental aluminum elloy containing 1.5% Fe,
1.5% Ni. Sample thickness from two to 62.5 mils is being tested.

For the two-mil aluminum foils the dimensicnsal increases seem to have a
linear relationship to weight gain in the early part of the test, after
which the growth rate decreases. The heavier aluminum foils show no dis-
cernible growth during the first pert of the test, but at & given film-
thickness to metal-thickness ratic growth becomes detectable. There is an
indication that the corrosion rate may elso increase at this point, but
this is not yet conclusive. The Zircaloy foils have shown no growth up to
a weight gain of 1l mg/dme.

RADTATICN EFFECTS ON METALS - 5000 PROGRAM

Radiation damage recovery is being studied for a number of metals, namely,
copper, nickel, titanium, zirconium, ircn, and type 347 stainless steel.

Isothermal annealing of zirconium, iron, nickel, and copper was continued
during the month. A series of isothermal anneals was begun to determine
the kinetics of yield strength recovery in irradiated zirconium.

Anelyses of tensile tests on irradiated iron have been made using two tech-
niques: (1) increase in upper yield stress with increasing exposure, and

(2) separation of radiation hardening into lettice and source hardening.

The contribution of source hardening appears to decrease with exposure and
increase with interstitial impurity content. The amount of radiation harden-
ing increases with decreasing interstitiel impurity content and reaches sat-
uration at increasingly higher exposures as the impurity content is decreased.
The interstitial impurity atoms are cbviously acting as trapping sites for
peint defects. In the material of highest purity, fewer trapping sites are
avallable and the radiation-induced defects migrate to other sinks such as
grain boundaries and dislocations. Anrealing at temperatures suitable for
freeing trapped defects results in an increase in the source hardening.

This is reasonsble if one considers that only "fresh" dislocations are moving
under the applied stress.

A similar treatment has been applied to tests of Type "A" nickel. After
initial yielding, a specimen exposed to 3.6 x 1048 nvt was unloaded and
immediately reloaded, resultiag in a decrease in the amount of source
hardening. After aging for cne hour at 200 C, the source hardening was in-
creased by 2000 psi; upon unloading and immediate reloading, the source
hardening decreased by 13500 psi.
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Strain-rate sensitivity tests are being conducted on irradiated and un-
irradiated titanium in an effort =0 determine the effect of neutron damars
on dislocation velocities. An irradiated specimen with an exposure of

1.0 x 1017 nvt was strained 0.5} at a strain rate of 0.02/min. Then the
rate was instantaneously changed to 0.002/min. This cycle was repeated
gseveral times. The same procedure was followed on an unirradiatsd specimen.
The coefficient of strain-rate sensitivity was 0.024 to C.028 for the
irradiated specimen and the strain-hardening exponents were the same at
both strain rates. The unirradiated specimen, however, was more sensitive
to an increase in strain rate than %o a decreage, due tc a lower strain-
herdening exponert at the lower strain rate. The coefficiernts of strain-
rate sensitivity were 0.018 to 0.01l3 for a decrease in strain rate and
0.021 to 0.024 for an increase in strain rate.

E. CUSTQMER WORK

Radiometallurgy Service

Examination of the female end cep of ar IXE hole failure revealed a pocket
of UOp under the cap and a pocket of UQe extending one inch down the element
under the outer cladding. A large void in the AlSi was found around the
outside edge of the cap. From the observations i* is believed that the
defect was in the female weld, although the exact point of water entry was
not found (RM-417).

© A natural uranium, I&E production element rupture from 3I781-H failed by
splitting longitudinally. Examinetion *o date nas indicated that prior
t0 splitting the cladding was penewrated at the upstream end by uniform
corrosion and an oxide pocket Tormed ir the uranium. The urarium corrosicn
products displaced the cladding ard reduced the coclant aznrnulus on the tcp
side of the elemert. The aluminum corrosicr product downstream from the
blister indicates that the surface remperaturs was at least 350 C (RM-L20).
A side failure which cccurred ir tube #173-H was examined this month I-
appeared that melting of the claddirng had occurred. A ietailed sxaminazion
revegled that the failurz resulted from ware- renetration of the cladding
in the maximum temperature zcne of a "hot spot” Water and/or wapor under-
cut the cladding displacirg the claddirg sver a large area around the i
entry sive. The appearance of *khe ciajding 1id net indicate that melting
kad occurred (RM-422}.

Results and interpretartions of these examinaticns will ©e reportei in more
detail in connection with the development procrams served.

Mecallography Service

A metallicgraphic exemirna<ion of & shors zectior of the KER-. carbes
Loop nas rewealsd no crackirg such as encoamtersd regently ln the s 33
steel loops of KER. Tac :ame localized area wners crackinT cocurred in the
stainless gieel was cxamired in the case of rthe zarcor ste=.
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The gas pressure bondirg technique for NPR fuel element closures has been
under study by FPD's Materials Engineering Operation. Initisl work pro-
duced incomplete bonds which were found to be the result of improper
cleaning before assembly. Techrigques used recently require that the com-
ponents be cleaned by vacuum cathodic etching. Metallographic examinations
of pileces assembled after cleaning in this menner have shown that complete
bonding occurs along the cap-to-uranium interface, but only partial bonding
sometimes results between the cap and can wall. This partial bonding is
. caused by incomplete removal of what appears to be zirconium oxide from
the mating surfaces.

Samples Processed During the Month:

Total Samples 624

Replicas 58
Photographs:

Micrographs 566

Macrographs 217

Electron Micrographs 155

378

VEWR Control Rod Review

The techmical review of the Vallecitos Boiling Water Reactor control rods with
respect to the possibility, probability, and circumstances which could lead
to nine control rod "shoot-out” incidents vas completed. It was the opinion

of the reviewers that a control rod shoot-out incident was credible (defined
ag a probability greater than 10~ to 1077 per reactor lifetime}. Further,

it was the reviewers® o¢pinion that the present control rods could not be
modified (without essentially rebuilding them) to place a shoot-out incident
in the incredible range. It was their recommendation that certain interim
modifications be made to the rods until new rods could be designed, fabri-
cated, tested, and installed on the VBWR (about two to three years’® time).

Pebble Bed Reactor Study

The review of the CRNL desigr stuudy was completed on March 17, and sent %o
the ARC. A formal document wiil be issued in the near future. The FBR
concept was found tc be technically feasible. However, the optimized unit
cost of producing power appeared somewhat high, 8.0 to 8.5 mills/kwhr, when
compared to the competitive cost area of 7.0 mills/kwhr or below. It was
recommended that a more detailed study of the concept be performed ir order
to better predict the power cost. The technological problem appeared to be
‘development of a reliable fuel hall for the exposure conditions established.
An R&D program to desvelop this reactor concept would cost approximately
twenty-three milllon dollars snd require at least eight years to complete.
Included in the program would be the eventual construction and operation of
small prototype pebble bed reactor.
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NPR Charging Maechine

Fabrication and assembly of the NPR Charging Machine is estimated to be 35%
complete.

Status of individual components is as foliows: rail assembliss are complate;
the cross travel drive sub-assembly is complete; transfer arm sub-assemblies
are 90% complete; modified main freme ccmponents are complete and their
installaticn is 50% complete; idier roller agsemblies are 40% complete. The
hydrsulic power package has been installed in the créoss travel drive assembly
and installatioc of the hydraulic piping is 15% complete. Two console

mockup units built of wood were completed.

Design of the magezine support to bridge "C" elevator is complete except for
the nozzle and connection. A prototype talancer is being furnished by &
vendor for investigetion. Design of +the adapfor, end plug and free piston
for the megazine is complete and comment prints are scheduled for issue at
month's end. Tests on optimum megazine end taper and materials and on check
valves were completed. A six-degree taper will be used.

NFR Bellows Testing

Spring rate was measured on 2ll bellows. Of ten bellows tested to date, five
were satisfactory to 5000 cycles and five failed. Two failures were attributec
te flexure, two to gelling by <he shroud, and cne to vibration. -The preser
design is susceptible to failure from galling betwsen the bellows and the
shroud.

PCTR Hot Water Loop

Scope design of this high pressure (1500 psi), high temperaturs (572 F)
facility has heen completed and delivered to W. P. Stinson.

Shielding for Fuel Recycle Pilot Flar<

Shielding calculations were started for the Fuel Recycle Pilot Plart project
proposal at the request of Facilities Engineering COperaticn. Preliminary

planning layouts have used four feer of heavy aggregate concr=te for shield-
ing. 1Iritial dosz2 rate calculaticns for the case of a criticality incident

indicate that a +hirnrer shield may be ussd.
/f

Marnagers, Reactor and Fuels Research
and Development

FW Albaugh:kv
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REFORT

MARCH 1561

FISSIONABLE MATERIALS - 2000 PROGRAM

REACTOR

Exponent ial Measurements for NP Reactor

The material buckling has been measured for the condensed N-Reactor lattice
loaded with dry natural uranium fuel elements 2.3" x 1.8" and 1.1" x 0.5". 6
The lattice spacing 1s T.56 inches. The preliminary buckling is -178 x 107 em”
Estimated extrapolation lengths of 1.0 inches side-to-side and 0.8 inches fronmt-
to-rear were used in calculating the preliminary buckling.

2'

Fast and thermal extrapclation distances into the control rod with water coolant
have been calculated from the results of exponential measurements in the NFR
mockup. The fuel elements were 0.946% enriched uranium with EoO coolant. The
control rod was placed in the center of the moclkup. The thermal extrapolation
distance derived was 5.35 cm and the fast extrapolation distance was 18.02 cm.

As a comparison, the calculated thermal and fast extrapclation distances into
the control rod as reported in HW-684QT7 are 6.06 am and 15.54 cm, respectively,
for the NPR mockup exponential pile.

NFR Fuel Temperature Coefficient

A large error was made in computing the normalizing constants that went into the
temperature coefficient reported last month. Re-examination has shown that the
temperature coefficient of k. should have been larger by a factor of {2.238).
The corrected result is

1 Ak,

Ear < o- (1 + 0.07) [(5.26 £ 0.2) x 2077 - (2.55 £ 0.k} x 1078 o (“1{)]

The abcve relation is velid over the temperature range from 24°¢ to 968°C, but
neglects the effects of volume changes at the phase transition temperatures.

The step-changes in reactivity due to volume expansicn at constent temperature
when the uwranium passes through the ¢ —> B and B —3 7 phase transformations can
be expressed in terms of unit functions, U(T1~TJ), and appropriate multipliers.

p(T) = af(T) + 5U(T1'Tbﬁ) + YU(Ti-Tg 7)
The unit functions, U(Ti-Tj), are defined as follows:

17Ty
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A new method of analysis has been developed which yields the change in k, direcu.,
as a function of fuel temperature, in terms of the cbserved reactivity changes.

k(1) = Ko(To) + R [af(Ly) + BU(T-Teg) + 7U(T1-Ty) |
or
So(T) = R [af(TiJ + BU (T4-Teg) + yU(Ti-TB,,)]

The function f(T) has been chosen to be (T%FTE), following the suggestions of
Khane(l), Vernon(g) and others.

Evaluation of the above equation in terms of the measured quantities leads to the
following:

1
Ao (T) = - (1% 0.07)(2077) [(1.79 £ 0.03)(Tf-T2) + 0.81 U(T(-9%0)
+ .57 U(Ti-l|090)]

where T 1s in °K.
The arguments of the unit functions are selected to correspond to the average
el temperature at the time that the entire fuel element had made the particular
phase transiticn,
The leading term, (1 * 0.07), represents the maximized uncertainty due to flux
and adjoint flux mismatches. The uncertainty on the term (1.79 £ 0.03) is
based on the variance of the fitted data. The uncertainties on the coefficients
of the unit functioms are estimated to be about 24.

Neutron Spectrum Studles

The power series representation of the Hurwitz H-function has been programmed.
This program has been incorporated into ACE as one of its eight subroutines.
Rescnance integrals of the lutetium isctopes for neutrons with energies below
the cadmium cutoff have been recalculated using the new subroutine. For neutron
temperatures below 600°K, the ratios of epithermal resonance integrals to epi-
cadmivm cadmium integrals were within < 1% of those calculated previocusly w1+h a
polynomial £it to the curve printed in the Burwitz paper.

Resonance integrals were calculated also for the Pu~-239 and U-235 fission cross
sections with the Hurwitz function. The results of these latter calculaticns
will be used to compare measursments of the spectral index in the TTR as deduced
from lutetium, plutonium, and uranium foils,

(1) A. Keene, B. E. Seale, AERE R/M 224 (1959), An Investigation of the Tem-
perature Dependence of the Doppler Ccefficient in Natural Uranium lattices.

(2) A. R. Vernon, NSE 7, 252, (1960).
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Bare “ﬁxoa A_502 f-ils mave teen activated ir the TTR thermal column for the
Furpcse “af calibrating souphers for spectral index measurements. The foils

nave hesn coanted and the data ars belng analyzed. This calibration work was
done in support of futurs graprite- aranium and grarhite-platonium lattice studies
ani rethermalization ztudies.

Optimization >f Retuhed C-Piie Latiize

All --mponents fer the C-pile mockuy exponential pile are either received or

on orier. An 8' exponentilal pile will be constructed fir safety rod measure-
ments with both standard and overbhored fuel. Machining of graphite for use with
standsré fzel has been zompleted. Machining of graphite fir wuge with cverbored
fuel is about 50 percant 2omplete, Five munired fifty-four rieces of the new
erriched I & E fuel kave Leen received.

lattice Parameters for Large Diameter Fuel Elswments

Seversl horizontal traverses have teen taken in the iL-foct expcenential piles..
The data have been analyzed to chbailn side-+wc-gide extrapclaticon lengths, ».
A compariscn between the valiles of A ~btained using fast and tkermel source
theory is showw ir Table I,

TABLE I

trapclaticon Length Comparisons

uel X A ' Lattice
Elemert Thermal Sourze Fast Scurce Spacing
2.5 x 1.€ wet 2.3 1.1 12 3/8
2.5 1 1.6 &ry 2.,k 1.8 "
2.5 x 1.6 wet 2. i 1.4 "
with 1.17
2.5 x 1.6 dry 2.k i 4 "

with 1,17

The A's zalculated with fast source theory are more reastmatle than those cal-
culated with ~hermel scurce Thelry. It 1z aprarent than Jast sourcs Theory,
which iz mcre pearly correct, sholld e zed vwhenever TLE neIiIon SOUT2ES are

clustered anout tre pile centzriine.

A 7090 program was written rc perform many of the zaicdlations necessary in
deriving lattice parsmeters fram fiil astivitiss. oross sections, and reactivi-
ties,

4 Jetecter with a /v crozs sectlon 1: needed for ¢ measurements. Experiments
with coprer sandwiches indicated <hat the rescmance flus could not Te adequately
shiesdel without wery largs copper tiizkmeszes. Scdium is a geood possibility if

protlems of fabricaticn and 12w cross secTicn can 26 srived. Sodivm carbonate
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pins were made in the same manner that lutetium pins have been made. The powde:
is mixed with a hydrocarbon resin and molded in & glass tube. Foils have alsc
been made by molding the resin-powder mixture between glass plates.

New folls are being prepared for the dual chamber that will be used for the
standardization of € measurements.

A measurement of k, and £ for a 1.66" fuel element in & 63" graphite lattice
has been designed. The results will be used to check calculations and buckling
measurements for very hard neutron spectra.

Digital Computer Programs for Reactor Analysis

Development of HFN, the multigroup neutron diffusion theory code, is contimuing.
Newly added features which have been debugged by being used on at least one cam-
puter run are: .

l. Criticality Search - a single diffusion parameter is varied in an
attempt to make the calculated multiplication equal to scame inpat
value,

2. Material Mixing - a hanogenecdus mixture of as many as ten different
materials from the cross secticn library mey be specifled for any
region.

3. Flux Convergence - the convergence criterion used to terminate
the iteration process may be based on the fractional change in
group flux at each point. Previcusly, only the multiplication
factor could be used as a basis for the convergence test.

The option which allows partial suppression of output has not been tried. A bug
has been located in the section of the program which caleculates theoretical
detector traverses, but has not yet been eliminated.

FIT-1, the few group neutron diffusion theory code for analysis of expsrimental
detector traverses, is being readied for a final report. Improvements in output
formats and error camputations heve been made. The input data for a tast case
for the report have heen gathered, tut have not been run.

Computational Programming Services

INELASCAT, the code which processes inelastic scattering data from the three-
axis neutron spectrometer, is operating on a production basis. All revisions
and additions thus far requested have been completed.

An informal report (HEW-68858) has been issued which describes the changes made
at Hanford to the Los Alamos generalized least squares program. The program
decks have been put into the SPL in T13 Rldg.. and are available for general
use.

12246q2
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Instrumentation

Two prototype experimental scintillation combination quasi-logarithmic and multi-
range linear beta-gamma area monitors were completed and ipitially tested. The
units ere transistorized and use a chopper input. The availeble quasi-logarith-
mic range is 1 mr/hr to 100 r/hr, and the four lineer decade ranges are 0-10
mr/hr to 0-10 r/hr. The original breadboard circuitry performed contimuously for
Eé-months with no accumilated drift errors and with day tc day readings verying
by less than * 10 percent ¢of the true reading. The two prototypes are now in
condition for complete evaluation ftests. The units, if sucecessful, will be
applicable to all plant area-type monitoring problems, includling NPR.

The prototype transistorized NPR Beta-Gamma Scintillation Air Monitor was re-
turned to field service after Installation of a new ruggedized meter-relay.
Operation to date has been satisfactory.

Specifications were completed, in cooperation with Instrumentation Design, CEXUO,
for the slow scan portion of the NPR Fuel Rupture Monitor. The specifications
were issued for comments.

The fast scan table and slip-ring assembly for the experimental Fast and Slow
Scanning Type Fuel Fallure Monitor operated contimiously for one month without
trouble. Slip ring noise level measurements are being periodically made, and

to date; no variation fram the initial 50 microvolts peak-to-peak level has been
noted. Experimental circuit development continues.

Work is under way towards determining the possible effect on NFR Puel Rupture
Monitor sensitivity due tc fission products introduced into the coclant by
uranium surface contamination on the fuel. Design was compieted for two light
ripes and associated light-tight bax and necessary electronic equipment for
experimental investigations of uranium contamination on the ocuter surfaces of
NFR fuel elements by alpha detection. Tt was calculated thet levels of less
than 0.010 ugw/cm® can be detected on the element surfaces.

A specification (EWS-8127) was prepared for Instrument Development, IPD, con-
cerning a chamber-cable assembly for use as a reactor high level flux monitor.
In this case, a unified cable-chamber assembly with no cable connectors was
proposed. Technical advice was rendered concerning the Intermediate Range
Period Monitors, and technical guidance was rendered concerning improvements
to the gamma type fuel rupture monitor (CGI-904). In addition, a guide for =&
general specification was prepared concerning the procurement of replacement
fission counters for suberitical neutron monitors.

Advice was rendered to Instrumentation Design, CE&UQ, concerning technical as-
pects of the NFR nuclear instrumentation procurement.

Tests were performed to determine the extent to which emittance affects the
output of the radiation ratio pyrometer heing developed for reactor graphite
temperature meesurement. FPD's pyrometer was used for the tests, and the
indication of this pyrameter and a silicon solar cell pyrameter were compared
te that of a thermocouple for specimens of Zircaloy-clad and bare uranium
elements. The silicon solar cell pyrometer shifted calibration as expected,
since it is a brightness pyrameter and is sensitive to the difference in
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emissivity between Zircaloy cladding and bare uvranium. The calibration of the
radiation ratio pyrometer did not shift either from drift over a one-month
period or fram differsnce in emittance between the twc types of specimens.

Systems Studies

Work is continuing on the NFR plant simulatcr. The purpose of this simulator
is to provide & reactor model for the superviscors and cperators. This model
will allow Interested personnel to investigate the behavior of the reactcr under

actual opersting conditions.

The NFR secondary loop study has been cempleted for the present. The study con-
sigsted of transient and stability analyses of the entire secondary system. The
analog representation of the system includes the secondary side of the primary
heat exchangers; the dump condensers, the surge tank, and autcmatic control for
the heat exchangers, dump condensers, and surge tank. Lack of non-linear analog
equipment dictated the use of linear approximations Tto¢ parts of the system.

Almost the entire system was simulated on the GEDA computer. The first analog
studies were of the secondary system as proposed by Burns and Roe; this system
exhibited a marked instability. Stability was ccnsiderably improved by increas-
ing the size of the surge tank by a factor of four. Further stability was attain-
ed Dy removing the dump condenser reset control. In an effort to utilize the
desirable features of reset control without undue instability, a low reset value,
around 0.01, will probably be used. It is expected that IFD will initiate further
analog study of the secondary system scmetime in April or May, 1961.

The computer program for the speed of comtrol of the cld reactors is presently
being reorganized to more efficlently use computer time. The computer clreuits
are heing redrawn to conform to the present circuit being used. The installation
of new equipment will allow the entire problem to be run on the EASE camputer;
l.e., it will no longer be necessary to use hoth computers to solve the problem.
All arbitrary functions used in the problem are being tabulated and filed for
easy access to the computar. Test cases will be rn tc cut down the checkout
time on the computer. These improvements will reduce ~he computer time invclved
and the cost.

The EASE analog computer was used to simulate a two-zone reactor control system
in an attempt to determine the behavior of a reactcr subjected to zone tempera-
ture control., The control system comsists of a sampling device which measures -
the outlet water temperature in each zone periocdizally. compares this “empera-
ture tc a reference, and if the error is greater than a predetermined value,
moves the zone contrcl rod a fixed distance. The effects of 4he fsllowing param-
eter changes were studied:

(1) Sampling period

(2) Rod travel per zample (when a correztiscn 15 needed’
(3) Error limits (dead band)

(4 Relative "worth" =f the two ends of the half rod
(5) Cross coupling between the two sections.

In gerneral; the study shows that stable contrzl ~f each zone temperature is
possible with relatively long sampling pericds (ome mimute, or lass}. However,
the quality of control iz improved by decreasing the sampling period and reducing
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the amount of rod travel per sample. The amount of rod travel needed (per
sample } depends on the magnitude of the largest expected disturbance, the samp-
ling period and the maximum allowable temperature, or power level, deviation.
Detalls of the test results will be contained in a forthcoming report.

A reactor control test was made at 100-D reactor in which control logic similar
to that used in the above simulation was carried out by the pile operator.

Four of the slx outlet temperatures normally recorded on a six-point recorder
used by the pile cperators were used to control four of the long control rods.
The four temperatures uged for control were chosen to represent temperstures
rear the four corners of the reactor (in the front face plane). The other two
points represented the center sections of the reactor apd, for the initial test,
these temperatures were allowed tc change in absolute magnitude as long as they
vere approximastely equal. A half rod was moved if these two points tended to
drift apart. Total power was allowed to drift within a predetermined dead band,
bt if the band limits were exceeded, the temperature setpoint was moved in 0.4°C
stepes as required to bring total power back within the limits.

Using this ccotrol philosophy, four different tests, each approximately twe hours
durstion, were made on the 100-D reactor. Sampling pericds of 48 and 96 seconds,
and rod movements per sample of one-half and one inch were used. In each case
stable operation was obtained and very few total power or half-rod corrections
were necessary. For example, in the test using one-half inch rod movements and

a one minute sampling periocd, neither type of correction (total power nor half-
rod) vas needed over the two and one-half hour test period. The tests using one
inch rod movements yielded slightly lerger deviations in power but the control was
very stable. Additional reactor tests of this type, but including a larger num-
ber of ccntrol zones; are planned for the first week in April.

SEPARATIONS

Plutonium Critical Mass Facility

Further pre-startup tests, which need to be made on the sclution system prior to
commencing criticality experiments, are in progress. These tests were delayed
during a portion of the month because of the late delivery cf stainless steel
valve replacement parts for the valves to the suction header in the mixing hood.
The required valve parts were received on March 16, and follewing installation
of these parts, the pre-startup check out of the soluticn system was begun.

The liquid level indicators of +the storage and mixing tanks are currently being
calibrated. The liquid level manometer for measuring sclution levels in the
critical assembly vessels is undergeing tests.

The fast addition pump for the critical assemblies and the transfer pump are
werking satisfactorily with one excephion; there is toc much leakage at the
packing glands. The metering pump, for making small fuel additions to the eriti-
cal assembly vessels, operated satisfactorily, but scme difficulty was encoun~
tered in priming which has not been resclved.

Constructicn was tegun on the mechanical components of the split half machine
which will be used for the conduct of criticality experiments with PuOp-plastic
mixtures. The design of the electrical ccomponents for the machine has progressed
slcwly because of a lack of gquelified personnel for this work.
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Development of Nuclear Codes for Criticalify Calculations

The modifications to the HISMC code (A Monte Cario code to study the behavior
of neutrons in homogeneous systems) have been campleted. These modificaticns
were described in the Pebruary monthly report. An initial run on the code with
100 histories indicated that the running time would be prohibitive. The sources
of the time-consuming operations were determined from a camparison of the code
before and after the modifications were made. Several programming changes were
undertaken which should speed up the code considerably. The code is now ready
t0 be reassembled.

The subroutines which were missing from the AIM=6 multi-group diffusion code,
when received fram Atamics Internmational, heve now been obtained. The ATM-6
multi-group diffusion code hes several advantages over the 9-Zoom code, namely
a criticality search option, and the fact that the code 1s written in Fortran,
which makes modifications simpler.

" Coples of two codes of major interest were recently receilved from Atomics Inter-
national. These codes are: 1)} TEMPEST and 2) FORM.

TEMPEST is a peutron thermalization code, written in Fortran for an IERM-TOS.
This code will provide either microscopic or macroscopic cross section averages
over the thermal neutron spectrum based upon the following: 1) Wigner-Wilkins
appraximation for light moderators, 2) Wilkins approximation for heavy modera-
tors, and 3) a Maxwellian distribution.

FORM is the Fortran version of the MUFT-4 code, i.e., a Fourier transform slow-
ing-down code. The code will generate a S5hegroup flux spectrum and provide up
to 24 few group constants for a few group code.

Critical Mass Calculatioms for Homogenecus Pu02-5,0 Systems

A series of critical mess calculations pertinent to nuclear safety were comp-
leted during the month. The systems considered were Puls-H50 mixtures of
various compositions. The PuOp, was assumed to have a theoretical demsity of
11.4% gm/cc. The Hp0 Gensity was taken as 0.99 gm/cc. The campositions of the
systems considered are listed in Table I. Pu-240 was considered in amounts of

5 and 10 percent of the total Pu for a range of E/P: values in which the cal-
culations were expected to gilve reasonebly accurate predictions for the affect -
of Pu~240. Efforts to more accurately predict the effect of Pu-240 on critical-
ity are contimuing. Good agreement was cbtained with experimental data in two
regions of the curves. 1In the region of minimum critical mess, the values for
the bare and reflected critical mass agree well with those predicted from the
Hanford P-11 project data.

The points at H/Pu ratios of approximstely 3000 are not well determined, since
the convergence on the critical radii are slow and the H/Pu ratic of 3000 is near
the minimum concentration which can be made critical (~8 gn Pu/L).

The critical masses and radii of bare and reflected spheres are given in Table II.
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TABLE I1

Critical Masces for Bare apd Reflected Spheres of PuQs-HoO MixXtures

with 0, §, and 10 Percent Pu-240

Bare Spheres Reflected Spheres
200 ] 2= 10%-250 %o B0
E/Pu Re(em) #Mc(Kg) Re(em) Me(Kg) Re(em) Mc(Kg)  Relam) Me(Kg)
0 7.79 2C.0 6.7 12.74%
.38 8.54 23 7.2 13.67
1.25 9.52 25,5
1.66 10.0 25.9
2.37 10.5 25.6
3,36 10.8 2,5 8.8 12.58
L85 11.7 23.5 9.1 11.06
7.23 12.2 20.0 3.3 9.56
12.3 13.1 16.5 0.2 7.80
27.2 14,5 11.2 11.2 5.23
57.1 15.2 6.5 17.4 9.2k 18.4 10.36 12.2 3.11
117 16.0 3.77 17.2 L b7 18.1 k.89 12.3 1.70
295 16.9 1.78 17.85 2.00 18.6 2.13 13,4 0.897
395 17.3 1.4 18.2 1.60 18.6 1.69 13.8 .72
594 18.6 1.13 19.4 1.21 1h.h .55
660 18.2 1.00 19.1 1.09 15.8 1.17 1k, i
- The 19.2 1.02 19.8 1.08 20,4 1.13 15.3 .33
8hg 19.5 .951 20.bh 1.0k 21.3 1.12 16.0 333
991 20.4 oks 21k 1.03 22.4 1.12 17.0 .540
1189 21.9 .965 23,0 1.07 2k.2 1.18 18.5 .582
1487 24,3 1.06 25.8 1.20 27.4 1.35 20.9 676
2977 62.8 8.67 88.8 23.3 52 5.16

*A1]l critical messes are given in Kg-Pu-239.

In the regions where the oritical mass varies slowly with the H/F. ratic, same .
estimate of the uncertainty in the calculations can be obtained. The uncertainty,
which pertains only to the progrom and the convergence criterion selscted, indi-
cates that the critical masses are known *< within abouf £ 2%, This could be
improved at the expense of additional ccmpiting time.

Interaction of Suberitical Systems

Enccuraging results have heen obtained in the caleculation cof interaction of re-
flected suberitical systems= hy & variaticnal method. While the absclute predic-
ticns of criticalirty corditions by this formuleticn ars significantly in error;
usually non-conservatively, relative predicticons have heen wirhin one or two per-
cent of "exact" calceulations. These observations are based on the comparison of
predictions of the approximaticn methed with ¢aiculations of HFN for slab '
gecmetry. The quantity compared is the ratic v‘/v;, where v° ig the number of
neutrons per fission required to make tne particular interacting configuration
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eritical and v! is the number of neutrons per fission reguired to make any one
of its (identical) units critical in isolation.

Preliminary determinations of this ratio as a function of slab thickness, fuel
concentration, slab separation, and number of slabs have been made both by HFN
and the approaximation. Calculations of this ratio for interacting cylinders
and spheres, by the approximation conly, have alsc begun; comparisons to HFN
cennot be made in these geometries except for the case of an isolated unit.

The variational formulation is based on two group diffusion theory and is com-
pared with two-group calculations. The results thus evaluate the accuracy of the
approximation to the two-group model, and not to actual critisality conditions.
The accuracy of this latter comparison, which depends, in addition, on the values
of cross sections and on the adequacy of two-group theory, has not yet been in-
vestigated.

Miscellaneocus Experiments for Nuclear Safety Specifications

The experiment to determine the limiting critical concentration (concentration
for which ks = unity) of a plutonium nitrate solution was begun in the PCTR, but
1t became necessary to temporarily suspend the measurements because of a contami-
nation incident on March 3.

At the time of the incident; & large buffer tank containing about 114 liters of
solution was in pogiticn in the PCTR core. The contamination ineident occurred
when a smell end buffer tank, which had developed a leak, was inserted In this
larger buffer tank.

The contamination was detected when the physicist who inserted the tank checked
bis hands on leaving the reactor roam; since this person was not wearing gloves
when the tank was first touched (he had lifted the tank, and then remembering
that gloves were to be worn, had set the tank down and put on his gloves), skin
contamination was incurred on both hands. Decontamination of his hands was
accamplished by RMO personnel; some articles of clothing were lost because of
contaminaticn.

The PCTR reactor roam is in the process of being decontaminated by personnel

of Experimental Reactors Operation. The rails, wooden platform, wooden beams,
ete. {used in conjunction with the hydraulic lifting table to insert the large
buffer tank into the reactor core), which were contaminated and discarded. are
being replaced. The large buffer tank was removed from the PCTR core and
casily decontaminated by personnel of Critical Mass Physics; this tank has been
sent t- the 234-5 Building for inspection. The smaller tanks. which were more
highly contaminated, were sent to the 231-2 Building for decontamination by
personnel of Plutonium Metzllurgy Research; the decontamination process has pro-
ceeded without difficulty.

The contamination reswlted because of both faulty construction and imprcoper
O-ring designs on the sealing plugs and end cap enclosures cf the tanks. The
tank and Jacket design indicated three separate lesk seals: An O-ring under
the filling plug, another O-ring under the cap that covered the filling plug
assembly, and a taped seal around the joint where the jacket top cverlapped the
Jacket kcttom. The first O-ring did not seal ccmpletely because of Improper
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fabrication of the plug; the second O-ring did not seal properly either because
of incorrect design or choice cof O-ring material; and the taped seal arcund the
two parts of the jacket either failed to stand up to pressure buildup in the con-
tainer, or %o the relatively large amounts of liquid present between the Jacket
and the tank wall. Modifications are being made in the end cap enclosure de-
signs, and other considerations being made, to correct defects in the over-all

sealing of these tanks.

It now appeers that the k, measurements, which were completed last month with
the aqueous U-235 solutilons, will have to be repeated. The purpose of the
experiment was to determine the U-235 concentration for which kK, = unity in

an agqueous sclution. The experiment had been performed with 93% enriched

UOsF, sclution contained in aluminum tanks. On completion of the measurements,
when the tanks were being emptied, it was noted that a reaction had taken place
between the UOzFs scoluticn and the alumimmm walls of the tanks., A layer of same
insoluble ursnium compound was deposited on the tank walls. The results of
subsequent chemical apalyses showed the U concentration to have been unduly
lowered by this process.

Since there is no way of kncwing the exact concentrations at the time reactivity
measurements were made, the experimental data are nct reliable, and it will be
necegsary to repeat the experiment.

The reaction between the solution and tank walls was not anticipated because
no such reaction was observed when test strips of aluminum had been immersed
in the UOoF, solution prior to filling these tanks.

The experiment will not be repeated until the above difficulty has been re-
solved.

Criticality Hazards Specifications

Nuclear Safety in HLO

A meeting was held with Fuel Fabrication Development Operation perscnnel to dis-
cuss nmucleer safety in the 306 Building. The main items discussed were 1) the
basis of the muclear safety limits in specifications F-1 and F-2, 2) the safe
handling of 3% U-235 enriched uranium, and 3} the limits proposed for the Iuture
handling of 93% U-235 enriched uranium. ]

The muclear safety of processing U0p~0.5 w/c Pulp in the 308 Building was dis-
cussed with Plutonium Fuels Development (peration persomnel. Each part of the
process was reviewed and limits suggested for the nuclear safety specifications.
It was pointed ocut that since there was no criticality data available for UGo-
Pu0p systems, nuclear safety would be based on data for slightly enriched uranium
by estimeting an equivalent enrichment for the oxide mixture. In the case of
U0z-0.5 w/o Pu0o, the equivalent enrichment is estimated to be about 1.5% U-235.

A meeting of the Hot Semi Works Saféty Council was attended to review the Sr SC
program. The crude feed material will come fram the 22LCR tank farm and will
contain no plutonium, consequently, there is no nuclear safety hazard in the
Lrocess.
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A meeting was held with Chemical Engineering Development personnel to discuss

the nuclear safety aspects of a molten salt process that may be used for the
recovery of PuQ, from irradiated PRTR fuel elements. After decladding, the
U0p~Pu0, would be dissolved in a molten salt mixture and the Pulp deposited on
electrodes. The Puly, in the form of fine crystals, would then be removed from
the electrodes in a water bath. For nuclear safety, both gemmetry control and
patch control would be used in the process. The molten salt will be treated as
an umoderated gystem and the removal of PuCs 1n the water, as a moderated system.

'Bvaluation for Nuclear Materials QOperation

The maclear safety of s 500 gram plutonium metal shipment to Pennsylvania was
reviewed and approved.

Mass Spectrometry

The new ion source for the heavy element mass spectraneter for this program was
installed in the spectrameter. Same of the operating characteristics of the new
source, which is a modification of the original, were exsmined. The modifica-
tions to the original design provide for improved electrical insulation between
electrodes and an increased spacing of the focusing electrodes of the ion optical
system. It appears that the improved interelectrode insuwlation has reduced leak-
age of the accelerating potential to & negligible level. Measurements have also
shown that ions from the source are monoenergetic to a degree which is consistent
with the geametric collimation of the source slits. Thus the spread in ion ener-
gles encountered in the original source appear to have been eliminated by the new
design of the focusing electrodes which was intended to reduce the interaction of
ions with the electrode structure.

Further comparisons were also made on sample lifetimes which are experienced with
different shapes of filaments. The filament design reported last month in which
the portion of the filament containing the sample is not heated directly by ommic
heat continued to give usesable sample lifetimes significantly longer than directly
heated sample filaments.

Several operating days were spent in correcting malfunctions of the ion current
measuring and recording system and the magnetic sweep system.

Two measurements of the isotopic content of nmatural ursnium were made to verify
the performence of the spectrometer. The results of these measurements indicated
a systematic error in mass ratio. The source of this difficulty has not been
disccvered as yet.

Instrumentaticn and Control

Technicsl support to CPD continued in efforts to stabilize the servo systems on
8ix tracer lathes. The new lathes were delivered by the mamufacturer presumably
in operating condition but when assembled it was found they would not maintain
the required tolerance. The tracer lathe is designed to autcmatically produce

a machined part by allowing a metal stylus to trace a contoured pattern. Move-
ment of the stylus is amplified and transmitted to the cutting tool as the tool
is moved along the part being fabricated.
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Operation was satisfactory at nommal masiipge 32Cp tcleratce ut mou at the clise:
tclerance required for this applicaticn. Any sttempts So improve Tie seourady

by ipersasing the servo gystem gain resulted in ssellablon, Teslis were rx o
the system ccmponents “o obtain frequency respomse data. Resiite e date indizate
thet a copbination cf troubles mey he causing the diffizlty. These Lielule tre
forllowing: 1) excess plmse shift iz the servec-vaive driver amplifier, 2) serwn-
valve sticki=g, 3) excessively long lines beftweez the servo-valve anf tae drive
oigten, %) pressure pulaes from the hydraxlic pump, 5} excessive €0 cyelz and
noise picimp in the electreonics, and §) dymamicaily unbalamesd stylus head.

Attemsts have been mede to esrrect same of the shove conditioms. They include ike
falicwing: 1) a pew servo-valve 2river agplifier was igstelled, 2) a "3itlzer”
signel was injected izuo the servs-veive Lo prevent sticking, 3) the servn-valve
wes moursed directly on the piston, %) an sccumuiabtsr was installed %o damp out
bydraulic pulsations, 3, a ripple-free pover suzpliy was iastalled on She elec-
trordies, and 6). the styvius head was dymamically balanced., I addition %o the
above correcticn meascres, a mmber of networis were couce-ted Lo the elscironics.
These wera cazigned to add a leeding or laggirg rhass cmmponent ¢ The Jver-all
system response. The mc3t successful of these has been a lag network wlal de-
creages the high frequency response starting at aboud tern cycles per second.
With tkis it is possible to inzcrease the gain S0 a peint where thz stallic aczur-
acy of tke tracer system is weli within the requirementz. The sreed of respouse,
however, 1s too sicw. Different retwork cambinatiops will e tried in tle near
future. :

NEUTRON CROSS SECTION FROGRAM

Bvaination of “he {ross Sections of tihe Flszsile Nuclides

A survey 1s being made of the status of the low energy oross sectlums agu
fissicn parameters of +the importast fiseile muclliss '.'-"2'33, okl » ant Pu=39,
Al 5f the recent experimental results have been camplled anid reviewsl. The
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'0255 are tabulated as follows:

220C m/s Neutron Parsmeters

P33 U255
O 58T + 3 694 £ L
On,n 12+ 3 | 16 £ 3
dn,x 575 £ 4 678 = 5
Alpha 0.009%5 £ 0.0038 0.172 £ C.007
om‘ g x 2 99 £ k4
Eta 2.288 z 0.010 2,077 £ €.010
Nu 2.502 £ 0,01k 2.43% £ 0.019
O, £ 526 = &4 5719 £ 6
By = & = 1.0000 8as &1 By from CRRP-960

The parsmeters for Pu239 cannot be trested in the same menner, however, because
there are no precision measurements of alpha. There is a recent precision meas-
urement of the total cross section by Safford, et al., of 1018 £ 6 barns. The
best value of dp , 15 found to be 1008 + & barns. Best values have been determ-
ined for the ratios of fission cross section, eta, and mu of Pued9 and

These three parameters plus the absorption cross sectlon and the best values
obtained for U=>- overdetermine the parameters for Pue59. The resultent set

of parameters: eta, mi, ard fission cross section are discrepant to about

four percent although the assigned precisicps are 1.0 to 1.7 percent. Xo reason
for the discrepancy has teen found. Experiments are in progress elsewhere to
redetermine eta and mi for Pued9 with bigh precision but the results of these
measurements will not be avallable for a matter of months.

Slow Neutron Cross Sections

Preparations were made to undertake measurements on twe provlems, The first 1s
a remessurement of the Pu”’? fission cross section in the v:l.cn.nity of the 0.3 ev
reseonance, The second is an sbsoiunte measursment of the fission cross section.
A new set of fission foils was mourted in the fission chamher and excellent
fission pulse height distributions were cobtained, Measurements of spontanecus
fisgion rate were also obtalned for use later in evaluating the absolute fission
crogs section.

During the course of measurements on the crystal spectraueter it was discovered
that the nevtron heam intensity had again fallen to 2 low value. Subsequent
investigation Guring a reactor outage showed further deterioration of the
masonite sections of a beam defining plug in the reactor shielding. The masonite .
pcwder whick was obstructing the neutron besm was removed. The same problem was
encourtered in NDecemher. 10R0. Mhe frement acenrrenne of this trochie indicates
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thet an effort is necessary to attempt to replacs or modify the rapidly deter-
jorating plug which has been in use for sever years.

mnstrumentation

Detail desigs of the 1000-chamnel slow neutron time-of-flight analyzer has
progressed to the pcint where all necessary equipment has Leen specified and
sumitted for purchasing. A design change was made to allow storage and arith-
metic functions to exist ir binary coded decimal form ratier taan in straight
binary. While this complicates the design samewhat, the resdort is muck more
dfrect and understandabls to cperators.

Fast Neutron Cross Sections

Analysis of the- background measurements made ox the time-of-flight system in
February has been completed, and several long-standing misconeeptions refuted.
Tnder roughly typlcal circumstances, 3/4% of the asyachrenous background origi-
nates in tihe pulsed veam striking the target. It is txus no different in nature
from that encountered in unpulsed operaticn. There does 20t .seem Lo be any
synchronous background.

As 2 function of distance from the target, the background not associated with
the target burst i{s virtually comstant; the meesurements do not clarify its
canposition. Three<~fourths of tkhe burst-associated background close Lo Tne
target 1s due to nevirons of energy greater than 1.3 Mev. At greater distances
the average emergy of the neutron component decreases rapidly, while the gamma.
ray background of equivalent pulse-helght 1n stilbene remains nearly corstant.
The gross pulse-height spectrum begins to “harden" again as the rear wall ¢f
the exXperimental area is approached.

The nev time-merk generator has been installed and debugged. Its perZlormance
is row quite satisfactory. The problems revealed in the event-idenvification
side channel of the chronotron during the February run are being attacked
simitanecusly by pew cirenit>y. A breadhoard version haes been Dullt but nct
tested, Plckup from the RF deflection oscillator was studied witkh a tuned
search coll. Efforts to reduce tkhe energy radiated from the cscllilator were
largely unsuccessful, wut the parasitic signal traveling on the shield of the
signal ceble to the chronotron was reduced by a facter greater than 100 %y re-
arrargement and better grounding of camporents. .

Slow Neutron Scattering Cross Sections

The geries of slow neutron scattering measursmerts at C.2 ev incidert energy
has cortinued. Energy aralysis runs have been made for the 30 mil thick, rom
temperature water sample at scattering angles of 10, 3C, 30, and 72 degrees.

An angrlar distribution min for the empty sampls onlier was made at C.1 av
final energy.

al ard Jinal
ative sensi-

; and Q.3 ev
to convert
cattering cross

A short series of isclated measurements cn water at varicus inmit
erergies and scattering angies is ir progress to dstermire
tivity of the analyzing spectrometer at .05, 0.1, C.15. 0.2, .2
filpal erergy. Kunowledge of this sensitivity will make it pessibl
sane cf the raw counting data intc ap mncrmaliged diffsren 3

(IR I o

1230004 =



S B-17 HW-69062

2
secticon E%.{% . In order to detect systematic errsrs ixn the calibration, a
reasonably large amount of cverdetermination has been provided for.

A germanium single crystal, 3 inches long and 2 inches in diameter, has been
purchaged for evalustion as a nentron monochromator. Preliminary neutron
measurementa to establish crystal crientation indicates a narrow mosaic widikh
but possibly a slightly mxltiple erystal. Germanium is an attractive crystal
for use as a neutron monochrometor because it possesses diffracting planes

for which second order reflections are forbidden. A germanium single crystal
which meets the requirements of resclution and refilection efficiency cowld be
uzed to extend the range of measurements of the crystal spectrameter to energy
regions where second crder reflections are a problem.

REACTCR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

The Criticel Facility of the PRP

A purchase requisitlion for a Pu-Be scurce which will be used in the Critical
Facllity has been initiated. It is planned to write a requisition for two
scalers and a signal generator to be ugsed as an electronic timer. The initia-
tion of this requisition is pending the results of tests which are being con-
ducted by Nuclecnics Instrumentation on a transistorized system.

Revisicns nave been suggested for incorporation in the description of the
MIR-~EMF experiment.

The Advanced Reactlvity Méasuring Facility (ARMF) is in operation now and in
all probability the MIR-RMF experiment will use the ARMF instead of tke RMF.
Calibration experiments conducted by Fhillips persomnel indicate that the

ARMF is ~ 10 times more sensitive (mlO'T %E than the RMF. In addition; the

largest ratio possible hetween the sensitivies for fissionsble materials and
"peisons' in two positions of the ARMF is ~ 334 larger than that which could
be obtained in the RMF.

PRTR Startup

The data from one set of gold folls which was activated in a PRTR Critical

Test show more scatter than would be expected from statistics. These foils
were rormalized on the rotator in the TTR to determine if the scatter was
caused by samething inherent in the feils. Analysis of the &ata from the nerm-
alization shew that this iz not the case.

Flutoniam Fuel qugeraxure Coefficients

Plans are under way to make a measurement of the fuel temperature coefficient
of k, for both high {164 Pu-24C) and low exposure Pu-Al 19-rod clusters., The
measurements willi be made tsing low expesure buffer ceils in becth cases,

Specificaticns for these clusters have been submitted te persomnel of Flubonium
Fuels Developmen: COpsration for czst estimates.,
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P2~240 Effective Resonapce I=tegral

Further work nes beer dcme in 2lanring tre measursments cf the effective
resonance integreal of Pa-240 as a function of Pu~2U0 comtent in Pu-Al »ads.
An appraximate analysis of the expected errors indicgtes thet a useful experi-
ment can-be Come 1f tie mantity of plutozmimm ix each rod can be carefully
controlled. The experiment is much more sensitive to this than it 1s €c the
homogeneity cf the Pu-Al mixture,

Specifications for Po-Al rods witk both high {164 Pu-240) and low exposire

plutonium have been submitted Lo persommel of Flutosiurw Fuels Develorment
Operation for cost estimates.

Neutron Retbermalization ir drapiite and Light Water

In Februsry it was reported that the two thermal group diffusion modei of re-
thermelizaticn was gemerally valil for zraphite and water. This cozmelvsiom was
based upon thie agreement between caloulased ardi ctserved Sraverses of the
thermal activity of Lu-177 (activated Iu-176) for four independent experiments.
This past morth five additional experimeszts have been analyzed and the resulis
support the earlier comclusion. Tke new results 4o, bowever, reduce the aver-
age agreemert for all experiments from 5-12% to approximately 10-15%. The
Westeott medel of the zeutron spectrum yields the agreement quoted. Contary tco
the result froam a single experiment reported last morth the "Surwitz model® of
the zeutron spectrum does not improve the agreement in al: experiments and in
fact fcr same experiments it makes it worse.

A camplete report on this werk is being prepared and will be submitted for
inclusion in Jamuary, February, Marck, 1961, Nuclear Physics Research Quarterly
Report. :

Average Energy of Diffusion of Thermal Neutrcns in draphite

In the repert "The Two-Group Appreach for a System with Terrersture Discomtimii-
ties” by C. W. Lindermier (AW-68383) the average energy of Aiffcsion of thermal
2eutrons is defined as r
J E D(E) X,(E) a& _ ED,

T.

['>t8) x.(%) 1=
o

veere D(E} is the erergy depenient diffusirr erefficisnt of the moderetor at the
acderacer temperature, Tg, and X (E) is the energzv éistrime=ion of equiiibrimn
thermal zeusrons at To.  Values Of Jn(Tg, Tn' vere saloiiated for graphite
{RLPO, Morthiy Repors, Jily, 1965 assuming X.iE: ¢ he a Maxwellian. This past
montk tie correspording values of K. /Tg, Tn) wers caiziis<ed Po- graphite., The
values of Bn, obtalnel frem T, /Tg, To) and §.(Tg, Tr) ars givea in Tapie I.

The velues of En,. for the zase °f a constans Ziffusion ccefficient are 2K,
given iz Tatle I alscg, -
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TABLE T

B 80d 2KT) in (ev) x 1672

Tn{"X)
100 THE 0 a78 TZ0

Tg

10¢ 1.23 2,02 k.79 7.83 12.19
14 1.35 2.1% 4.85 7.88 12.21
200 1,50 2,27 .94 7.93 12.25
478 -‘ 1.57 2.34 L,o8 7.96 12.27
T20 1.61 2.38 5,00 7.97 12.28
2KT, 1.72 2.48 5.17 8.24 S12.a

The application of these data to rethermalizaticn cross section measirements in
graphite may lead to corrections to the rethermsilzetion cress secticns of
-4 at 144°K to zero percent at T20°K. A complete evaluation of this effect

is being planned.
Rethermalization in Gra._phi‘f.e Near Abscr‘bing Reds

The experimental apperatus for these experiments has been designed and is
scheduled for fabrication by Tech Shops. Copper cylinders 5-5/16 inches

apd 1-1/2 inches in diameter will be used. The parity of the copper is in
excess of 99, 9% and contains no objecticnzble impurities, The flux depres-
slons in the rods, as caloulated fram simple diffuaion theory, will be 97. 5%
snd 334, respectively.

Traverses of the bare and cadmium covered activities of Cu and Lu in the
copper rods and graphite have been provided for in the design of the experi-
mental apparatus. The cu traverses will be made with 0.2625-inch by 1/2-
inch pins in the large Cw rod and with 0.032-1irch by 1/2-inch pins in the
small rad. The Lu traverses in the rods will be mede with La-resin pins of
approaximately the same dimensions as the Cu pins. Luatetium cxide-alumimom
axide foils and large Cu rins will be used in the graphite traverses. Cali-
bration Getectors will be used where necessary for normalization of traverses
made with detectors of different geometries.

Feils of Cu and Lu will be irradiated at the Cu-grarhite interface with either
the imwerd or cutward flux. Cadmiom shields will be used on one side cf the
detectors and edge effercts will be investigated with various shapes of cadmium
shields.
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A method of determining the rethermalizaticn cross section of a heated light
metal rod, such as alumimim, in a graphite core in the PCTR is being studied.
This cross section could be used to calculate the magnitude of the shift in
the neutron spectrum in a hot fuel element, such as Pu-Al. The method requires
omly reactivity measurements as experimental data. The three-group (one fast,
two-thermal ) equaticns for the neutron flux inside the rod are solved. The
reactivity effects of a suitable absorber, such as gold, at the surface of the
rod and on the center line are then used as boundary conditions $o evesluate the
constants appearing in the solutions. The change in the reactivity of the
PCTR as the rod i3 bheated 1s then interpreted in terms of the rethermalization
cross section. The sensitivity one might expect fram such an experiment is
currently being studied.

A modification of the Hurwitz spectrum for a weak v'l absorber has been derived
to include neutron leakage in the case of small corstant buekling. The result-
ing flux is a linear combinstion of three functicns of energy: A Mexwellianm,
the Hurwitz correction for a weak abscrber, and the derived leakage correction.
Since in this approximatior the degree of absorrntisc and buckling enter only in
determining the weight coefficients of the three functions, the fluxes for a
variety of cases can be obtained directly from the three functions.

Lutetium Pins

In support of the absorbing-rod experiments, a method has been developed for
fabricating lutetium oxide-resin pins for use st room temperature. Pins 0.03L
inck by 0.500 inch and 0.062 inch by 0.500 inck have been made. The average
variation in weight of 150 large pins was found to be appraximately = 1%.

This variation is in part due %o air bubbles introduced in the mixing of the
lutetium oaxide and resin. Calibration by activation will be necessary unless
this variaticn is reduced and air bubbles eliminated. It has been demonstrated
that this technigue can be extended to other materials; sodium carbonate-resin
pins apd foils have been made. '

A brief description of these techniques will be submitted for inclusion in the
Janusry, February, March, 1961 NPRO Quarterly Report.

Same difficulty is anmticipated in the use of resin as a matrix material be-
cause of 1ts moderating effect. Tke resin is a hydrocarbon. In an attempt to
evaluate the resin, pure resin pins and Laz0y-reain pins have been irradiated
for 30C0 watt-minutes in the TTR., The resin pins were ccunted. The observed
counting rates did not differ significantly from natural roam hackground for a
10 minute count. The Liaz0p~resin pins have been counted and the data is belng
analyzed.

Even ia the presepce of this potential moderating effect it can be shown that
unperturbed thermel getivities may be inferred from bars and cadmizm covered
activities, although epicadmium activities cannct he determined in principle.

Ana’lysis of Uranium Qxicde Fiel Temmperaturs Jcefficient

Part of the data which was obtained previcusly from PCTR measurements of the
fuel Lemperature coefficient of an anriched urarium axide cluster has been re-
apalyzed. In this latter analysis a fumction which is predicted by theory is -
it tc the experimental points. The derivative of the fureticn gives the
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temperature coefficlent of the resonance escape probability
1 ap(m) _ a2
P(T) 4T (°x)

In the previous analysis this coefficient wag expressed as

2o T = oo arco).

Data were cbtained for two heating runs that differed only in the time required
to reach the maximum fuel temperature attained. The data from the b2 minzte
heating cycle fits an equation of the form

In P(T) - 1n P(T,) = (23.67 £ 0.20) x 10~ - (1.33 £ 0.01) x 10~ VT (°K)
for temperatures between 322 and T6T XK. Thus

1 ap(T 1 dk,(T) _ - b _-1/2.
?(T)'—d(T')' - Emy e C (6.63 + 0.05) x 10 T<,K)

The results may also be expressed in terms of the temperature-coefficient of the
effective resonance integral, Z(T). This coefficlent is

1 as(T) _ - _
E(T) T 2[1 (°k) + (128 £ 6) VT 53]
over the same temperature range.

The uncertainties which are attached to the mmerical values reflect how well
the chosen function fits the datsa.

Code Development

RBU
The graphite lattice cell caleulation was run through an entire time step, using
all parts of RBU, at the beginning of the month. Discrepancies in the U-238 cross
section end in the thermalization tables describing the thermsl motion of the
moderator atams were noted and corrected. A finer energy group structure was set
up to improve the self-shielding of U-238 resonances, for those runs in which

the resonance tables are not used. A second simple problem was run to determine
the time required to establish good thermal spectrum convergence in a uniform
moderstor region. Results are not complete, but a fairly good Maxwellian dis-
tribution was established in about five minutes. Longer ranning times would be
required for most problems. The Post-Monte Carlo has been further modified to
accept cases in which not all macroscopic cells contain flux tallies. The final
report (preliminary draft) is nearly camplete.

The cross section library edit routine was campleted, and copies of the library
listing were being prepared for distribution at the end of the month. Several
errors in the library were detected and corrected, and the inelastic spectrum
tables and evaporation constants were changed fram velocity to energy units.
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Camplete listings of the S0S system tape were prepared by Data Processing per-
sonnel. The system has reached the point where it can be recocmmended for routine
scientific programuirg use, being for many Jobs prefersble to the FPORTRAN-FAP
system.

MELEAGFR Code Applications

The descriptiocn of the code, HW-68100, wes distributed in rough draft form.
Cases were gset up for the supercritical-water reactor study, conforming to the
resuits of lattice analysis by the IDICT code, and for MIR plutonium irradlation
samples (FEOENIX fuel study}. The repeat calculations for APWR were started.

]

Debugging of the Hanford versiom of C-6 started during the month, and a number
of errors have been corrected. Two of these errors existed in the program when
it vas received from ANPD. The program has run largely succesafully on several
test cases using ANPD 18-group cross sections. Several modifications are still
needed to make the program use the 100-group cross section tape properly.

Miscellaneous Developments

French methods of treating neutron-spectrum and effective cross section problems
were extensively reviewed, with & view to adoption of similar procedures in our
own work. The theory of the Hanford code "FLUX WEIGHT" was also reviewed, PR™
critical test results are mostly in good agreement with predictions of this coa .
but same questions conmcerning its formilation are as yet unresolved.

Instrumentation and Systems Studies

Experiments were conducted on tbe thermostat portion of the PRPCF "last dltch"
safety fuse using a heater. It was determined that the over-all response time
will be limited by the thermal response time of the thermostat. The minimum
closing time was determined to be 1.2 seconds. This time of closure permits
0.4 seconds for poison injection far a 100 milliseceond period and 4 seconds
for a 500 millisecond period fram a starting point of 10° nv for "mormal” neu-
tron filux. The necessary enriched uranium for finel prototype fabrication is
on crder,

Several additional fuel rods containing PuQ> and YO, were received and investi-
gated concerning the development of methods for detecting Pul- segregation.

One rod comtained a PuQOp concentration imperfection 20 times "normal’ ard this
was readily apparent from the gamma spectra tests. 8ix~ and four-times-"normal'
concentration imperfections alsc were readily detected. The last rod contained
a two-times-"normal" imperfection which was not determined by regular gamma
scanning; however, by using a subtraction process on the 200~channel analyzer,
this imperfection was located. It appears that detection of a comcentration
imperfection of two times "normal” is about the limit via gamma scanning methods;
wherees Plutonium Metallurgy wishes to detect concentration variations of as lit-
tle as five percent frem "normel”. Other methoeds for such gsensitivity are hein~

sought.
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which 1s that of matching power Zezeratior tc coclant floy.

The =zeed of better working camputer codes apd of tetter knowledge of the effeca
tive resonmance integral. of therimm in grsphite as a fuaction of temperature and
cerecentration were made very evident during +thkis work.

NONOESTRUCTLIVE TESTING RESEARCT

Eﬂ.ectrmaignetic Testing

Two adjustable summing retwerks were constructed for use In the anaiyzer zeetion
of the broadband eddy current test equimsent. Oue nebtwork will ke used In an
attempt to give independent resdout of test specimen parmmeters, The sescnd
netwerk will serve tc read out test sgpecimern relative electrical cenductivity
as a function of depth Yeslow the surface. Suaccessful nerformance cf the latter,
coupled with the inductive thermametry principle will make presible relative
measurements of sub-sarface temperature gradients of mesals. The design f a
segmertal time reversal device was flrmed and parts crdered.

The first summirzg network will be used to combire the vector ccmponents of the
signal in an attempt tc give independent reac it of test specimen parameters.

Tals netwerk has provisioz for six irmput signals and provides *wo output sig-als
representing different cambinations of the input signals. Tt accepts the oux-
ruts of the six-chanme] crthogonal fillter and time Gcomain sampler whizh repre-
sent the selected orthogomal exponential compoments of the sigmal, and fovms
two new signals from linear cambiraticns of the impwt signmals. Jorrespesling
non-linear circuits will be added as reguired.

The second summing nebtwork comprises a single inpat chanmel feeding flve paraliel
high-pass fllter channels eack having & different cut~off frejuepsy. The filters
each drive a rectifier cirmit 2aving aljustable output level, and provision is
made te obtain the sum or differerce of the wutmyss 2f the adjacent rechifier
ckanrels. Thas the dinpet of the netwerk corsishs of a sizgls Troadhand sizzal,
and the oubtput comsists of faur sigzals representing +ae iiffewence o> sum of
the adjacens coancel amplitudes,

Two electric delay lines were _rier<d for use In the semmer“al tims revers
device $0 be used akead of the srtlogeral filter. The iires earh Lave a tooal

delay of 100 microseconds and are provided with 100 kars s+ 1 mizpcze: ol
intervals.

An informal report titlel "Segmental Time Reversal Device”, TW-SRGZ, was writ-
ten, isgued, and submisted as & joint inventi:n repcrt by H. L. Lithy ane .J. T.
Russell.

Heat Transfer Tests

Tests have sheynm that the infrarsi detect ir ~tost Zignals praduced Ly olronier
bond defects in alumirur clad “rasimm fuel elements Sorisg beat transfer Tesste

ing are approrimarsly linsarly dlerendent -ipon puwer inprt. Hsat “»ensfeor test-
ing equipment wsing a plasme 2r¢ @ees SIorDe nas hesn assemhlel. Mi IR~TIIVISOES
voids l,.f’c“., 3_;/ 8, and 174 inck in siama-er were devectad with an indnotive thermom-
l 2 3 0 ﬁtfrzuse:l nooonjunation with a plasma fet fzar soorae.,
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Hea® transfer tests of alumimm clad uranium fuel elements are presently being
made by scanning the outer surface with a single turn induction coil heat
source, and an infrared radiameter which senses temperatures distributed over
a 1/8-inch-diameter field of view. Surface temperatures over fuel cladding
to core heat transfer defects are higher during the test, due to their higher
heat impedance, than the surface temperatures of surrcunding regions. Tests
have indicated that this AT increases approximately linearly with increasing

power cver circular defecis.

Several apperent heat transfer defects have been found in type X-IV-N fuel
elements which had passed production ultrasonic tests. The apparent defects

were near the limit of sensitivity of the present heat transfer testing apparatus;
no gross defects were found. These small indications were possibly due tc
variations in surface emissivity. Ccmpariscon of ulirasonic maps of these fuel
elements with heat transfer testling maps has shown that ultrasonic defects were
not always locsted in the same region as the apparent heat transfer defects.

Infrared band pass filters for use in devélopment of an emissivitye-independent
high speed infrared radicmeter have been cordered. An initial band pass of wave~
lengths between 4.5 and 5.0 microns will be used.

Heat transfer testing equirment using a plesma arc heat source has heen assem-
bled. Preliminary tests of this equipment using fuel elements with Known
defects have been canpleted.

Good results heve been obtained using an inductive (eddy current)} thermometer
in conjunction with the plasma Jet heat source in the detection of circular
mica-produced voids in fuel elements. Such circular voids 1/2, 3/8, and 1/4
inch in diameter were detected in two different specimens with good signal-to-
nolse ratios for all three sizes of defects. The fabricated 1/8-inch defects
were not detected. Correlation tests are being made on a group of fuel elements
which have been tested previously by both 1nfrared heat transfer and wltrasonic
test methods.

The inductive thermometer being used in these tests camprises a vacwmum-tube
self-excited oscillator followed by s detector and amplifier. The plasma Jjet
was operated at sbout 1l XKW power to the arc. Possible effect of the plasma
jet on surface corrosion characteristics will be investigated.

A 50 KW, 10 KC induction heater has been obtained to provide a heat transfer
tester for immediate application aend further evaluation of existing techniques.
This will make prototype equipment available for development of new techniques.
Arrangements for locating this equipment in the 314 Buildinpg have been completed.

Zirconium Hydride Detection

A new program has been initiated to evaluste nondestructive methods for determ-
ining the concentration of hydrogen in Zircaloy. There is evidence that hydrid-
ing of Zircaloy reactor process tubes could result in structural failures due
to hydrogen embrittlement of the zirconium. Because of this and the increasing
use of Zircaloy in process tubes, an investigation into possible methods of
nendestructive monitoring of hydride concentration has been initiated. Also
there is need for a rapid method of measuring hydrogen concentration in a large
mmber of small Zircaloy control samples presently being used in studies aimed
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at reducing aydrogen aksorpticn in Zircaloy.

Hydrogen concemtrations of interest in Zireasloy samples range from a mizimm
concentration of 50 ppm by weight to about 100C prm. A measurement accuracy
of 10-20 percent wowld be uwseful. Even relatively inexact in-reactor measure-
ments of hydrogen coptent iz Zircaloy process tiubes would be of valute.

Two pessible metbods of hydride detection and measurement are heing studied.

The first methoi utilizes fast neutron scattering and the second, Hall Bffect
measurements. The fast neutron scstiering methed should be applicable to ex-
reactor measurements, whereas the Hall vcltage method wonlé be more amenable

t0 in-reactor measurements because cf the high neutron background present.

Fast meutron scattering is being given immediate attentiom, and preliminary
scattering measurements ere schediled at the Van de Sraaff generator for the
first weeﬁ in April. Fourteen-Mev neutrons will be obtained from the
Hj(d,n)He reaction using the Van de Graaff gecerator. The hydrigen concen-
tration can be measured by detection of the mumbher ~f neutrcns scattered from
the hydrogen muclei comtaired in the Zircalcy sample. XNeutrons scatteret from
the hydrogen bave less energy than +hose scattered fram zirsonism and thus can
be identified. The scattered neutrons will be Jetected with g LiT scintilila-
tion counter and a muitichannel pulse height apalyzer.

In initial tests, shielding requirements; signal-to-background ratic measure-
ments, resclutior cf scattered neutran energies. and sensitivity to hydrogen
concentration will be determined.

A survey of the literature has revealed nc quantitative studies of the eifesxt
of low hydrogen concentration on Hall cceffisient. Initially the measuring
technique will use a permanent magnet, whose field strength is approximately
five kilogauss, and a 100=-cps alternating current through the sample. The Hall
voltage will be measured using the tkree contact methed in eonjunction with a
narrov bandwidth, high gein, low necise amplifier. The Hall vcltage can then
be read witk ap a-c velimeter. Preliminary cslculations indicate the Hall
voltage will be in tke ordger of 1 t2 2 microvolts. A magnet has Deesp obraired
and a sample holder is being {ahricated for “hese stuiies.

NEUJTRON FLUX MONITORS

The study on extended lifetime neutror detestcrs fir in-ccre flux monitoring
in high power reactors proceeded with furtker computaticzas regardirg the appli-
cation of "breeder“ concerts to ailsriates burasut rroblems. Compared to com-
ventlooal U-235 detectors. plutorniim isctope cmmbinetions have neex found which
offer practical extensions of the sensitivity lifetime with little, if any,
sacrifice in initial neutrcn zemsitivity. Pluatoniim and “ranivm ccmbinati-ns
offer greatly extended sensiszvity lifetimes Yt with reduced sensitivity.
However, the sensitivity still may te sufficient to give a aizeful neutron-ito-
gamma discrimiratvica ratio in scme applicaticns. Both tyres bave teen 2uonsid-
ered for several differert reactir enviromments. Arrangements are being made
for experimental wurk %o tegrt and jemorstrate the valiizty <f +he smmpurzations.

The pctential in-reéctsr detertor erxvircaments whicy wave Tteen coneidered e
date are tawmalated Helow in Taple T
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TABLE I

Description of Possible Detector Enviromments

Location

Neutron
Spectrm

Westcott "r" Values
r ave
T mExX
r min

Flux
g ave
g max
g min

Effective
Keutron
Temperature
T ave

T max

T min

HW-69062

Water Jacket

Surrounding Alr Pocket Centered in Water-

Toaded Fuel In in Flled Process
Element Graphite Water Anmulus Tube

Hard Well Soft Maxwellian

Moderated

0-075 00'05 0.(2 0

0.085 * * *

0.065 * * *

5x102 v 1x10% 1.5 x 108 2 x 10

lx lOll" nv * * *

1l=x 1015 nv * * *-

625%¢ 6oo®c 350" ¢ 150°¢

1000°% 0t * * *

has*c * * *

*
+

Variations in neutron apectrum not determined to date.
Not yet examined. '

In one class of detectors exsmined, fissicnsble Pu-241 is generated to replace

the burnout of Pu-239.

The characteristics of the initial campositions exam-

ined to date which give the least sensitivity chenge over four months of irrad-

jetion are listed in Table IT.

Data on U-235 for comparison are listed also.
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Ertended Lifetime Detector Characteristics (Best Cases to Date)

Air Pocket Centered in

water Jacket In in Water Filled
location Around Fuel  Oraphite Water Anmilus Process Tuhe
Initial Detector
Camposition
Pu-239 40% 20% 12.6% 8.7%
Pu-2k0 60% 80% 8i4.,3% 87.0%
Pu-241 -- -- 3.1% %.3%
Westeott o fission
{baxrns ) _
U-235 - 531 524 538 550
Pu-239 _ 1381 1598 L1TL 875
Pu-241 1500 1633 1373 1155
Tnitial Sensitivity®
(Fissions/mg/sec/nv) 1.39 x 10™°  8.0% x 1074 4.7 x 10°% 3.17 x 107
Sensitivity Deviation |
During 4 Momths Exposure £ 5.4% £ 9% £ 149 £ 11.6%
U-235 Buraocut
in 4 Months 29%(4TT°C)  50% 65% 75%
U-235 Initial '
Senaitivity

gFissiomsggggsec(nv! 1.3T x 1073 1.3T7T x 10'3 1.37T x :LO"5 1.37 x 1072

¥ This does not reflect detector optimization since the sensitivity cen be changed
by varying the detector coating thicimess (mg/cm®). - .
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The detector lifetime can be gréatly prolonged by reducing the total fission
ecrogss-section. Best ceses to date for thils clazs of detectors are listed in

Table III for a 24-month irradiation.
TABLE III

Very Long Lifetime Detector Characteristics (Best Cases to Date)

Alr Pocket Centered in
Water Jacket In in water Filled
Location Arcund Fuel Graphite Water Anmus  Process Tube
Initial Detector
Compositions
U-238 96 .5% 99% 9% No
Pu-239 1.96% 1% 1% solution
Pu-240 0.98% - - to
Pu~-241 0.47% .- - date.
Westeott 0 fisslon
(barns )
Pu-239 1381 1598 1171 875
Pu-241 1500 1633 1373 1155
Initial Sensitivity* .5 .
(Fissions/mg/sec/nv) 8.69 x 1077 .04 x 1677 3.97 x 10 -
Sensitivity Deviation . .
During 24 Months * 3.2% + 6.8 Ep T .-
U-235 Burnout
in 24 Months 86% 984, 99.T%{400°C) 99.97%

U-235 Initiel
Sensitivity
(Fissions/mg/sec/nv) 1.37 x 1072  1.37 x 1072 1.37 x 10 1.37 x 1077

# This does not reflect detector cptimization since the sensitivity can be
changed by varying the detecter coating thickness (mg/cm®).

Arrangements are being made concerning the experimental fabrication of flssile
detectcr material in the form of a carbide for coating chamber walls. Arrange-
ments also are being made for irradlations in a 100-K reactor for both shoert

and long exposures., For fissile material in the form of fbils, measurements

will be made befcre and after irradiation to determine the change with exposure.
Several calibraticn and measurement methods are being considered. Possible
experiments in which the detector sensitivity will be contimicusly monitored
during irradiation also are being investigated. Mechanical limitaticons may
preclude thiz latter apprcackh in the K test hole facilities. However, it may be
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possible to use the foll in & conventional in-cere flux chamber within a procesc
+ube. VWhile the primary present cobjective is the development of optimum detector
scmpositions, the ultimate success of practical flux moniters also depends
largely on successful chamber-cable assemblies which are under development by

various mamafacturers.

Experimental studies on the new ideas for uwsing microwave techniques for in-
core flux monitoring are still awaiting delivery of ordered camponents.

PHYSICAL RESEARCH - 500C PROGRAM

Mechanism of Graphite Damage

A study was made of the pessibilility of wsing thermistors as absclute thermome~
ters. The results indicated that accuracies of sbout 0.5°C were possible.

A test was made to see 1f radistion damage could be observed im graphite with
electron paramagnetic resconance equipment Tfollowlng electron irradiation. None
was seen. The irrediation time waa short and may have been tco short for the

purpose of the test.
BIOLOGY AND MEDICINE ~ 6C00 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physica

New data on atmospheric dispersion and deposition processes hecame avallable
during the month with completion of reduction of measurements made Juring the
1960 field test series. Summaries include measurements of both the horizonsal
and vertical dispersion of tracer material to az distance of 2 miles from a
source near ground level. Atmospherlc density gradients ranged from very stable
to moderately unstable, extending substantially the range of experimental data
for use in establiskhing diffusion-depcsition medels. Suwmarizatior and reduc-
tion of the metecrological meagurements taken during tkese experiments contimmed.

Work contimued into the theoretical formulatlicn of astmosphkeric diffusion-dsposi-
tion equations to guide analysis of the 1959 field test data. Special attentic:
was gilven Lo a model to deseribe the characteristis shear flow foumd in mest of
the experiments conducted during temperature inversions. Of the 28 experiments
ir. the series, only 4 were selected for depositicn and vertical diffusion cal-
culations. Confounding interacticrms were fymd “etween vertical Aiffusics,
deposition, height of release, and variaticn of height >f piume center wita Gis-
tance. Empirical methods of separating taese effects were tried and an equasisn
derived for the loss ¢f tracer material due to depositior for cne experiment.

Four additional diffusion experiments wers attempted during the month, with
three successes, bringing the totals for the year to 7 suocesses ir 10 trials.
The experiments were comducted using ar elevated source locatsd at 200 feet
height on the meteorslogical tower witk dciage measurements a* 1.5 meters :eight
te a distance of 1 mile on a horizomtal grid.

[ N
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Further analysis of 2 minutes of record from the wind component meter by hand
calculation methods were made to assist in evaluating the data recording require-
ments of the instrument. Values of the mean square turbulent velocities in the
vertical and longlitudinel directions were combined with the turbwlent shearing
stress in that plare to yield a correlation coefficient of ~0.324. This velue

is smaller than expected, but not unreasonable for the very stable temperature
gradient sssociated with the measurements.

In Alr Force supported activities, field engineering and technical assistance
were provided upon request. Procurement was initiated on all equipment to he
supplied by APO for conducting the off-site diffusion studies. Preliminary
analysis of climatological data for the test sites was begun.

DOSIMETRY

A cooperative experiment was begun with Dr. E. E. Osgood of the University of
Oregon Medicel School. We will use the whole body counter facilities to measure
the bremstrahiung fram the bodies of some of his patients to whom he has admin-
. istered P-32. Froam these mezsurements we will gaein knowledge of bedy distribu-
tion and retention and of the sensitivity of our counting methods. One man who
received 2 mc of P~32 has been counted twice. Arrangements are being made to
count another man in June.

Radiation Protection Qperation was assisted in the identification and measure-
ment of body burdens resulting from two contamination incidents. The subjects
involved were also studied to find out how the radiocactivity was distributed
and eliminated. Three men had body burdens of Mo-Tc-99. A few hours after the
incident the activity was in the nose, chest, and abdcmen. After the first day
it was all in the abdomen. Two men had eliminated a2ll of it within three days
and the third within seven days. Four men had body burdens of Na-24 and Zn-65.
After the decay of the Na-2# and initial elimination of Zn-65, two of them had
sufficient Zn-65 to merit continued study.

The current regulator system for the analyzing magnet of the positive ion Van
de Graaff failed. The difficulty was traced to a faulty current generator.
After repeirs the accelerator was restored to satisfactory operation.

Experiments were carried out with the decontaminated ShBe source. The precision
long counter and the double moderator were used to obtain meagurements at 25 Kev
neutron energy that had not been available before. The results were in good
agreement with what had been expected from measurements at higher energies.,

By comparing neutron measurements of PuBe and PuF sources with measurements on
RaBe (gamma ray or alpha particle) sources, the rates of growth of the neutron
emission from the various plutonlum scurces were determined. Sdcme sources
showed negligible growth while cthers showed up to 2.6% per yesr. The results
brought order into all our precise measurements of these sources.

INSTRUMENTATION

A nevw experimental transistorized circuit was developed for use with the minia-
ture alarming personnel dosimeter which uses a modified “pencil" ionization
chamber as the detector. The new circuit, satisfactorily breadboard tested,
chops the output of the detector, which has its readeut €dS cell in a bridge
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circuit, amplifies the resultant signal, and energizes a solid state memory
which permits the supply veoisage tc be impressed across the alarm circuilt.

The nc-alarm battery power requirement was reduced by holding mest of the cir-
cuits in an "off" -cnditicn. If the lamp light source, the photocell, or

the bridge voltage fails, the alarm energizes to provide fail-safe operation.
The alarm is a resonant air column and iz quite audible.

Final prototype fabrication contim:es on the experimental sciatillaticn air
monitor which usesz coincident count techniques tc eliminate interference
from radon-thoron buildup. Fabrication is 50 percent complete.

Experiments were essentially ccampleted cn tne inexpensive, small, high-level
dose-rate detecticn method using a photccell and a small crgaric detector.
‘pose rates frem 5 r/hr to 10° r/hr are readily measurable and the respcnse 1is
linear to greater than 104 r/hr. The unit is gamma enersy independent from
80 Kev to 5 Mev, and it shows less than a 2:1 change in response from 0°F tc
+140°P.  Accumulated dose damage was found to he negligible up fc 5 x 10¥ r
with increasing gamage, which resulted in a lcower ouitput veltaze readinpg, up
to 108 r. At 1C° r, the reading output, at a cons-ant dose rate of 10° r/nr.
was about cpe-half cf the initial reading. Necessary parts have been crdered
to fabricate two prototypes with waterproof, shcchkprocf construction. Over-
all detector probe size will be about cne inch diameter by cne and one-half
inches long.

Design-develcpment work contimied on a new type of moniter for airborne alpha
detection. PFEventuaily, the prototype using tke approach will be instalied in
the 325 Building. In this unit, the alpha-particle-caused pulses from the
phototube drive a transistorized amplifier and a series 2f hinaries. Tke last
binary drives & miniature steppring motor, and a contact; driven by the motcr.
advances one step for every 256 slpha-caused (plutcnium, radom, thoron! pulses.
A timing mector with a second contact on its skaft is used as a reference., If
the stepping motor advances meore rapidly than the timing mctor. the contacts
cloge to cause an alarm. A directiomal cluten is placed tetween the timing
motor and the stepping motor to prevent the timing m>tor from driving the step-
ping motor thus keeping the ¢zntact spaciaz constant. The breadbcard mcdel
has performed satisfactorily in laboratory tests with an alrborme continucus
concentration sensitivity calczlated as 2 x lO‘lO'pc/cc in ebecut 30 minutes.

The final design and packaging, in protctype form, was completed om the tran- -
sistorized, zated cscilllator. ammunclator eireul” using a rescnant air ociunn
‘speaker. The unit can “e used directly with a2il y:rrarie HAPO count-rate tvgpe
survey iastruments % elimirate the uss °f headpncnes.

Develcmment work comtinues on & decade scaler wish very low power requirements
for use in portable and other barntery-cperated instr.ments vhere poWwer ccnsump-
tion is expensive. The scaler iz a trancisvtorizec rinarv-juinary tvpe reqiir-
ing 180 milliwatts per decade for a meter readcut. ana nly 300 milliwa®™ts per
decade for incandescent lignt readcev:z. The rest commerla. 3C8léer requires
about 3000 milliwatts per decade., Qnlv Seven TranslstTors are regalred per
decade ugit and a resclution of less thar 1{ macroseznad:s iz es31ly attained.

The previcusly-developed and now stanaard, single-transistir, nigh voltage
supply for portable radiaticn prctection instruments was modified f¢ include use

;"‘:"-")U
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to £ 2000 VDC at 50 microamperes {maximum) output for use with BFy tubes; etc.,
which require more than the * 1200 VDC maximum originally obtainable. The
modification simply added a doubler circuit as the high voltage secondary cir-
cuit. Standard HAPO prints are being prepared. No primary circult modifications
vere necessary. Conversion efficiencies, for 4 VDC input, range from 60 percent
for £ 900 VDC output to 35 percent for + 2000 VDC output.

Technical progress was made on the Automatic Film Badge Densitcmeter. The de-
signed printed circuits are 50 percent campleted. A "no go circuit” was designed
to stop the operation if the reading on the digital voltmeter exceeds a preset
threshold, and this logic ecircuit will be operator adjustable. The design of

the sequencing circuit is TO percent ccmplete, and it uses the suxiliary dqupli-
cating drum to contrel selection and printing for the addenda TBM unit. The
camplete control circuitry is being fabricated in the 328 Electronic Shop.

An experimental pulse height selector or discriminator circult 1s under develop- -
ment. The clreult uses tunnel dlodes as gatling elements, has a varlable window
width, and triggers on pulses exceeding 0.5 veolts In magnitude. Operation to

- 125°F has been achieved. The circuit has wide application use in portsble
gamma energy analyzing instruments.

A Journal paper was prepared on the mechenism of thermoluminescence in CaFy:Mn
dosimeters. The necessary induction hester for further dosimeter development
was received and modified, and an experimental crystal furnace was assembled,
Investigations continue to improve the desimeter from its present 2r configura-
tion to a br type and to reduce the storage losses associated with the units.

A recoammerdation was made to Atmospheric Physics (peration that an Ampex FR-1100
T-track tape transport be purchased for uwge in recording continuous meteorologi-
cal data. This unit is compatible with the tape delay units now being used with
the analog computer facility, and will permit interchange of the electronic
amplifiers and power supplies between the two units.

WASHINGTON DESIGNATED PROGRAM

Isotoplc Analysis -

The mass spectrometer for this program supplied isotopic analyses of the pro-
gram samples received this month. In addition, two analyses were provided on
plutonium standard samples to verify the performance of the Analytical Iebora-
tories mass spegectrometer. Four days were spent on maintenance and correction
of malfunctions of the mass spectrometer.

The data previously obtained on the results of analyses on standard uranium
gamples are being examined in detail by Qperations Research.

TEST REACTOR OPERATICNS

The PCTR operated two days during March, and there were nc unscheduled shut-
downs. On March 3, 1961, there was a plutonium solution spill in the reacter
reom, and the resctor was shut down for reactor room decontamination during the
remainder of the month.

o DECLASSIRED —
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One experiment was campleted to determine the fuel loading necessary 1o make

the reactor criticel with a 4 x 4 x 374 inch copper bar in the center of the
core. The copper bar was simulated by using a cadmium wrapped graphlte bar
34 x 3% x 36 inches. The fuel vas loaded in the outer fuel positions. The
final loading required was 36 drivers, 4 columns eech comtaining three 8-inch
UR35-41 pieces and onme 6-inch URJ5-Al piece, and 47 columns each containing
four 8-inch USJ5-A1 pieces. One lucite rod added to a driver in this configura-
tion was worth approximately 13 cents.

k

Two groups of folls were irradiated in the TTR during the month. One group was
irradiated to obtain data for resonance correction in copper. The other group
was irradiated to get data pertinent to the making of IuQO5 pins. There were
noe unscheduled shutdowns of the reactor.

Data were taken toc determine the aifference, if any, In the TTR prompt neutron
lifetime when air and helium were used to fire the polson piston into the core.
The data are being analyzed.

- The lifetime of the prompt neutrons has been measured by two methods: One by

poison inﬂection by alr and the other by ncise znalysis. The result was
2.7 x 1077 sec with agreement to 44 between the two methods.

CUSTCOMER WCRK

Weather Forecasting and Meteoralogy Service

The first in a series of three scheduled reports on prospective 1961 crests

of the Columbia River flow at Hanford was issued on March 27. 3Because of the
abundant precipitation during February and March, much of which occurred as
snow at high elevations, the cutlock is for higher crests this year than last.
The preliminary cutlock for 1961 follows, together with the coamparative figures
fer 1960 and 1959.

1961 1960 1959

Forecast Observed Observed

Peak flow (units of 107 CFS) 360-450 311.4 428.8

Peak stage (feet MSL) at;

100-B bok,5-408.0 Los .4 Lo7.8 ;

100-K 399.5-403.0 397.7 42,8

100-D 39%:5-396.5 392.2 396.2

100-H 386.0-389.0 384,0 388.5

100-F 380.5-38%.5 378.8 383.2

Richland 3L8.5-352,5 35,5 350.5

Meteorclogical services, viz., weather forecasts, observations and climatologi-
cal services were provided to plant operations and mansgement persomnel on a
routine basis.

1230022 | y
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Type of Forecast Mumber Made % Reliability
8-Hour Production 9% 84,2
24-Hour General g2 86.5
Special 171 91.8

Precipitation for March was more than twice the normal amount. Although the
totael of 1.02 inches was less than half that of February, there were actually
3 more days of precipitation occurrence. Unllke February, March precipitation
was well distributed over the month and there were no heavy downpours.

A tornado funnel was observed at 1500 on March 24, but dissipated 5 minutes
later; before photographic equipment could be sumoned. It was estimated 10-15
miles SSE of the station. There was considerable sideways lashing of the tail,
but it apparently stayed well sbove the ground. It was alsc viewed by sme
from Richland. There was scattered thunderstorm activity at the time.

Instrumentation and Systems Studies

Specifications were prepared for Envirommental Monitoring Operation, RFPO,
concerning a solid-state DC amplifier to replace the defective vacuum tube
units originally used by RPQ in their River Monitor.

Design, fabrication, and satisfactory testing was completed for the modified
Sensitive Gamme Airborne Monitor for Envirommental Monitoring, RPO. The added
clroultry provides a fast (0.5 seconds to full scale) chart recorder response
time and provides several selectable time constants.

Most of the necessary transistorized circuitry design was completed on a
special sensitive scintiliation Beta-Gamma Portsble Field Monitor for the
Biology Operation, HLO.

Fabrication continued on the experimental mixed fission product Air Monitor
for the 327 Bullding using & moving-tape filter head.

Fabrication also continued on a designed cambinastion alpha-beta-gamma Air
Stack Monitor for use by Chemicsl Research Operation, HLO.

Minor adjustment werk was completed on the experimental transistorized aural
Alpha-Beta~Gamma Monitcr in use {(for one year) by Calibrations Operation, RPO.
Since no troubles; other than necessary adjustments, developed during the year
of use; the unit wag turned cver to Calibrations Qperation, and drawings and
maintenance information were prepared and given to the technicians who will

be responsible for future maintenance.

Advice was rendered concerning the Seintillation Criticality Alarm Units in
use in the 325-A Building after one false alarm. The reason for the false
alarm was not determined; howaver, actual tests after the incident showed
the instrument to be performing completely correctly.

Design information was given to Radiolegical Chemistry Operation, HIO, con-
cerning the large Nal crystal mechanical holder and positioner designed by
Nucelonic Instrumentation and now in use at the Biology Operation. Radiclogi-~
cal Chemistry Operation is going to fabricate a similar unit for their use,
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Calihration of the micro-displscement readcut zystems to be used by Physical
Metallurgy fer in-resctor creep measurements has continued. T date, cali-
braticn of the Schaevitz DRS-107 system is 3% rercent complete. Calibration
runs made during March include drift tests on the 0.3-inch scale at 10C° 7,
2007 ¢, 300°C, and 400°C, and calibration rins on the 0.3-1neh scale at 22070
and 400°C. Drift testing and calibratiocn of the 0,3-inch scale are now comp-
lete, and the reference 3ystem has been comverted for calibrating tie more
gsensitive scales (0.0 and 0.004-inch’. Preliminery evaluation >f the data
indicates the DRS-100 reccrder exhibits a definite and consistent nom-linearity
with a maximim value of appraximately C.C0S inch ccourring a* abous €5 percent
of full scale. The DRS-100 indicator alsc exhibits a definite non-linearity
which is smaller in magnitude {C.003-inch average}, nut ccnsideracly less clin-
sistent. In both caseg the non-linearities exceed the required linearity
specifications of £ O0.F percent cr £ C.0013% inch. Cootinced use of the DRS-1CC
has resulted in a definite deterioration of its operating cnarscteristics.
Aligrment of the equirment is becaming increasingly difficult and tae iandicator
tnit is develcpring a random oscillation whizh further compliicates alignment and
operation. Installation of a l{l6~inch—thick,ccpper shield 414 acr appreciably
reduce the agverse transient effect of stray fields from the -eating elements,
hut it did improve the stability :=f temperat.re ccontrcl. The temperature drift
of the transducer itself 18 contimucusly mcnitored and hss Teen found te be less
than £ 0.25°C over an eignt-hcur perizsd. Howewer, the copper shield cxidizes
and has a tendency to flake at LOC°C and is being replaced by a shield made of
stainless steel. To improve the cperatizn of the reference system, an extenso-
meter holder was fabricated witk provisions for an external prism adjustment.
Room tempersture variations in the labcorztory are exgectsi to influence the
accuracy of the reference system, and an attempt to chtain a guantitative meas-
wement of this effect will te made.

The Pulsed Extracticn Column Dynamics Analog Simulaticn has heen initiated by
Chemical Research and Development. The prchlem ccmsists of the determinatisa
c¢f the displacement cof the column interface as a functicn of the frequency
and amplitude of the air pulser. This frovlem ns: not been campletely formu-
lated yet.

Ceramic Fuels Develomment Operaticy reguested that twe existing edge-contrel
amplidyne units %e converted o provide speed comtrol of their swage rachine
drives, if econamically feasinla, A tes® procedure to determine the charac-
teristice of the existing unirs nas been reccmmended. Tre rezultz of trese .
tests should indicate the fessibvility -f the requested conversion.

Phyzical Testing

total of 4G8F test:z were made on 3387 items representing 73,213 feet of
material., Most of the fcotage was -n fuel sheath *uzesz and reactlr pracess
tubes, Test work included autoclaving roresciping. Tl.oressent penetrant
tests, X-ray and gamra-ray rediography. strain meas.remest. itrasonic flaw
detectictn. ultrascnic thickness measurement eddy -urrert —ests, and maznetic
particle testz.,

Production testing and “reatment of the WPR Lrcze:: —Uhes troneedea routinely.
The penetrant <est conrtimmed to be slcw cecauze of the need to check indica-
tions rewealel Ty whate iiznt biresecoping. Apparently me:st >f tne indizsticns
are due tc penetrant neld 1n Wurrs caused ~v scratcepinwg of tne Tubes at tns
vendor s fipal inspestion. Werk is certining on the wrnismentatics ¢f an
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uwltrasonic methed for detecting transverse internal discontinuities in the
tubes. Standards containing electro-machined 1- and 5-mil-deep transverse
nctches have been prepared for establishing test parameters. Pickling and
autoclaving processes also have been improved.

The major emphasis in field testing work this month concerned the reactor
nozzle modification program for the bumper fuel element, radiography at the
PRTR, and radiography for 200-W vessel fabricetion. A mobile laboratory was
put into operation. This consists of a one-ton truck chassis on which is
mounted a closed van contalning a derk roam, film developing equipment,
instrument storage, a power generator, end a hoist. The mobile lab provides
a self-sufficient facility for expediting and improving field tests.

A second new wltrasonic flaw detection test unit for fuel sheath tubes has been
placed in operation in the 314 Building. Efforts are being made tc fabricate
sheath tube uwltrasonic test standards. Extrusion of a defected hillet was
unsuceessful. It appears more feassible now to try to close prior machined
defacts in tubing by swaging. An eddy current test alsc 1s being evaluated
with respect to ability for detection of hole~type defects.

DeForest scratch gage capabilities have heen established. It was concluded
that scratch-gages, if properly applied, can be used for strain measurements
on reactor downcomer "I beams. Results and reccmmendations were reported
by memorandum.

Same further work was completed on a gamma-ray scamning method for testing
irradiated fuel elements for radial power asymmetry. Two fuel elements from

a column of metal which had a poison spline beneath it for the entire exposure
were tested. Both elements showed a 17% % 3% fission product gamms (power
generation) gsymuetry. Nc further work is plammed on this at this time because
of lack of time and funding. A final report will be issued.

Work is continuing towards placing the Van de Graaff electron accelerator in
the 306 Building into operation. The tank has been closed and is being checked
for leaks. A leakage rate of about six pounds per day persists. A new generat-
ing volimeter has been ordered. Design work for building modifications which
will allow more convenient dismantling of the unit has been started.

Optics

Good progress has been made in the development of an optical mechaniam for
measuring horizontal and vertical displacements of channels and process tubes
in the reactor. Design sketches for the first developmental unit have been
Prepared and fabrication 1s about S0 percent camplete.

A total of 612 manhours of shop work was performed during the five-week period
(February 26 to April 2) included in this report.

The work included:

Fabrication of adapters for a telescope camera for 327 Building.
Evaperation of gold on Mylar films for Radiological Chemical analysisz.
Fabrication of 20 glass bearings.

» Fabrication of three silicon solar esll pyrometers for FED.
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5, Fabrication of adapters for a super pressure mercury vaper microscope
illumingtor to be used by Ceramic Fuels.

6. Resurfacing of four pump seals.

7. Coating of ten lamps with stainless steel to facilitate Inspection of

KPR process tubes.

8. Fabrication of a flash lamp for Photography Operation.

9. FPabrication of components of the traversing mechanism for measuring

reactor channel contours.

10. Repair of four crane periscope heads.

11. Servicing the Redox crane periscope.

12. PFebrication of parts for an ultrasonic wall thickness probe.

Anelog Canmputer Facility Operation

The major analog computer problems considered during March includes

l. RFR Plant Simulator.
2. NPR Secondary Loop Analysis.
3. Two-Zone Reactor Control Simulation.

1

4. Gas Balance System Analysis.

The computer operation was as follows:

GEDA 103 ‘hours up EASE 105 hours up
45 hours scheduled downtime 64 hours scheduled downtime
16 hours unscheduled downtime 7 hours unscheduled downtim.
12 hours idle Q hours idle
175 hours total “I75 hours total

Instrument Evaluation

Evaluation tests were conducted on the miniature organic {NE-102) detegtor and
photocell probe for use in measurement of dose-rates from 5 r/hr tc 10° r/ur.
The provbe was quite 1ineﬁ; in response (voltage output change versus dose- L
rate) to greater than 10“ r/hr. Non-linearities for dose-rates above 5 x 10
r/hr may be caused by the calibration method availlable which 1s the 12 Xilo
curie 0060 source. The exact positioning of tﬁe probe was exceedingly diffi-
cult in the well. The lower dose rates, to 107 r/hr, were accurately cbtained
using the electron Van de Graaff. PRurther tests will be conducted when the
rrototype units are fabricated apd assembled.

Final evaluation tests on drift chsracteristics of the 61k Building Scintilla-
ticn Menitors were campleted, and 2 procedure was devised for proper calibra-
tion.

All twelve of the Sentinel portable scintillation., settable-alarm-point dose-
rate meters for 100 Ares use were tested satisfacterily and released for field
use,

Acceptance tests were started and complete procedures prepared on a new g£rougp

of self-reading dosimeter "pencils” of the S0 r, 10 r, and 200 mr types. The

high level units are for emergency monitoring. Of the 100C iosimeters of the

200 mr ({routine use) type, 21 percent were rejected because of excess leakage.
Previous orders from the same vendor showed only a 6 percent rejection for leakage.
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A "new" version of the commercial NMC "Gammaguard" scintillation aresa monitor
was calibration teste%26 Below 1 r/hr, results were accurate to = 20 percent
of true values for Ra dose rates; however, sbove 1 r/hr, saturation effects
occurred, and the unit indicated only 2.4 r/hr in a € r/hr field. This effect
could be dangerous.

A4 Nucleonic-Instrumentation~developed quasi-logarithmic response scintillation
Elevator Monitor was calibrated for IPD and returned to service.

Advice was rendered to maintenance personnel concerning the conversion of an
0ld model 5-fold beta-gamma hand and shoe counter from glass organic-quenched
GM tubes to fmperex metal wall, halogen-quenched GM tubes.

A radiation sensitive unit, using a Nucleonic-Instrumentation-developeq,
transistorized GM portable instrument modified to¢ include a meter relay and a
power relay, was devised for use by the local AEC. The unit, when activated
with a radioactive source, will actuate a gear motor used to raise the Flag
during the April 8 ceremonies honoring the selection of Richland as an All-

American City.
Fail F Lpt—

Manager

PRYSICS AND INSTRUMENT RESEARCH
AND DEVELOFPMENT

BANFORD LABORATORIES OPERATION

PF Gast:mes

1230021 p—



BW-65062

[
1
|~

CTEM_CAL RESEARCE AND DEVELOTMEXT OPERATICHN

SEAR?H AND EXGZNEERING

FISSIONAZLE MATERIALS - 2000 PRO:ZRAM

IRBADIATTION PROCESSES

" Uranium Oxida=icr. and Fission Produz: ¥olatilization Studiles

The investigatior of singla slug "buraning" incidents was goniizused. Feour-unirradiated
I & E fuel elements wers hegted by Induction in a flowirg air atmosphers fc deter-
mine the meode of melitldowr; extent of uranium reaciicn and the time versus temperature
relationships. Two of %xe slugs were aluminur 2lad. two ware hare. OQOne of the

clad elements had teen purposeiy defected Ty driilling a 5/32-inch diameser hole
through the ciadding.

Both of the bare siugs flowed extensively upon melting. Oxidation rates were about
as predicied from small scale experimenis THW~58022]. e two aluminum~clad pieces,
however, behaved differectiy. 1In cne, a retentive U-Al alloy formed, identified

as U-Al3 by x-ray diffracticn. No uraniver flowed out from the jacket and only four
percen®t of the uranium cxidized in about 30 minutes at temrperatures above 1130 C.

In the secord experimer%, the ailoyed jacket fragmented as scon as it was formed.
Ancut half of the uranium flowed out of the work coil ares and onto the floor of the
container. After freezirg, i7 oxidized over a several hcur period until sal. +the
metal had been converted to oxide. Abzcut 25 percernt of the metal remaining within
the work zoll areas oxZdlzsd. The flow of the uraciurm did not crigicate at the point
of the defect.

These tests confirm the conclusion made previously that the extent of uranium oxida-
tion (and hence of flesion product re’ease) of aluminum clad fuel elements can vary
from essentlally rone to extensive urnder conditions postulated for rear face incidents.

Two fisslen product releess experiments were made during the merth on specimens
irradiated tc 6.6 x 1017 nvi. One specime-, heated in air at 1200 C for 2i minutes,
was 88 percent oxidized ari released 99.8, 97.2, and 2.8 percent of its Xe, I, and
Ru content, respectively. The other specimen, heated in air a* 1LL0 ¢ for ten
minutes, was 66 percent oxidized ard releaszed 99.8 perzert of its Xe. The higher
than exrecsed oxidatior iz the first experimen~ was a functiorn of ar increamse in
the area-to-weight ratio due *tc flowirg as irdizatad v +re lcose oxide product.
The sinterel mass produnt From +ths other rur was of normel appearance.

NER Effluen=s

Current lalcras =ory research experimsrts for swudving disrosal methods for NPR decon-
tamination solutions were zompleted and the resuits pudiished in HW-68863. The
rajor decortamination weste volume to be routinely gererated ir the NPR consists

cf a phosphori: azid soluvticn used to clean up 2arbon s*eel portiors of the reactor
loop. Disposal cf this masterzal is compliizated by the desire <o prevent the
phosphate fcz from reaching the river atove anv of the reazters. From soil column
expariments it was Tourd “haz greurd disposal ¢f the waste is a feasitle method

if the diszposal sits is one from whish the ground water mowves to a river discharge
polnt welow DC-F. Ths rlant *coraina*es N 69,000, W 47,000 / just nor~h of %able
Mcurtain) were suggzsted a3 & possikle Zozaticr for such a crit.
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Reactor Effluent Treatment

The pllot scale aluminum bed facility for reactor effluent decontamination was
cperated during the month at 5 feet per minute. An attempt was made to reduce
pressure drop acroas the front section of the bed by drawing water at high veloclty
from local areas on the front surface cof the bed. This was effective in reduciag
the pressure drop by about one inch of water, which is the present pressure drop
over about three linear feet of the bed. Debris collected on & 100 mesh screen con-
sisted of fly ash, fibrous material, tumble weed stems, and other unidentifiable
organic material. The fibrous material was identified In part as a fresh water
plant growth. This examination gave assurance that the material responsible for
the pressure drop was entering the water after arrival at the basin, thus should
not be of great concera in a closed system.

The adsorpticn of phosphorus by beds of the minerals pyrrhotite, pyrite, and olivine
was studied by comparing the results of column experiments using these materials
with the results from similar experiments using columms of 8001l aluminum turnings,
None of these minerals showed particular selectivity for phosphate ion. The
minerals adsorbed only slightly more phosphate than did the aluminum columas. After
passage of 1300 column volumes of 80 ¢ tap water containing 0.01 uc/ml P-32 all of
these materials had a breakthrough somewhat greater than &0 percent.

Reactor Effluent Analysis

A promising method was developed for monitoring radicarsenic in reactor effluent
water to guide water treatment processes. Continuous, current data on radio-
arsenic would be a measurement of the effectiveness of the water treatment process
for reducing both the As-76 and P-32 since these isotopes behave similarly in the
floeculation process. This measurement then would provide data for the two radio-
isotopes of main radiologicsl interest. The monitor is based on gamma spectro-
metric measurement of the As-76 after cation exchange removal of all interferring
materials but Mn-56. By using large crystal counting techniques the Mn-56 inter-
ference can be made small. .

SEPARATION FROCESSES

Diluent Studies

Further characterization of diluents for Purex application has resulted in the
folleowing arbitrary classification:

1. N-paraffin hydrocarbons, such as the synthetic dodecane, Adakane-1l2: and
‘ractions isclated from petroleum by the urea process.

2. Non-aromatic petroleum fractions. These are remarkably alike differing
only in the quantity of their constituents. This group includes Shell
E-2342, Bayol D. Ultrasene, Superscl, Shell 16550, and Shell 820C0.
Compositions range from about 60 to 70 percent napthenes and 5 to 10 per-
cent n-paraffins in E-2342 to 20 to 30 percent napthenes and 50 to 60
percent n-paraffins in the Shell 82000. Branched hydrocarbons probably
make up the balance of the composition. The napthene fraction is fairly
reactive towvard nitric or swifuric acid; however, the chemical stability
is not appreciably improved by a simulated cycle of acid degradation and
caustic clear up.
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3. Highly sromatic diluents such as Fenola-100 and Amsco D-95-El.

4k, The synthetic alkylates produced by polymerization and hydrogenation of
short chair olefins. Most of these commercial products ars apparently
copolymers and contaln many different species; however, by polymerizing a
pure monomer, iso-butene for example, it is possible to prepare a diluent
consisting almost entirely of a single species, Soltrel 170, Amsco 12%,
and Amsco 450 are members of this class of diluents. They differ pri-
marily in the relative concentrations of the branched chain hydrocarbens.

Chemicel stability of the peraffin hydrocarbons is expected to decrease in the
order, normel, branched chain and cyclic compounds with the difference ir stapiiity
between the first two compounds being less than that of the latter fwo. It is
belleved that compounds having tertiary hydrogens are particularly susceptible to
solvent degradation and that nitration of carbon atoms having adjacent hydrogen
atoms {for epolization) is perhaps particularly undesirable. Thus, compounds made
up cf ~CHECRE- groups mey be particularly stable to the effects of nitration.

The theoreticael basis for a choice of dilueant is very helpful; however, the complex
nature of the materials (as has been emphasized in the past) points up the desir-
ability of a "use" type test.

Observation Wells

Analyses of routine samples from well 699-20-20. 6.5 miles southeast of 200 East
Area, continued to verify the low concentrations of radioisotopes in the ground
water at that location as reported last month. The average concentration is

1.1 x 1077 uc/cc (beta) which is essentially the same as that noted in February
1361. Radioisotope concentrations in well 699-26-15, 6.5 miles southeast of 200
Bast Area and 1.5 miles northeast gf well 699-20-20, are just slightly below the
routine detection limit of 8 x 10~ uc/cc (beta) at the 95 percent C.L. but have
shown a definite increasing concentration trend over the past several months. If
the inecrease continues at its present rate, the concentration of contaminarnts will
be above the routine detection limit in one or two months. The latter well is
atout five miles from the Columbia River but at a location where ground water is
flowing parallel to the river. The sources of waste in this Jocale are Purex
plarnt disposal facilities and possibly abandoned scavenged waste cribs in 200
Fast Area.

Diszposal of Wastes to the Ground

A lavcratory experiment was performed to study further the adsorption of plutornium
frem 234-5 Building sump waste by a bed of Florida pebble phosphate rock. Acidic
vaste was passed through a bed of the mineral until a 20 percent breakthrough was
reached, at which point the plutonium concentration in the influent was suddenly
increased. The plutonium concentratior in the effluent increased sharply in
response to the influent concentration change ard appeared to malntain about the
same breakthrough percentage. The results indicate rather stable proportionality
between influent and effluent concentrations under realistic operatiorn conditions.

Mineral Bed Removal of Cesium

Laboratory experiments were performed in the study of the elution of cesium from a
bed of clinoptilolite. The selective adsorption of cesium by this zeolite is
known t¢ bte related to the particular size and charge of the cesium iom. Elution
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experimerTs were therefcre performed with ammonium and potassium lons because of

thelr similarity tc cesium. A sgclution of ammorium nitrate is the most efficient

eluate of those tested but may te too unstable for later calcination. At 2 M

concentrations ammcnium chloride and potassium chloride were found to be about 60

percert ags efficient for eluting cesium from clinoptilolite as ammonium nitrate

solutions. Soclutions of 2 M ammcnium nitrate are more efficient for cesium elution
r mole of ammonium ion added than are 5 M solutions.

WASTE TREATMENT

Batch Calcination

Bench-scale studies of the calelnation of simulated Purex high-level wastes by the
batch process were continued. Four runs were made in an induction-heated 6-inch
diameter by 15-inch high annular pot. The objective of the runs was to study
golution foaming and sclids removal.

Fcaming during the btoll-down step appears tc be a function of the solution compesi-
tion and concentration. Severe foaming occurred in the run reported last month.
However, in another run with the same constituents but with a 42 percent increase
in concentration of the constituents, only mild foaming was observed. The boil-off
rate in the latier run was three times higher than the run which foamed.

Another run was made with a solution high in phosphate and the severe foaming which
is a characteristic of such solutions. However, the foaming was affectively con-
trolled by the tangential introduction of an air sparge into the boiling soluticn
so that a mild swirling action was produced.

Tre calcined solids were removed from the pot by repeating the process of adding:
water or nitric acid, bolling and siphoning off the resultant siurry. In all cases
the volume of the slurry ccllected was less than that of simulated waste soluticno
used as feed. Ipncreasing the nitric acid concentration of the removal sclutior
from zerc %o two molar appears to decrease the volume of slurry collected. All of
the slurries contained twenty to thirty volume percent solids. Foaming during

the calcire removal operations was effectively contreclled by adding a silicone anti-
foam agent%.

Waste Calciner Feed Concentrator

The radiant heat spray calciner is being modified <o allow testing of both the
attractivensss of iis use as a spray concentrator for waste calcirer feeds and the
feasidility of channel recyele, Such a praconcentrator is needed to reduce batch
casziner %ime cycles since water evaporation constitutes the largent® pertion of the
heat load ir such a calciner. The channel resyele feature should simplify the
heating problem.

The modification is an approximstely 6-ir-h diameter sleeve which will Ffit concen-
trically intc the 8-inch diameter barmel of the lauovatory spray calciner. The
sieeve has a length of four feet and is double walled with cpe-half inch of
irsulatior tetween the walls,

«% cperation, the liquid wastes will be sprayed into the top of the insulated sleeve
aed will e joined by hot resycled gas. The heated gas will then vaporize a porticn
of the sprayad ligquid and the mixture w1l* exhaust out of the bottom of the sleeve.
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After passing through a wire mesh screen scting as a demister-coalescer, & portion
of this mixture will then recycle through the annulus between the hot outer wall
and insulated sleeve to complete the channel recycle. The residual gas phase and
coalesced liquid proceed to additional disengaging, liquid collection, and off-gas
traln auxiliaries. The purpose of both the channel recycle and spray features of
the concentrator 1s to minimize scaling of heat transfer surfaces by elimlnating
access of solids bearing streams to such surfaces.

Thermal Effects in Sclidlfied Radiocactive Wastes

A solution to the Poisson's equation has been derived to give temperature distributions
in & cyclinder having & strip discontinuity in the bonding of calclne to container
wall. This strip discoatinuity gives rise to an angular step function in the

overall heat transfer coefficient from calcine to coolant stream. Numerical values

of temperature distributions are now being prepared for various cylinder dilameters,
non-bonded strip angular widths, relative film transfer coefficients, heat gereration
rates, and thermal conductivities of the calcines.

Thermal Conductivity Measurements

The Line Heat Source apparatus for measurement of thermal conductivities under un-
steady state conditions was calibrated using 18-40 m glass spheres as the test
material. Using a 0.025-inch diameter source, a thermal conduetivity of 0.101 Btu/
hr. £t2 F/ft. was obtained as compared to 0.093 determined by steady state methods.

Waste Transfer Program

A program has been ocutlined for developing technology necessary for transfer of both
solid and liquid underground stored wastes. Develcpment of hydraulic mining test
equipment is in progress.

Corrosion of 304-L Stainless Steel by Purex Acid Waste Solutions

Semples of 304-L stainless steel have been exposed for a total of 900 hours to
synthetic, 60 percent concentrated Purex 1IWW solution at 80 and 95 C. The test
solution was 0.5 M HNO, corresponding to the residual acidity to be expected after
formaldehyde destructidn of nifric acid in 1WW sclutiorn. Corrosion rates were one
and five mils/mo, respectively.

Samples of 304-L stainless steel and A-55 titanium have been exposed to the liquid,
vapor, and interface of a bolling synthetic solution corresponding to the currently
proposed waste solution for interim storage. All samples have been exposed for a
total of 830 hours. The 30L4-L samples exhibited corrosion rates of 0.2 ril/mc in the
vapor, 3 mils/mo in the interface, and 6 mils/mo in the liquid. The attack was
intergranular in nature. All three titanium samples corroded at rates of 0.02
mils/mo or less.

Corrosivity of Phosphate-Containing Calciced Waste

Samples of Inconel, Inconel X, and 30L-L stainless steel have been exposed at 900 C
for 2bk heurs to synthetic calcined waste zontaining phosphate equivalent to ths
tetal cation concentration. The synthetic waste was prepared in the radiant heat
spray calciner; phosphate was added: the mixiure heated to 900 C and allowed to
cocl. Metal samples were exposed in the remel+ed mixture at 900 C. Corrosicn rates
of Inzonel, Inconel X, and 304-L stainless steel were 0.8, 2.0, and 20 mils/mo,
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respectively. Metallurgical examination indicates, however, that the penetration
rate of the Inecrel may be as high as 30 mils/mo. The 30L-L sample exhibited
intergranular attack, and the 20 mils/mo rate is a factor of ten higher than a

rate reported for 304-I in this same envircmment by ORNL investigators. Oce
exposure of type 330 stainless steel indicates that this system may be very tempera-
ture sepsitive; another series of exposures 1is planned to determine if this 1s sc.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium-9C Program

325-A Strontium Purification - Repair of the A-Cell equipment was completed, arnd a
strontium-90 purificaticn run (#3 of the series) was made during the month. Essen-
tially the same flowsheet was used as in run #2, equipment functicued satisfactorily,
and the run was uneventful--except for a difficult loading cycle caused by copious
solids in the feed. Final preduct elution {from column 6) was with 0.1 M HEDTA at
pH 8.8, vice nitric acid, in order to obtain a sclution mere suitable for direct
loading on Decalso. About 8,000 curies of purified strontium-90 were obtained

from the run, compared to 5,000 from run #L and 8,350 from run #2. This strontium
was loaded, with the product of the other two runs, into the HAPO-]A cask.

The feed material was identical to that of run #2 except for age; however, a differ-
ent feed make-up procedure was used in an attempt to minimize ammonium ion corcen-
tration and thereby improve-loading capacity. The procedure, which iavolved clarif'i-
cation with HEDTA apd ammonia alone (rather thapn solids dissolution with nitrie

acid followed by ammonia neutralization and HEDTA complexing), had been piloted ir
B-Cell on small volumes of feed followed by successful loading onto a 100 ml icn
exchange column. In feed makeup for run #3, however, much larger vclumes of HEDTA
and ammonia were required and complete clarification was not obtained, implying that
the small samples were not truly representative of the sclids in the storage tanks
{presumably because of a small diameter sampling line). The large amounts of HEDTA
and ammonia which were required resulted in an azmonium ion concentration, and herce
a strontium capacity, about the same as in run #2. Although all of the feed was
filtered, as an added precaution, prior %o introduction to the columns, pressure
drop across the columns was excessive apnd column plugging finally necessitated pre-
mature termination of loading and initiation of the elution cycle while scme 8¢
liters of feed remained.

Strontium Cask Pilling - The HAPO-1A Decalso-insert cask was suczessfully filied
{for transfer to Oak Ridge) with the purified strontium product from rues 1, 2 acd 3.
Filling was uneventful except for difficulty with air in-leakage around the Snap-
Tite fittings. Twenty thousand -uries of strontium-90, represertirg 93 percen®t of
that passed through the cask, were loaded ontc the Decalsc for shiprent

Nire gallons of 30+ mesh Decalso was slurried in*o the cask iten gallen void) ard
rretreated with six bed volumes of & ﬂ NH,NO, and water wasked. This treatment,
with strontium loading from an ammonium-neutfalized rather than caustic-neutralized
sclution, was requested by Oak Ridge in order to minimize sodium zontent of the
elnuted strontium, a reccmmendatior based on re-~ent evidence *that even small amounts
of sodium are deletericus to strontium titanate productiocn. Laboratory studaes
with syathetic 325-A product showed that strontium is less readily abscrted from
amrorium sciution than from sedium by a factor of abcut twe. This fact, and the
relatively small ‘nine gallon) volume of the Decalso, made lcading the customer's

e
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required 20,000 curies of sircat um—90 marginal, even when advantage is taken of
righ dilution and elevated ‘emperature {cth of which aid absorpticn). Further
experiments to define a flowsheet showed that capacity is maximized and loading
+ime minimized by & step-wise loading scheme wherebty loading iz zarried ous at
»elatively high conceniration till incipient breakthrough 1s reached followed by
loading the remainder a% high dilution. It was also found that stroatium is
abscrbed on Decalso at even higher capacify 1f elution from the isclaiion cclumm
ir. the lon exchange purification rrozess) is done with EDTA or HEDTA, rather than
nitr acid, and meutralized to & low pH (two to four) for absorptior ou the
" Decalgso. HEDTA works best. A further advantage of HEDTA 1s that copper is no%
absorbed on, and indeed is eluted from, Decalso by acldic HEDTA. Use of the HEDTA
elution and lcading scheme assumes, of course, that the cask is available wken
elution occurs since the HEDTA containing soluticn undergoes radlation induzed

decomposition on standing.

Ammonls neutralization and step-wise dilution was used for the (nitric acid) product
frem runs 1 aed 2, followed by HEDTA elution and loading of the product of run 3.

Rate of Gas Bvolution from Strontium Concentrates - A series of measuremenis were
made of the rate and composition of radlolytiz gas generatiorn from strontium con-
taining solutions (becasuse of the applicability of the data to storage and shipping
problems). Solutions studied included (1) 200 gallons of F-8 Purex concentrate
stored ip a 250 gallon shipping cask, and (2) 10 gallons of purified stror%ium con-
centrate (run 1 and 2 product) stored in a 40 gasllon cask. The 250 gallon cask
contained about 20,000 curies of strontium-9C and 200,000 curies of cerium~l%h, plus
8.5 g/1 iron and 4 g/1 lead {mostly precipitated) at pE 2 to 3. The 40 gallon cask
contained 13,500 curies. of purified strontium-90 in 2 M nitric =2cid, Teotal fission
product decay energy was about 1,400 watts in the case of the 250 gallor cask apd
120 watts for the 40 gallon cask. Rate of gas eovolution from the 250 gallion cask
was about 500 to 600 ce/hr, or 0.4 ce/watt,hr. That from the purified strontium
was 150 ce/hr, or 1.2 cc/watt,hr. These figures may be compared with a calsulated
value of 18 cc/watt,hr if all of the energy is assumed to produce gas with a G
value of 2 molecules per 100 electron volts. In practize [because much of the
decay energy is dissipated in other ways), it would be ﬂxpeﬂted that the observed
values might be an order of magnitude lower; i.e., atcut 1.8 fﬂ/wag,,br, iz reason-
able agreement with the observed rates. The gas issui:g from botk zasks rortaired
hydrogen and oxygen in a 2:L ratic and was explosiva,

La‘or&tcry Solvent Extraction S*tudies - Further mizi-mixer settler rurns =esting

fiowsheets for solvent extrecticrt recovery of stroptium from Purex plant "srude
cu+ sciuticn were made In *the 222-5 Bullilirg rubicls, Two LA ociumn rurz were
rade at 10 perzent full level activity. Feed for these runs was przpared by
4fiutirg plsat zrude =2ut solution with a syntheti: rrufe of approximatsly ti:e
same gross sa.t composition.

Feed for the first run was made 0.15 M EDTA and 0.L0 M sodium acetate ard adjussed
o pE 4.3 by additiorn of ac EDTA-sodium azzTate-NaOH stock solution; +hs scrur for
thiz rur was 0.5 M NaNO--0.02 M EDTA at pE 3 .6. Feed for the second rur was &iso
0.12 M EDTA and Q. e M Sodium acetate but was aijusted to pE 4.7, The sarus in ths
sezond run was 0.6 M zitric acid at pE 2.6. The extractanti in rofh runs was S.3 M
DZERPA-C.2 M TBP- 8hell Spray Base 10w previously washed with either saustiz or
nitriz acid. Sever extracticn and five s2rut stsges were used ir beth runs. Flows
1orr=sponded 10 those cf Stufy Flowshzet Ne. 2,
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Hydrauliz performance of the mini-mixer settler was excellent in the run with the
sodium nitrate scrub. Intermittent flooding cccurred to a small extent in the
second run but did not sericusly interfere with mini coperation. The pH of the
aqueous raffinate in the first run was 4.3 while in the second run the raffinate

pE was 4.5.

trontium recovery was axcellent in beth runs. Less than 0.1 percent of the
strontium was lost to the 1AW stream in the run with the sodium nitrate scrub and
about one percent in the run with the citric acid scrub. Gamma emitters 1n the
organic product samples from these runs were determined by gamma scan techniques
after prior removal of the strontium-89 and -50 by a double precipitation with
fuming nitric acid. Based on such analyses, the cerium decontamination factor in
the first run (NaNO- scrub) was about 11 and the Zr-Nb decontamination factor wes
about 1200; cerium éecontaminatiou factors in runs at tracer level using the same
flowsheet ranged from 10 %o 15. The cerium decontamination factor in the run with
the citric aecid serub was sbout 22; the Zr-Nb decontamination factor was about
3000 in tkis run while the Ru deccntamination factor was greater than 200. The
cerium results compere very favorably with the decontamination factor of 2L obtained
in tracer level runs using the same flowsheet.

The flowsheet used in the secoad run is favered over that used in the first run

nct only because higher cerium decontaminstion is obtained but alsc because the
organic product obtained with a citric acid scrub at pH 2.6 contains less sodium and
consequently constitutes a more acceptable feed to the 1B column. Accordlngly, at
month's end these flowsheet conditions were used in a 20-hour A-column run at 40
percent full level activity to produce sufficient organic product for a six~hour
B-columm run. Analytical data from these last runs ares not yet available,

Ion Exchange Separation Studies - A small (1 em x 62'cm) lon exchange columm is
Yeing used to study ion exchange treatment of the 1B column product stream for
further purification of strontium. Biorad Dowex SOW-% 12 resin is used. Ir a rum
to determine cerium decontamination, the columa was loaded %o about 50 percent
capacity by passage of a feed sclution containing 0.0625 M Sr - C.0075 M Ca -
l O M citrate and traced with Sr-85 and Ce-lik. The columm was washed with 1.0 M
itriec acid (PH 3.0) and with water and then eluted wi%h 3.0 M NaNO, previously -
adjusted to pH 11.0 with ammonium hydroxide. Elution with three bed volumes
removed 71 percent of the strontium at an average concentration of 0.055 M and
with a cerium decontaminsticon factor in excess of 350. Further elution with ore
and one-half volumes of 1.0 M scdium citrate at pH 11.0 remcved an additional 15
percent of the stronmtium.

Hot Semiworks Operation - Work at Hot Semiworks has moved into a cold testing
pericd after completion of work by comstruction. Testing conducted orn a three-
shift basis inciuded acid and water flushes of equipment followed by solvent®
extraction flooding *ests. Column flooding performance met expectations as pre-
dicted from other development work. Minor equipment adjustments are continuing
throughout the cold tests.

Instrumentation irn Support of Hot Semiworks - The shielding and collimators for
the gamma scintillation probes have been redesigned to handle the radiation levels
exrected during strontium recovery rums. High intensity ion chambers similar to
those designed for the cesium-127 isolaticrn facility are alsc being fabricatsd for
ins%allation irn "B" cell for measuring gross gamma activity directly in process
lires. The pH monitoring systems have been installed and are ir cperation on
currerct "cold" runs.

mo—
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trentiun Cartcenase Filter Cagk - Construzticn ¢f the full s-ale strontiun carten-
ate filter cask simulator is now 90 perzenit complete. The finished upit will be
availablz for mockup testing at Hot Semiworks in early April. "Practical”
strontium carborate synthetic products were prepared for Van de Graaff radiclysis

studies.

Development of Closures for Shipping Casks - Performance of "Snap-Tite" fittings
and a Pacific ball valve to be used on HAFO I, IA, and II fission product shipping
casks was evaluated in hydrostatic and steam bomb tests. In general; "Snap-Tite"

" fitting leaked at low pressures but held at high pressures [1000 psig). The
pressure activated "Viton" seals appear suitable for temperatures to LOO F. The
Pacific ball velve after installation of new Viton seals, held from zero to 1000
psig at room temperature and zero to 75 psig at 350 to 400 F.

In other zlosure development studies, 2-3/& inch unlubricated stalnless steel "Q"
rings sealing screwed type stainless steel surfaces, failed at pressures over 100
psig. Molykote lubricated "O" riangs withstood 1200 psig hydrostatic tests but
failed at 500 F with Molykote burning. A 2-3/4 inch stainless steel "O" ring
seating stationary, non-rotating faces withstood 1000 psig hydrostatic test “ut
feiled at 300 psig, LOO F. :

Natorg and Conosesls (one inch) were steam bomb tested et 300 to 700 psig and 200
to 700 F and showed leskage rates of less than 1.5 x 10-2 ¢z/hr., based or bomb
water loss.

Bulk Fission Product Packaging --A full scale (for 50,000 strontium-90 curies)
development model of the filter canister shipping container has been tested using
strontium peroxide as a filterable intermediate to stromtium oxide. Initial

results confirm that the equivalent of 50,000 curies strontium-90 can “e geposited
in a four-inch diaemeter by 18-inch long canister containing an integral twc-insh
diameter filter stick. The filter canister approach permits bulk packagirg of
filterable and convertible fission product compounds without necessitating powder
hardling. The customer can employ either wet or dry chemistry for further processing.
Tests employing cerium and rare earth oxelates {convertible to oxides at reasorable
temperatures ) are plaunned.

irn cther work, strontium nitrate sclution has been evapsrsied to dryvness and cal:iinzd
o the cxide irn a small vessel suitable in size for a shipping container. Tre
netessAry freeboard for toiling and feaming during +he reactions was provided tr s
removable disengaging space ard vapor line, but the practical maximur of waterial
that can be handied at ore time is approximately 500 grams of Sr0 130,000 zuries

in & two-inck diameter canister. The calcined oxide is derse, hard. acd adheres
Tigatly to the vessel. It can be disintegrated *o a crumbly powder by reaczting

with steam at 150-200 C, forming Sr(0H)a.

Cerium oxalate {sclid) was easily calcined tc zerium oxide in a shipping-canister
caiuiner by heating above 350 €. The reaction was quiet and required uo free-
toard. The product had a tap density of 1 g/c. and was probably a mixture of
Ce203 and CeCz. To prevent pressurization of shipping cortainers if will ®»
rezessary tc balt thz Jeccmposition at zerous oxide. Ceri: oxide would producs
oKygen as the carium IV) decays to form trivalent rare earth cxides.
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S01id Strontium Product - Filtration characteristics of SrCp,-Cal, precipltated
from similated ion exchange product solution were studied. The chief variables
affecting filterability were terminal pH and the rate of caustic addition. A slow
sgustiz addition rate to a terminal pE £11.5 produced an easily filtered product.

Thermal decompositicn studies of strontium peroxide were made at 350, 370 and koo ¢.
After one-half hour exposure at temperature, the residual peroxide content {caleulatec
as HyO0,) was 0.23, 0.023 and 0.007 percent, respectively. An additional one-half
hour exposure produced no change in the sample heated at 400 C whereas the peroxide
content of samples heated at 350 and 370 C decreased ten and two-fold, respectively.

Electron diffraction studies show that strontium titanate is formed when Sr0,5-HoT105
precipitates are ignited at 400 C. Production of a filterable Sr0p-HaT103 precipi-
tate requires that H,Ti0, be formed by hydrolysis of TiO(NO3)2 at 100 C rather

than by addition of caus%ic°

Determination of Cerium in Strontium Samples

The determination of cerium-lil in the presence of strontium-90 is difficult because
of .the intense beta activity and bremstrahlung of the strontium and its ytirium
daughter. A rapid, sensitive, and novel method has been developed which eliminates
this difficulty. The sample, in nltric acid sclution, is passed through a small
column packed with a mixture of anion exchange resin (Dowex-1) and lead peroxide.
The lead peroxide oxidizes the cerium to the (IV) state and it 1s absorbed by the
resin while strontium, yttrium and any trivalent rare earths which may be present
pass through. The cerium is eluted with hydroechlorie acid and counted. Decon-

t ation factors from strontium and ytirium (and trivalent rare earths) exceed
10". The new methed has been introduced into the HLO and CPD analytical laboratories
and should eliminate a sericus bottleneck which was troubling development and
demonstration cf the HSW solvent extraction process. It should also prove valuable
in determining cerium contamination in purified strontium product.

Determination of Neodymium

The feasipility cf neodymium determination in zo0ld semiworks stroatium recovery
samples was demonstrated. The copper spark method, useful for cerium analysis, was
applied to reodymium thrcugh selection of an analytizal line at LLL&.4 angstroms.

That Zirpe is not the most sensitive but is free fror irterfererce in this applicaticn.
Determination of 0.004 g/l of necdymium was azcomplished with a coefficient of
variation of %12 percent.

ANALTTICAL AND INSTRUMENTAL CHEMISTRY

Determination of Nitrate by Conmtrolled Porential Couwlcmetry

L.R. Duncan gave the sutject paper at The 139th American Chemi~al Society National
reeting.

Low Concentration Thorium Arnalyses

Preliminary resuits from the interzomparison of therium deermirations by emissicn
gspectrcgraph ard neutror activaticr analyses apd from comparison of determiration
cf replitate sampies Sy activaticr analwvs:s have disclosed discrepancies amcunting
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to nearly a factor of two in some samples. In about half of the cases the agreement
tas been within 20 percent. Additiomal work with control standards and replicate
analyses is currently irc progress to reduce the uncertainiy of the methods and to

resolve the existing discrepancies.

An approximate sensitivity of 1 x 10‘“/&3 was determined for the analysis of Th-232

" ny the activation analysis metbod currently used. This figure is based on the

quaentity of Th-232 (per sample) necessary to glve a counting rate of twice hackground
at the 0.31 Mev gamma peak of the Pa-233 daughter of the {n, 7") produced Th-233.

EQUIPMENT AND MATERIALS

Con*inuous Centrifuge

The 6-inch continuous centrifuge has been operated for process testing with a feed
slurry of freshly precipitated cerium oxalate {stand-in for plutonium oxalate),
approximately 95 grams of solids per liter, at a feed rate of 400 ml/min. The solids
product contained 63 to £8 percent solids under nearly all combinaticons of speed
{6000, 4000, or 3000 rpm); pool depth (1/3 inch or 3/8 inch); and couveyor speed with
respect to the bowl (1 percent or 0.25 percent of the bowl speed). At 5000 rpm and
1/8 inch pool depth, the product contained 50 percent or less solids. At 4000 rpm
and conveyor speed of 10 rpm with respect to the bowl, the conveyor flights plugged
because the soclids were not removed rapidly enough from the vicinity of the feed
ports. At 3000 rpm, the solids discharge nozzle became plugged with product after

30 minutes of operation. The equipment manufacturer claims that in similar tests

at the plant he had producedproduct with 85 percent soiids. The feed rate during
those tests was about 1000 ml/min, or 2-1/2 fold greater than used here.

Further testing is underway toc check the effect of feed rate omn product guality.

Agitation Studies

Mockup agitation studies of the Purex 3AF annular tank were completed. Phenolph-
thalein indicator was employed to visuaslly fallow the neutralization of scidl: or
aikaline solutions in a lucite tank. It was found that mixing times were little
affected by sparger alr rate, intimate blending being accomplished in 2L secords
with 1.5 scfm and 18 seconds with 19 scfm. Pump recirculation at 25 gpm reguired
2.5 minutes for homogeneity.

Non-Metallic Materials

Four differert transparent materials were tested in a mixture of 25 percent dibutyl-
butylphosphonate and 75 percent carbon tetrachloride. Three of the materials were
undamaged. These were Plexiglas UVA, Bomalite Cr 39, and a Teslar-Plexiglas
laminate. The fourth, Plexiglas 5009 was damaged severely after one day and digs-
~rizgrated after cne week.

A sample of Gusco paint was tested in 60 percent mitric acid at 37 C. The zoating
falied completely after 2C hours. Gusco is a hot spray epoxXy system.

Samples taken from a spars Purex centrifuge cushion ring have been exposed to dry

heat and the change in hardness noted. After 36 days at 90 C the hardness had
increased from 60 to 85 Durometer C. This is a marked increase in hardness and
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could possibly be more than the design of the equipment could tolerate. Exposure
to 75 C has caused hardness to increase at about half the rate obtained at S0 C.

T™wo magnesia-titania crucibles of local fabrication were tested with the barium-
potassium-sodium chioride mixture being used by 234-5 Development Operation. After
200 hours at 800 € the solution hed percolated through both crucibles. Chlorine
gas was bubbled through the solution for at least 150 bours during the test.

A third erueible similar to the above was tested with the same salt for 100 hours
at 800 €. TFor this test metallic aluminum was introduced into the melt. No
chlorine was used. No significant reaction between the aluminum and the salt or

the crucible was noted. The crucible did not lealk.

A Berlox crucible (pure BeC) was tested at 800 C with the same salt. After 100 hours:
the solution had percolated through the crucible.

PROCCESS CONTROL LEVELOPMENT

Calciner Purnace Control System

Plots of K calciner finish section shell temperature vs. time were made for four
startup runs and two shutdown runs. for use in designing a shell temperature program-
ming cam. The data indicated thet no two startups or shutdowns are the same so that
for any given cam design, errors of up to 85 F might develop between controlled
shell temperatures in the finish section and uncontrolled shell temperatures in the
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REACTOR DEVELOPMENT - 4COO PROGRAM

FLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Hot Qell Experiments - A run with ilrradiated feed was made for the purpose of
testing a higher temperature in the by-product deposition step and the effect of
_ dry air atmosphere on the product deposition step.

Dissoluticn of the irrediated U308 proceeded uneventfully. However, a tighter
fitting 1id was used over the vessel during this step than had been the case in
eariier runs. Activity collected on the cell exhaust filters was lower by a
factor of ca. 10 than had teen the case in the earlier rums.

Conduct of the by-product deposition step at 800 ¢ (vice 750 C in earlier runs)
vielded decontamination factors of ca. 140 for plutonium, ca. 600 for cerium,
28. 1600 for other rare earths, and c: ca. 1600 for strontium. These results are
quite somparable with those obtained in earlier runs with the exception that the
serium decontamination was slightly ilmproved ard the plutocium decoctamination
factor was slightly worse. However, it may be noted that the removal of 15 per-
cent of the totazl melt uranium with a plutonium decontamination factcr of 140
corresponds still %tc removal of only c¢a. 0.2 percent of the melt plutonlum in the
by-product.

The product deposition was made under conditions duplicating those of eariier

runs except that the air employed as the sparge and sweep gas was passed through
& drying tower packed with "anhydrone.” About 46 percent of the uranium which
had beer in the melt before the by-product, product sequence was removed iz this
step. Analysis of two samples of the product deposit showed that, relative to the
salt phase at the start of this step, plutonium had been enriched by factors of
1.32 and 1.48. Fission product decontamination factors were ca. 2 Tor cerium,

7 and 8 for other rare earths, and 130 and 250 for strontium.” Once again, *he
cerium decontaminaticn represents the only perceptible change, bteing atcut twize
that of eariier runs.

Difficuities were enzountered in analyzing the moisture zon%ent of the "dried"
alr, and it is not kncwn to what degree this drying teczhnique was successful.

Plutonium Behavicr - A visikle zathcde deposit was achieved on slecztrolysis of &

W'uﬁ-Kvl 1 w/o PuCl, system urder drled air. The deposi% was very fine and
fragile and dissolv®d rapidly i 8 M HN03 -0.1 M HF. Atour four persent of the
o+a¢ addsd plutcniur was fourd on the sdthcde af“sr i*s removal freom the mel<.

Electrclysis of a NaCi-KCl - 1 w/o U0L1ls - 1 wv/c PuClz system gave results some-
wkat beclouded because most of the deposit fell off +thé zathode. However, the
Pu/U ratic ir the fracticn cf the deposit remsiring on the cathode was atcuTm tan
perient higher than *hat of the initial mel+t.

Suzh observaticie are slowly bringing elactrepheorenic processes *e ths fers=ront
irn speculaticr releting teo the manmer of incorpeora*ior of plutcniur in elessro-
deptsined UCc.
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Electrolyses of NaCl-KC1-UOClpy-PuClz-CeCls systems under "by-product’” conditions
{oxygen-free, moisture-free, anode-generated chlorine gas blanket) with the cathode

"driven" at nigh cathodic overpotentials gave the following results:

Cathode Potential

(vs Ag/AgCl reference cell) Pu IF Ce DF
- 1.45 volts 37 31
- 1.7 volts 18 21

Under these conditions over &0 percent of the uranium remaining in the melt after
electrolysis for 2-1/2 to 3 hours was found to be uranivm{IV) on dissolving the

melt into agqueous solution.

The foregoing observations confirm e suspicion that the M(III} ——5 M couples for
plutonium and rare earths may be too close in potential to achileve any selective
removal of rare earths from plutonium. Deposition potentials of the other rare
earths lie between cerium and plutonium.

Manner of Growth of Blectrodepcsited UOs - Exploratory studies of the effect of
gaseous atmosphere on the manner of growth of electrochemical UO, deposits have
Yeen largely completed. Results are as follows:

Rate of

Atmosphere Deposition Depesit

Dry He Very slow Polyerystalline deposits having very smooth
(polished) surface. Grain boundaries not
vigible or barely perceptible on surface
(without preparation) measured dersity 10.76
g/cc (98 percent of theorstical).

Dry air Very rapid "Mace" composed of "Christmas tree" or "spear-
point"” erystals in radial orientation. Indiv-
idual spear-point crystallites as much as 8
mm long.

Cls High current but Smooth but unpelished surface. Grain vound-

low net deposition aries barely dlscerni%le con surface.
rate

Moist He Fast Irregular surface. Deposit has "amorphous”
appearance.

Cly + air Moderate Smooth but unpelisbed surface.. Grain Tourd-
aries visible because of exposed <rysial
faces of different "sheen."

HC1 + air Mcderate Tightly cemented crystals of substantial size.

"Faceted" surface composed of mary slightly
tilted »lanar crystal fazes.
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The foregoing were all grown out of NaCl-KCl melts containing ca. 12 w/o uranium
and on a platinum "pin point” cathode and, despite the fact that the electiric field
is non-symmetric, exhibit spherical spumetry.

Perhaps the most interesting type of depcsit is the very dense deposit achieved by

electrolysis under dry helium. Although polycrystalline, void volume is low, as-

izdicated by a bulk density (measured by displacement) about 98 percent of theoretical

U0, crystal density (10.76 g/ee via 10.9 g/ce). Other properties of interest
_include O/U ratios of 2.0015 to 2.0048, total alkali metal content of 100 to 200

ppm and chloride content of ca. 80 ppm. .

Jrowth under the same conditions but on a platinum wire about one-inch ilong in a
ron-symmetric electric field yielded a "sausage" of approximately cylindrical shape.

Studies of KC1-PbClo Systems - A study was made of the effect of XK/Pb ratio on the
properties of electrodeposited UO,. The depositions were all made oubt of g melt
containing 10 m/o uranium and at 600 C. Potassium to lead ratios of 1, 1.5, 2.0,
and 2.5 were studied. The UQ, deposits from all these melts were very similar.

_ Oxygen to uranium ratios were less than 2.0l in all cases. Lead contents varied
from ca. 500 ppm at K/Pt ratlos of 1 and 1.5 to ca. 200 ppm at ratios of 2 and 2.5.
Sieve_Enalyses showed 10 to 20 mesh, ca. 50 percent; 20 to 35 mesh, ca. 25 percent;
35 to 60 mesh, ca. 15 percent; 60 to 100 mesh, ca. 6 percent and Ego_ﬂ percent less
than 100 mesh.

Variation of temperature likewise had little effect on the properties of UQ, electrec-
deposited out of 2KC1-PCls. Products made at 500, 550, 600, 650, 700 and 750 C

all exhibited 0/U ratios less than 2.006 and with the exceptiom of the products at
T0C and 750 C lead contents less than 500 ppm. At 700 and 750 C the lead impurity
was ¢&. 1000 ppm. Build up of soluble uranium species of lower oxidation state was
appreclable at 650 to 750 €, uranium (IV) contents of aquecus solutions prepared
from the residuasl melts being equivalent to 16, 22 and 30 percent of the total
uranium at 650, 700 and 750 C, respectively.

Trhe deposits made in the KC1-PbClp systems are all of the "mace"” type, consisting

cf large and well-formed crystals. The indication is that larger crystals are
favored by higher uranium concentrations. ¥No indication has yet been seen of any
inherent cut-off point. Individual crystals of 0.200 to 0.380 grams have been growr
on single day shift operations. The single experiment to date in which the apparatus
wvas allowed to run overnight produced individual crystals of the order of 0.5 grams.

Cherical Decladding - The use of chlorine-nitrogen gas mixtures was investigated

for decladding UQs fuels clad with oxidized Zircaloy. In tests made on oxidized
Zircaloy coupons at an initial temperature of about 415 C it was determined that

the reaction rate and therefore the temperature of this highly exothermir reacxticn
could be controlled by adjusting the gas flow rate and the nitrogen-to-chiorize ratic.

Two oxidized Zircaloy-clad fuel pins contailning UOp were declad in a Vycor reacztion
tube. In the first run the initial nitrogen-to-chlorine ratio in the feed was &4 to 1,
with a gradual decrease to 1 t¢ 1 during the run. The UOp was exposed but not com-
pletely declad in 2.5 hours. The failure of the reaction to go to completior iz
attrivuted to condensaticon of the ZrCl)y product on zooler parts of the reacting
surfaze. In the secend run the initial nitrogen-to-chlorine ratio was 1 to 1; after
ore hour of operation it was decreased to 1 to 2. The maximum temperatures observed
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adjacent to the pins during the first and second parts of this run were 535 C and
645 C, respectively. ALl the cladding except for a small part of one end plug was
rempved within 2.5 hours. In both runs part of the ZrCl) condensed on the walls of
the reaction tube and contained about C.l percent TU.

Engineering Studies - Molten salt was recirculated bhetween two 20-liter salt bhaths
by means of gas lifts. The uninsulated dual gas 1ift system was made of fused
silica and was tested with air and equimclar NaCl-KC1l at 750 C. Steady state
operstion was meintained for 30 minutes with 15 to 20 inech 1ift and a 15 to 10 inch
depth. Because of its self-adjusting nature, the gas lift system maintained
equilibrium liquid levels in the two baths during the operatica period.

Continuous Ion Exchange Contactor Development - Jiggler Contactor

Search for a simple device to provide a net one-way flow of resin under pulsed bed
conditions has led to the design and application of two check valves in the pulser
chamber of the Jiggler. These valves in combination with the pulser provide the
basic eleaments of a pump. Initial experimental evidence indicates that the resin
thus moves with a positive displacement action. The resin "pump" appears to have
eliminated the necessity of having dense bed conditions above the pulser chamber to
provide necessary driving force to propel the resin. The new valves are simple and
appear to be dependable. The only moving part is a small plastic sphere which is
activatad by the hydraulics of the system.

Tests of several hours duration each, with no process liquids being pumped through
the system, demonstrate that both 20-50 and 5C-100 mesh resins can Te readily pump
through L-ineh glass pipe. The smaller particle resin moves easier than the larger.
Slip water, under these conditions, was negligihle in both casegs. The quantity of
resin moved appeared to be directly related to the amplitude-fregquency product.

The new pumping arrangement developed 40O psig while recirculating the 20-50 mesh
resin through a column comprising a combination of 4-inch glass pipe and l-inch
Plastic tubing to a net height of 15 feet. Considering a flowsheet for a plutonium-
anion exchange system with a feed flow of 1.5 liters per minute, this pressure is
several times greater than the back pressure that would be imposed on the system by
countercurrent flowing process streams.

RADIQACTIVE RESIDUE FIXATION

Meltable Waste Solids

Because of current interest in continuous melt pots for waste calcination, or for
the re~melting of powders, additicnal work was done on the rate of decompositiorn
of sulfate ip sodlum sulfate based systems and on the melting range and fluidity
of phosphate systems.

The rate of thermal destruction of sulfate in fluid sulifate melts containing a 5:1
atomic ratio of sodium to iron was measured as a function of surface to volume ratic.
It was found that most of the sulfate is expelled during the early stages of heating
but that the proeess is inhibited as a crust of ferric oxide forms. Thus the
reaction i1s, in practice, dependent cor the surface to volume ratio,

Melting point and ”d}ip temperature”" measurements were made on synthetic was<tes
containing 1.82 M Na, 0.L5 M Fe, 0.06 M AL, 0.0k3 M Cr, 0.034 M Mn, 0.020 M Ni, and
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phosphate ranging from 50 percent to 125 percent cf stoichiocmetriz. Only those
systems containing at least 80 percent phosphate melted. The 80 percent phosphate
sample melted at 1000 C, and those with 92.5 percent {or more) phosphate were fluid
2% 900 C. Drip points decreased from 962 C at 92.5 percent phosphate to 778 C at
125 percent. Qualitatively, however, fluidity decreased as phosphate increased.

Spray Calcination

Additional runs were made in the calciner to further test the ceramic cloth filters,
" perfect off-gas sampling methods, and obtaln data on the de-entraicment effectiveness ™'
of the various units in the off-gas gystem. The cloth filter has continued to
operate well and with very low pressure drop. Also, the Jeck-leg unit has shown oo
tendency to hold up large amounts of powder. The de-entrainment factor across the
filter was 1000, that across the condenser was 100, and across the scrubber 1.5,
for a total for the system of 1.6 x 107. Post-run cleaning of the filters and
zolumn by water flushing seemed to work quite well.

Tests were made of Nucerite coating (& high temperature ceramic glaze applled to
metals by the Pafauder Chemical Company) both for spray calciner application and

. for use on waste storage containers. BSome softening was observed in all tests, and
it appears uasuitable for heat transfer surfaces. However, the material might be
guite useful for normal processing equipment and on waste containers which are
heated for only a short time.

Mineral Reactlons

Equilibrium distribution measurements were made to compare the adsorptlon of cesium,
¢erium, and strontlum from synthetic Purex 1WW waste by a commercial phenollc resin,
a synthetic zeolite, and clinoptilolite. Clinoptilolite was superior for cesium
adsorpticn in the pH range studied; from pH 2 to 10. The phenolic resin had a
significantly improved Ky at the high end of the pH range, consistent with previcus
experience that indicated optimum cesium adsorption above pB 12. PFurther measure-
mects at higher pH are being mede. The Ky measurements for both cerium and strontium
vere somewhat anomalous and difflecult to interpret. However, the phenolic resirn
seemed to give the highest cerium Ky values in the lower pH range of the three
adsorption materials. The removal of cerium from solution et a higher pH was the
greatest for clinoptilolite systems. The strontium distribution coeffizierts
measured were essentially the same for all three adsorbers.

Condensate Streans

The low capacity «f sulfonated polystyrene resin for Cs-137 in Purex tank farm cor-
densate was found t¢ be the result of ammonis in the condensate. Concentraticrs

of ammonia as high as 0.013 M were measured in samples of this waste; recertly scxe
figsicn product recovery waste containing about 0.8 M Nth had been added to th
waste storage tanks. The ammenia is vaporized from the hasie salt waste ard appears
ir the condensata; about half of the condernsate is recycled back to the waste tanks
g0 it takes a significant time to clear the ammonia from the system. The possitilisy
of other sources of ammcnia; such as radiclysis, is being considered. In latcratory
“olurn experiments; fifty percent breakthrcugh for NHh+ and Cs* was gttained after
180 and 240 coiumn velumes, respectively, when condensate contairning 0.012 M NHh+

at pH 3 was passed thrcough a bted of reein. Por a different tatch of sondersats cor-
taining 0.0083 M NH,", 50 perzeat breakthrough for NH,” and Cs* was attaized at

230 and 340 zolumn vclumes, respeciively.
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=rp Pilot Plant Runs il and 15 were desigred *o explore *“he ability of a synthet
cation exchange resin {Amberlite IR-120) in the hydrogen form for removing radio-
isctopes from Purex Tack Farm condensate having an adjusted pH of 2.5 to 3.5. The
acidified waste was passed through activated carhcn to remove organic matter before
passage through the resin. Run 14 was prematurely terminated because the resin
columm became plugged with precipitated iron hydroxide formed after hteirg dissclved
out of the carbon column. Acid scluble materials in the zarbor were leacked out with
dilute anitriz acid before starting Run 15. During Run 15 about 1200 liters of
the acidified waste were treated. Radicchemical analyses showed that little or no
radioilsctope removal was cbtained during the test.

Efforts to explain this poor performance resulied in the identification of ammoria iz
the Purex Tank Farm condensate in concentrations ranging from O.Q04 M tc 0.013 M.

The presence of this base explains the failure to achleve the expected decontamiration
during Runs 14 and 15. Samples of feed for Runs 11, 12 and 13 were also analyzed

for ammonia; it was present in amounts varying from 0.CJ)Z M to G.Q0L M.

BIOLOGY AND MEDICINE - 60CC FROGRAM

Geology and Hydrology

The Corps of Englneers, Seattle office, again began explorations at the dam site at
river mile 348. Coring 1s achieved by means of rotary (coring or diamond-drill)
machines, following which, at periodic intervals, the casing is driven to hole bhottom
by churn drill machines moved over the hole for that specific purpose. One hole

was reported drilled to a depth of 90 feet; 2 seccond was begun. Materials encount l
were sands and gravels, as predicted.

The log sheets of the airborne magnetometer survey of the Hanford Works and vieinity
made in 1959 by the U.S. Geological Survey were received. Preliminary interpretaticn
confirmed the scutheastward extension of the Gable Mountain anticline to about a

mile scuth of Ringold. The deep basins in the basalt southeast of 200 East Area and
beneath 100-B Area were further confirmed and profiles obtaired. An anticlire, .
previcusly unsuspected, evidently lies beneath 100~F Area and 100-N Area and passes
south of 100-D Area. It dies out to east and west wlthout achieving surface
expression. The depth of its zrest is not known. The antieclime is believed, how-
ever, to have folded the overlying Ringold beds sufficiently to have influenced the
location of one or more old river channels in the Ringeld formation surfaze ncrth

cf Gable Mountain. It alsc may have thereby influenced the location of tcdav's

river chapnel near 100-D and 100-H Areas and protably affects grcund wamer movemeht
in the area bcrdered by 100-K, D, H and F Areas.

Methods were sought acd studied for reducing the -omputation time required for
numerical sclution of aon-linear differsntial eguations. Much of the theoretical
development of ground water flow resulis in models of this form, whizh are pro-
hibitively expensive to solve “y conventiomal me*kods. Prccedurss for reducing
three-dimensicnal protlems to two dimensions were tes+2d and me<hods for speeding
up iteration convergence were investigated. None of thcse tested showed orvious
superiority for application fto grouri water preblems. Amomg the metheds studied
for improving iteration convergence were *he Shertley-Weller L-voin%, $-point,
and 15-point methods; the bourdarv zor<raction method; arnd several matrix methecdsa.
The computer program for npumerical scluticr of umsa+turated flow proolems success-
fully computed the incremerntal develorment of a wetted so:il volume benea<h an

1230045 - a——
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axial leak ir a waste tank for the case of porous, homogeneous soll To the point

a+ whizh 15,000 ga.lons of liquid had entered the scil. After the program has

Jeern suzzessfully tested for the homogeneous soil case to a point of somewhat
greater liquid release 1f car be applied to more realistic heterogenecus soil

zases. The coniirued development and testing of this computer program was curtalled
for tudget: reasons, but work has continued at a reduced rate with preparatico of

a program for steady flow systems.

CA témperature probe capable of measuring to 0.1 F was cbtained to permit a tempera~
ture survey of the ground water underlying Hanford Works. The distribution of
temperaturas may well provide sdditional information regarding the movement of

ground water.

Scil Chemistry and Geochemlstiry

The polymerization which occurs in litharge and glycerol mixtures was utilized in

the latoratory as a bonding agent for powdered zeolites. A method was sought for
preparing these materials for application to laboratory column experiments. Several
other bonding agents were examined, including sodium silicate, ethyl orthosilicate,
and a number of gels. All of these were found to have some unsatisfactory character-
istic for laboratory application, such as undesirable wetting properties, instabili*y
in hot water, or lack of chemical resistance. The glycerol-litharge cement is stable
in ¢0ld to boiling water, ten percent mineral acids, and mildly alkaline soluticns.
Prolonged contact with strongly alkaline solutions eventually depolymerizes the
zerent.

On the basis of equal weights of zeolite, the exchange kinetics of powdered clinop-
tilolite zemented with glycercl-litharge was found to be the same as that of th
uncemented powder or naturally cemented material. It is expected that this cement
will permit the study of exchange properties of several zeolites that can be
obtained conly as powdsars.

Laboratory experiments indicated that pyrite (FeSQ) is apparently replaced by
sphalerite (ZnS) in soluticns of Zo*2 as low as 10-% to 10-3 M. A statistical
experimental design was followed to explore the importance of several system vari-
ables in the replacement reaction. Of those studied, temperature and solution pE
were Indizated to be of most significance. Within the experimental limits, the
cxvgen concentration wag found to be of minor signifizance, indicating that the
repiacement reacticn is not depesndent upon cxidation of the pyrite. This is rct
felt to be generally appiicat’e to replacement or adsorpticr reacticrs of sulfides.

Fiell Apparatus Developm=ns

Ccmpouents for the orifizs-type flowmeter designed for very low vertical Iflows in
wellz were received and preparations were made for assembly and testing. The
contrel circuit for the flow meter and packing element was designed. - inzor-~
porates voltage and polarity-sensitive relays tc provide the necessary fun:ticns
of Znflaticn and deflatior of the packer, and for transmitting signals indicating
direz+ion ard rate of water flow.

M2 zromeritics

Des2gr -hanges requiresd a revaluation of a proposed aerosol sampling prote arnd
delivery line for a chemical procecs air stream. In the 20-foot long 1/2-iz-h lire,
ke retenticn of 2C w ard smaller particles of densi<y 2 was esTimated to be ne2g-

iigizls for the flow rates anticipatad. a:
123604%b BEGLASSIFED —
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Eefa-Coincidence'Gamma-Ray Spectrometry

A beta-coineidence gampa-ray specircumesry Sechnique was developed whizh allows
improved analysis of certain radicisctepes in agueous solutlon. Although the
method has not been completely optimized as yet, a background reduction of a factor
of 40 can e obtaizmed with orly a 50 percent loss in efficiency. This results in
irareased sensitivity. The degree of selectlviiy is aiso improved since oaly
teta-gamma emitters are counted, thus elimirating interferences from K-capture
radiolsotopes such as Cr-51 and Zn-635. Relatively large .about 100 ml} liquid
gagples are introduced into a liguid scintillatior beta counter which is operated
izeide a large well crystal gamma-ray deseclor. Only the spectra from gamma-rays
whlch appear in coincldence with beta partizles are observed. This technique will
nave special applizaticn to river water samples.

Silizen Surface Barrier Alpha Detectors

Silicon surface barrier alpha detectors have been fourd %o be guperior to Frisch
Grid Zcu Chambers for the determiration of alpha emitters in certain plant streams.
The surface barrier detector has a tolarance %o heta activity which is about 100
times greater than for the ion chamber and aiso has a reducsd "low energy algpha
tail.” This makes possible analysis of samples Yy direct platicg instead of
requiring chemical reduction of the beta sctivity, and a greater sensitivity dus
<o less interference from higher ensrgy alpha emitters. A further advaniage i=

the muchk lower cost of 2 surface barrier alpha zcunting system.

Reaction Kinetics of Paramagnetic Centers in Irradiated Seeds

Investigation of the formation and decay of paramagneti: centers in radish seeds
during and after gamma-irradiation was continued. Relative concentrations of
centers were followed as functions of time by EFR measurements. The peak-to-peak
helghts on the recorded first-derivative curves for each sample were measursd

and divided by the analogous quaatity from a standard diphenyldipicryhydrazyl
sample measured on the same day with similar instrument settings. In this way,
relative concentraticns were evaluated whizh should “e independent of day-to-day
variations in the sensitivity of tne EPFR specvrometer. Absclute concentraticrs
w1l be evaluated as time permi*s, but reiative values ars sufficient for TARY
TWrposes.

Prior to irradiation, dormarn® radish seeds were four? =o give a small glgral at ths
magnetic field strength characterzstiz of orgaric free raiz-als., Ths signal
intersity at this fleld ssrermgth increased v a factor of 100 af-er <re seeds
tserired 1.0 x 10° rads of Cc-50 gamra -radiaTicr irn the press+:: of alr Duzliza“s
sapmp.:s dirtfered oy less <han “=- percert in s:gnal ip*sps:+v af-ar “h- saws
alscrded dose and a betTer time scheduls for irradiasicn and reas.remert Will im-
Frove thils prscisior. In the preserce of air a® 298 K 25 C), -oprertrat-crs of
paramegrati. erters ir seeds have beer follcwed for *“we merths. The decay is o~
a4 simpie zerc or first order reac*icn in Terts 2Ff LenTSr coRCenTIraTiCD. Tﬁe ie-axr
wrves zan, of course; e express3d as a sum Of sxponer~ial trrme in whith artair
fractions of the ‘o%al cern<er or-arTraticn car be regarded as derreasing with
dlfferent half-lives, Although *-Iis rerresenuaticn Las 7 “hsorewTi al surporT,
i% dces givs ar expression o the TEELITWAES of The ziwe Ir~<zrval: irvelwosd,

==y
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Thus, roughly half of the centers present one hour after irradiation apparently
decay with a half-1ife of 4C days while the remainder exhibit a half-life of less
than 8 days. Similar measurements at 310 K (37 C) in air indicate half the centers
present one hour after irradiation decay with a half-life of 16 days while the
remainder exhibit a half-life of 0.75 days.

A tentative activation energy for the long-lived compoment can be calculated to be
14 kcalamole’l.deg'l which may be compared with velues of ©-12 kcal,mole‘l:deg'l
_for the diffusion of other neutral species such as gases dissolved in solid polymers.
As more data become available a better comparison of the activation energies for
these reactions and typical diffusion-controlled chemical reacticns will be made.

In this way, the hypothegis of free-radicals diffusing and combining with each

other in this living tissue can be tested.

This investigation has shown that radish seeds provide a convenient medium for the
investigation of chemical reactions produced by irradiation in living tissue. Not
only are the seeds of an ideal size for EFR studies, but their metabolic rate is
low and the paramagnetic centers formed in them during irradiation are long-lived.
These latter features allow adequate time for treatment of the seeds with various
radical-scavenging reagents, followed by a kinetic study of the EPR signals from
the seeds after irradiation. Comparisons can then be made between the ability of
a reagent to depress the signal intensity in seeds and its ability to protect them
from lethal or genetie damage.

Oy

Manager
Chemical Research and Development

LP Bupp:ef

1250043

1



UNCLASSIFIED D=1 HW-69062

A. ORGANIZATION AND PERSONNEL

On March 1, 1561, Dr. R. F, Foster, Manager, Aquatic Biology, transferred to
the Radiation Protection Operation as Manager of Envirommental Studies and
Evaluation Operation. P. A. Olson is Acting Manager, Aguatic Biology.

B. TECGINICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING
Effect of Reactor Effluent on Agquatic Organisms

Effluent monitoring was continued at the 1706-KE laboratory with the exposure

of young salmon to dilute untreated effluent and to like concentrations of
effluent passed through a bed of aluminum turnings. Fish exposed to the effluent
passed through the aluminum (4 per cent strength) show a slight increased
mortality over those of the control and untreated effluent, but any significance
is still auestionable.

1%31 in Rabbits

Fiffy sanples of sagebrush and thyroid glands and stomach contents from

25 jack rabbits were colleci%% and analyzed for radiociodine, Results will
compare concentrations of 1 in the thyrcids of the animals to that in feod

and will establish the range of variation. This specizl study will conclude
the rabbit sampling program of the past several years.

C. columnaris

From the strains of columnaris obtained last summer, it is clear that there is
a wide variation in virulence, even of strains taken at the same time and in
the same location. As an example, one strain was obtained from river water at
62 F. It caused no kill of fish within three days after exposure. Another
strain, taken on the same day and in the same location, caused 100 per cent
kill of 50 fish within the three-day period.

Possession of an essentially avirulent strain will be useful in projected
tests for the induction of virulence.

BIOLOGY AND MEDICINE ~ 6000 PROGRAM
METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Strontium and Calcium

Radiocanalysis of two survivors of the medium-treatment (5 x 10'2{pc Srgo—Y9o/g/day
for 21 weeks) fish seven months after ending isotope feeding showed little
difference in total beta activity in compact tissues (e.g., scales, otoliths,
operculum) when compared to samples taken from fish sacrificed at the end of
feeding. On the other hand, the soft tissues, such as the liver, spleen,

G.T. tract, showed only about 5 per cent of the total activity observed at the
¢lose of chronic feeding,

1230044
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A study on the transport of Sr9O-Y9O through the gastrointestinal tract in trout
showed, six hours after single oral acministration, that about £0 per cent of the
isotope was still retained in the fish and about 20 per cent at 18 ~ours. The
total beta activity in the fish, exclusive of the :.I. tract, represented abwut

2 to L per cent of the given administration at six hours.

Study of the excretion of intravenously injected Sr85 and, Ca}"'5 into the small
intestine was completed. In these experiments the small intestine of an
anesthetized rat was perfused in situ with solutions of varying caleium content.
The radioisctopes were injected intravencusly anc their subseauent appearance
in the perfusate measured. Maximal excretion during a 30-minute period following
injection amcunted toe five per cent of the injected radicisotope. There was no
discrimination between strontium and calcium. There appeared to be neo effect of
perfusate~calcium level except possibly at the highest (25 mM) caleium level
where excretion appeared to be somewhat reduced. These results incicate that
conclusions drawn from previcus studies of calcium and strontium absorption
from the intestine could not have been significantly influenced by re-excretion
of the absorbed radicisotopes. ’

Limited studies of Sr85 and CahS excretion into the large intestine indicate that
this route of excretion is less significant than that via the small intestine
by a factor of approximately ten.

Carbon~1l; labeled dinitrophencl (DNP) was used tc determine why the effect of
DNP on water and calcium uptake was pH dependent. It was found that the DNP
was rapidly absorbed and translocated when the nutrient solution was held at
pH L, but slowly taken up when held at pH 6. It appears that this difference
is due to the more ravid uptake of the un-ionized DHP molecule.



HW-65062

UNCLASSIFIED =3
Iodine

Lambing is about 50 per cemt complete. Thyrcid uptake studies on qeg—bcrn lambs,
an area not previously investigated, are being performed. (In addition ?0 the
regular thyroid monitoring, the whole-body moniter is being used to obtain
thyroid and whole~body counts.)

Cesium and Potassium

The experiments on moisture stress previously condicted with Cinebar soll were
repeated using Millville soil, with an appreciably lower uptake of Cs137 noted.
However, the effects of moisture stress on the cesium and potassium concentrations
in plants were similar to those cbserved on Cinebar soil. Cesium concentration in
stem and petiole tissue, and. other plant parts, was increased as moisture

tension {drying) in the soil was increased. Relatively little effect on potassium
concentration in the plant was noted.

Comparative Toxicity of Strontium, Plutonium and Radium

Radiographs were taken of the right forelimb and hind limb of all miniature swine
on this study. A progression of earlier bone damage was noted with the mosd
severe changes seen in animals injected with Pu3? (1.3 pc/kg body weight) at
six weeks of age.

The forelimbs are showing considerably more damage than the hind limbs. This
may be related to the greater weight supported by the fore limbs or to itrauma
to the front legs in jumping against objects ami dropping to the floor with
considerable force.

A1l animals appear grossly normal although there is a great deal of variation
in individual condition -- a reflection of their communal feeding. Utilizing
the whole-body monitor, estimates of the body burden were obtained. Reasonable
counts were obtained in racium and strontium animals but not in the animals
injected with plutonium,

Hazard Evaluation of Sr90, 0513?'and 1131

Based upon available large-animal data on the metabolism of 3r9os ¢t am
I131, the levels of contamination in edible animal products following both chronic
2nd single exposure of the animals to tnese radionuclides in ailr or vegetation
were evaluated. This was accomplished by determining for each radicnuclide a
theoretical MPC relative to the MPC for air and water for man that would result
in the edible products containing contamination levels equal to the MPC (water)
for man. These values may then be multiplied by the acceptable MFC's for man to
determine the maximum permissible concentrations of the radionuclide to which
the animals may te exposed. The relative MPC's were determined for milk, meat,
kidney and liver for the dairy cow, beef cattle, sheep and swine, The advantage
of the relative PC's is that a standard procedure may be used for all radio-
muclides and the ratios of ion pairs would therefore not be needed.

UNCLASSIFIED

1230051



UNCLASSIFLIED D-4 - TA=65062

Plutonium

A new chelating agent 2-{B-Aminoethoxy) e¢yelohexylamine-N,N,N',N!-tetraacetic

acid was tested for its ability to promote the excretion of plutonium from the
rat, When administered one hour following intravenous plutonium citrate

this new agent stimulated the urinary excretion, during the follewing four days,
of 64 per cent of the injected dose. Untreated control animals excreted less than
five per cent. Animals treated with DTPA excreted 72 per cent. The new agent,
therefore, would appear to be less effective than DTPA., However, its effect on
fecal excretion of plutenium and tissue distribution remain to be evaluated. Test
are also being made of its effectiveness when administered orally.

Some preliminary experiments have been directed toward the identification of pluto
binding sites in soft tissues. Plutonium in adrenals was not removed with phos-

pholipid or steroid fractions but remained in the protein residue. Approximately
one-third of plutonium remaining in liver 90 days after injection was extracted wi

water and twoethirds with 0.1 n NaOH. The NaOH treatment removed plutonium which
could not be removed by DTPA treatmemt of the tissue.

Cerium, Neptunium, Americium, arnd Strontium

Available literature on the metabolism of Celbl, Np239, am2Ml ang sr90 was
surveyed. Based on the information obtained, equations were developed for
estimating the body burdens of the above radionuclides by analysis of urine

of man. This material was submitted to and discussed with the Intenral Dosimetry
Group, Data on cerium, neptunium and americium was very inadequate and
restricted principally to small animals. dstimates for these radionuclides cou.u
easily be in error by a factor of 10, Studies are being plamed to determine the
excretion patterns and toxicity of these radicnuclides in miniature swine. The
animals would be injecEeg in grougg of three and acded to the groups already
injected with S5ro0, Ra?2® and Pu’-,

Radicactive Particles

Three groups of rats were exposed to Celthrlh“02 aerosols for retention amd
translocation studies, and for testing therapy agents. Carbon tlack and negative
ion inhalation were tested for possible effects on pulmenary clearance of
radicactive particles. (A negative ion zenerator was provided by General
Eng ineering Laboratory, Schenectady, New York.) Results of the tests are not
complete. -

Gastrointestinal Irradiation Injury

Contimation of studies on repeated irradiation of the abdominal area, with and
without cysteine protection, indicate that bi-weekly doses of 500 r can be
tolerated, without protection, up tc a total dose of about 10,00C r. With

this accumlated dose, animals die of what aprears to be starvation, after a
decrease of approximately 50 per cent in bocry weight. Protection with cysteine
prevents the weight loss and mortality. Bl-weekly cdoses of 1,000 r are tolerated
for extended periods with cysteine protection. 4t 1,500 r, bi-weekly, cysteine
rrotection has little effeet and animals die after an accumulated dose of

about 6,000 r.

JNCLASSIFIZD
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Microbiological Studies

Experiments on racdiation effects on the cation binding properties of yeast cells
were extended to calcium ions. Two to three times more calcium was adsorbed to
irradiated cells as compared to non-irradiated cells. It is not clear whether
this binding was limited to cell surface or may have resulted from a change in
permeability. The latter seems quite possible since high calcium concentrations
in the medium effect a reduction in leakage cof cellular components from irradiated
cells, Further studies are in progress to determine whether this reduction

constituted a repzir of damaged membranes.

Plant Ecology

It was found that chlorophyll production of terrestrial algae can be-estimated
by acetone extractions without separating the algal filaments from the soil
matrix, The absorption spectra ocbtained show that the green pigment extracted
is largely chlorophyll "a®, Methods are being investigated to report the
chlorophyll "a' content in temms of milligrams of chlorophyll per gram of soil.

Cultures of the algae (Microcoleus vaginatus) which were exposed to X-raciation
dosages of about 145,000 r did not show ary reduction in chlorophyll production.

Project Chariot

Scrting of samples for ecological analyses of the invertebrate cormunities of
the Cape Thompson, flaska region was contimued., Collections of mollusks and
amnelids were prepared and sent to taxonomic specialists for determinations.

Development of a program was completed for IEBM analyses of specific gamma
emitters from fallout in the plants and animals collected from Chariot field

Ao

Manager
BIOLOGY LABORATORY

HA Kornberg:es
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¢. Biology Seminars
Daubenmire, R. G., [epartment of Botany, Washington State University,
Pu)iman, Washington, "Ecologic problems of the szsagebrush vegetation
in Washington," March 8§, 1$6l.

Sullivan, M. G., "Gastrointestinal tract function following expesure to
radiation," March 22, 1961.

Palmer, K. F., "Facilities at HAPO available for biological research,"
Harch 22, 196l.

D. Publications

a., HW Documents

Staff of the Biology Laboratory, "Biology Research Annual Report for 1960, "
Document HW-6950C (in press).

b. Open Literature

None

UACLASSIFTIED
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CPERATIONS RESEARCH AND SYNTHESIS OFSRATICN
MONTHIY REPORT - MARCH, 1961

JRSANTZATION AND PERSONNEL

S. H. Wujek Jjoined the coperstion on March 1 as a technical graduate on a 3-month

L]

rotationel training program assignment.

CPERATIONS ANALYSIS STUDIES

Tuel Element Performance

Data from the complete file of about 6650 fuel elements thus far irradiated and
measured under the Quality Certification Program are being used to obtain revised
estimates for the coefficients of the models expressing warp, tube filling capa-
city, and diameter change as a function of reesctor coperating conditicns. These
models are useful in predicting fuel element behavicor under various sets of con-
ditions, and in removing the effects of resctor conditions when evaluating fuel
element quality as such. The new estimates will be campleted in April.

Thase date are alsc being used to investigate fuel element distortion as a
functicn of canning date, and the effect of this on the incidence of observed
hot spots. It has been established that plotting such quantities as a functicn
of canning date is essentially the same gs plotting as a function of Fernald
shipping date, sc thet variaticns observed may be related to core quality.

A report was written recommending methods of describing fuel element distortion
for irradiated KPR fuel elements. The method uses polynomisls, which are easily
it using orthogonal polyncmials, to describe the fuel element profile. It was
also pointed out that similar methods can be used cn present fuel elements in
order to better describe the types of distortion present. The technigue will be
used on a sample basis in the near future.’

Assistance of & consulting nature was provided in connection with developing a
rupture model for hele failures.

Zptimization of Reactor Operations

A model was develcped which gives fuel element clip requirements, assuming var-
icus alternate courses of action with respeet %o procedures in handling clips.
“hese clips will be used in charging bumper fuel elements. The number
required depends on their ccst, the economic consequence of runaing short, and
the physical flow of clips.

Z-Plant Information Systems Study

Trocess technoleogy continues to be mcdified in preparaticn for full process line
cperaticn. The best logical definition for fubure operation of the final
machining step and the new ingetting furnace and breask-cut facility has been
cbtained, and these sections have been ccded into the over-sll computer program.

DECLASSIFIED —
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Four days of machine debugging were accumplished before the memory drum was
removed for modification. Several areas of the program benefited from this
activity. It was also discovered that the high speed ocutput punch was not
functioning properly. This is %c be corrected during diagnostics following
reinstallation of the memory drum unit.

=W-

A meeting with the Manasger, Research and Engineering, CPD, was held to
re-establish the computer study ceontinulty with newly appointed CPD managers
and discuss personnel requirements to facllitate a successful computer

demonstration.

STATTISTICAL AND MATHEMATTCAL ACIIVITIES FOR OTHER HAPO COMPONENIS

Fuels P;gparafion Depa~tment

Fre-irradiation warp data from NPR co-extruded fuel elements were analyzed in
order to assist in determining how the number of rejects due fo excessive
werp might be reduced. Of primary interest was an evalustion of +the effects
on warp of successive Beta~heat treatments. Vector quantities were used to
estimate these effects. The possibility of pre-straightening before Beta-heat
treating was evaluated. It was also suggested that if shorter fuel elements

e =

are used, the warp is reduced by & considerable amoun*®.

4 sequential sampling plan had previously been developed for use in the aczept-
ance sampling of lots of aluminum components with respect to wettability
chargcteristics. Further work was done this month in describing the results
to be expected when within lot variation is changed.

Irradiation Processing Department

A study of uniform corrosion models is continuing.

A theoretical model is being fitted %o scme points which describe fission decay
in a reactor.

A study was mede to determine whether the recent failures df rear cross-~ineader
fittings are indicative of an increesingly severe problem. Sample size
requirements for examining fittings for near failures were also computed.

“he problem of determining “he symmetric intercomnection of ecuticts from niné
identical relays was solved by *he use of symbolic logie. Regquirements for
the circuit were:

a; Each relay should have the same number of contacrts.

\b) The number of contacts per relay should be a minimam, and

.} The circuit of contacts should be nomconducting whenever any seven of
the nine relays were de-energized.

his analysis arose in connection wizh <he design of a safe*y cirouir,

nemical Processing Depar+ment

Consultations and computations were continued for Finished Produst Technology
in connection with <he design and use of equipment, fixtures, and gauging
mechanisms necessary %o accurately fabricate and inspect proposed wespcen

ccmpeonents.
12300351 ,.I'
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romments were given in connection with potential hazards involved in the ship-
ping of cesium and strontium to Oak Ridge.

Assistence was given in preparing for a study concerning assigned automobile
utilization. Results from queuing theory will be applied.

The number of measurements required per part in the acceptance inspection of
final product has been reduced due to improved analytical and process control.
One analytical determination suffices for most parts.

In connection with determining the Pu-240 content of fipal product, an evalua-
tion was made of the aceuracy of the mass spectrometer, which is used on a
sample basis in conjunction with the part-by-part measurement done by neutron
counting. Questionable parts located by neutron counting are also re-measured
by the mass spectrometer.

Steps are being taken to use evolutionary operaticn techniques in connection
with the production of buttons. Several variables assoclated with tire reduction
of the fluoride will be controlled. It is itentatively planned to try and
optimize yield, keeping purity above a specified level.

Relations Operation

Three additional salary curves were fitted at the request of Relaticns personnel.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program

Chemical Development

Consultations continued with Process Development Cperation in the general area
of instrument calibration for the pending pulse column test facility. experi-
ments. Additional mid-column photometer pilot study data are being analyzed
to determine the effect of the temperature differential between calibration
temperature snd the temperature during experimental runs. An appropriate temp-
erature ccrrection factor will be derived from this data. An experiment was
designed to calidbrate the rotometer which will be used to measure flow rate of
the pulse column feed stream. Since the relaticnship between buld displacement
and flow rate is influenced by soluticon density, the calibration is being done
for a range of uranium concentrations from 50 to 120 g/1.

Work continued on a mathematical problem assoeciated with ion exchange phencmens
reported in January. Further meetings were held with interested personnel of
the Chemical Research and Development Operation of Hanford lLaboratories for

the purpose of mutual clarification of the chemicel and methematical concepts
involived.

Materials Development

Components of variance calculations were performed on graphite physieal pro-
perties test data for Materials Development Operaticn. Tensile strength

v DECLASSIHES —-—
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messures, load and deflectior, electrical resistivity, thermal conductivity and

coefficient of thermal expansion data were analyzed ©2 determine the variability
of the properties within a graphite block and between several such blocks. The

effec on the average value of these propertvies of crystal orientation, result-

ing from extrusion of the blocks during fabricaltion, was also estimated.

4000 _Program

Swelling Studlies

Analysis of pore size distriburnions for irradiated uraniux samples, pre- and
post-anneal, continued in order to determine the heterogeneity of such distri-
butions within a single uranium sample.

Plutonium Becyele

Several minor modifications were made in the experiment previously designed
for Structural Material Development Operasion to investigate the reliability
of & fluorescent penewrant nondestructive test used *o detect surface defects
on zireconium tubes. It wes not poesible to> procure sufficient tubes with
roughly the same muber of defects %0 handle the experiment as initially
designed. The modified experiment uses 32 tubes ~ 18 are now available and an
additional 14 should be in another month.

An experimental program was designed for Ceramic Fusls personnel to ilnvestigate
high energy 'wranium oxide impacting az a function of the independent variables,
oXygen uranium ratio, Dynapak piston pressure, and oxide temperature. The
primary functicn of the experimenn is to determine how these variables intersct
so that mayximum density impacting can be reslized as & function of oxygen
uranium ratis with piston pressure and oxide temperature kept as low as possible.

Further progress has Leen made on the problem of achieving dense packings with
mixtures of three fixed slizes of spherical particles. Three sizes and the
relative proportions of each have been discovered that yield a volume packing
fac<tor in excess of .9. It can be shown *hart an absoluts upper bound for the
packing density of three sizes of spheres is .9825.

6000 Program

Blology
The linear kipewic mulwicompar—ment biol>gy model is in <he pracess of being
generalized. In particular *he entire model is being rewritTtsn in terms of

a mtltivariate diffusion partial differential eguation. It i1s expected thatv
the solution, when sb*ained, will bring the present estimation technigue within
the purview of clasesical startistical estima*ion theory.

ceneral

Instrumentation

A statiswical amalysis of data from a recent calibration study by Inst-ment
Research and Zevelopment Zperasion was iniviaved. The resulits will provide a

1230059 iy
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reference system for the calibration of linear differential transducers for use
in in-reactor creep testing of zirconium alloys.

Work Sampling Study

A statisticel analysis of data fram the work sampling study recently conducted
by Anslytical Laboratories Operation has been completed and the results reported

to interested persons.

Division of Research Programs

Work continued jointly with Chemicel Instrumentation and Data Processing in the
setting up of a magnetic tape master file of program sample data. Statistical
analysis was performed of mess spectrometer standards data and estimates of

the precision and accuracy of the instrument were provided to interested persons.

The study to determine the possibility of using isotopic concentrations of plu-
tonium to make inferences about the reactor conditions under which it was pro-
duced is continmming.

MISCELLANEOUS

Methodelogy

Several discussions were held with personnel of Nuclear Physics Research
Operaticn and some mathemstical caleulaticns were done in connection with the
use and interpretation of & computer code for generslized lsest squares analysis
recently obtained from the Los Alamos Scientific Laboratory.

A table of the function 2N log N for N = l(l)SOOO‘has heen calculated and a
foreward to explain its use has been written. This material is being prepared
as a formal statistics and methematics distribution Hanford report.

A table and accompenying nomogram for the calculation of sample-background
retio confidence limits from low level counting statistic data has been pre-

pared. A formal report for methematics and stetistics distribution is currently
being written to circulate this material to HAPO research perscnnel.

SWIASSN

Carl A. Bernnett, Mansger
Operations Research & Synthesis

CAB:kss

\&M@%@
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PROGRAMMING OPERATION
MARCH 1961

A, REACTOR DEVELOPMENT - 4000 PROGRAM

1. PILUTONIUM RECYCLE FROGRAM

Computer Code Develcpment. Microscoplce debugging of the fuel cost pertion
of the PUCK code is nearly finished. Fuel cocsts for the recycled plutcnium
mode are checking in all four fuel cost components eand in total fuel cost,
but some further debugging will be necessary because some intermedlate
values do not agree with the standard. Results for the uranium mode still
differ slightly due to variations in a minor term. The equations to be
used in subroutine Rx have been coded as & maln program for testing purposes.
Resulting compositions of the plutonium isotcpes appear correct; but as yet,
cannot be considered authoritative, BRx will be the mester minding routine
for PUCK and will presc¢ribe the equilibrium and near equilibrium plutonium
compositions for analysis. Currently, the PUCK code analyzes only the
secular equilibrium case which may, in fact, take hundreds cf years tc
attain.

The supercritical reactor design hes progressed to the point where more
precise fuel costs are needed than were supplied earlier with the PUCK cole.
Programming has heen supplying such data te the Reactor and Fuels Operation
of the Hanford laboratories. MELRAGER, a physics burnup code, will be
utilized to give exposure vs. enrichment for both batch and graded fuel
discharge schemes. These bracket the operating case of primary interest
since the Supercritical Reactor would likely be operated in a compromise
mode. These exposure data will be supplied to the QUICK fuel cost ccde
"with a wide range of the input economic parameters. Preliminary debuggling
demonstrated the feasibility of the method, and the necessary casez are
being set up. '

Work continues on an interim topical repcrt dealing with the effect cn
fuel cost of using varicus different fuel claddings, including comparizcns
between zircaloy and stainless steel. This first report covers uranium
enrichment, but the study will be extended tc incluie the ramifications

of plutonium enrichment. The larger neutron cross sections cf plutcniwum
generally allow the use of more parasitic materizl in a reactor. Tc
fully evaluate the pecssible optimum ruel element designs using piutonium
enrichment, more care must be given the actual fuel geometry by virtue

of plutonium self-shielding in the thermal spectrum and gignificant epi-
thermal absorptions which, im turn, require self-shielding treatment. As
a consequence, this work is being treated as a fuel geometry study ror
which generalized high speed ccdes are being develcped. If blind use

is made of codes to determine the necessary parameters, a ridiculously
large number of ccmputations appear necessary. However, inspecticn of
the basic relationships within the codes and the actual available knowledge
indicates that a manageable ccmputation lcad should be possible. As a
cCnsequence, a simple code is being preparsi t¢ select the ccmputaticns

UNCLASSIFZIED
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to be made iIn view of the actual possible significance, and thern to

define the limits of the results. While this work is under way, the
plutonium-enriched burnup studies are belng crgenized. Much of this

work can be made available to this study be editing reacter fuel burnup
data from specific cycle analyses. These data will be tabulated s0

that reactor designs maximizing the value of plutonium can be qualitatively

deflned.

Plutonium Recycle Program Planning Activities. The long range schedule
for fueling the PRTR is being revised and up-dated; takirg into acccunt
changes in delivery dates for high-exposure plutonium, revised aeutron
vields from plutonium based on the PRTR critical tests, and cther changes
which have ccourred since the previous schedule was issued.

A ztudy has been started to identify the conditions for eccnomical arplica-
tion of partial-decontamination separations techniques, such az the

“Salt Cyele” process, tc over-all fuel cycles for the utilizaticn of
plutonimm in power reactors (plutonium recyclie). Initial efforts are
being directed at determining the types of fuels and reactor feed ani
burnup conditions under which partial-decontamination type processes such
as "Salt Cyele" appear attractive. COne of the mejor consileraticns will
be determination of the cost of remote, heavily shielded refabricaticn of
partially-decontaminated, plutonium-bearing; fuel elements.

One mewber of Programming hes provided consultation cn deslign sccping ot
the Fuels Recycle Pilct Plant, and participated in a visit to six sites
to' dlscuss the latest operating philosophy and design considerations for
"hot" laboratories. Of interest from these comtacts is the zcntinuing
shift of the meaning of "containment" from ":ontainment as a pers:nnel

11t

protection device" to "eontamination contrel and easy dispozal”.

SPECTFIC CYCLE ANALYSES

Code Development., The first werking version of a computer proiram designed
t¢ generalize the MELEAGER burnup calculaticns has beer completel. The
eode converts batch irradiation data to uninteracted graded ista and will
rrovide shut off data for either mode 2t any desired final reectivity.
Thus, = single MELEAGER physics caleulation rerresents both bateh and -
uninteracted graled cases at any number of final X, valugs, which consti-
tutes a gross saving of ciwputer time. Concurrently, the MELEAGER physiez
code has been changed to aliow fully-intsracted, graded burmup 2aizulaticn:
to be made in addivticn te the uninteracted computaticons menticnad above.
These twe forws ¢f graded irradiation bracket the pessible lattice arrange-
ments that mey be encountzred in a reactcr. Cemputavion of fully
interacted cases can te rapidiy completed since cver-ail react:sr conditicos
apply, which eliminates the necessity cf altering the nucliear crcss
gecticns as the burnup proceeds. The MELEAGER generalizaticn :cde has

been written so that it can also process the Sully interactei graded
discharge data, although slightly 3iffaerent relaticnships are used. Th*
code curve-fits the isctopic compositicnsz, the sxpesurs, and the
instantanecus and average kg 's as a function of time. The isctcpic
density fit is accomplished by approximating the 3ata with an exponential
function, and then fitting the iifferenze by twe third-order pciyncmial
fupcticons. The time scale ic then nermalized to a constant flux and
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selected specific powsr case TC reprezent graied irrsdisticn. Third-
order polynomials are alsc used t< fit the data as a funeticn of kee-
This provides “"shutcff" iata at a number cf ilimiting ke, values so that
g single MELEAGER calculatior can be coavertad into any number c¢i caszes
at a great savings in computer time. A complete calculation with an
unlimited number cf final ke values requires absut cne minute compared
with spproximately three minutes for a single MELEAGER case which
produces only one kgy value.

A revisior of the QUTCUK eccnomics ccde was prompted by the necessity

for refining the incremental fuel element fabricating and jacketing ceost
{FEFJ) calculaticn for simpie plutonium recycle. This incremsntal
additicnel cost 1s required for jacketing plutcnium bearing fuel elements
over the ccst of jJacketing uranium-only fuel elements. TIn this revisicn,
the available plutonium i3 considered to be mixed with tails ccupesition
uranium while the fracticn of the fusl elsments in the reactlir that
contain plutoniwm is determined by the criterion that the enriciment
(atomic fraction) of each element in the reactor be the same. The FEFJ
cost for the reacicr is cailsulated by adding the basic FEFJ ccst toc the
delta cost and multiplying by the fraction of the elements that ccntain
plutonium. This reviszich permits evaluaticn cf a zoned reactor in which
the concentration of recycled plutenium is maximized so that the cver-all
cost of the incremertal fabrisation charges; delta, is minimized. The
impact of this is mcs* impressive. For exampie, in a typical thermal
reactor, by confining the plutonium enrichment to depleted uranium, 10 to
20 grams cf fissicnable plutcnium are uszzd in each pcourd of fuel which
spreeds a delta velue of $20/1b of fuel such that the plutonium value

is decreased only cne to two dcliars per gram. If, cn the cther hand,
the recycled plutonium iz uzed to enrich every fueli elsment in the
reactor, then, the recycled plutenium is in two tc three gram quantitiles
in each pound of fuel ani the asscriated plitcnium value reductisn is
$10 to $20/gram for an incremental charge of $20/1b ¢f Tusl. There is

a cost invelved with zoning since highsr-saricheld uraniun must be
purchased for the uranium-enri:hzi zine ar a ¢lightly higher cczt.
Accordingly, tnis secticn cf the cude 1s arrargez sc that:

1. The plutonium can te wixel with any Jezired .ranium compisiticn.
cr the computer can be instruacted t¢ gaisct the minimam oozt
mixture.

2. The enrichmment <f tae plitoniun bearing T.ei slsments can be

adjusted +: cbtain the zame hszat rate ii.2.. fTiszicn ratz), the
game initial kg, or the cams enrichmsrt &< the wranium-cniy fuel
elementsz.

Specific Studiesz. Pinal nocrmaliza<ticn stulies are nearing compistizn
that reccuncile the MEIRAGER burnup analysiz with the methods employed
fer analyzing the APWE ;T.0-8502°. With compisticn. an extensive
analysis of plutemivan valae in the APWR will began, The analysis will
be for batzh and grazisi cperaticn, with 2.0ed apd wazonel plutceaium
enrichment for simp.e recysle, ars I.r fuli plutcnium zarachment without
zening. Tooeddliticon, thorionm with w2330 U-235, and plutiplum as
alternative enrichrzots wiil be examiansi.
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The report of plutcnicm vaiue in the Belicyargk, Russia, superheating
reactor is in Pinal rough draft form and will be published as HW-68479.
Generally speaking, plutcniux has a high valuze in this machine due o
the improvement in thermsl utlllzation afferded by the high neutrun
aross secticn of plutcnium. Vaiues of $1b tc $16/gram of fissicnable
plutcniwm as nitrate are tyrica’ results cf the computaticns. These
.yaiues are reduced to $12 t: $1li/gram as wetallic trattons, vhich is the
form currently stipulstsd by the AEC for comparisins.

Details of +his and c-her studies wers presented at *he [FD Evaluation
and Planring Branch {EPB) program raview in Washington cn Marsh 2L and
22, In additfcn, a papsr was acesptil for the ANS June meeting entiti=4d,
"A Copparison of Key Nuclear and Esoncains Factor: for Thermal Reactor
Fuels". The paper is basaed upcn errcr analysis stulies made for the
APWR study. Measurewents of the priductivity ot varying cnly eta for
7-235, U-233, Pu-239, ard Pu-2ul wers made by altering nu for each and
computing the resuiting change in value. Ccerrespezding ccmputations
were alsc made Tor the key o=is sectisn:i. The re.ative dcliar value
of the muelear fuel is *aker izto accoust by rarameterizing ths price
schedule for U-235 at fifty, -ne hunired, and two hunirel percent of
the present schedule, and by in:luding the ralative nonm-nuclear charges
for three fuel eiement fabricating cherges. The data clearly skew that
the value cf Pu-239, when comparel te G-235, wiull be soafiunded becar
the siightiy reduced Pu-239 e*ta valze =ffect weuld be cbicured by the
greater absorpticn cross sectisa of Pu-239. In allificn, riutcniuap-239
flsasions lees cften then U-235. It now appsers that aiiitioual corrala-
tions mey be possibiz by conzilering the rfissicnable-to-Terti.e cross
section ratics, from which gome gensralizaticon may be peisible abiit
the value of varicus plutcalur batches.

CTHFR ACTIVITTES

A jocuwent was issusi HW-68922; wiich proposes soinsiieraticn if rezsarch
and develspment activiiy o2 a mean. .7 ci.ipling as ague..s prozess for
primary deccntamicatiza with g fuzsi-zals, flucrije-volatility proczes

for final uraniwr is:sntarinaticn. Poatiaium woulld be i:zciatal by |
ccoventiczmal iln exchangs msthois. o the most alvancs? altswra+ive =T this
rropoesal partially-lscimtaniratsl Lranyl oitrats zoi_ntiln wiill be aelivered
inte a ¢ell in whish hyirogen ani <iamental flicrine proiucsl by
electrelysis of a fupsd zalt. Ly zsvabllisament 1 a swuitabre pattern of
fiow 1t is hoped that mn2 piltranme oo Ll t: zocreszively ishvirar:.,
%init?ated,?reiucei.with pyirzgenﬁ axd cc?vertei 12 (F, at tae cattzie and
finally te TFg at the anciz. o a 3.suatilsn reguiring new zeparaticns
facilities such a combilned prize:: may affirl maj.r economises. It oould
als¢ be potentially atoractive ia o pruosessing i nca-~producticn fuels

[1EE Y

e
ar

The risks asscuiated vich zhipgmsnt I large juantities of ralizisitipes
are being evaluatel, ani requss=s.nave bzen iait:ratzi for adiitional zata
to imprcve the comficercs in sich =s-imatss. This wirk iz in =ugport &F
Erojected shipments < tans of fhoasarzs of Jariz: of materials 5;ch a3
Sr=-90, Cs-137, and Ta-144,
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Hanford waste dispcsal practices, environmental menitcering, and
appropriate related research were reviewed with 5. H. Small of

the Internatiomal Atomic Energy Agency, Vienna, Austria. Alsc,
similar topics plus the proposed ecclogical studies in the Columbla
River system including the estuary and cceancgraphic studies were
discussed with Dr. I. H. Wallen, ARC-Wash., Division of Bilology and
Medicine. A report was compiled and transmitted to AEC-HOO for the
use of AEC-Wash., Division c¢f Riclegy and Medieine, in the Special
Report to Congress on Life and Physical Sciences.

EAPO-wide irradiation units requirements were reviewed and compiled
' by programs for Fiscal Years 1961, 1962, and 1963, and transmitted

to HOQ. The tabulation included the needs for each program by

capsule irradiations and loop irradiaticns in sufficient detail for

Commission planning purpcszes.

Agsistance was provided in arranging for vizits and tours by 209
visitors during the month. This number included 99 visitors on 39
official visits; plus 110 students and schecl administraters cn four
separate tours. It also included one Austrian, one Swede, and 11
Japanese nationals of the Japanese nuclear material test reactor team.

Study is being given to the pessidility of having ¢ue day a month set
aslde as "tour day" at Hapford, and tc prublicizing this procedure, in
order that all but official visite would be held on this day. The
maximm capacity for handling tour visitors under such a plan is esti-
mated at about 1200 visitors in cne day.

X

Acting Mapager,
Programming

FW Woodfield:rd
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RADIATION PROTECTICON OPERAT.LON
REPORT FOR THE MONTH OF MARCH, 1661

A. ORGANTZATION AND PERSONNEL

The internal re-alignment of the Radiation Protection Operation became effective
Merch 1. The Section is now composed of six Subsecticns and two individual con-
tributor positions reporting to the Mansger - Radiation Frotection. In conjunction
with the staffing of the new Subsections, R. F. Foster joined the Radiation Pro-
tection Operation as Manager, Environmental Studies and Evaluation and H. V. Larson
joined the Radiation Protection Operation as Manager, External Dosimetry.

John M. Selby, Engineer, was rehired into the Radiological Development and Calibrations
Operation on March 13. Alice L. Didier, Secretary, was hired into the Internal
Dosimetry Operation on March 7. Effective March 20, Melvin L. Brinkerhoff, Chemical
Analyst, was transferred to the Fuels Preparsation Department as a Metel Handler.

The total force in the Rediation Protection Operation on March 1 was 13G; 39 exempt
end 99 non-exempt.

B. ACTIVITIES

An HLO employee, assigned to the 325-A High Level Cell Facility, received an

exposure of 6.3 rads beta and .19 r garma, as measured by his film dosimeter. The
source of this excessive exposure to the skin was believed to be a highly contaminated
metal bar or contaminated protective clothing. The metal bar which was handled was
subseguently found to have surface contaminaticon of 150 rads/hour at two inches.

The dose to the skin exceeded the maximum permissible dose of & rads recommended by
the NCRP for a 13-week period. )

Four IFD employees received transient internal depcsition when an unknown gas under
pressure was released from s semple tube in the inner rod room of the &OS-KE
Building. Whole Body Counter m%%surements indicated 6 - 100 nc of Na2* and from
30 to 180 nanocuries (nc) of Zn°?, representing respective maxims of 2% and 0.3%
of the maximum permissible body b n (mpbb). Three other IPD employees received
transient internal deposition of Mo”7 while lubricating the reactor control rods

at the 107-DR Buil%%ng. Examination in the Whole Body Counter 1n icated : rom

125 - 280 ne of Mo”” (1.6% - 3.6% of the mpbb) with traces of NaZ* and Zn®>

A localized exposure from a radioactive particle on the face of an IFD employee
resulted in an estimated maximm dose of 4.6 rads, including .05 r to a small
skin area.

Particulate fission product contaminaticn occurred throughout the 105-KW Building
during the removal of the ruptured fuel element and process tube from the resctor
front face. The contamination, which was believed to result from removal and
disposal of contaminated protective clothing, wasg confined to the building.

There were no new cases of plutenium deposition confirmed during the month. The
total number of plutonium cases that have occurred is 265, of which 193 are
-currently employed.
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A faulty seal on a tank containing plutonium nitrate solution resulted in wide-
spreed contamination of equipment,floor areas as well as to three employeses at
the Physical Constants Test Reactor in the 305 Building. Decontamination and
resurfacing of floor areas proceeded throughout the month in contaminated air

up to 1.5 x 10°9 pe Pu/ce. Microcurie amounts of plutonium were measured on

the hands of one employee apnd on other surfaces in the reactor room. Preliminsry
bicassay samples of involved employees indicated little, if any, deposition of
plutonium.

The floor and bench in Room 42 in the 231-Z Bullding were contaminated up to
40,000 4/m from the radium on the dials of an aireraft bomb site that had been
dismantled to obtain some gears and shafts. Several improvements have beexn
incorporated into the new Physicesl Testing Mobile ILaboratory which will result
in improved radiation control. Iuncluded are a generator for operation of
additionel lights and radiation instriment alarms, & flashing red light%t on the
truck, improved shielding during transport, and greater security of the sources
when the truck is unattended.

The criticality meters alarmed in the 325 Building and in the 305~B Building at
unrelated times during the month. Immediate followup surveys and processing of
the disaster film kits confirmed that no abnormal radiation event had occurred.
The cause of the alarm in the 325 Building was not determined. In the 305-B
Bullding, the alarming level had been established tcc low for operating the
Physical Constants Test Reactor at a power level of 100 watts. '

A Brogram to obtain background bioassay and Whole Bedy Counter measurements for
sr’C on all Maintenance laborstories and service personnel at the Hot Semi-Works
was initiated. Background sampling of the Hot Semi-Works stack was initiated
during the month. The followipg average activities were discharged:

gamms emitters - negligible
beta emitters 1 x 1072 curies/day
alpha emitters 1 x 10-6 curies/day

Laboratory sensitivity for measuring SrP0 on the integrated filter sample is
9 x 10~7 curies/day. This represents approximately 1% of the releasse limit for
this isotope.

Equipment revisions and recalibration of the Redox stack 50’ level sampling
equipment was accomplished. A 3/k" orifice was installed to provide the isokinesie
sample flow through the manifeold while allowing a volume of 2.4 cfm through the
sampler. Additional revisions remeining are: 1) diversion cf steam jet dischargs
from the stalrs and back into stack to prevent contamination of stairways and
icing in winter months, and 2) relocation of the steam trap at the top of the
stairs to prevent icing.

Field testing of the charcoal adsorber cartridges for I3l menitoring continued.
Data to date indicates that additional development work on design is required.

UNCIASSIFIED
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Calibration of the modified sodium iodide scintiliation equipment for aerial
monitoring was reingtituted. Fiights were made at varying altitudes and at
different time constants over a 2 curie cobalt source. The resuits were in

feir asgreement with calculated values. Measurements were made over land and an
infinite water source to determine the capabilities of detecting an increase

in background due to contaminstion. A reduction by a factor of two was observed
from lend to water at 500°. Since the background ovar the water was essentially
the same at lower altitudes as at 500", this indicates that it should be possible
to detect an incresse in ground radiation levels of about 25% for an infinite
source size. Five flights were masde during the month for a total of 26 manhours
of flying time for envirommental monitoring personnel.

The Automatic Columbia River Monitoring Station (ACRMS) continued to operate
sporsdically due to previously reported amplifier troubles. Two new solid state
smplifiers were ordered on an smergency basis and irstallation of the new smpiifiers
was planned during the second week of April.

The ACRMS was in operation part time during the dowm period of the reactors on
March 13th and 1lhth. A definite trend in the measured activity of the river was
noted. In addition, several radiation traverses and temperature measurements
were mede on the Columbia River. Results of these studies will be reported
separately. '

Sampling of Columbia River fish wes started by the Environmental Studies and
Evaluation Operation on March 29, 1961. All eqguipment ordered for fish and
waterfowl sampling was received, Medification of the laboratory is currantly

in process and should be completed during the first week of April. Discussions
were held with Dr. Eagan and others of the State Agriculture Depariment relative
to obtaining bovine thyroids. Fevorable cooperation was indicated and the detaiis
are currently being worked cut. Twenty-four crop samples wers obtsined during
the month. Routine surveys of the ground of control plots in the 200 Areas indi-
cated ne unusval conditions that were not previcusly noted.

Compilation of information reliating to reactor effluent and the measurement of
radionuclides in the Columbia River was begun for use in an audit of the monitoring
and evaluation of this source of envirommentel expogure.

The State of Washington Department of Game. wss re-contacted to encoursge initiation
cf a survey of the kinds and numbers of fish snd waterfowl harvested from this
ares and the guantities eaten by local residents. Formel contract arrangsments

for the surveys are nearing completion.

Waste dispeosal policies for the Fuel Recycle Piiot Piant are in the process of
being formuleted. The majority of effort has been concentrated on establiishing
gaseous exhaust limits. Those radionuglides which ars being investigatzd are
Pu239, U (natural), =131, 5r90, ana 5099,

A study was initieted of the potential need for restricting use of land south of
the 300 Area, considerizg planned additions to piant faclilii®ties and the northward
growth of the City of Richland.
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Asgessment of the moximm consejuences of an accidental »e=lsase of selected
radionuclides during shipment was completed Juring the month, Two cases wgre
considered, The first case, involved the shipment of 90,000 curies of Ce™

in an Oak Ridge desigred cask (STT,. The second case invcolved the shipment
of 80,000 curies of Sr”° in a HAPO designed cask (HAPO 1A°. The rssul%s of
these analyses ware documented in HW-68899 wizth L. L. Zahn as co-quthor.

The Radiological Design Criteria for the Fuel Recycle Filot Plant were completed
and distributed. The feasibility of moving Burial Grownd #6 +o permi+ <he
location of the FRPP facility due east of +the 308 Building was stuaied.

landsverk Instrument Company iedicated thst the cne hundred pre-otype lornlzation
chamber finger ring dosimeters, being obtained for fipal evaliustion, will be
shipped by the end of March.

Devalorment work on the new film badge dosimeter continued. Film shielded with
25 mils of +tungsten and expesed to =jual doses of fil+tzrzd X-rays witn energies
from 52 to 17C Kev exhibited a demsity cange of 10%. A< higher energies, the
density increased by sbout 60% indicating that a thinner tungsten fillter i:
required to normalize the film response from 2.05 to 1 Mev. Tungsten filters,
20.8 mils in thickness, bave reduced the Qensi*ty variation, &t constant dose, to
about 10% over the energy range from 0.05 to 1 Mev.

X-ray templates to code dosimeter film with the area as we’ll as the week and
year in which it was worn are being fabricated for use in <he badge processing
machine,

The design af the new automatic dersitometer has reguired considersble rework
by the Nucleonmic Tnstrumentation Cpera<ion. The design is now 70% recompletsd
and the sguipment about L0% fabricated. Necassaxy parts for al alterstions
have been cbtained and final completion of <his project is predicted for Aprik.

The 3" diameter double moderator criticality dosime<er received additional
performance evslustion testing. The feoil system similar o the Savannah River
eriticality dosimeter has “esn added to provida the Jivision of the =neutron
spectrum into flve energy groupe. Test performance to da*te indicates “hat the
total single colilision theory dose in rads can b svalusatad with an accurscy of
+ 15%. The performarce of copper foils ivradis<ei at neutwon energies ranging
from 0.230 <0 0.92.€ Mev was found to be abeur a factor of § .esz rhar the response
at 1.8 Mev. Thez> cbgervasiong indicarte tas1 a copper Toil will be useful for
measur-ing the tctal neutron flux below about 1 Mavw,

Several thrashoid foil dstectors weres expsisd ¢ eeuvrons 1o invezvigate *the
feasibility of coun%ting rhe foils on a sirgls channel counter. The neprunium
Pission foil calibrstion curve was calibroisd sZ4inst an acrtual Lautron eXposure.
An analysi: of the *hresholid foil der2ctzr systzm ani the double moderator
criticality system Is being preparsd. A neutron moderstor designed to provids
therma’ nautrens from the pogi<ive ior scczlaratdr has been compisted and 18
ready for installa+ion in ~he Peogi<ivs Too Acceierator Buipiingq
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A jig for use in positioning the impactor head on the portable impector air samplers
has been designed. 8ix units were fabricated. Toc assure constant efficisncy of
the impactor air samplers, 1t is necesssry that the distance between the impactor
head and the collector plate be maintained at a predetermined value. The jig
permits the checking and relocation of this spacing if necessary.

A review of calibration procedures and methods has been initiated in order to
define areas in need of improvement, correction, or development attention. An
extensive program to provide necessary modifications to procedures and equipment
is being initiated. As part of this program, the K-fluorescent source was
re-examined and an appropriate new dose rate calibration obtained.

An electrically-driven system for rotating film dosimeters during routine cali-
bration at 16 and 59 Kev was designed to eliminste slight discrepancies in
K-fluorescent source bheam intensities. Comparisons of dosimeters calibrated on

the rotating system and previously calibrated dosimeters shov a significant
decrease in density variation between dosimeters. All of the initial K-fluorescent
X-ray filters have been replaced. Fach filter now has the same dimensions and
conslists of a single sheet of material. The energy and dose rate obtained with
each new filter was reviewed prior to its use. Some further studies of the energy
spectra remain to be completed.

Routine calibration and special services were provided to customer groups. A
Lotal of 39.8 calibration hours were spent on special studies during the month.
The year-to-date total for special studies is 160.2 hours. The 220 KVP X-ray
wit was recalibrated with the free air chamber. The dose rate had drifted down
about 15% since the last calibration.

Salety rules, emsrgency call list, and evacuation procedures were reviewed and
updated. The alr conditioner switch was plainly identified, and a klaxon warning
horn was. installed to signal for building evacuation as necegsary. All radium
sources stored in the vault were given a lesk test. Excess rapers were processed
for 19 CP meters, 4 Juno meters, L oM meters, and other obsclete equipment.

A prototype Scintran instrument was received from General Electric, San Jose,
California, and is undergoing preliminary acceptance and calibration test.
The Bendix self-reading pencils were received and sre being given calibration
performence checks. At this time, 28 out of 200 pencils received have failed
some portion of the acceptance test.

C. TRIPS AND VISITORS

David Wagstaff from the Oregon State Board of Health viasited the Calibrartion
- facilities on March 16.

C. M. Unruh attended the Film Dosimetry Performance Criteria Meeting held at
Germantown AEC office. L. R. Rogers, Assistant Director, Nuclear Meterials
Safety for the AEC convened +he meeting to discuss personnel dosimeter criteris.
The criteria being developed may at a future date be utilized in evaluating +he
performence of commercial film dosimeter services.

UNCLASSTFIED
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J. W. Novak and W. E Bleiler from Argonne National Laboratory, Lemont, Illincis,
visited Radiation Protection facilities to discuss radiation protectiocn pro-
cedures and methods used at Hanford.

K. R. Heid zttended the Nuclear Weapons Medical Sympesium at Albuquerque, New
Maxico.

Seven of twelve papers submitted for presentation at the 1961 Annual Meeting
‘of the Heslth Physics Society have been accepted thus far. The papers accepted

wares:
1. "Columbia River Continuous Monitoring System™ - by T. C. Mebas
2. '"Radiological Protective Apparel Program At Hanford" - by T. . Mehas

3. "A Portable Dose Rate Instrument For Measurement Of Natural
Background Radiation Levels™ - by F. L. Rising

4. "Experience With An Ionization Chamber Pulse Reader At Hanford"
- by F. L. Rising

5. "Radiological Development Within The Hanford Radiation Protection
Progran” - by C. M, Unruh

€. "Radionuclide Classification° Relative And Absclute Hazard"” - by
J. W. Vanderbeek

T. "Quantitative Measurements Of Some Gamma Ray Emitting Radionuclides
In Nuclear Industrial Workers By Whole Body Cownting Techmiques"
- by F. Swanberg

D. EMPLOYEE RELATIONS

Three suggestions were submitted by personnel of the Radiation Protection Oparation
during the month bringing the year-to-date total to 8. Three suggesticns were
adopted and cne rejected. Three suggestions submitted by RPO personnel are pending
evaluation.

Three were three medical treatment injuries during the month for a frequency of 1,20
Bo security violations occurred during March.

Radiation protection training included: three l-hour demonstrations of protective
squipment and their use were presented by radiation monitors to 90 members of

Lesign Engineering Operations; four 2-hour training sessions on radiological
problems at the Biology Facility were held with all 100 Area Firemen; and one Z-hour
talk on radiation protection was presented to all Hot Semiworks personnel,

UNCLASSITIED
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E. SIGNIFICANT REPCRTS

HW-66954

HW-68751

HW-68851

HW-68899

HW-65039

"Radioclogical Design Criteria For The Fuel Recycle Pilot Flant™ by
L. G. Faust and C. M. Unruh

"control Limits For Concentretion Of Radicactive Materials In
Aqueous And Gaseous Effluents From The Plutonium Recycle Test
Reactor™ by G. E. Beckman

"snalysis Of Rediological Deta For The Month Of February, 196L"
by R. F. Foster .

"Maximum Liability BEvaluation, Strontium And Cesium Shipments
Decglso Media" by E. C. Watsen and L. L. Zahn

"Monthly Report - March, 1961, Radiation Monitoring Operation” by
A. J. Stevens

L. C. Rouse presented a lecture entitled, "Scme Health Physics Aspects Of
PRTR" to the Columbla Chapter of the Health FPhysics Society.

UNCLASSIFIED
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-February

G-8

HW-69062

1961 - Mid-March 1961)

Activity Monthly

Sample Type and Iocation Type Average Units
Drinking Water

100-F Area Isotopic 0.7 % MPC,-GI*
Separations Areas Gross Beta 2.3 x 1077 ne/ce

Pasco : Isotopic 3.1 % MPC,-GI**
Kennewick Isotopie < 1.0 5 % MPC, ~GI**
Richland Gross Beta < 3.0 x 10~ ue/ce
Columbia River Water
Above 10C-B Area Gross Beta 1.7 x 10'8*** pe/ce

100-~F ‘Ares Isotopic 3.0 % MPC,-GI*
Hanford Isctopic 2.5 % MPC,~GI*
Pasco Isctopic 18 % MPCy-GI¥*
McNary Dem Gross Beta No Sample pe/ce
Vancouver, Washington Isotopic 0.5 % MPC_-GI**
Atmosphera

1 ' -

Il3i Separations Areas 1131 £.8 x 10 ik uc/ee

1131 separations Stacks _ 1431 0.8 Combined cux.
Active Particles - Project - 1.0 ptle/100 m3
Active Particles - Enviroms - 0.1 ptle/100 m3

Vegetation (Control limit for vegetation is 1077 pe Il3l/g)

Separations Areas 713l 2.1 x 10”6 pe/g
Residentisl T3t < 1l.5 x 10-6 ne/g
Fastern Washington and .

Oregon, i3t No Semple

* The % MPC,, is the percent of the maximum permissible limit for occupational

exposure gﬁ the gastrointestinal tract caleculated from drinking water limits
contained in NBS Handbook 69,

¥* The % MPCy,-GI is the percent of the maximum permissible concentraticns for
persons in the neighborhocd of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained
in NBS Haandbock 69.

¥¥% This location is now sampled quarterly. The most recent result is takled.

UNCIASSIFIED

1230073



hLO0ED!

UNCLASSTIFIED - G-9 HW~-69062

EXPOSURE EVALUATION AND RECORDS

Exposure Incldents asbove Permigsgible Limits

Whole Body locelized

March 1 1
1961 tc Dete 1 3
Gamme. Pencils
Pencils Paired Readings FPaired Readings Lost
’ Processed 100-280 mr Over 280 mr Readings
- March 5,324 67 3 0
1961 to Date 1, 7h2 213 13 0
Beta-Gamma Film Badges
Badges Readings Readlings Readings Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad(ow) mris)
March 11,128 963 136 43 30 9 B7 23.30
1961 to
Date 30,503 2,6k0 266 78 78 9.02 20.38

Neutron Film Badges
Film Readings Readings Readings Lost
Frocessed 50-100 mrem  100-300 mrem Over 300 mrem Readinge

Slow Neutron

March 2,320 0 0 0 10
1961 tc Date 5,232 o - 0 0 25
Fagt Neutron
March T T9 10 Q 10
1961 to Date 1,596 218 53 0 25
Whole Body Counter
Male Female March 1961 to Date
GE Employees
Routine Ly 2 43 148
Speciel 10 G 10 27
Terminal 0] o o] 1
Nonemployees 3 0 3 9
Pre-employment o 0 0 2
- Total 5k 2 56 285
Bloassay
March 1961 tc Date
Confirmed Plutonium Deposition Cases 0 o
Plutonium: Sampies Assayed 8 518 1,933
Results above 2.2 x 107" uc Pu/semple 18 53
Fission Product: Samples Assayed 577 2,062
Results above 3.1 x 1077 pc FP/sample 0 2

Uranium: Semples Assayed 291, 862
¥The total number of plutconium deposition cases which have occurred at
Hanfcrd remains 265, UNCTASSTRTED
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Jranium Analyses

Sample Description

Fzels Prepersticn
Fuels Preparaticn®
Hanford Laboratcries
Banford Laboratories*
Chamical Precessing
Chemical Processing¥
Special Incidents
Random

Following Exposure

W-69062

Fcllowing Pericd of Hc Expes

Units of 10-9 ue Jce Units of 1077 pe U/cce
Number Number

Maximum Average Semples Maximum Aversage Szmples
8c.3 3.2 h 436.0 10.€ 62
1.7 1.7 L 0 O 0
19.9 3.1 32 6.5 2.1 27
0 o) 0 c 0] 0
58.0 7.2 32 41,7 £.2 38
81,h b7.1 2 16.8 g, 3
470.0 51.4 18 0 0 0
1.0 1.0 g G 0 0

*Samples taken pricr tc and after a speclfic job during werk week.

Thyroid Checks
Checks Taken
Checks Above Detecticn Limit

‘Hand Checks
Checks Taken - Alpha
- Beta-gamma

Skin Contamination
Plutonium

Fission Prcducts
Uranium

CALIBRATIONS

Portable Ingtruments
CF Meter

Juno

GM

Other

Audits

Total

Personnel Me<ers

Badge ¥ilm
Penicils
Cther

Tctal

Miscellanegus Special Servic

Tetal Number of Calibracicns

12300715

March

OO0

19€L +o Date
)]
o

87,339
139,993

Number of Units Calikrased

Marzh

852
£20
433
1EC

T TEL

1,523

-‘1 (s
1,932
2s 1,181

ey
L0y

(Come_

Manager
Radiation FProteciion

1561 to Data

2.71C
[E
1,782
o2

3.2
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LABORATORY AUXILIARIES OPERATICN
MONTHLY REPORT - MARCH, 1961

GENERAL

There was one securlity violation charged toc the Operation.

There were no major injuries; the minor inJury frequency rate was 2.29,
which is considered below average experience.

TRECHNICAL SHOPS OPERATION

Total productive time for the period was 19,837 hours. This includes

14,721 hours performed in the Technical Shops, 3,621 hours assigned to

Minor Construction, 259 hours assigned to other project shops and 1,236
hours assigned to off-site vendors, Total shop backlog is 21,651 hours,

of which 60% is required in the current month with the remainder distributed
over a three-month period. Overtime hours worked during the month was

8.3% (1,457.9 hours) of the total available hours,

Distribution of time was as follows::
Man-Bours % of Total

Fuels Preparation Depeartment L, 957 25.0%
Irrediation Processing Department 739 3.7%
Chemical Processing Department LTS 3.3%
Hanford Laboratories Operation 13,298 67.0%
Construction Engineering & Utilities 17 0.1%
Miscellaneous 180 0.9%

Requests for emergency service increased sharply, requiring an cvertime
rate of 8.3%, compared to 5.4%, the previous period. A majority of the
requests originasted from the Weapons Component Operation in CPD and the
PRTR COperation in HLO.

At the clcse of the reporting period, there were two open requisitions for
Machinists and one for a qualified Instrument Technician. Candidates for
these positions have been processed and final call-in issued. Pwo Machinists
were added to the roll during the reporting pericd. A Junior Engineer
ezsociated with the Menufacturing Training Program was assigned to the
Technical Shops for a six-month training period. Expesure to all phases of
shop operation is planned, with vacation relijief duties furnishing the
majority of the experience,.

Security performance was considered satisfactory, with no violations. There

were nine medical treatment injuries, which is considered within the normal
control level in an operation of this type.

UNCLASSIFIED

123001b



TNCLASSIFIED H-z HW-6306A2

CCNSTRUCTIION OPERATION

There were 65 existing J. A. Jones Company orders at the beginning of

The month with a total unexpended balance of $110,743. One hundred and
fourteen new orders, 2 supplements and adjustments for underruns amounted
tc $78,072. Expenditures during the month on HIO work were $117,723.
Total J. A. Jones backlog at month's end was $75,232,

Summaxy
. HL CE&UO
Unexpended Unexpended
No. 3Balsnce No. Balance
Orders outstanding beginning of month AL $ 106,238 1§ &,505
Issued during the mo.(Inc.Sup.& Adj.) 114 73,072 1 8,52k
J.A. Jones Expenditures during mo.
{Ine. C.0. Costs) $§ 106,148 $ 11,575

Balance a* month's end 68 . T3,i62 1 1,45k
Orders zlosed during month 109 227,211 Q 0

FACTLITIES ENGINEERING OPERATION

Projects

There were 12 authorized projects at month's end with to+al authorized funds
of $1,942,000. The total estimsted cost of these projects is $3.812,000.
The difference between expenditures and =sTimated cost was $7,569,000, as

of February 28, 1961.

The following summarizes the status of FEO project activity:

Number of authorized projects at month's end : 12
Number cf new projects authorized during fthe month: 2
CGH-923 - Spectrogcopy Laboratory - 325 Building
CAH~921 - Geological & Hydrological Wells - FY-A1
Projects completed Aduring the monvh: 3

CG-735 - In-Reactor S+udies Ejvipmen~ -~ 105 KW
CGH-805 - High Tempersrure Tens:le TesTing Cell - 327 Blig
CGH-9CT - Sfrentium-30 Interim Program

[ay]

New prejest proposals submitted 4o AEC during month;
CGH-922 - Burst Test Facllity for Irradiated Zr Tubes
CGH-527 - Additions to 271-CR Building Was<te Treatmen~

Demonstrarion FPacziity

UNCLASSIFIED
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New projects awaiting AEC approval:
CGH-902 ~ Uranium Scrap Burning Facility

CAH-91T - Fileld Service Center

CGH-918 - Second Whole Body Counter Cell Addition - 747 Building
CGH-919 ~ 31b Building Ventilation System

CGH-922 ~ Burst Test Facility for Irradiation Zr Tubes

CGH-924 ~ 200 KW Induction Heating System - 306 Building

CGH-927 ~ Additions to 271-CR Building Waste Trestment Demonstration

Facility

Project Proposals complete or nearing completion:
Coolant Systems Development Laboratory '
Laboratory Waste Retention Facilities Expansion
Safety and Qperating Improvements - 231-Z Building

Engineering Services

Engineering work performed during the month inecluded the following listed
major items as well as scope engineering for project proposals.

Title Status

Pressure Vessel and Piping Systems This is a continuing work Program oi

Engineering & Inspection Service HLO vessels, pressure systems end re-
lated safety devices. The work includes
not only periodic inspection end enginee-
ring eveluations of plant pressure systems
but engineering service during design,
fabrication, installation, end operation
t R & D components having process devices
subjected to high pressures and tempera-
tures. Code compliance engineering service
vwork is being performed on 1) PRIR Systems;
2) Irradiation Studies Loop; 3) Breakaway
Corrosion Loop; arnd, 4) HLO PAC & Equip-
ment Projects.

"Split-half"” Machine for Criticasl Mechanical design of machine is essertially

Mass Studies complete. Electrical design work remains.
Components have been purchased and are
being assembled.

Control and 3afety Rods for Tamper Design work is nearing completion. Develop-

Tank (Critical Mass) ment work 1s requirsd prior to completion
of design.

Beryllium Dust Filters - 306 Bldg. Fabrication and installation work is
complete.

Electrical Modifications - 3702 Fleld work is delayed pending availability

Building of craftsmen.

1230078
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Title STatus
Filter Changer - CWS ' Drawings are being prepared of the

proposed design involving a technique
using plastic bags and shielded car+®.

327 Water Basin - Clean-up System A study is being made of a recirculating
filter system for removing redioactive
conteminates from storage btasin water.

Cask Storage - 327 Building A study is being s*arved.

Material Handling System and Other Engineering work is in progress.
Shop Improvements - 328 Building '

Motorized Door Opening Device - Design complete. Installation work is
327 Buildin in progress and will be complete about
April 15, 19A1.

Modifications to H-l Loop - 105-H Conceptual work is in progress.
Building

Arrange space and install utilities Design work in progress.
for business machines - 3760 Bldg.

Source Positioner - 3745 Busilding Design complete. Material on hand.
Installation depends cn ecraft forces.

Special Air Copditioning - Ins+allation work is essentially

Laboratory in 222-U Building complete.

Zone Modificetions - 325 Building Design is progressing on *he addivion

Air Conditioning System c? rehea” coils and assceiamed -contrcls
ta <he air conditicned space cof 323
Buiiding.

Drafting and Design Servizes

Work loasd in 3706 Building drafting room 15 Ionstan®t with some overtime
work required. Branch cfficas in 304 and 08 Buildings have work losds
without backlog. The 308 Building draf-ing roc:k was reduced by cone man 7o
better equalize work load. The equiva.ent of 1825 design drawings weres Com-
rleted this month,

Major design and draffring work in progress 1ncludes the following:
1. Structural Materials Irradiartion Test Facility - design - b3 dwgs.
required - 95% ccmplete.

~

2. Thermal Precipitator - 5 dwgs. required - LO% complate

UNCLASS IF IED

1230014



UNCLASS IFIED H-5 HW-A9062

3. Critical Facility - approx. 20 dwgs. required - 95% complete.

L, Process Calciner - 25 dwgs. estimated - 80% complete.

'5. Trensfer Cask - 327 Building - 7 dwgs. - complete.

6. Rupture Loop Mock-up Facility - 15 dwgs. required - work started.
7. Process Tube Monitor Mark III - 6 dwgs. required - work started.

Plent Maintenance and Operabtion

FPebruary costs were $136,309 which is 97,2% of forecasted expendifures.

Anslvsis of Costs

The cumulative expenditures continue about 2.8% below forecast to date.
The emphesis on PRTR work has curtailed other maintenance because of
craftsmen availability. The weather remains milder than normel with
reduced stesm consumption.

Improvement Maintehance

Itenm . February
Relocation and alteration & 920
Repainting 6906
Reroofing G
Electrical Modifications ' 383
Piping Modifications 1191
H & V Modifications . (8s5h)
$ 8626

Waste Disposal and Decontamination Service

New lead casks were received during the month for waste disposal. These

are being used on a trial basis and will be evaluated. The latent radiation
in the liquid waste aandling trailers appears on the increase. This is
noted even shortly after decontamination of the trailers. The first ster

to be teken is to place a layer of lead over the front ends of the *railer
thus protecting the tractor driver. Concurrently, a long range study 1is
being initiated of liguid waste handling procedures for HLO.

Plant Engineering

Approximately 24,700 square feet of prints were reproduced during the
menth.

The to+tal estimated value of the 20 requisitions issued during the month
was $40,000. The majority of this procurement activity is for approved
HLO projects.

JHCLASSIFIED
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Peinting continued in 32% Building.

Interier painting was completed in 3707-C Building.
Painting of certaln rocms in Z31-Z Building continued.
Peinting was started in 3745 Building.

The replacement, rerouting, and shielding of the crib waste line in 327
Building is being performed by J. A. Jones Construction Torces.

A new type of sump pump was installed in basement of 326 Building to

solve flooding problem; however, misoperation of controls allowed flooding
to occur. These controls (float and guide) have been adjusted and the
pumps are now being checked by the operators on each shift for proper
operation.

Electrical Load Studies are being made in 325 and 3760 Buildings.

A drain line of sdequate size connected to the 328 Building air washer was
installed. This sbould minimize cverflow problems and resultant damage to
occupied space. ' :

The crane in 314 Building is ocut of service until repairs are made. Material
is on hand. Motors have been overhauled. Work will be complete about
mid-April.

Improvements to safety features of 325-A Building ventilation system will
be installed during April. '

The crane in 321 Building is being readied for inspection and repairs.
Es~imates have been obtained for redressing crane rails in 327 Building.
Critizality alarm systems installed in the Hot Semi-Works and Critical

Mase Laboratcry are being interconnestad.

TECENICAL INFOEMATION OPERATION

James Cape, of the AEC Technical Book Section, visited Technicsl Information
on Marzh 2C - 21 in zcnnec+ion with ~he Commission’ s book publishing progranm.
Hanford bocks on Graphite, Plutonium, Radioactive WasTe Disposal and on
Envircomental Radia®tion Biolegy were dis:ussed. The discussions also brought
out *the fact that a Hanford tock on Rediocactive Wasmte Monizoring might f£iil
a definite need. An ourline is being prepared.

UNCLASS TFTED
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Word was received late in the month that the Division of Classification
hes reinstated previous instructions on classifying plutonium. These
instructions permitted certain limited quantities of plutonium, for use
in unclaessified projects, to be handled as unclassified.

A major bibliography "Review of Power and Heat Reactor Designs -- Domestic
and Foreign" was completed during the month. Fifteen copies were prepared
for internal HAPO use. The multilith masters are being forwarded to the
Office of Technicsl Infomation Extension, Osk Ridge, from which they will
be able to reproduce additional coples as off-site demand warrants.

A comprehensive bibliography on the Columbia River has been started. It
will econsist of sbout 400 Hanford reports, a few from the Public Health
Service and other sources, and also selected references from the open
literature of the last several years.

The Classified Files microfilming program is proceeding steadily, with
22,800 documents microfilmed to date. Considering the age of most of the
documents being microfilmed, there is a surprising amount of use of the
microfilm files., Classified Files iz averaging 250 - 300 requests per
month for the films.

The review for "Limited Circulation” and "Atomic Weapon Data" markings

on all documents microfilmed to date has been completed. All documents
presently being prepared for microfilming are belng screened and marked
by the Inventory Clerks. Some thought has been glven toward providing
title information for future microfilmed documents. It appears that this
information could be obtained from an additional catalog card produced by
the Flexowriter after the installation of the Card-e~type system. The
title could be clipped from the card and inserted in the microfilm jacket.

Work Volume Statistics

| Februsry  Merch
Document Distribution and Filles
Documents routed and discharded (copies) 22,215 19,763
Documerts issued (copies) 14,361 11,466
Documents sent off-site (copies) 8,182 5,700
Document reserves filled (copies) 617 671
Documents picked up and delivered 20,827 19,11k
Document Accountabllity
Holders of classified documents whose files .
were inventoried 284 b1l
Documents inventoried in Files (copies) - -—
Documents destroyed or retired (copies} 15,344 13,475
Documents revised (copies) 1,196 1,181
Documents pulled and documents filed {copies) 2l,hhs 18,391
Documents reclassified ) £51 602
Documents microfilmed L,843 b, 220
Accountablie copies of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site 207,343 204, 9kl

12300812 UNCLASSIFIED
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February March
Reference and Publiication
Books cataloged {new titles) 1be 38
Books added to +he .coileztion !volumes) 327 0z
Ready reference questions answered by
professional staff 200 223
Litersture searches by professional staff 90 7L
Reports absiracted (*itles) 261 287
Formal reports prepared (titles) 16 9
Off-site reques%s for HAPO reports (copies] 231 181
Reports released %o CAP (%itles) L8 17
Librery Acquisitione and Circulation
Books ordered (volumes) L70 377
Periocdicals crdered 172 208
Books circulated (volumes) 1,935 2,519
Pericdicals circulated {issues) 3,201 L, 1bk
Inter-Library Loans 83 81
Films bcrrowed or rented 20 1
Industrial film showings 7 53
Bound periocdicsls added to the collection 133 17z
Bound periodicals discarded 35 1
Library Collextion:
Main Litrary  W-10 Librery  108-F Library  Ind. Med. To-al
No. of books 31,138 8.603 1,757 2,0k& b3, shis
No. of bound
pericdicals 14,418 1k 1,801 “ 14,294
LS, 556 8,617 3,648 z,052 59,8138
Classifi-ation and De-lgesifiaftion
February March
Documen=z, inciuding drawings and pho=ographs
reviewed for downgrading or dezlassificaricn 246 351
Dosumen*e and papers |intended for oral presenftarion
or publization) reviewsd for appropriate =lassifizaTion ks 26
Docunients suhmitrned +o Declaseification Branch,
QOak Ridge 57 AL

JL Bovd: jw

1230083
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HW —
SEMI — MONTHLY PROJECT STATUS REPORT Q0%
GENERAL ELECTRIC co. — Jlruford ILoborntorics paTE 3737 Ol
PROJ.NG, [ TiyLE FUNDING
Co-T703 | T~ .rebor Guucics aruipnent - 105 . 0260
AUTHORIZEDR FUNDS [pgsiaN § }L'r’,'ﬁOO CiEC S osT g COMM TO 3_19_61 [ 283, 257
s 325,000 Wcons-r. s 278,000 g s 300,000 ESTSMATED TOTAL COST $7305, 000
STARTING REsiaN  J~b=_b DATE AUTHOREZED G.—t =0 E%L'Ef. DESIGN :L?-SO«-OCH' PERCENT ‘:cmm.e-?z
{ n - =7 ' - i .
DATES lcONST. 3_22_00 DIR. COMP. DATE 3w=l-~uil DATES | consT- j..]__ul WT'Dr |[SCHED. ACTUAL
ENGINEER DESISN | 100 130 100
Fi0 -~ . Radow TTLE 1 |
MANPOWER AVERAGE |[ACCUM MANDAYS || SE-TIT-1 100 AKe]e;
AE-TIT 1}

FIXED PRICK

COST PLUS MIXED FEE

PLANT FORCES 2 1250 CORST. 100 100 100
ARCHITECT-ENGINEER PF 100 103 100
DESIGN ENGINEERING DPERATION 0 T10 CPFF ‘

FP !

GE MELD ENGINEERING : ,

l

SCOPE, PURPOSE, STATUS & PROGRESS
This project provides o research and development facility to permit Iinstuntaneous
measurement of physical properties of materials under dymamic in-reactor and

simultoneous cu-reccetor vonditionse.

Work on the exceptions is continuing, dut is being held up pending recelwl o tw
remaining procurement items. Ginco this mraieet hes boow pomloted, i minens
exceptions, it will no lon: er be reporteid.

_ 1
PROJ, NO, TITLE FUNDING
CEHE-805 Hizh Temperature Tensile Testing Cell - 327 Building 0290
AUTHORIZED FUNOGS TDESIGN s 20,000 '(‘EC s COST & COMM, TO 3_19...5]_ $ 16-}1,867
s 170,000 ) const.s 150,000 ise 5 170,000 ESTIMATED TOTAL COST s 158 00U
STARTING ‘pEsien O=20-58 - DATE AUTHORIZER 9~G=50 S n. [pEsiaN 6+15-59 PERCENT COMPLETE
(DATES lccusf. 9_11_;___60 #DIR. COMP, DATE L_7_F1 DATES |consT.U=1=61 WT'D. |SCHED.|ACTUAL
ENGINEER DESIGN 160 100 1C0
FRQ - KA Clark TITLE 100 100
MANFCWER AVERAGE laccuu MaANDAYS|GE=TIT. L) 100 100
FIXED PRICE | AE=TIT. 11
COST PLUS FIXED FEE | 740 '
PLANT FORCES HEONST.  : qgp . ico 100
ARCHITECT = ENGINEER - tleF Coo20 100 100
DESIGN ENGINEERING OPERATION 285 i[crer 35 ;100 100
GE FIELD ENGINEERING ! S0 ?FF i JI —
i Lat'i | 63 1100 13100

SCOPE, PURPQIE, 5TATUS & PROGRESS
This project provides equipment for performing room and high temperature tensilie
tests on highly irradiated materials and involves the installation of & cell in the
327 Building.

The project is complete with the exception of installation of the in-cell tray to be
fitted tightly around operating egquipment and the normal start-up adjustments and
modifications. The Physicel Completicn Notice is being prepared. HNo further
reporting will pe mede.

1230060
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SEMI| — MONTHLY PRCJECT STATUS REPCRT P
GENERAL ELEGTRIC co. — Ianford Labeorstcorlies DaTE 3/3;/6_ .
PRGOS N Q. . TITLE _ }Fuucma
: - u el - hl
cAFL-RIZ Presguzized a8 Jooled Fasility hiat.opers
AU THORIZED FUNDS [DESIGN § LC, 00 Taec S casT & COMM TO 5
4] ESTIMATED TOTAL COST s, szl
s 995,000  icomst.s 995,C0C |5 s 595,000 a T ;
STARTING oESIGN = 1Q=50 DATE AUTHOR! ZED E3TOn T et PERCENT GOMPLETE
CATES  |.onst, 10-17-6C  |GIR.Comp. DATE  5-20-01  [0aTes | conar.9=3 n-€1 wrio. lscrEp. iac
ENGINEER DESLGN 100 ico
- I i -
| REDO . DP Sechively Lz ( | ] :
MANPOWER AVERAGE JAccM manoars || GE-NTqr| 00U - 00 ¢+
- 1
FIXED PRICE AE=TIT. [ ) i
CO3T PLUS FIXED FEE |
CONET. =
PLANT FORCES 100 7
ARCHITECT=ENGINEER i ;
DESIGM EMGINEERING CRERATION CPFF T ty
GE FIELD ENGINEERING Fa &1 g=
3CQRE, BURPBQIE, STATUS 4 PROGRESS
The NaK hes<sv is Hzing preparsd for retiran <o Sirithers-Wells fnr alteramito,
A cemtract fer $8.400 was awarisd to Struthirs.Wells for devwail d-sign T Tie
Gas-Leep Shiziding.
PROJ.NE. TITLE Meilfications & Additl oms +o High Pressurs Heat FUNDING
R e gy
cizg-92L Transfsr Apperatus - 126-D Bullding J=230
KUTHORIZES FUNGS {DESIGN § 66g0-, [aec s COST & COMM, TQ  *=:F=T. RQ7 HL5
- - : E L
s 70, TO0 CoNST.S 6}"";. LA IGE 5 720 27T ESTIMATED TOTAL CO3T s BT
STARTING ‘nEsign A ;59 - DATE AUTHORIZED wsg ! g:’L g‘_ SEEIgN e STl FERCENT COUMPLETE
CATES 1Lcnns1';r+"23"59 {DIR. COMP. DATE LalomAl | oaTESs ‘consT., T=_0=£ WT'D: | SCHED.. ACT
ENGINEER CESIEN | g ! RS T
SET = B, Radcw [riree ; '.
MANPOWER AVERAGE |AGCUM MANDA YS([GE-TIT.1I NI
FIXED PRICE JAE=TIT 1 :
COAT PLUS FIXED FEE A et —
- L
FLANT FORCES ! JCONST. ¢ 1pp roo
ARCHITECT ~ ENGINEER [ LpF |
. | - : v — =
CESIGN ENGINEERING OPERATION ” 96 : | CPFF S T ! -
GE FIELD ENGINEEAING : FP ' :
: | ' ! i
] H |

SCOPFE, FURPOSE, STATUS & PROGRESS

-

Thls project proviis J+83ary wodifications o SXlit g Sj.lTment Lo :imians
more Favers Ir.r actor prarating conditiczns wn catesf-ocemsvor fasioltiss for
A -] -

racegri. and dsve

The revized Tro
Pozhion dsTe i3

gaithorize~_tn of

* Baz

1 on the =

123008
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SEMI—MONTHLY PROJECT STATUS REPORT (O0AR2
GENERAL ELECTRIC CO. — Hanfrv+d Iaboratories DATE 3/3;_/6:.
FRQJ.NG. TITLE FUNDING
- - = ._11
CAF-8L2 ! Critical Reactivity M&asurlng Facllity 58-e-15
AUTHORIZED FUNDS |pesian § 45,000 agcs 47,000 [cosT & comm T 2.1G.H7 5 ll}-i-_. 23
' — | $ =
360,000 1CCINST. P ;4__5,000 155 3 ___.0_00” ESTIMATED TOTAL CQOST ‘60{000
STARTING [pESIGN 11=17=59 DATE AUTHORIZED ES T2 |DESIGN a1-61 FERCENT COMPLETE
DATES  ioust. 10-2=60 DIR. COMP, DATE 4aZ0aB1 OAYES | conaT- 43061 | WT'D. [BCHED. [ACTUAL
ENGINEER DESIGH 140 100 1160
REDO - WS Kelly TITLE ‘
MANPOWER AVERAGE |[ACCUM MANDAYS [ SE-TIT4)
FIXEDR PRICE | AE=TIT. 1|
CUST PLUS FIXED WNEHE 1
PLANT #ORCES i CONST. 100 NS "__:
ARCHITECT=ENGINEER PE
DESIGN ENGIMEERING OFERATION CRFF
GE FIELD ENGINEERING FP 40 | Bo» 80
SCOPE, FURMOIE, STATUS & PROGRESS |I
Centraszter has +he lock in position and groubtad. Operating moctanism is gfil” 4o ke !
installed. 5
All conerate werk 1z complete and instailation cf the stmuctural sissl Ras ghartd, j
* Revised szhadnls. The centractior was gravted a 48-day zxtermsics dus o0 lars
deliwery of the lock.
|
i
|
I
PRQJ. N, [ TITLE FUNDING
con-858 Eigh Level Utility Cell - 327 Buildizg 0290
AUTHORIZED FUNGS [?ESIGN s 70.00C faEC 5 CoST A COMM. TO 5061 To oo
s 70,000 | const. s ![Ge s 70.000 ESTIMATED FOTAL COST __ $ LOT . COT
STARTING |pesian LL=2 =59 DATE AUTHORIZED 13"1"59 1§’o:1 EL .nEsmN Qe 'L.,6'| PERCENT COMPBLETE
DATES T_CQN”_ Bo:l60% DIA, COMP. DATE ioaTEs lCaNST. 2. W60 WT'D. sCHEc.—[AcTUAL
ENGINEER DESIGH 100 Ine
KA Clsxk TITLE | |
! MANPOWER AVERAGE |ACCUM MANDAYS(GE TIT. 11 95 | 10T L0
i FIXED PRICE AE- TIT 11 .
COST PLUS FIXED FEE Varicy T i
PLANT FCRGCES CONET. 100
| ARCHITECT - ENGINEER 13
| DESIGN ENGINEERING OPERATION " !i CREF
! GE FIELD ENGINEERING !!‘""
: i :
i I .
[ SCOPE, FURPOSE, STATUS & PROGHESS !
: nls rrojest will provid: facilities to rripars gpsiimers frow i»-ad-ated materials \
. . - I
for use In determinizg thﬂ_.:' raysice. and m2chapica. preTertlies ani invoiras whe _f
irgtallation of a cell Zn 27 Bullding. |
The projest dszign 13 2nmplsts sxoopt for -r7a Lrtorgeratisn of oms . !
project rropesal Ifor total sonetrustion foads was traremiteal to ECDLAET o
2861, :
¥ Baz2d on aurkorizaticn of conshructics £unmds By L-To61.

} 2
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HW— 208,
SEMI —MONTHLY PRQJECT STATUS REFPORT D6
GENERAL ELECTRIC co. — FAZFTrd IAhCIATOr 23 oaTE /3% /FL
YRR T CE FUNGING
TAESBER Sheelisd Ane yt? -3l laboratory = 2% 2 Builili-g Al .ael
AUTHORLZED FUNDS [pesian 5 6! o jage s L o7 ]'CDST sCOMMTO LT GLAL S w5.000
~oOrn = S TiL COST 5 =~ ~
5 €2,0C0 [const. s e § 15 TOD ESTIMATED TOTAL € TC 000
STARTING |DESIGN 9—"5“59 BATE AUTHORIZED 5«-3.:‘.-6':' E:.LEL {IDESIGNI._"J.-M'6'F' FEINCENT COMPLE TE
L -
paTEs CONST. DIR, COMP. OATE DATES |consT e =82 | wT'o. |scHED, |AC
ENGINEER DESIGN | 100 | D .
FED ~ RW Dascsrzc TN | [
MANPOWER [AvERAGE AcCLM MANDAYS [[SE-TIT4 01 12C =
SAan- e ! : _ =
FIXED PRICE [ AESTIT. 1) FLL0 O
COAT PLUS MXED FEE '
COMST.
PLANT FORCES | 109 s
ARCHITEC T~ ENGINEEMR PE
DESIGN ENGINEERIMNG QPERATION | CPFF ;
GE FIELD ENGINREMRING ‘ FP
SCOPE, PUMMOIE, STATUS & PROGRESS
This project will allew grsatsr zapacity f3c saa v <izal work 1o ".'r'"g ::iav-‘s mers
higrt_y madicac*tive goiusiczs apd xonsists of 3ddicg a sbielisd laboeratiry =o “h=
325 Buti dimg.
merly was givsen £0 AET on Mazch 8. 19€1. 4o #hols fanfris: zomcesting ths 5.7-
for ";b..s facilizy.
PROJ, NO. TITLE FUNDING
QAE-S€7 Fuel Elzmers Burtire =37 100D 552,05
AUTHORIZED FUNDS rDE!IEN s .1.“: “r:"_. ~ {AEC $ ﬂvry{: '\rw- | COST & COMM, TO :‘-';.:;96.", 5 .‘.;L .:6:
5 ln,v_,OC-.'J tcmus'r 5 L, 070 CTT ‘LGE s o I jesTiMaTED TOTAL cosT s L ATt T
STARTING pesign oo —Oit OATE AUTHORIZED esreo. oEsign n- Gabl ! PERCENT COMBLETE
DATES et dn el OIR. COMP. DATE Lo . aB. DATES |COnST. o -7 LB WT'D. | SCHED. |ac
ENQINEER DESIGN tag | -~ -
ST SN
REDC - 22 Walku: TITLE] ;
MANPOWER AVERAGE |ACESUM MANDAYS|[GE-TIT. 1] e - -
FIXED FRICE e TIT 1 R
CQsT PLUS MIXED FEE !
BLANT FORCES CONST, ; ; b
{ LA [
. ARCHMITECT = ENGIMNEER i aF ! S
! pesian ENGINEERING OPERATION i CPFF L f
GE FIELD ENGINEERING ! Fp ! ) : i
: . A AR '
: SCOPE, PURPOSE, $STATUS k PROGRESS Z %
1 G0 A, Zrant To.
Al dszigm Irawsngs and comsT o lTIon 3DRcof_carvics favs Wsas 3T, vIWEIL
# Letall Dealgn. ScoT- iEzigs Ter~:io /. %% api ccws v 3/50.
BE Watar plant timatrismoon o zcredalsd foc otmars ag S/_7€L. Letting oim Fhe hod kas
hesn iz .zwel by A ..
r oo
123006
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SEMI—MONTHLY PROJECT STATUS REPORT HW= £o0¢% |
GENERAL ELECTRIC co. — rarford Iaborgitc>izs DATE 3@:_;”61 !
ARGJ.NG, TITLE FUNDING
~AT-870 Eacility for Recovery of Radicactive Mata=rfials-325 Bidg. 6C-a-2
AUTHORIZED FUNDS [D:smn s h.é [T CARC § l#j-!-6f=3‘30 COST & COMM TO '“:-*::.2==6l 5 EY™) GE i
s 86,000 1cous-r.s Lag, 00c 1:5 s L10.000 ESTIMATED TOTAL GOST ST LPE. 00
STARTING |DESIGN i~ =59 DATE AUTHORIZED 2m22=(0 E’QLE{__[DB‘““ 2emlebl PERCENT COMPLETE
PATES  l.onsr. 2=B=80 DIR, COMP, DATE Gei=BL DATES | congte O=>e51 ,Tlf'r'n- BCHED. |ACTUAL
ENGINEER SESIGN . 100 o0 | 107
FEQO -~ EW Dascenzc TITLE | i
MANPOWER "AVERAGE |ACCUM MaNDAvs |[SE-T1Tay [ 10U 150 106
Fixen PRIGE 7 2938 REeT ] 90| 100 | 10%
COAT PLUS FIXED FEY
PLANT FORCES CONST, 100 ’qg i 96 I
PF L | A0 00

ARCHITECT- ENGINEER
CRFF

DESIGN ENGINEERING OPERATION

FP 9. 99

99

GE MIELD ENGINEERING

|
|
|
|

l -

radicisotopes from westas, and involives an addition to the 325 Builiing.
Work complatad the last two weeks ig as follows

completion date was sxtended 1l days to 4/8/61.

&1l testing of mechanical and electrizal work is compls

A second punch list has been made and items of work are beling zompliztad.

All cover slabs have been placed on Vaults "B","2" and trench. The bettoms of
these slabs and the mein floor remain to ba painted. The other largs rema‘ning
item of work is polishing of all §/8 linsrs.

Flu g
L] -

SCOFE, PURPOSE, STATUS & Procress Thiz project will provide & facllity for recovery cof spezif

1. Due to a design change modifying Veult "4" ta:k nozzles the fixed pricze sontracte:

- The tamporary wood in extaust duct was removed and the parmanent duct installed.

ol

—n

trelr sending all drawings and 3pzilfication

1230088

2
6. All doors have been hung and hardware installed.
7. The last remsining section of main floor slab was pourad.
PRGJ, NO. TITLE —‘FUNDiNG !
CAH-838 | Biology Laboratory Improvements | 6neret
AUTHORIZED FUNDS E’EEIGN N 1;0 AC0 Tagc s 3¢,0C0 COST & COMM, TO 3:.:_9061_5 2 GGR
s '-I-OJOOO lcunsf.s GE § 10.,00¢ ESTIMATED TOTAL COST s LZn non
STARTING [pesion  B=8=60  |DPATE AUTHORIZED G260 EsTD. (oEsian?_ 2" . PERCENT COMPLETE
IDATES caNsT. 6~l~61* TDIN, COMP, DATE DATES CONST-C.:._'ZE..S& wWT'D. SCHED. |[ACTUAL
ENGINEER DESIGN 100 yC C
Ao~ Jd7 Llocyd TITLE |
MANPOWER Tgveancs ACCUM MANDAYS{GE TIT. 11 1T N2 oar
= H P VL
FixED PRICE AE- TIT. (1 N3 [ e
COST PLUY FIXED FEE . . "‘
PLANT FORCES I[CONST. Y
| ARCHITECT ~ ENGINEER [pr .
' DESIGN ENGINEERING OPERATION i CPFF
GE FELD ENGINEERING ! FP
| 1 |
SCOoPE, PURFOSE, STATUS & PROGRESS
¢ This project provides add:s=icwel Sﬂac= for bioicgical re:zzarch s pporting =arvices
i and Involvss an addition %o the i08.7 Builiing.
3. D. Bohna reyiszd the L0 tracings and 15 specifin and &% Bchna = s.ggestion,
2 trip was made by G. E. permomasl tn »asalve any Trob_zrg wRaT mav be krowm polor to
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HW - AGNAT
SEMI—-MONTHLY PROJECT STATUS REPCRT 90AL
- <t fE:
GENERAL ELECTRIC CO. arPorl Iabcraterias DATE 5/ _,../6...
lﬂnm.uo. L TITLE PUNDING
] - b
| AE-29€ | Stress Ruprure Test Faco.ity 601
[AUTHORIZER FUNDY [omsian s 7, 500 Tapcs  TR,5CC COST 3 COMM 70 Yol Jmb ] s 9,121
1 s 3 A
ls 97,007 coMaT. § __15 %) 1 e s o1.50C ESTIMATED TOTAL C@S8T $TTON L ST
STARTING n:smn?«-eg-eo DATE AUTHORIZED 3-6:61 g%‘;-ﬂc [ oesigra =1 ~00 FERCENT COMPLETE
[ - - .
CATES  const. T=6-0L DIR. ComP, 0ATE 20-15-61 catEs | comsTo - o501 [ WT'O. |scHeD. A
ENGINEER “[oesien 1 100 oy
FE2 = E, Radow TITLE | I
MANPOWER ]mr:ruaz ACCLM MAMOAYS || GE-TIT. | A | i N
rixeo Amice Qag. A. Grant, Inc. | AE-TIT T /
COSY PLUS MXED FEE :
' T
BLANT FORCES v CONST. 100 2
ARCHITECT = ENGINEER . BF :
DESIGN ENGINEERING SPERATION CPFF i i
GE FIELD ENGINEERING FP J'_ ;
SCOPE, PURADSE, ETATUS & AROGRESS
This zroject invoives s facilicy for dellherataly upturin o =2wah_-sh
gervizs conditions.
“cnstrastZon has started as of 3/20/6i. Comtractor bas mevad cffrze cr-civaz
and has mada prziiminsry ckecks rricr tc getting umdzorvWav.
I RROJ, NO, TITLE FUNDING
! AT O Struetural Metarial Irrsdiation Tﬁst Eguipmant = ETR IR
T é T
AUTHORIZED Funos | DESIGN § 22,000 Jrnac 5 COST HCOMM.TC 2.7 TS0 % 37 IRZ
s 125,99¢ | s a “IeAn 2 A
ey consT.$  15% 000 GE =5 . 000 ESTIMATED TOTAL COST 1 T oE Ao
f ) - -

STARTING [oesign Fm18ED DATE AUTHOMZED 2.2.£ -g-'é:g;__fnssma}!m_.mf_ | PERCENMT COMPLETE
[DATES  consThel5-A1 DIR. COMP, BATE A~ _"C. L1 | cATES |consT.17. 55 WT'D- _ SCHES. [ac
ENGQINEER DELIGN 100 : e "ol

-
TED - KA Tlaxk TEHTLE § l
_ MAMPOWER AVERAGE |ACCUM MANDA YS{|GE- TIT. 1] e e
Comx .
i ED P‘mc:r-: AEe TIT. 10 ! :
| COST PLUS FIXED FEE | T -
| PLANT FORCES Teawst. | a4 N
ARCHITECY -~ ENGINEER :FF ; T
| DESIGN ENGINEERING QPERATION R A5 | errF X v !
\ GE FIELD ENGINEERING ' e i :
X T i i :
i

SCORE, PURPOSE, STATUS & APROGRESS

el “ﬁv‘iea
Fhvs::a;

=

2erpl

zonfereace with the Thoilllize
to “*a, ki oing
the work wil_ be dsvelsrs
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SEMI —-MONTHLY PROJECT STATUS REPORT AG0AL
- L
GENERAL ELEGTRIC CO. — gpgw#e~=3 Laporatcriss DATE /?‘lféu
PROJ.NO. TITLE FUNGING
e Ueansion Sorap 3uwning Facldty Ei-2
AUTHORIZED FUNDS | DESIGN § " AEC S COST & COMM TD s
E ESTIMATED TOTAL COST $ ET-
5 ;6.,':"-".\'3 1CON!1‘. s g § wé 200
’ - Sab81% E3T'De [pEs ~Lt BT PERCENT COMPLETE
STARTING GESIGN G=_5=51% [ DATE AUTHORIZED oL, |DESIGN 4 5T CENT SOMPLETE
DATES | ousT. T."—fld | OIR, COMP. DATE DATES | consT- . | .
ENGINEER DESIGN 100
" -4 TITLE |
FEC =~ RX Wa.dmac
MANPOWER AVERAGE |accuM MANDAYS [| GE<THT 1
FIXED PRICE AE=TIT 11}
COST PLUS FIXED FEE ;
COHST.
PLANT FORCES 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING QPERATION CPFF
GE FIELD ENGINEERING fFP :

SCOPE, PURPOSE, STATUS & PROGRESS
a2 weans of making uranlum £II8p meTerial safer for astorage

Thiz poclent proviiss

off=p_ant sklpmant by cﬁmrer*..zg +ris scrap to & stabls uwranlium cxlie Thz
faeility wiil =2 adjacent to the 252 Buildi:zg.

N rective and work authority have bsen recsivad but ne work was started mt

by Cene“a.-. Elsztric Zompany has been made regarding AR s proposed changal ¥

ard

12300190

of Pexrforwing Work.
% Based oa aciiobancs of 2 Alreztive aznd work acthority by May L, e 0
PROJ. NO. TITLE FUNDING - e
.\.5% _‘—!-9\,
S .07 Stroptium-9C Interdn Prograp T5%. L psrEt IR
AUTHORIZED FUNDS |\ o .y g 25 OO0 AEE § COST & COMM, TO -"n,':,l-aﬁl s 207 =
s L20,00C | const.s 385 D00 {ﬁt 5 hon £on ESTIMATED TOTAL COST s Lo oo
STARTING |DESIGN 9=-8==6C | PATE AUTHORIZED 9=6==6O 5::2;. DE!HIN 2. l=61 PERCENT COMPLETE
DATES consT, 9=R=EC foiR. comp. OATE -~ ..BH1 DATES leoNaT. =i=9_ WT'D- | SCHED. |ACTUAL
ENGINEER CES1GN 100 AN AN
TES - Z. Radow TITLE |
MANPOWER AVERAGE |ACCUM MANDA Yo[lGE- TIT. 1 . A
FIXED PRICE AE- TIT. 11
COS5T PLLUIS FIXKED FEE :‘.r L‘ts:
PLANT FORGCES L TAC CONST, 100 IR ol
ARCHITECT = ENGINEER PF ,... : N -.. ::
DESIGH ENGINEERING OPERATION CcPEF Sery At T
GE FIELD ENGINEERING d
SCQRE, PURBOSE, STATUS & RROGRESS
Thie projaot woll alloy tke ssparaticon of 3tsoT LXB-97 marsrial 0% ZRLanaTLILS
Tlgnt wasta 3treams on arn AnUercm basif, apd Livnlvas the coaverzlin of == et
ZerioWorks Plant Tor SRIz TUmpORs.
ot oLz a.::“‘.:,i.;hf“i Shge ves ek sw pha axteptions Woll e lomziosted by Tha and
pf wvos rapermiang Teried. Thos pmojest woll ne longer BE orenoomad.
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GENERAL ELECTRIC CO. — Fapfcri Laboratolias

—|[ HwW — -igoﬁg
J DAT-E./ /6_..

PRAOJ.ND. TTLE . AUNDING
JAT-51L Rattlesnake Springs Radioecciogy Faelllty P
AUTHORIZED *UNDS {pagign ¢ 2 JJ-C o CaEC $ ii__qco COST § COMM T0 2,1 G AT $ £.75¢
s 2,20 Wc:ms-r s @_6‘1 ( o § 15200 ESTIMATED TOTAL CO3T s Ao
ITARTING - gg,mu Cau_eGl DATE AUTHORIZED :'._‘_2:22-60 gg"g"'_”ossmu Emo bl PERCENT COMPLETE
eATES [cous-r. T G- &1 DI/, COMP, OATE ;0-31"61 DATES | const 12=1=81 WT'D: [SCHED. &t
ENGINEER DESIGN 100 Ni‘
FEC - OM Lyso TITLE ¢ !
MANPOWER PAVERAGE |[ACCUM MANDAVSJ[SE-TITy 1| 207 NS i
FIXED PRICE ' AL=TIT. )
COST MLUS MxED FEE [ N i
PLANT FORCKES ConsT. oo
ARCHITECT=ENGINEER : PF
DESIGN ENGIMNEERING CPERATION i CPFF
GE MELD ENGINEERING FF : _1'7
'J {

SCQPE, PURPQAE, STATUS & PROGRESS

Thiz project will allow parfermancs of radicecclogical studies 'mdzr ‘cza’

pental 2rpiitions. It comsists of constructing fileld fac:ililitizs for tkiz purpose.

env.on

The 1213 survey work i3 989 complate.

e

Fequisitions kave besxn issued for equipment hsing parchaséd by G. E.

¥ Zovay Engineers.

PRAJ. MO. TITLE | FUNOING Tinds
CAE-Q1¢ | Pueis Recyele Filot Plant lavazs 45 o
AUTHORIZED FUNQS T CESIGN s [“c s : COST & COMM. TO :.=..-_'3“£; 5 L oo
€ 5o, 000 { ' coNsT.§ ‘[GE 5 ESTIMATED TOTAL COST L ;’.a" NAN
.,nﬁ-.-.m; oEsian? _.6_ | DATE AUTHOR1ZED 2_9_61 Eg‘; gL DEsiaN o A2 PEHCENT COMPLETE
'DATES  COMET, | DIR- come, oaTE CATES ch,,,-r_ L J!w'r'n- SCHEDR. ﬁ
ENGINEER DESIGN | 44 =]
FE) « BW Daz:z=nzo L] SElR
MANPOWER AVERAGE [ACCUM MANDA Y3|GE-TIT. (] ¢ |
FIXED PRICE AE=TIT I | !
| cosT PLuUS FixED FEE i =1
i PLANT FORCES ICDNST. .00 '
| ARCHITECT ~ ENGINEER i o LRF ' :
{ DEMIGM ENGINEERING QPERATION | CRFF {
i GE FIELD ENGINEERING | FP . :
| i i

SCORE, PURPOSE, STATUS & ARDGRESS
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SEMI ~ MONTHLY PROJECT STATUS REPORT [ 904
o | —
GENERAL ELECTRIC Co. —  dHanford laboratoriss DATE 3/’;-.-/61
FROJ.NG. TITLE FUNDING
] L)
TAT-9LT Piald Servica Center - Atmospheris Physics El-]
AUTHGRIZED FUNDS | Cgg g g LaEC § COST & COMM TO $
* TMAT TAL COST 5 Ay
s {CONST, § e § ESTIMATED TO 15%, 000
! > M . -..‘ LT i -
STARTING |pESIGN 3~ 5=QL1¥ DATE AUTHORIZED ESOLEL-{DESIGN Q=1 fik PERCE'NT SOMPLETE
DATES  lioner, 10215=61% [oir, comp. 0aTE CATES |const. 2-1=-62% WT'D. |SCHED. |ACTUAL
ENGINEER DESISH | 100
- i TTLE |
i FEC = JT Licyd I
' MANFOWER AVERAGE [ACCUM MANDAYS{| SE-TIT.|
FIXED PRICE AE= TIT 1}
COST PLUS FIXED FEE | .
c .
PLANT FORCES i ChST. 100
ARCHITECT- ENGINEER PF
DESIGN EMGINEE®RING OPERATION CPFF
I
GE FIELD ENGIMEERING : FP ! _i
| T T T
| ; i |

SCOPE, PURPOSE, $STATUS b PROGRESS

»2gearch and development programs.

The revised project proposal was trensmitted to the AEC on 1/23/61. The proposal
kas been sent teo Washington for approval.

A number of =s8timates of cost bave been prepared for locating the strusture at
various sites., Fall-out shelter end bomb-procf structures have been coagiisrel.
A recommendation will be presented to the AEC.

# Baszd on AEC authorization by 4/15/61.

PROJ, NO. TITLE FUNDING
JGE-918 | Second Whole Body Counter - Cell Addition - 747 Zuildizg 613
AUTHORIZED FUNDS [nEslaN s [Azc $ COST & COMM, T }
5 1 CONST. § IGE 5 ESTIMATED TOTAL COST s 110.CCC
STARTING [pEgign Fwi-H1 DATE AUTHORIZED ESTD, loEsign Q=l=BL5 PERCENT COMPLETE
DATES lcaus*r. T1e3=fnit DIR. COMP, DATE DATES |consT, Bml-G2% " aCHzn.TncTuaL
ENGINEER CESIGH 100 :
FEQ - H. Radew TTLE |
MANPOWER [AVERAGE [ACCUM MANDAYS(GE- TIT, |1
FIXED PRICE AE-TIT, 11 '
COST FLUS FIXED FEE !
FLANT FO
N RCES . CONST, 100 |
ARCHWITECT — ENGINEER FF |
DES|IGN ENGINEERING OPERATION . ]_CPFF
]
GE FIELD ENGINEERING ( : {Fp
. :
|

SCOPE, PURPOSE, STATUS & PROGRESS
Inis project will provide a second whole body monitering el in +the 747-A Builling
te increase the capacity of the Whole Body Tounter Facility to mezet projected needs,

The projeet preposal was zubmitted o the Jommission or 13/9/6C. ani 13 being
raviawed. .
# Assuming AET authorization by 5-1-F..
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- ATE s
SENERAL ELECTRIC CO. Zanford Laboratorias oAT /36
APROJ.ND. TITLE FUNDING
. . 1 ]
TAE-21G Al Corditioning - 214 Bullding £iwj
AUTHORIZED FUNDS  nESiGN § CaEC § CDST & COMM. TO $
[ EETIMATED TOTAL COST § 25 4AN
} CONST. 3 |l G § [ 20w
STARTING DEsgn  372=0L OATE AUTHORIZED L, [BESIGN 5a5-61 PERCENT COMPLETE
‘9 1 . .
DA TES CUNST. L-1k.s} OIR. COMP. DATE OATES | const. 6_3[:_61 WT'D ISCHED A
ENGQINEER DESiGN I 130 ' i
— T
TITLE | | [ !
FEQ - OM L¥EO ' ;
- i Lh GE-TIT.j ¢ | !
MANPOWER AVERAGE |ACCLM MANDAVYS . i
FIXEQC PRICE AE=TIT 11 B
COST PLUS FIXED FEE . JU S
CENST, y
PLANT FORCES . s e =
ARCHITECT-ENGINEER [' ad ; ’
I
CESIGN EHNGINEERING OPERATICON CPFF :
GE MELD ENGINEERING FR

SCOPE. PURPQEE. 3TATUS & PROGRESS

This projest wili

supplament existing cooling units. thus proviling coollng 21T
supply commensurate with heat load and outdeor tamperat-iras.

The project proposal was approved by HOO-AEC on 3-2-67.
irechive hag heen received but no work will be started un*til evt
has been made regarding the AEC's proposed Change in Methods of Perf

aw by tke ZE {2
orming Wourlk.

BRCS. NG, TiT-E FUNDQING
z1 1 1 rological Wells - FY-61 Go=]
. = 2o.l0 ca Q ca. 2L .
AUTHORIZ F
ED FUNDS | DESIGN § .'L,OOO IA:C 5 694500 COST & COMM. TO s
4 — -
$ 75,000 1 CONIT. S GP,QCO L GE § g.500 ESTIMATED TOTAL COST s Ta 0T
STARTING IDE!'GN L_15,6l GATE AUTHORIZED 3—21-6; 5:.:'2;_ DE"QNSwls-él | FERCENT CDMFLE‘rE
DATES | Lover. Sal-Bl DIR, COMP, OATE DATES |coN3T.'Zuni’wuf] wTiD. | screED.iac
ENGINEER DESIGN ' |44
FEQ = HE Ralph TITLE
MANPOWER AVERAGE |ACCUM MANDAYS|GE=TIT. ([
®IXED PRICE AE-TIT 1D |
COST PLUS FIXED FEE ! )
H .y
| PLANT #ORCES feoNsT. ! g
ARCHITECT = ENGINEER I ilaF :
I
CESIGN ENGINEERING GPERATIGN i iCPFF i
| i
GE FIELD ENGINEERING e :
I ] .
I | i
SCOPE, PURPOSE, STATUS & MROGRESS
Iz project invoives the cozTinued dri-ling of sgenial rzszgrch, test azi

monitoring wel's.

Dirzctive was izsued March =

Work Authority wms issued Mar?h 2k,

Rid opening sch=dul=i

1236043
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SEMi—-MONTHLY PRQCJECT STATUS REPORT - AI0AZ
sENERAL ELecTRIC co. — zanford laboraterles oate  3/3i/€1
PRGJ.NC, . TITLE ,‘ FUNDIMNG
S3E~922 | Burst Tast Facility for Zirconium Tubes L 6l-]
[AUTHERIZED FUNDS [pgsign § iaEc S COST & COMM TO 5 . _
|5 CONST. § i et 5 E3TIMATED TOTAL COST s, 00T
STARTING |DESIGN QATE aUTHORIZED E%KEL‘ DERIGN PEI'RCENT COMFLETE
|BATES AL-.ons-r. DIR. COMP. DATE DATES {cona'r- P WT'De | SCHED. [ACTUAL
ENGINEER DESIGN . 100
¥FE2 - H. Radow TITLE | |
MANPOWER Javsna X ’ACCLM manDavys || GE-TITd
FIXED PRIGE i AE=TIT (1
COST PLUS WXED FEE i

CONET. 100
PLANT FQRCES

ARCHITECT— ENGINEER FF | + ]
CPFF . i }
Fi !

| GE FIELD ENGINEERING

|
|
DESIGHN ENGINEERING OFPERATION . [

y SCOPE, PURPQSE, $STATUS & PROGRESS
I

Thizs project will provide facilities 4o permit delidberate destrictlive tastiag of
irradiated zirconfium tubing. This will prov1de operating and w.b:z L:ifs dasa ot
now availabls hecouse of the limited operating history of Zircaloy-: presgurs

tubking In reactors.

The projsct prorvosal was submittsd to the Commission March 17, 1961. ard is being
refturned unapproved.

FRGJ. NO. TITLE | FUNDING
I i

. TS~ 923 Spestroscopy Laboratory I

AUTHORIZED FUNDS [ozsu:n s J-I-,SOO }‘kEc § COST & COMM, TO ‘2:.‘_9‘.6:_ % &.37

s g5 , 200 const,.s 90,500 13: 5 95,000 ESTIMATED TOTAL COST s 95.000
STARTING [pesign Seri=01 DATE AUTHORIZED  3.0.61 EsT'o. bestanBa=PL | PERCENT COMPLETE
CATES consT. 6'=J.."6l DIR. COMP. DATE :Llﬂ':',.5=61 DATES CONST-:‘;:_«J].S'-"S:L WT D SCHED. inc'r‘um_

ENGINEER DES{GN 100 NS

= RT Zngersoll TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS|GE=TIT, |1 w3 1

FIXED PRICE HAE-TIT (1

COST PLUS FIXED FEE ! . )

FLANT FQRGES Teonst. i yoq !

ARCHITECT — ENGINEER PF ' .

DESIGN ENGINEERING SPRERATION CPFF }

GE FIELD ENGINEERING : FP
!.
! SCOPE, FURPQSE, STATUS & PROGRESS

This Frojzsot will provide a facility foo specialized sp2rtocaloDy WONk.
Tha proposal was approvad by thke Jomrizeion 3-Z-61. The Directive wasz Zssuizd

ﬂ.l

Relemse Author:zation WRA No. 67 was issued 3m;
3-21-61. Equiprent spacifications are heing prepace
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SEMI —MONTHLY PROIJECT STATUS REFORT Hw- A90AL
SENERAL ELECTRIC co. — Seaford Laboratorizs CATE 3/ /62
PROJ.NOC, TITLE FUNDING
] 73292k 207 KW Tmduction Esating tam - 306 Builiing ~290
AUTHORIZED FUNDS [nnmn 5 Tagc § COST & COMM TO : -

RITIMATED TOTAL CO3ST

\

ke £ e -

ad on aczeptance of a Dirzenive by 4-15-A1,

&

Bag

s {coNsST. § GE 5
STARTING ,DES1GN -"4.-6 = DATE AUTHORI ZED E%:,?f__ DESIGH ?“lws.l‘:f' PERCENT F°"""'-a"l't
OATES  ionsT. E-_-G_L.l- DIR, COMP, DATE DATES | conaT Qulai dF WT'D. [SCTHED. 'AC
ENGINEER DESIGN 100
FEO - RC arac’l TTLE |
MANPOWER AVERAGE (ACCLM MANDAYS || SE=TIT.0 )
FiXED PRICE AE=TIT LI _
CUST FLUS FIXED FEK — | —
PLAMT FTORCES
ARCHITEC T~ ENGINEER P
DESIGN ENGINEERING GPERATION ; CPFF i
GE MELR ENGINEERING R !
ICOPE, PURPBQOSE, STATUS & PROGREASS
?Mgh‘g wgcg .ﬁi 'i"*" “rov*a.e a scures 2P power for induction h=ating for R & I work
Dirzotive has beer rezsived bt o work wili be starstzd aotil szvi:w Dy th2 GE o
has besn mad: regarding the AET's propesed change iz Methols of Zirforming Werk.

T

FRAJ. No-. TITRE AddisZons 40 the 27i-7R Buzlding Weste I aTment

| FUNDING

A

=1

CEE-9Z% Demeretygricn “ac-_&.. =¥ e e -
= :
AJTHORIZED FUMNDCS IDE!IGN s iAEC s COST & COMM. ru ]
S 1 CONST. S IGE S EITIMATED TGTAL COST H
ATARTING [pesign  Swl=F.3 | OATE AUTHORIZED T B, 2ESIGN Pt ab il FERCENT lcomm.e*rs
| 1
DATES | CconNsT. ‘3 183  jDIR. COMP. DATE DATES |coNST. J. . &t WT'Dh | SCHED, (AC
EN.GINEEM OESEaN 100 )
FEC - KA Tlaxk TITLE | i
MANPOWER [AVERAGE [ACCUM MANDA YS|6E-TIT. /) | :
FIXED PRICE ! AE< TIT. [} : '
COST FPLUS FIXKED FEE | )
FLANT FORCES i CONSET. i a0 :
ARCHITECT - ENGINEER PF ]
DEJIGN ENGINEERING QPERATION CRFF :
: GE FlELD ENGINEERING ; Fe | i
i ‘ } |
; i ! ]
SCOPE, FURRPOIE, 5TATUS & PROGRESS
i Sor fiooom o s.aar Asveoozorsat 2f Aslontarnination
| :
i chap-ra_ porocssa-cg o Codrt wasiti: Fooomafe
~n e e - v AT - z
: _nE: ErodenT - o BUT-AE o
1
[
(PO — L R . Pl
Topar=l on ;I A e e
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PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

COMMUNICATIONS

Prepared press release on Dr. D. W. Pearce's appointment to IAEA. In addition,
participated with Relations Operation In the preparation of four additional
releases: 1) Fuels Fabrication Developmernt Addition, 2) Dr. Bennett's ACS
speaking tour, 3) River Monitoring Steticn, and 4) B. Brenden's technical paper.

EMPLOYMENT (Professionsl)

Advanced Degree -~ PFourteen Ph.D. candidates visited HAPO for professional em-
ployment interviews. Three offers were extended; one acceptance and two rejec-
tions were received. Current open offers total three. Recruiting trips tc four
universities occurred. .

BS/M5 - Eighty-elght applicants were considered, 51 offers were exitended, 8
azceptances and 16 rejections were received. Current open offers total 98.

Technical Craduate Program - Six Technical Graduates were placed on permanens
assignment during the month; four others terminated from HAPO rclls. Current
program members total 51.

Information meetings were held in each department at HAPO concerning the "4"
Course *o be held this fall.

EMPLOYMENT (Nen~professional)

Nire requisitions were filied during the month with a total of 1l active rzquisie

tions remaining to be filled.
PR

0. E. Boston, Managsr
Professional Placement
and Relations Practices

OEB:1mh

123069%
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TABLE II NONEXEMPT EMPLOTIMENT

Nonexempt Buployment Status Feb. Mar. Nonexempt Transfer Request Feb. Ma..
Requisitions Transfers
Active at end of month 11 23 Active cases at end of mo. 75 60
Cancelled T2 Cancelled 2 21
Received g 23 New ‘ L 9
Filled 5 9 Effected 6 4
Hold 9 g

(230097 UNCLASSIFIED
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TABLE 111. PROFESSLO/AL PERSONNEL PLACEMENT

Ap.. Jechnical Recruiting Activity - HAPO - September 1, 1960 to date

Visits to Richland Offers
Cases To On the
Considered Invited Visited Visit Lxtended Accepted Open  Roll
PhD 460 133 41 38 20 5 3 2
Exp. BS/MS 325 by 28 - 31 17 8 7
Prog. BS/MS 293 - - - b 2k 106 b
B. Technical Recruiting Activity - HL - September 1, 1960 to date
Visits to Richland Offers
Cases To On the
Considered Invited Visited Visit Extended Accepted Open  Roll
. PhD 160 133 L1 36 15 4 3 2
Exp. BS/MS - - 18 11 - 12 6 - -

In addition to the above activily, 9 exempt
employees have transferrcd into HL from
other HAPO departments and 8 technical
graduates have accepted off-program
placement in HL to date.

UNCLASSIFIED
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C - Technical Graduate Program
Month ending March 31, 1961

" Number Personmel on Assignment 51
(HAPO Tech Grad Program ..........c.oionves 47
(Engineering & Science Frogram .......... 4

Distributicn of Assignments by Departments

IFD 20
HL 21
FPD 5
CPD 1
C&AO 2
CE&UC L

Distributicn of Assigoments by Function

Research & Development or Engineering 35
Other . 16

1230069 UNCLASSIFIED
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FINANCTIAL OPERATION MONTHLY REPORT

MERCH 1961

Personnel

Effective March 1, 1961, the six exempt personnel doing technlcal administraticn

in the research operations were transferred into the Financial Operatiocn. A

mumber of financisl positions were revised due to a re-aligmment of responsibilities.
Mr. E. B. Hutchins was transferred from Contract and Accounting Operation tc Hanford
Laboratories Financial Operation as Specialist - Auditing and Economic Evaluatlons.

Activities

GENERAL ACCOUNTING

Tollowing 1s a schedule of approval letters in the hands of the Commissicn cr whkich
have heen submitted to them and the current status of each letter:

Number Title . Status

AT-10b Fission Products Dispersal Submitted te Commissicn but
Handbook not yet approved

AT-105 Symposium on the Blology of ) Submitted to Commission but
the Trensuranic Elements not yet approved

AT-140 Natiopal Acedemy of Scilences - Submitted to Commissicn but

National Research Council - Advisory not yet approved
Committee on Civil Defense

AT-1%9 Recruiting Prectices In process

Travel activity 1s now running slightly ahead of last fiscal year with 942 trips
started compared with 887 last Tiscal year. At the end of March last year, $11,200
had been experded for travel to professicnel and trade society meetings. This
represented 25% of the $4l4,000 budget for the fiscal year (it should be remembered
that $15,000 was added to this budget in March 1960, which accounts for the
relatively low percentage expenditure). TFiscal year 1962 tc date expenditures
total $25,000, or 39% of the yearly budget of $64,500. Travel activity for the
balance of the year will probably increase substantislly in keeping with seascnal
trends.

Project CAH-878 - Additional Fecilities for Isctope Study cm Animals, 141-C Bullding
Addition valued at $63,767 was unitized and a unitizatlon report will be issued iz
April.

Preliminary unitization work was performed oa the fellowizg prajecta:

(230108 UNCLASSIFIED
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CAH-864 Shielded Animal Monitcring Station - 100-F Ares

CGH-T785 In-Reactcr Studies Equipment - 105 KW
CGH-805 High Temperature Tensile Testing Cell - 327 Building
CGH-819 Increased Laboratory Weste Fecilities

CGE-864 Shielded Animsl Monitoring Station

The physical inventory of moveble cataloged equirment in the custody of Reactor
and Fuels R&D Operation began March 13, 1$61. This inventory, which is proceeding

on schedule, will be completed in June 1961.

The field count in comnection with the physical inventory of Cold Semi-Works -
321 Facilities is complete and reconciliation by C&AO of the inventory results is

in progress.

letters of instruction were issued to the field regarding the quarterly inventory
of Other Special Materisls at March 31, 1961, and the new certification type
inventory. Comments from the field have been very favorable to this type of
inventory and C%AO Property Management is consldering adopiing cur new method
HAPO~wide.

Sixty-five new items valued at $24,807 were received at the Laboretory Equipment
Pool during the month. Seven items valued at $11,001 were withdrawn by custodians
and 17 items valued at $3,866 were disbursed in lieu of placement of requisiticrs.
Four items velued at $2,575 were excessed. There are currently 598 items valuec
at $224,779 located in the Equipment Pool.

Reactor and Other Special Materials on hand at month end consisted of the folicwl

Beryllium 1221 gr. $ 696
Gold 2 228 gr. 2 o7
Palladium 2 377 gr. 2 710
Platimm 5 230 gr. 15 221
Silver 2 413 gr. 97
Zirconium:
Izventory Stock 3 228 1b. 70 703
R&D Stock 607 1b. 9 11k
Scrap 10 127 1b. -0=-
$101 528

One purchase requisition for 551 gr. of platimm valued at $1,6C3 vas cancelled ard
+he material was furnished frem existing stock at the Equipment Pocl.

Of the 4,240 gr. of platinum scrap made available to the AEC for shipment cff-zite
2,312 grs. of uncontaminated platinum valued at $6,681.68 was transferred %c the
AEC New York Operations Office. The balarce cf material, which is contaminated,
will be held until we receive additionel shipping instructicns. The lecal
Commission advised this material will not e shipped until approximately

September 1961.

Action as irdicated cccurred on the foliowing prajects durirng the month:

-
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New Funds Authorized t¢ HLO

CGH-858 High Level Utility Cell $330 000
CAH-856 Stress-Rupture Testing Facllity 500
CAH-921 Geologicel and Hydrologlcal Wells-FY 1961 9 500
CGH-323 Spectroscopy Laboratory g5 000

Physical gggﬁletion Notilces Issued

CAE-~T4T Flutonium Febrication Pilot Plant

Construction Completion and Cost Closing Statements Issued

CA-Thi Metallurgical Development Facility - 306 Building

Section Managers have been requested to project thelr expenditures of funds from
Equipment Not Included in Construction Projects Budget for the balance of FY 1961.
Informaetion geined will be used to effect a resllocation of availsble funds where
poseible in order thet HLO may realize maximum utilization of these funds for

required equipment.
CCST ACCOUNTIRG

The Hanford Laboratories operating cost control budget was adjusted in Mesrch to
include additional funds authorized in the recent revision of the AEC Financial
Plan dated March 6, 1961, and the revised allocation of funds by the General
Manager - HAPO, dated March 28, 1961, as follows:

Increase
: {Decrease )
O Program Research and Development
Plutonium Recycle Program $140 000
Swelling Studies 40 000
UOs Fuels Research (ko 000)
06 Progrem Research and Develcopment
Radiological Physics and Dosimetry 30 000
02 Program Productiosn
Febrication of DMA Elements 10 Q00
Safeguards Deslgn Review {35 000}
Strontium-90 Purification (from CPD) 100 000
Cff-Site Customer Requests
Fabrication ¢f Birch Elements 60 000
Atmospheric Diffusion Studies (USAF) 27 000
Other Requests (budget reconciliation) {% 000)

Henford laboratories =lso received an additional $100,000 in O4 Program Equipment
funds for FY 1961, thus bringing total O4% Program Equipment authorization to
$985 000, including $170 000 for Strantium-9C Program and $7,000 reallocatiocn to
the Chemical Procesging Department.

Preparation of the Budget for FY 1963 and Revision of Budget for FY 1962 is near-
ing completion. The most noteworthy accomplishment in March was the review ¢f
Ok Program R%D Bropcsals with Washington-AEC and the subsequent revision of the
proposals. Reproduction and assembly of the propcsals remains to be completed.

| 2 j | D 2 UNCLASSIFIED
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Considerable effort this month was devoted to the recasting of budgets and conve
sion of codes on outstanding cost deocuments to reflect organizational changes
effective 3/1/61 in the Radiation Protection, Laboratory Auxiliaries, Physics and
Instruments R&D and Finencial Operations.

Special requests received during the month were as follow:

1. Authorization in the amount of $190,000 from the U.S. Air Force to perform
' atmospheric diffusion studies at Cape Canaversl, Florida, and Vandenberg AFB,

California.

2. Authorization in the amount of $55,000 from the U.S. Air Force to perform
atmospheric diffusion studies at Edwards AFB, Californisa.

3. Provide consulting assistance to GE-APED concerning inert welding problems.
Estimated costs are $1,000.

L, Authorization in the emount of $3,600 from GE-ANFD to provide for the x-ray
diffrsction of lrradiated materials in the Radiometallurgy Leboratory. This
authorization was subgequently cancelled by ANPD. Work had not started on
this Jjob nor were any costs incurred.

Instructions were prepared and submitted to the other HAPO components requesting
information on professional recrulting activities and related costs. Information
will be prepared on a quarterly basis by Henford laboratories, covering all HAPO
activity.

A new procedure has been established for reproduction amd distribution cf purchase
crders originated by Hanford Laboratories. Vellum masters will be mailed by
Purchasing Operation directly to FPD Duplicating who will reproduce copies and
distribute them according to instructions. More prompt distribution of purchase
order copies will be realized by this method.

Arrangements were finalized with Contract and Accounting Operation “o issue
reports by data processing techniques concerning the work activity of all Herford
Laboratories personnel.

GENERAL
Payroll Statisties
Tumber of HLO Employees Nen-
Changes During Month Total Exempt Exempt
Employees on Payroll at Beginning of Month 1371 648 723
Additions and Transfers In 12 5 7
Removals and Transfers Out : 22 Az _1c
Emplcyees on Payroll at End of Menmth 1 361 SN 720

1230103 CICLASSLIIED
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Overtime Payments During Month

Exempt
Nonexempt

Total

Gross Payroll Paid During Month

Exempt
Nonexempt

Total

Participation in Employee Benefit

Plans at Month End

Pension Plan
Insurance Plan
Personal Coverage
Dependent Coverage
U.8. Savings Bonds
Stock Bonus Plen
Savings Plan
Savings and Security Plan

Insurance Claims
Employee Benefits
Life Insurance
Weekly Sickness and Accildent
Comprehensive Medical
Dependent Benefits
Comprehensive Mediecsl

Total

Good. Neighbor Fund

Numbeyr Participating
Percent Participating

N

W Sale
Manager - Finance
1230104

J-5 HW-69062
March February
$ L 622 $ 7 108
22 o0k 14 748
$26 626  $218%
576 812 $567 105
466 797 367 505
$L0k3 €0 b3k 610
Merch February
Number Percent Number Percent
1215 99.3 1217 99.3
371 99.9 383 99.8
082 981
65 32.7 €8 3k.5
84 6.2 83 6.1
1 049 90.3 1 05L 89.5
March February
Thumber Amount Humber Amount
0 $ 0 0 $ O
T 552 21 1 97k
95 7 08g Gl 6 256
2ko 1h 909 190 9958
_Eg $22 580 302 $18 188
March bergggx
929 933
68.3% 68.1%

UNCLASSIFIED
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expecieu to

result in inventions or discoveries advise that, to the best of their knowleuge

and belief, no inventions or discoveries were made in the course of their

work during the pericd covered by this report except as listed below, Such
persons further advise that, for the period therein covered by this report,

notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR

E. A. Smith

T. D. Chikalla

H. L. Libby
J. T. Russell
L. XK. Mudge
F. A, Scott
V. P. Kelly

C. A, Rohrmann

1230105

TITLE OF INVENTION OR DISCOVERY

A Detector for Flaws and Non-Bonds
in Zircaloy Fuel Element Closures

A Method for Evaluating In-Reactor
Msoss Transfer and Densification of
Ceramic Fuels Materials - HW-68757,
March 2, 1661

Segmental Time Reversal Device
Electrolytic Preparation of Large UO9

Crystals

Electrolytic Preparation of UOg
Ceramics

A Variable-Stroke Reciprocating
Drive Mechanism with Rotary to Lineax
Motion Conversion

An Electrolytic Process for Preparing
Uranium Hexafluoride

Aok

UNCLASSIFIED
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