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LEGAL NOTICE

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

A. Makes any warranty or representation, expressed or implied, with respectto the accuracy, com-.
pleteness, or usefuiness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report moy not infringe privately owned rights; or

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

As used in the cbove, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or empioyee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contractor.

ALC-GE RICHLAND, WARM.
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BUDGETS AND COSTS

August operating costs totaled $2, 397, 000; fiscal year-to-date costs are
$4, 464, 000, or 17% of the $26, 165, 000 control budget. The budget conforms
with the departmental allocation of funds authorized by the General Manager -

HAPO in August.

Hanford Laboratories' research and development costs for August, 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 $ 36 8 37 $ 73 $ 605 12%

04 Program 1134 755 1889 9 930 19

05 Program 60 61 121 993 12

06 Program 194 197 391 2 665 15

1 424 1 050 2 474 14 193 17

FPD Sponsored - 126 105 231 1 400 17

IPD Sponsored 113 100 213 1325 16

CPD Sponsored 131 108 239 1 525 16
Total $1 794 $1 363 $3 157 $18 443 17%

RESEARCH AND DEVELOPMENT

1, Reactor and Fuels

A project proposal revision for the Critical Facility requests a new comple-
tion date of December 31, 1961, and additional funds of $40, 000, The revised
completion date of June 30, 1962, for the Rupture Loop has been approved.

PRTR process tube plugging resulted in an eight-day reactor shutdown, The

cause of the plugging was determined to be fragments of a coffee can believed
to have been introduced into the system during process pump p seal repair.

D3O and helium losses from PRTR were high during the month. Detection
and repair of leaks and 1mprovement of the DZO recovery ‘system and of

D50 inventory methods are of hlgh prlorlt;z

No evidence of wire wrap loosening, corrosion, crud, or surface damage

was found in two PRTR UOg-bearing fuel elements examined after operating

at maximum heat generation conditions and a total exposure of ca. 250 MWD/T.
Pu-Al spike elements show evidence of wire wrap loosening altl—q—augh not in

the wires contacting the process tubes. It is possible that the effec*® disap-
pears at operating temperature,

1230113
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A section of PRTR process tube No., 1154 (removed from the reactor in July)
which contained two 4 to 5-mil deep and 5/8-inch long wear or fretting marks
was burst-tested at room temperature at an internal pressure of 7450 psi.
The fracture did not pass through the fretted areas.

Radiochemical analyses have confirmed the extensive relocation of fission
products in highly exposed UOg fuel as first detected by autoradiographic
techniques,

Hot swaging of UOg fuel rods at 700 C consistently produces densities of 92%.

Ten UO9-PuOgy capsules are being irradiated in the MTR; six are low-density
(65% TD) specimens and four are high-density (80% TD) specimens. One
high-density sample was discharged at 10, 000 MWD/ T exposure after having
operated for part of that exposure at a surface heat flux of 780, 000 Btu/hr-
sq ft.

Zircaloy-clad capsules containing fuel mixtures of PuOg-ZrOg and PuOgy~MgO
are being prepared for irradiation testing in the MTR.

The thermal electromotive force of four Pu-O compositions in the range
PuOy o to PuO;_gg has been measured. Electrical resistivity measure-
ments have been made on 50 UO9-50 PuOg and PuOz3.

Insertion of the Phoenix capsules in MTR has been delayed until September 5
by the requirement of a hot-spot hot-channel analysis.

Sixteen of a total of 21 Euratom test fuel rods containing high exposure plu-
tonium oxide (17%-240) have been fabricated and shipped to the customer.

Data from the basic swelling studies combined with other capsule irradiations
lead to the provisional and somewhat surprising conclusion that Zircaloy-2
cladding provides little resistance to swelling of metallic uranium fuel,

Buckling of the inner clad surface of single tube metallic uranium fuel has
resulted from exposure to 3600 MWD/T.

Three metallic uranium fuel elements with fluted outer surfaces are being
prepared for irradiation to test the hypothesis that the extended surface
should eliminate direct tensile strain in the clad, reducing failure due to
clad thinning mechanisms.

Ex-reactor rupture tests of irradiated NPR-type fuel continue to show much
superior rupture behavior for 2 w/o Zr-uranium cores compared with
unalloyed uranium core elements. -In other fuel rupfure tesis the rupture
appearance of irradiated coextruded fuel has apparently been duplicated in
unirradiated rods by preheating the rods to 850 C <0 weaken the cladding
bond.

2300y DECLASSIFIED —
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Modifications of the ETR 6x9 loop for the irradiation of structural materials
were completed in time for the reactor startup on cycle 38. An assembly
containing 504 Zircaloy-2 tensile specimens constitutes the first loading of

this facility.

For graphite at 800 C and Zircaloy at 400 C, a water partial pressure of 0.3
to 0.5 mm in simulated NPR stack gas was required for sufficient water-
vapor diffusion through the graphite {0 maintain a protective film on the

Zircaloy.

Maximum fuel temperatures to be expected at C Reactor following a sudden
flow reduction to an "overbore' process tube were determined in the heat
transfer laboratory. It was found that for initial tube powers of 1000 and
1800 KW, flow reductions to 10 and 30% of original flows could be sustained
without encountering excessive temperatures.

Analysis was completed of laboratory experiments determining fuel tempera-
tures following an inlet piping rupture on a BDF reactor process tube. The
results indicated that the majority of central zone tubes in these reactors
would not be subjected to fuel jacket melting for such a piping rupture.

Chemical Research and Development

Prototypical NPR fuels subjected to a temperature of 1200 C in an air atmos-
phere were observed to fail in about one hour's time through air oxidation
and subsequent penetration of the Zircaloy-2 clad; at 1300 C, the Zircaloy-2
clads failed through an uranium diffusion mechanism.

Preliminary interpretation of ground water temperature data indicates that
some thermally warm water from the separations areas is moving southward
and may have reached the Columbia River just north of the 300 Area.
Although a tongue of warm water extends southward from the 200 Areas to
within two miles of the Yakima River, the buried Yakima Ridge anticline is
shown to be an effective barrier *o further southward movement,

Approximately 300 kilocuries of strontium-90 were recovered in the third
Hot Semiworks campaign. The total inventory of purified strontium-90 now
in storage at the Hot Semiworks is about 500 kilocuries.

Pressure build-up problems associated with the shipment of Decalso laden
with strontium or cesium in sealed casks can virtually be eliminated by
removing the interstitial liquid from the ion exchange media. Near quantita-
tive removal of the cesium or strontium from Decalso can be realized pro-
viding the bed temperature remains below 100 C,

A Hot Semiworks solvent extraction slowsheet has been devised which shows l}
promise of effecting the sequential recovery of three separaie fission '

1230115
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product packages; namely, strontium=-90, cerium-144, and a gross rare earth
fraction,

The extraction of cesium from alkaline Purex waste supernate with nickel ’
ferrocyanide was shown to effect substantial cesium concentration and separ-
ation from sodium ion, thus permitting markedly increased quantities of i
cesium to be loaded onto Decalso prior to off-site shipment,

Studies on the selective precipitation of cerium(IV) peroxyacetate from full
level Purex waste have led to identification and correction of previously
defined process conditions which negaied successful demonstration of the
cerium recovery process at the Purex plant.

What appears to be single crystals of UOg, weighing up to about four grams,
were produced by electrolytic deposition from the molten KCI1-PbCly system.

Physics and Instrument Research and Development

Improved understanding of operating limitations of NPR fuel will result from
measurements recently completed of the higher heat generation adjacent to
the end caps in both inner and outer tubes of fuel.

In the program supporting existing reactors a more sophisticated model
simulating the reactor during safety rod drops and partial insertions is giving
substantially different results than were obtained before with more simple
models. Implications of the results for reactor operation are being assessed
by the customer, IPD. In the instrument area an invention disclosure was
filed on a device for measuring structural displacements of reactor process
channels out of the line of sight, The present concept which has been embodied
in a device for testing in the reactors uses an optical method, but electrical
readouts are being developed to increase the rapidity of use.

In the nuclear safety program, critical mass experiments on plutonium solu-
tions continued in a 14-inch sphere and have revealed an enhanced poisoning
effect of Pu-240 in high concentration soltuions arising from a shift in the
neutron energy spectrum.

In Air Force supported programs in Atmospheric Physics, the first series
of diffusion experiments at Vandenberg Air Force Base, California, was
completed. It comprised a total of 52 field trials embracing a wide range of
wind speeds and atmospheric stabilities over rough terrain, Data collected
during the earlier test series at Cape Canaveral, Florida, were forwarded
to the Air Force for further analysis.

Efforts to improve our capabilities in reactor physics calculiations continued
with the completion of the coding of thre- new computer codes during the
month, Two of these represent® advances in physical sophisticarion over

123011 DECLASSIFIED e
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previous methods available here while the third allows a more accurate
analysis of the results of exponential pile measurements. In addition, one new
program and two nuclear data tapes were obtained from the former GE-ANP

laboratory.

Analysis of the PRTR core using the RBU code made progress when several
test cases of the Monte Carlo portion of the code gave excellent results.

A detailed investigation of the use of ""Phoenix Fuel" in compact, water-
moderated, power reactors hds begun.

In the area of basic nuclear data, calibration data were successfully obtained
which will allow a quantitative interpretation of measurements previously
made on neutron scattering by water molecules., Other cross section work
included the first successful trail run using the Van de Graaff positive ion
accelerator as a neutron source in which results obtained for a total cross
section of aluminum from 3.5 to 10 mev agreed with known data.

Significant progress was made in the radiation instrument program through
completion of an experimental pocket-size dosimeter with register readout;
completion of another type miniature dosimeter with an aural alarm; com-
pletion and delivery to the reactor areas for demonstration of an improved
beta-gamma personnel and area monitor; completion of system modifications
for the Radiation Protection Operation Automatic Film Badge Densitometer;
and development of new techniques for making solid state detectors which
have alpha energy resolutions of about one percent,

Biolo gy

Some very interesting data on the in vivo and in vitro ultrafiltrability of added
Ca™" as compared with the normall—y present Ca4l suggests that <he forma-
tion of calcium-phosphate complexes in the blood of living animals may
serve, in addition to protein complexing, in the regulation of the levels of
ionic calcium and phosphate,

Thirty days after inhalation of plutonium nitrate, the lungs of three dogs
contained from 64 to 72 percent of the total body burden, the liver from 9 to
17 percent, and the skeleton from 15 to 20 percent. Less than ! percent of
the total deposited had been excreted in the urine,

Solutions thought to contain predominantly Np{IV), Np{(V), and Np{(VI) were
absorbed from the intestine of rats to the extent of 0.3, 1.1, and 2,3 percent,
respectively., These studies were made with Np237, and citrate was present
in all cases in order *c enhance solubility, Further s’ udies in the absence of
citrate and at mu. h lower mass levels wiil be condicted emp.oying Np239.

It has been found possible to prepare a plzionium solution in such a form
thai approximately 90 percent of an intravenous dose to a rat is depos:ted in
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the liver. This plutonium, presumably of a colloidal nature, is not appreci-
ably affected by subsequent DTPA treatment {less than 5 percent removed).

5. Progr amming

An important result of the "crash' program during July and August on com-
putation of plutonium values was the clear recognition that not only is Pu-239
a fissile substitute for U-235, but Pu-240 is a fertile substitute for substan-
tial quantities of U-238. In order to obtain minimum fuel costs (and maximum
plutonium values) when recycling reactor grade plutonium, it will sometimes
be necessary to decrease substantially the uranium oxide density in order to
reduce the amount of U-238 present. Computed plutonium values ranged

from $8 to $14 per fissile gram for five prototype reactors studied; it is
anticipated that values based on optimum density of mixed oxide fuel for each
reactor type not only will be higher but also may show a smaller spread.

TECHNICAL AND OTHER SERVICES

The updating and further development of ''learning' curves describing the irradi-
ation process and overall HAPO production and cost were completed.

Increased attention is being given to statistical studies in connection with process
tube leaks caused by internal corrosion,

Void fraction and void density estimates were calculated for all fission gas pore
size distributions currently available from the Swelling Studies Program. Analysis
is continuing using BIMD routines,

Data were analyzed to determine the existence of an association between rainfall
and cesium content in milk.

A review was initiated of the methods of statistical analysis used in the aimospheric
diffusion experiments to obtain down-wind cross section profiles and meteorologi-
cal parameters from the experimental data.

There were four new cases of plutonium deposition confirmed through analyses of
biological samples. The total number of pl:tonium deposition cases that have
occurred at Hanford is 271, of which 197 are currently employed.

Two CPD engineers received whole body expostures in excess of the Hanford opera-
tional control when they were exposed to dose rates up to 500 r/hour. The exposure
occurred when the men entered a trench to inspect welds on two lines leading to a
newly constructed waste crib for the Purex facility, Premature and unauthorized
usage of the lines led to the uncontrolled exposure. Evaluarion of the film badge
dosimeters and analysis of the dosimetry invoived indicated that the whole body
dose was between 1,7 r and 2.1 r for one employee and between 2,1 r and 2,8 r

for the second individual, Previons exposure for this calendar year was neglig-
ible for both men.

23011 DECLASSIFIED e
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Routine processing and analysis of the film badge dosimeter for a CPD lab tech-
nician at the 234-5 Building indicated a dose of 2.1 r for the four-week period.
Although a thorough investigation failed to reveal a satisfactory explanation for
the exposure, examination of the film indicated that the film density resulted
from exposure to penetrating gamma radiation.

There are 20 currently active projects having combined authorized funds in the
amount of $5, 415, 000, The total estimated cost of these projects is $10, 781, 000,
Total expenditures on them through June 30, 1961 were $1,982, 000, In addition,
project proposals have been submitted requesting authorization of $562, 000

total project funds on 4 new projects.

SUPPORTING FUNCTIONS

Advanced Degree - Eight Ph.D. applicants visited HAPO for professional employ-
ment interviews. Seven offers were extended (all HL); six acceptances and six
rejections were received (all HL). Current open offers total six., Twenty-two
Ph.D. acceptances were obtained during the recruiting year ending August 31.

Of these twenty-two, seven were Company transfers, five were open market and
ten were campus candidates.

BS/MS - Plans were made for fall campus recruiting trips. A new record-keep-
ing system was devised and is being installed for the 1961-62 recruiting year
along with other routines designed to streamline the administrative efforts involved.

Technical Graduate Program - One Technical Graduate was placed on permanent
assignment, Seven new members were added to the program rolls and three
terminated. Current program members total 89,

The document HW-69476, '"Guide to Prccurement and Use of Pressure Equipment, "
was issued to all HAPO personnel concerned with such equipment in furtherance
of operational safeguards.

During Augus®, three security viclations and 32 medical treatment injuries occurred,

Twenty-six requisitions for non-professional personnel were filled during the
month with a tctal of twenty active requisitions remaining to be filled,

Standard rates were< established to biil salaries of section and sub-section managers
and specialists for special off-site work. Sc:=tion level personnel will be billed
at $100 per day. Sub-section managers and specialists will be billed at $75/day. i

It is presently planned to visit Arco during September to physically inventory the
equipment purchased on Project CA-681, Hanford Equipigent in *the ETR.

w4

for nager
Hanford Laboratories

HM Parker:WHR:mlk
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIMWABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Erosion Corrosion of Aluminum Alloys. Small areas of aluminum alloys
X-8001 end 1245 were exposed to 300 Area tap water at 105 C and a flow
velocity of 88 ft/sec for six hours. The water was adjusted to various
pH levels between six and eight by adding nitric acid or sodium hy-
droxide. Results showed no measurable corrosion on X-8001 at pH 6, 6.3,
end 6.7, but at pH 7 the penetration was 1.6 mils and at pH 8 was 6.0
mils. Alloy 1245 showed a penetration of 3.2 mils at pH 8, but no
measurable corrosion at pH velues of seven and below.

Two other tests on water quality were performed using deionized water
at pH 8 and pH 10. At pH 8, X-8001 showed no measurable corrosion and
at pH 10, the penetration was only 0.5 mil. Tests are being continued
to investigate further effects of water quality on erosion-corrosion
rates.

Corrosion Resistant Coatings for X-8001 Aluminum. Determinations have
been made of the comparative corrosion resistance imparted to X-8001
aluminum by three different autoclave treatments, viz; (a) dual-cycle
steam-chromic acid, (b) dual-cycle water-chromic acid, and (c) single-
cycle chromic acid autoclave treatment. The single-cycle chromic acid
process was used as a reference treatment because its in-reactor
corrosion behavior has previously been characterized.

The. corrosion resistance of each coating was determined by using boil-
ing 1% HC1 5% NaCl, and boiling 5% NapCO3. The results of these
accelerated tests indicate that the water-chromic acid autoclave
treatment reduces "worm tracking” and provides the most corrosion
resistant coating, approximately three times as resistant as a single-
cycle, chromic acid treatment.

A test designed with the assistance of Operations Research is being
run to determine the optimum time and temperature for the individual
water and chromic acid cycles.

Radiometallurgy Laboratory Studies

Six zirconium specimens from capsule GEH-14-230 were mounted and pre-
pared for x-ray diffraction studies (RM-512). The reaction between
the coolant and fuel was confined to the arca around the defect in an
irradiated tubular, 2% Zr-U alloy element which was purposely defected

— DECLASSIFED ™=
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and ruptured in an ex-reactor loop (RM-566). Examination of two end-

cap sections from twc KER single-tube elements irradiated to 2000 MWD/ T
showed that the weld closures were in good condition, but cracking of
the uranium had occurred (RM-578). An NIE suspect failure was loaded
into a special cask and shipped to the IRP Facility for testing (RM-580).
An NPR inner tube element, which was irradiated to 1000 MWD/T at simu-
lated NPR conditions, PT-IP-277A, was warped 60 mils, double throw, and
both the internal and external surfaces were slightly bumped (RM-583).

Examination of longitudinal end-cap sections from an Fe-Be-Zr brazed
element, GEH-4-58, revealed porosity in the braze under both end caps.

Also, considerable porosity was observed in the uranium adjacent to the
internal cladding (RM-707). Metallography of one end of a KER size
tube-tube element, GEH-10-39 and 40, showed the Fe-Be-Zr braze was

cracked adjacent to the uranium in both inner and outer components (RM-709).

Purther details and irnterpretations of the above findings will be re-
ported in connection with the development programs served.

Basic Metallurgy Studies

Flectron and Qptical Micrcscopy. High purity aluminum foils in the
annealed and cold worked states have been irradiated in a Hanford Snout
facility to doses as high as 2 x 1020 nvt (Thermal). Small loops,
approximately 200 A in diameter, are formed during low exposures and
these incremse in size with continued decse to eventually give very large
irregularly shaped loops. These loops are due to vacancy or interstitial
clustering. In order to compare the behavior of these loops with known
vacancy loops, high purity aluminum foils have beer quenched from 620 C
to -10 C, and have been examined. The collapsed vacancy clusters are
small, < 200 A diameter, are numerous, and are absent in regions close
to dislocation lines and grain boundaries. Foils of quenched aluminum
have been encapsulated for irradiation, and changes as a function of
neutron dose will be correlated with results obtained on annealed and
on cold-worked specimens which crigirnally contained no vacancy loops.
Foils of aluminum separated by a distance of approximately 0.002" from
a carbon coated-UOp fission source have been prepared for irradiation.

ter irradiation, the foils will be directly examined for evidence of
fission fragmer: damege.

Notch Sensizivity of Zircaloy-2. Unpredicted failure of several test
fuel elements has prompted an investigation of mechanical properties of
Zircaloy-2 cladding. The failures are a result of severe local strain-
ing without wnifcrm deformation. In order to examine the effects of
tube wall irregularities on strength and ductility, tensile tests at
elevated temperatures (280 C) are being ccnducted. Data previously
reported from V notch specimens with a 0.005" base radius showed an in-
crease in nominal strength values with increasing notch depth. A strain
rate effect was also observed with an increased rate causing ar increase
in strength. Uniform strain ir the unnotched sectiocn of the specimens
decreased with increasing notch depth. but the decrease wasz not proportions

1230121 o |



to the reduction of cross section area at the notch. The influence of
notch shape on strength values was investigated using square nctched
specimens. Notches were of various depths and 0.065" wide. Nominal
strength values increased with depth of notch for this shape, but the
strengthening was less than that caused by a V notch. Uniform elonga-
tion decreased with depth of the square notch and corresponds more closely
then the V noteh to deformation predicted under uniaxial stress. Various
investigators have reported a substantial loss of ductility in irradiated
Zircaloy. A capsule containing Zircaloy-2 specimens defected by V notches
with varying base radii is being prepared for a cne-cycle irradiation in
the ETR. Post-irradiation testing will determine the combined effects

of & notch and radiation damage on deformation and strength.

Metallic Fuel Development

Fuel Irradiations. Radiometallurgical examination of KSE-3 single tube
fuel elements exposed tc 3600 MWD/T has started. The elemernts have been
given a visual examination and bumping of the inner bere has been ob-
served. The bumping is presumably the result of buckling of the inmer
clad caused by fuel swelling. Attempts are being mede to prepare a
replica of the surface.

An NPR inner tube, which had been suspected as the cause of a KER
rupture indication and subsequent loop discharge has been tested in
the IRP facility for 20 hours &t 300 C without activity release or
failure indications. It is concluded that the KER loop discharge was
not the result of in-reactor failure of this element.

The irradiation testing of an NPR inner tube resumed in the ETR 3x3
loop. The tube, 24 inches long, had received only a nominal irradiation
in cold water. It is now operating at 38 kw/ft and maximum central
temperature of 425 C. It will be measured after each of the four ETR
cycles.

Electron micrographs of uranium and U-2 w/o zirconium irradiated to
approximately 3200 NMD/T were studied. The porosity seen in the micro-
graphs correlates qualitatively with the observed density decreases.
Irradiation appears to have caused dissolution of the U-Zr intermetallic
compound. Qne U-2 w/o Zr specimen contained an extremely low degree of
porosity and had less density decrease than a uranium specimen with
similar irradiatiorn history.

Radiometallurgical examinatiorn has begun on the KER tube-tube assembly
irradiated in the ETR 6x9 loop. This test ran at 320 kw/ft to an outer
tube exposure of 1200 MWD/T (O.14 ajo burnup). The closure was made
with the 12 Fe + 4 Be + 84 Zry-2 brazing alloy. Detailed examination
of the closure revealed the fcllcowing:

(1) The outer tube operated in the extreme alpha temperature

range, protably 620 to 650 C. The uranium structure was
recrystallized with virtually no cracking.
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(2) The inner tube cperated in the low beta temperature range,
probably 670 to TOO C. The resulting structure was beta
transformed with colummar grains oriented in a "chevron"
pattern, parallel to the direction of heat flow. There
was no evidence of cracking in the uranium.

(3) The braze layer was cracked between the cap and core in
both the inner and outer tubes. However, there was no
evidence of the same failure mechanism observed in GEH-4-57,58.

Irradiation has continued on GEH-4-63, 64 in the MIR. This irradiation
1s subjecting production brazed material to the same conditions as
GEH~4-57, 58 which failed in the MIR. The test is in its second cycle
operating at a calculated power generation of 64 kw/ft.

Failures of Zircaloy-2 clad uranium rods and tubes, as a result of
localized clad thinning have occurred in NaK capsule and high tempera-
ture water irradiations. From the results of measurements made on the
cladding thickness of seven rods irradiated in NaK capsules, it appears
that both thickness and thickness variability are factors influencing
the susceptibility of Zircaloy-2 cladding to localized clad instability.
To further study the effects of cladding thickness variations on the
susceptibility to failure, a new series of NaK capsule irradiations of
Zircaloy-2 clad fuel rods is planned in the Banford reactors. Eighteen
capsules with three test samples in each capsule and three instrumental
capsules with thermocouples in the uranium are completed and ready for
irradiation.

Twenty-two Zircaloy-2 clad coextruded uranium rods have been irradiated
in the MIR in NaX-filled capsules to burnups ranging from 600 to

5000 MWD/T and maximum uranium temperatures from 250 to 700 C. Of the
fourteen rods examined to date, seven have cladding failures.

Support and Clip Development. A buggy spring inner fuel tube support
design for the first fuel charge of the N Reactor was accepted for pro-
duction in quantity by a vendor. It is expected that the vendor will
be required to make slight developmental modifications to the design
because of the difference between supports made in the laboratory and
those made by production methods. Various designs of the locking clip, -
which is to hold the inner and ocuter NPR fuel tubes together, were sub-
Jected to simulated discharge tests. Sixteen fuel tube assemblies with
the latest clip design survived the drop test satisfactorily. It is
expected that this design will be accepted for production when slight
modifications are made tc improve the locking operatiom.

A test was made to determine if the static load of the NPR fuel elements
during exposure to high temperature water would deform the supports.
Eight two-foot long fuel tubes were tested for 162 hours at 338 C (640 F)
and 150 hours at 375 C (707 F). On the basis of a previous correlation
of creep data, the first exposure is equivalent to 33 weeks at 300 C,
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and the second exposure is equivalent to over 20 years at 300 C. Test
results show that the relocation could be minimal over the life of the

fuel.

Fuel Component Development. Two coextrusions were fabricated for
thermocouple fuel elements. They consisted of one-inch diameter rods
with 0.025-inch.Zircaloy-2 clad, a 0.237-inch layer of 1.6 w/o en-
riched uranium, and a 0.476-inch diameter Zircaloy-2 core. The uranium
was alpha extruded from a KSE-3 billet to make the four-inch coextrusion
billet for these rods. No heat treatment was used after the alpha pre-

extrusion.

A Zircaloy-2 clad matrix type core rod was coextruded. The coextrusion
billet was made up of a four-inch Zircaloy-2 can containing 112, O.3-inch
diameter Zr-2 clad uranium rods. The coextrusion of this billet to a
one-inch diameter rod resulted in a clad core consisting cf uranium
contained in & bonded cellular network of 0.005-inch thick Zircaloy-2.

Three 18-inch long fuel elements equivalent in size to an NPR inner

tube are being fabricated for test irradiation. These fuel tubes

differ from an NPR inner fuel tube in their outside surface which has

& fluted surface instead of & circular shape. This shape is intended

to allow for uranium swelling during irradiation without causing tensille
strains in the clad. These three elements are end capped and welded aic
are ready for bond testing.

A computer program analyzing the elastic deformations of fluted cylinders
has been used to analyze the volume expensions of shaped fuel elements.
The numerical calculations of fluted elements formed by a series of
tangential arcs are completed. The calculations predicted that the
location and maegnitude of maximum strain can be controlled by changing
the radius of the tangential arecs.

Closure and Joining. Work was continued on the projection welded brazed
closure on Zircaloy-2 clad KER inner tubes using the wedge shaped inter-
face between the cap and the uranium. The wedge angle was increased
from 60° to 75° which appeared to eliminate the unbonded areas en-
countered on the 60° wedge. Approximately 0.C25-inch of uranium was
acid milled from the end of the element to provide uranium-free cladding
projections and & V-groove was machined in the uranium to match the
wedge on the closure cap. The cap wedge was immersion plated with
copper to aid in bonding the Zircaloy-2 cap to the uranium. The un-
bonded area encountered in the 60° wedge extended from the projection
weld part way down the inside surface of the wedge. Two closure samples
with a 75° wedge were destructively examined and appeared to be nearly
one hundred percent bonded. The diffusion bond layer on the OD face is
considerably wider than or the ID face of the wedge. The difference in
diffusion layer thickness may be due tc a greater current density across
the OD face as this face is 1n line with the shortest distance between
the welding electrode and the collet.
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The production process for attaching NPR fuel element supports will
utilize magnetic force resistance welders. Since previous development
work hes been done on pneumatic force machines equipped with spring
loaded electrodes, it is necessary to repeat a certain amount of work

to assure that consistent high quality attachments can be made. One

of the magnetic force machines has been equipped with necessary tooling
for menually welding NPR inner supports. This simultanecusly welds both
ends of the support. A group of 1000 welds is being made in the macaine.
Thacse are being welded by process operators in 333 Building in order to
fomiliarize them with machine operation. After welding, the supports are
being destructively examined; the majority by simple shear test, a few
by metallographic examination.

The design work to modify the "Fuel Element Support Spot Welder Fixture,"
Drawings H-3-20106, Sheets 1 through 7. is complete. The original design
was inconvenient and suggested probability of back strain to an operator.
The modified unit will permit semi-automatic welding of supports on N
outer fuel tubes. These modifications, coupled with the support holding
fixture previocusly reported permit a timed loed c¢ycle, weld cycle, and
unload cycle.

Fuel Measurement. N Reactor fuel tubes, representing normal production,
and tubes with dimensional anomalies were measured with the new Sheffield
measuring equipment. Collection of the dimensional data was organized
for either computer analysis or a combination graphic and numerical
description of the fuel shape. Typically, the OD, ID, and wall thickness
is recorded at nine staticns equally spaced along the length of the tubes.
Methods of numerical analysis of these measurements are being developed
which give parameters typifying the gecometrical characteristics of the
fuel element. A computer program for the analysis of circumferential
data from actual elements has been written. Mean radii, axisl position
vector, ovality, deviations from the first two Fourier components, and
incremental curvatures are obtained from the analysis. A program is being
written from whick warp characteristics will be obtained.

Fuel Deformation Studies. Mechanical models for tubular fuel elements
require knowledge of the resistance of the fuel element cladding to
reversed strain cyeling with small incremental increases in strain. A
testing frame, extensicmeter, and furrace were assembled, but in initial
testing buckling of the specimen occurred. New specimens and modifica-
tions to the testing frame have beer made.

Facilities and Equipment. The modification to the ETR 6x9G7 and 6x6M3
loops has been completed. The 6x9G7 position is now loaded with tensile
specimens for the structural materials program and the 6x6M3 with a
stainless steel prcbe tc determine gamma heating rates. The gamma-heat
probe will be removed on or about September S, and a full-sized NPR
element will be inserted. This will be the first irradiation test of a
prototype NPR fuel elemert.
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2. REACTOR PROGRAM

Corrosion and Coolant Systems Development

Diffusion of Water Vapor Through NPR Core Graphite. The diffusion of
water vapor through a 1-1/8-inch thickness of NPR core graphite has
been measured over a range of graphite temperature from 400 to 800 C.
Helium gas with different water partial pressures was moved past a
graphite thimble held at temperature. The water which moved through
the graphite (as a result of a HpO concentration gradient) was absorbed
and weighed on a CaSQ) desiccant.

The rate of transport of water through the graphite increased with
graphite temperature up to a temperature (about 600 C) at which a sig-
nificant fraction of the diffusing water was lcst by the water-gas
reaction with the hot graphite. Above this temperature, the net water
transport rate decreased with increasing graphite temperature. For
example, at 650 C the quantity of water transported through the graphite
would he sufficient to maintain the protective oxide film on a Zircaloy
process tube surface (up to 400 C) as long as the helium on the wet side
of the graphite had a HpQ partial pressure of 0.05 to 0.2 mm. For 800 C
graphite a H2O partial pressure of 0.3 to 0.5 mm would be reguired.
Experiments are in progress to measure the effect of hydrogen and carbon
monoxide additions on water transport rates.

Decontamination and Effluent Activity in Present Reactors. Two single
pass tubes in KE Reactor, 4963 and 5063, were decontamiriated using
Turco 4306-B. This decontamination removed all of the reddish film
from the aluminum samples but did not reduce the radiocactivity levels
of these samples. A major reason for this low efficiency is re-
deposition of radioactive isotopes released from upstream aluminum
process tube surfaces. Longer decontaminant contact times (and/or the
use of a more effective decontaminant) should improve this decontamination
efficiency. The use of Turco 4306-C has been suggested for subsequent
decontaminations. Samples are being exposed in these tubes to measure
corrosion rates and decontamination efficiency.

Rupture Tests of Unirradiated Fuel Elements in TF-9 (ELMO-4). Three
defect tests were made with coextruded U-Zr-2 rods with weakened bonds
in an attempt to more closely simuiate irradiated rod rupture perfor-
mance. One rod was heat treated at 800 C for eight hours. After rup-
turing for 40 minutes at 300 C, the ruptured area was 1-1/2-inch long

X l-inch wide. The rupture had nct progressed radially around the rod;
which is typical of most of the irradiated rods. The next two rods were
heat treated at 850 C for eight hours to further weaken the bond. After
rupturing for 40 minutes a% 300 C, the rods exhibited very severe attack.
The rupture in both rods had progressed completely around the core and
was about two to three inches in length with a l-l/E-inch wide opening
in the Zr clad. 1In each rod it appeared that the bond had failed
rapidly and allowed corrcsion around the rod. The final appearance of
the uranium-ccre at the rupture was similar to unclad uranium after
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corrosion tests. The uracium cores had beer reduced from 0.53 inch to

0.25 inch in diameter. The appearance of the rods heat treated at 850 C
was similar tc several previous ruptures made with irradisted rods.

Other rods with this heat treatment will be used for studying the effect

of varying the water cooldown rate {within NFR capablllties) on the rupture
severity.

Rupture Tests of irradiated Fuel Elements in IRP. The U-2 w/o Zr core
element that had been irradiated in KER Loop 2 to 3200 MWD/T, and then
rupture tested in the IRP at 300 C was transferred to Radiometallurgy
for examination. This element showed an incubation time of 10-1/L4 hours
which was followed by an additional rupture period cf 88 minutes. The
element was broken into twc pieces by the rupture. The ruptured end of
each piece was swelled over the entire diameter and extending down the
longitudinal axis about 1/2 to one inch. In contrast to this rather
limited attack, a companion solid (unallcyed) uranium core element that
was rupture-tested for only eight minutes was cracked and broken into
nine pieces and was cracked and swollen the entire 18 inches of length.

Corrosion Test tc Evaluate NPR Heat Exclhanger. A test is in progress to
determine the susceptibility of the NPR steam generators to deposit for-
mation and stress corrosion cracking. A small dummy heat exchanger tube
bundle is being exposed to alternate drying and wetting action in order
to promote depositicn of water impurities on its surface. The dummy
tube bundle is fabricated from the same materials used in the NPR and
received the same heat “treatments. Exposure of the +<ube bundle to
simulated NPR seccndary system water (deionized water containing hydrazine
and ammonium hydroxide ) has been terminated after four weeks exposure
between 150 C and 170 C. No deposits or stress corrcsion cracking were
found. The carbon steel tube sheet and suppcrts had developed a tight
black oxide film, and *he stainless steel exhibited a dark golden oxide.
Tests are now being run on the tube bundle using NPR secondary system
water contaminated with 5% filtered Columbia River water. This is to
simulate a raw water leak in the NPR secondary system. After a one-
week exposure period numerous small pits were found on the carbon steel
components; but no depcsits were Found.

-Term testing of Wyardotte SC6L Decontaminant. This test has com-
pleted six of eignt scheduled cycles evaluating the Wyandotte-1113
Wyandotte-5061 process. Three cycles were completed during the past
month. The 304 stainless steel ard Zircaloy-2 'amp_es, stressed and
nonstressed, did not show any apparent chamical attack, stress corrosion,
crevice corrosicn; or stress cracking. The carbon steel samples showed
uniform type corrosion with slight surface roughenirg. There was no
indication of stress corrosion or cracking on the stressed samples. Gal-
vanic and crevice corrosisn was oObserved though not %o a sericus extent
(approximately 1.5 mils after six cycles j. The type =20 stainless steel
was pitted over the zntire surfacs bty *he chemi-als used 1n the evalua-
tion. The Haynes Alloy-4l and Haynmes Stellite Alloys-9 and -12 showed
the characteristic surface etching wnich accompanisz the previcusly ob-
served dendritic pizwting avtack. The AZ12-3:0L welded samples using




"TncoA" weld rod appeared to have less knife-line galvanic attack than
the samples welded with 309 filler rod. The "IncoA" welded samples were
stress-relieved and the 309 welded samples were both nonstress-relieved
and stress-relieved. The AMS 5616 alloy, cast stock, exhibited definite
pitting on the surface. The bar stock indicated possible pitting.

Dissolution of Ion Exchange Resins. Several tests have been conducted

in the TF-10 Loop to evaluate the corrosiveness of a resin dissolution
process developed by IPD. The process consists .of three steps:

(1) 6% KMoy, (2) 30% EHNO3, (3) 3% H202. The 6% KMnOL solution is
recirculated for six hours at 90 C; the 30% HNO3 solution for four hours
at 70 C; and the 3% HoO2 solution for one hour at 70.C. A rinse step is
added between the first and second chemical solutions with a limitation

of pH 7. The 3% HoOp solution is made up by adding 30% H202 solution to
the spent HNO3 solution. After this step is completed, a water rinse to
PH 5 to 7 is used to end the process. Stainless steel samples sensitized
and nonsensitized, stressed and nonstressed, were charged and the meximum
observed corrosion was 0.005-mil per process. Zircaloy-2 stressed samples
were also charged. There was no evidence of stress corrosion cracking
during a microscopic examination. The Stellite-12. sample exposed during
the above test showed the characteristic surface etching upon micro-
scopic examination. However, subsequent metallurgical examination reports
no surface pitting.

Structural Materials Development

Pre-Post Irradiation Evaluation of NPR Process Tubes. Harvey Aluminum
Company initiated a program to recover approximately 75 NFR process tubes
that contain one or more tears on the inside surface. The tears are
removed by grinding and the resulting thin wall area is thickened by
momentary application of heat and axial compression. A section of tubing
containing one of these repaired areas was subjected to a 300 C burst
test at Hanford. The hoop stress at failure indicated no harmful effects
from the repair treatment. Typical results of 300 C burst tests of heavy
walled Zircaloy tubing with varying amounts of cold work are shown in

the following table:

Percent Average Hoop Stress

Type of Tube No of Tests Cold Work : (psi)
PRTR Approx. 10 0 46,000
NPR (Chase) I 18 555000
NPR (Harvey) 1 20 63,000
(Repaired tube

described above)

KER 3 40 68,000
KER 3 60 73,000
KER 3 70 77,000
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A Zircaloy tube was discharged from KER Loop 3 after 28 months exposure,
and was cut into 5- tc 8-foot lengths to facilitate handling. The tube
was marked in such a way that the pieces can be reoriented and identified
according to position in the reactor. After preliminary iInspection and
radiation meaesurement in the KE basin, the tube sections will be moved
to the Radiometallurgy Building in the 300 Area for intemsive testing .
and inspection. This program will irclude metallography for changes in
microstructure and for amcunt and distribution of hydrides; and burst
tests to provide data or stress and deformation to rupture, stress to
produce & limiting deformaticn in a given time, and creep-rate curves.

Nonmetallic Materials Development

Burnout Monitoring Procgram. Graphite burncut monitoring samples in
3478-D were discharged on August 10, after 29k operating days in-reactor.
There was a sharp maximum (40%/X0D; i.e., per "1000 operating days") in
burnout rate at a location about one-fourth of the way from the froot
face to the rear face. On either side of the reak the rates were less
than 2%/KOD. Because the samples in the highest temperature and flux
zone (near the center line) cxidized no faster than irn the ccoler zomes
(near the ends of the channel), the cxidant was presumed to be either
small amounts of water or cxyger. Since the cxidant was substantially
consumed in the front gquarter of the channel, where the grapnite
temperature prcbably did zot exceed 580 C, the possibility that the
oxidant was C0O2 is discredited.

During borescoping of several VSR channels at C Reactor, it was cbserved
that the ends of socme of the filler blocks have been badly oxidized. The
oxidized areas are somewhat circular and are symmetrical with respect to
the center of the bar. They have maximum diameters of about three
inches. Depth of penetration has not been determined. It was found
that similar damage occurred to the ends of full size bars which were
used by the Reactor Lattice Physics COperation in an exponential pile
experiment. It is beiieved that the distributior of the oxidation
damage is due to a noruniform distribution of impurities in the graphite
bar. This will be checked by cbtaining ash patterns of the graphite
samples from the exponential piles.

Processing Temperature of NFR Core Graphite (TSX). The electrical re-
sistivity of transverss and parallel graphite samples cut from TSX
bar 164 was measured before and after annesling for 15 minutes at

2900 C. This bar was located in the center of the grapnitization
furnace, and acccrdirg to NPR graphite specifications should have been
processed at 3000 C. The difference in resistivity after annealing
was significant at greater than the 99% confiderce level for both
orientations. From %this difference 2t is winferred that the final pro-
cessing temperature of this bar was lower thar 29CC C.
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Thermal Hydraulic Studies

Heat Transfer Experiments for the Overbore Fuel Elements in C Reactor.
Laboratory experiments were performed to determine the heat transfer
conditions and fuel temperatures following a sudden reduction of coolant
flow to an overbore process tube in C Reactor. These experiments were
transient in nature where the changes in pressures and temperatures

were measured following controlled changes in flow and heat generation

rate.

The test section consisted of a 1.991l-inch OD by 0.339-inch ID electri-
cally heated rod in a 2.147 ID Zircaloy tube. The.heater rod was
equivalent to a 32-piece fuel charge and was centered in the process
tube by 192 ceramic ribs of the same shape as those being used on the
reactor fuel elements.

The mode of experimentation consisted of first establishing steady state
conditions of flow and heat gereration rate in the test section. Next,
the flow was reduced suddenly by quickly closing a valve to a pre-
determined position. Readings of pressures, flows, and temperatures in
the test section were monitored on fast acting recorders. Finally, a
reduction in heat generation rate simulating a 1400 i.h. reactor scram
was initiated when the heater rod temperatures either leveled off
indicating stable film boiling or continued to increase to values
Jeopardizing the test section. During the runs the front header pressure
was maintained constant at 400 psig.

Results were obtained for various sudden flow reductions at initial tube
powers of 1000 and 1800 KW with outlet water temperatures of 130 and
160 C. Flow reductions to 10% of original flow for 1000 KW and 30% of
original flow for 1800 KW were carried out without damage to the simu-
lated fuel during the ensuing transient conditions. A thorough analysis
of the experimental results was started to allow the establishment of
meximum outlet water temperature limits for the overbore tubes in

C Reactor.

Fuel Temperatures Resulting From an Inlet Pipe Rupture on a BDF Process
Tube. Analysis was completed of laboratory experiments performed to
determine the fuel temperatures during the shutdowr transient following
a rupture of an inlet pipe to a process tube on a BDF type reactor.

The primary mode of cooling the fuel elements following such a rupture
would be by the water available from the slightly pressurized rear
header.

The test section used in these experiments was a full scale electrically
heated mockup of I&E fuel elements in a BDF type process tube. With the
test section operating under normal conditions, the inlet line was
opened suddenly to atmosphere and the rear header pressure was main-
tained at a constant pressure. After approximately three seconds the
heat generation rate in the test section was decreased at a rate simu-
lating a 1100 in-hour scram of the reactor. Each run was continued
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until all thermocouples in the heated test section had reached a maximum
value and then started to decrease as the test section was cooled by the
reverse flow from the rear header.

Data were obtained at various rear header pressures for initial tube
powers of 800, 1200, and 1400 KW. The results indicate that the majority
of central zone tubes in BDF type reactors would not be subjected to

fuel jacket melting upon failure of an inlet pipe to a single tube with
present cperating conditions. These results are ccntrary to those pre-
sented for the K Reactors in HW-68214. The difference between the -
results for the BDF and K Reactors can largely be explained by the
assumed control strength of the verticel safety rods and hence the dif-
ference in heat decay curves. A complete description of the experiments
and a more thorough discussion of the results are presented in HW-70769.

Heat Transfer Characteristics or NPR Fuel Elements. The studies to de--
termine the btoiling burnout conditions for the NPR tube-in-tube fuel
elements were continued. Twenty-six additional boiling burnout conditions
were obtained in the labcratory with an electrically heated test section
equal in cross section to the center hole of the fuel elements. The test
section for these runs consisted of a 12-foot long tube, O.4i-inch ID,
with flow through the inside. The tube was heated by electrical resis-
tance heating and boiling burnocut conditions were detected by noting the
temperature excursions as measured by thermocouples attached to the out-
side wall of the test section.

Boiling burnout data were obtained at fairly low flow rates (500,000 to
3,000,000 1lb/hr-sq ft) ard high steam qualities (15 to 62% steam by
weight). For these conditions the heat flux varied between 200,000 and
450,000 B/hr-sq ft. These data were compared with data from similar
test sections one-half ard one-fourth as long. Although a direct com-
parison is difficult sicce the data do not overlap for an appreciable
range, it appears that lerngth did nct affect the boiling burnout
conditions cver the range of lerngth studied. It was concluded that for
the flow conditions studied, a three-fcot length of test section was
sufficiert to establish the flow patterns which might affect boiling
burnout.

Hydraulic Studies. A repcrt was issued (HW-70178) which presents data -
and results of a study of fluid mixirg ir a seven-rod bundle fuel assembly.
The study was carried out some time ago, but because cf the loss of
interest for immediate appiicaticns, the work of data analysis and report
writing was delayed.

A coaxial pipirng arrangement was utilized “o introduce a salt solution
into the inrer coolant channels of a sever-rod bundle placed in a cir-
cular tube while regular water was introduced into the outer coolant
channels. - The saline ccncentration was measured in samples cf the outer
channel stream at various distances along the rod bundle mixing length
and the-relative salt concentration in these samples was used to describe
the effectivernass of four- to esighteen-inca pitch wire wraps as coolant
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mixing promoters. Analytical relations were derived to relate the
chemical mixing rates to bulk coolant temperature disparity between
the inner and outer channel coolant streams under nuclear heating
conditions. In this way, the temperature disparity between the inner
and outer coolant streams was predicted as a function of wire wrap
pitch. These relations can be combined with pressure drop data pub-
lished previously to indicate that wire wrap pitches of 10 to 18 inches
cause near optimum mixing conditions in seven-rod bundles.

Shielding Studies

Shield Calculations. The computer code to calculate neutron and gamma
attenuation by bulk shielding materials has been rewritten to include
inelastic scattering. A summary describing the results of the program
to date (as applied to ordinary concrete) was submitted and accepted for
presentation at the winter meeting of the ANS.

A new program has been written to calculate the multigroup cross-
sections used in the diffusion equations for the neutron shielding
calculations. This prcgram enables one to choose up to 35 groups and
uses as input the RBU cross sections obtained from J. E. Schlosser's
"BARNHOF" program.

Attenuation Measurements. The experimental work on the neutron and
gamma attenuation of as-cured barite concrete is complete. The barite
slabs are being baked at 320 C and will be placed in the bulk shield
facility during the next shutdown of the DR Reactor.

B. 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 Califormia Lawrerce Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Project Management and Design

PRTR Construction. The paving and landsceping contract is 99% complete
versus 100% scheduled as of August 31, 1961. Replacement of shrubs and
maintenance of reseeded areas are in progress.

Preliminary testing of fuel element examination equipment disclosed that
certain drives on the Profilometer-5X viewer were not working freely.

The viewer was removed and the drives tfreed. In addition, optical tests
indicated the need for a corrective lens in the diameter measuring unit

of the Profilometer. This lens is being built. The manipulator was
tested and several of the motions fourd inoperative. These are believed
to be due to wiring errcrs at installaticn. The wiring is now being re-
checked. The wide angie viewer was installed and performed satisfactorily.
The Design Tests ard QOperating Manual have been written.

Plutonium Recycle Critical Facility (Project CAH-842). The total project
is estimated to be 72% complete. In view of the late delivery of the
instrument package and other procurement delays, as well as some equipment
modifications recommended by the recently complieted safeguards analysis,
a new completion date of Decemper 31, 1961, and additional funds in the
amount of $40,000 are being requested.

The equipment installation contractor is about 53% complete. The thimble
coolant blower, the reactor pumps, and the valve control panel were in-
stalled.

Replacement cof defective parts ia the fuel transfer lock was ccmpleted
by the vendor.

Fuel Element Rupture Test Facility (Project CAH-867). Over-all
construction is estimated at 19% complete against 70% scheduled. The

J. A. Jones porticn of the work is estimated a* 17% complete as compared -
to 18% scheduled. The revised project prcoposal, extending the project
completicn date to June 30, 1962, has been approved. A revised project
schedule has been prepared and submitted for approval.

Bids for the water plant-hcldup tank portion of the project were opened
August 17. Apparent low bidder was Lewis Hopkins Construction Co.;
Pasco, at $345,000. The fair cost estimate for this work was $348,000,
and the project proposal estimate was $357,000

. P

All itéms’df.GﬁE; procured squipment nave teen recelved or are in transit
except fcr the electrifd4? switchgear and motor contrcl center. The late
delivery of stainless steel pipe and fittings ordered oy J A. Jones.
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plus the recent strike by constructicn fitters has slowed work progress.
Work by J. A. Jones Construction Co. on equipment and carbon steel
piping installation has continued. Service piping installation is
essentially complete, with tie-ins to existing PRIR systems remaining.

The cooling of a ruptured metallic uranium fuel element during charge-
discharge operations is being studied. The present design utilizes

a water-filled process tube to achieve 308 kw-min. of cocling - addi-
ticnal water is injected at the top of the PRTR Fuel Handler end is
eventually funneled into the test section. A more direct method of
water injection is sought. The method will probably regquire minor
modifications of the PRTR Fuel Handler.

Component Testing and Equipment Development

PR-10 - Primary Loop Mockup. Plans made to transfer the spare prime.:
pump rotating assemoly to 309 Building for craft training has not veeu
accomplished due to more urgent work.

The prototype pump with the self-adjusting seal assembly operated an
additional 726 hours for a total of $530 hours. The present seal
leak rate is 0.25 g/hr.

The seal test stand operated an additional 172 hours and 23 starts for
a total of 1528 hours and 200 starts.

The Aldrich Injection Pump operated at PRTR conditions for 655 hours
during the month testing Disogrin U-cup packing. Operational testing
of the packing was discontinued due to excessive leakage on August 24,

1961.
Hours ML/hour Remarks
Plunger #1 905 3500 2 U-cups
Plunger #2 1117 2500 2 U-cups
Plunger #3 655 2000 1 U-cup

Flexure Loop. The testing of the 3-clamp Grayloc transition union,
S/8 to Zr-2, for ETR use, was resumed on August 24, 1961 following
repair of the immersion heater. It has operated for 13 hours and
2 thermel cycles with no indicated leakage.

Critical Facility Components. Testing of the source positioner has been
completed and it is now ready for installetion in the Critical Facility.
The unit was operated over 100,000 cycles without feilure.

The adjustable weir has been satisfactorily tested with the synchro
position indicator. Performance met required criteria except for a
travel speed of 3 1/L" per minute using the PRTR shim motors which
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exceeded the 2" per minute criteria. A gear reducer may be installed
to correct this variance if determined necessary. Installation of a
gear reducer will not interfere with installation in the Critical
Facility and the unit has been released to J. A. Jones, Minor Construc-
tion, for this purpose.

Delivery of the flexible hoses for the thimble was made at the end of
this month. Testing of the thimble assembly has started.

Most of the machining worik for the first prototype safety rod and control
rod has been completed except for the work requiring the aluminum pipe.
and tubing. Due to mechanical failure of the swaging macihine sizing of
the aluminum tubes has been delayed. Off-site cadmium plating of tiae
safety and control rods will take an additional month; however, prctoi;m:2

drop tests and coperatiocnal tests will be started without these platsd rcdc.

No information has been received from AEC Purchasing concerning detaiisd
information on the radiation resistance of scme questionable matarials
used in the Control Rod and Weir Synchro transmitter position indicat-
ing units. Testing of tnese units has been started and initial results
indicate satisfactory mechanical and electrical performance. This test-
ing has not included any exposure to nuclear radiation.

Rupture Loop Components. The outlet nozile hold-down assembly mockup
was thermel cycled 34 times to test the conical disk spring arrangement.
The spring characteristic over a 1000 to 8000 lb. force range remained
constant.

The Zircaloy-2 process tube to stalnless steel nozzle connection was
thermal cycled 24 times to test for sizing. The stainless stesl con-
sistently pulled the Zircaloy-2 process tube flange outward. Visual
inspection of the Zircaloy-2 contact face ciearly showed the contours
and marks of the matching stainless steel pisce. The test is being re-
run with both ccntact faces having a mirror rinish and a coating of
MbSp for inducing slippage.

PRTR Operations

Reactor Operation. Mechanical and instrument difficulties continued
to plague successful continuous operation. total of 48 scrams
occurred in 29 days, the majority of which were caused by (1) spurious
trips from flow monitors and flux instrumentation, and (2) temperature
and pressure cycling problems in the primary system. By the end of
the month, as a result of engineering modifications, improved reactor
gperation was realized.

The most serious conditlon encountered during the montia was process
] tube plugging. Foreign objects, later confirmed as oeing small pisces
! cf & badly battered coffee can, were found in the inlet jumpers of 10
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process tubes. A total of eight days’' effort was spent flushing, dis-
assembling, and inspecting the primary system and its components.

Metal pieces varying in size from one-half inch to two inches square
were removed from the inlet Jumpers. A large chunk of the can was
back-flushed from the inlet ring header. There has been no evidence

of any tube flow reduction since August 21. It is believed that the
can entered the system during process pump seal repeir operation on
August 9, although this is not conclusively proven, however. Mainten-
ance and operasting procedures are being revised to prevent a recurrence
of an incident of this type.

Helium consumption during the month was a calculated 248,000 sef. A
significant part of this loss occurred as a result of reactor scrams,
plus frequent system purges for maintenance reascns. A piping modifi-
cation to permit the use of an internal helium supply for certain
liquid level signals has eliminated a constant input of helium of 300
scf into the system when no additional helium was really necessary.
Some improvement in the helium consumption st month-end has been noted,
but the loss rate is still sub-standard. Helium leak checking is being
done during every shutdown to improve performance in this ares.

The reactor loading was modified tc 52 U0, and 33 Pu-Al elements and
the shim free critical level was determinéd to be 62.6 inches. The
increase of 8 Pu-Al elements helped the scram recovery time but the
loading is still not adequate to overcome xenon poisoning following a
scram from equilibrium operation. Scram recovery time appears to be
about 1.5 to 2 hours based on one opportunity to observe the xenon
buildup.

Operating experience at the end of the month started to improve. At

TC MW operstion 1t was determined that power level changes must be

mede slowly to prevent pressure-temperature cycling in the primary
system. Some of the most recent scrams have been caused by such cycling.
In addition, it appears that a third boiler feed pump is required at
power levels above 60 MW to maintain required minimum feed water pres-
sure and boller water quality. Several tests are planned to evaluate
this problem more fully.

Reactor Maintenance and Modifications. The repair of PP-1 during the
outage of July 24, 1961 was a failure because of DoO leakege through
the secondary mechanical seals caused by improper notching and seat-
ing of the L-ring seal behind the secondary seal rotating face. This
condition was corrected on August 8, 1961. Scme seal damage occurred
to PP-1 seals on August 24, 1961 when the seal temperature increased
to 170 F and seal injection was found to be stopped due to drift of
differential pressure across P-34 down to 30 psi. Steps have been
taken to record differential pressure readings twice a shift or oftener
during unstable conditions and to keep a control room hourly record of
seal temperatures. A graphic trainirng guide poster of the primary
pumps and assoclated valving is being prepared to use in training
classes that are scheduled to begin next month.
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Installation of fixed bleed orifices to protect the boiler feed pumps
against complete discharge valve closure was cancelled when Ingersol-
Rand revised their calculations of the required bleed from 10.6 gpm

to 35 gpm. Present planning involves use of an air operated valve to
discharge 100 gpm back to the deserator during flow shutoff to HX-1.

A low pressure helium compressor diaphragm failed on August 4. Diaphragms
were replaced in both heads of the compressor; the failed diaphragm was
found to be cracked across 2/2 of its diameter. Single diaphragms are
now being used in this compressor instead cf double diaphragms to see if
longer life can be achieved. Indication of diaphragm failure on a high
pressure compressor was received on August 13. Both diaphragms were
replaced, but no failure was evident by visual examination. The dia-
phragms are being decontaminated for metallurgical examination.

Do0 collection tank piping was revised and an additional tank was tem-
porarily installed. These changes permitted separation of the collection
of primary system leakage from that of the moderator and reflector sys-
tems, with the exception of some mincr sources. Temporary piping was
installed to permit DoO condensed from the pressurizer helium bleed to

be returned via a collection tank and pump. This has resulted in savings
of Operations' manpower.

A hydrogen sddition line was connected to the primary DO injection line
so that hydrogen content in the helium system may be reduced.

A temporary flushing line and strainer was designed and installed
between the inlet ring header and the reactor outlet piping to assist

in flushing coffee can fragments out of the inlet ring header. Most

of the weight of a can was removed in this fashion. The temporary piping
vas dismantled and stored after flushing.

The thermal barrier seal was replaced with a seal of new material which
is expected to be more durable than the criginal seal.

The tracings for ion exchangers IX-Z2 and IX-3 were revised to show a
screen at the top of the vessel in addition to the one presently exist-
ing at the bottom. This is *to prevent backflow of the resin if a
backflow condition should exist. An analysis was tegun utilizing the
ASME Unfired Pressure Vessel Code to determine if IX-2 and IX-3 could
withstand 120 psig, a condition that could exist even though original
design pressure was SO psig. It was observed during this zalculation
that none of the ion exchange vessels are welded in accordance with
the ASME code. The nozzle was aputted against, rather than inserted
into, the shell wall and a required nozzle tc shell weld was not
shown. The tracings for all ion exchangers were then mcdified in
order to conform tc the code. The caiculation then performed showed
that IX-2 and IX-3 will withstand 120 psig at 150° ¥ after being
modified. .
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A design change revising the Helium Unloading Station was prepared in
order to facilitate sampling at the railroad unloading station within
the 300 Area. The modification consisted of: (1) adding a valve to
the unloading line to prevent suspected "dieseling" of the helium
against the C.P.V. globe valve, and (2) adding the pressure reducing,
safety relief, globe, and needle valves necessary to take a sample at
atmospheric pressure. The previous configuration forced the sample

to be taken at 300 psig and did not have an adequate venting or safety
relief system.

The third log-N channel was incorporated into the shutdown valve period
trip circuit as well as into the scram valve trip circuit. This new
channel still has not been incorporated into the overlap trip circuit,
compressor run interlock circuit, and automatic control circuits.

All four high level safety amplifiers, including the spare unit, were
revised by the manufacturer who incorporated his recent design changes.
These units showed immediate improvement in operation, and it is believed
that they will not again exhibit their former deficiencies.

A review of the current status and desirable changes in the reactor
flux monitoring and control system was made. Specific recommendations
for action were made where it was believed operating efficiency could

be improved. In genersl, these recommendations included permanent
incorporation of the second startup channel in the system, eventual
replacement of the troublesome startup channel preamplifiers, completion
of the intermediate channel triplication job, consideration of the by-
passing of the intermediate channel period trips at full equilibrium
power levels thus allowing them to be onscale at shutdown levels, and
the establishment of an energetic preventive maintenance program.

An intermittent tube socket in log-N #2 unit was discovered and replaced.
This may have caused the spurious openings of the shutdown valve which
were noted during the last operating period. The actuator arm on the
high trip relay in Linear Flux Amplifier #2 was found burned off and the
relay was replaced.

Part of the Control Room Flux Monitoring Instrumentation load was trans-
ferred from EI-4 to EI-9. Both circuits are now loaded to approximately
50% of their rated capacity. Two each 2KVA constant voltage “ransformers
have been ordered for these two circuits to replace the 3 KVA trans-
former that was damaged during the instrument mctor/generator outage.

Design Change 36, which provides a manual override for the automatic
closure of the P-12 valve upon power failure and provides more positive
closure action of the MV-1 valve upon light water injection, has been
installed in the light water injection system.

The pressurizer level ccntroller was overhauled, the reset action changed,
and snubbers were added in the sensing lines. These changes have improved
the action of the contrcller and have elimineted serious cycling of the
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control valve. Effect of level contrcl on primary system pressure has
been reduced and pressure control is now satisfactory.

A temporary system was devised and installed for removing condensate from
a stack gas sample. This condensate was monitored for the presence of D20

and tritium.

A review of the present and contemplated status of the fuel element
rupture detection system was made. Considerable effort will be necessary
before this equipment will operate as required. The process channel
sampling system has not operated as expected, and this is the most serious
problem since representative samples are considered to be the key to
successful fuel failure detection. Work was started on August 11, 1961,
on a demonstration unit of four gas separators with new water traps. The
‘fabrication work on the unit is about 90% complete, and the total job
about 50% complete. Performance of the demonstration units will be used
as a basis for design of modificaticns to the entire system. Some neces-
sary revisions in the electronics for the system are also being made.
Others are desirable for more flexible and understandable operation of the
equipment.

The current completion status of Maintenance Procedure Manuals was re-
viewed with FPD Plant Engineering and priorities were established for
revising and completing the manuals.

PRTR Technical Support

Planning and Procedures. A summary of the first two series of critical
tests was prepared at the request of the Hanford Operations Office for
transmittal to the Carslirnas-Virginia Nuclear Power Associates.

The review and combining of PRTR Operating Stardards continued. To date
the number of standards has been reduced from 102 to 87.

Special tests were prepared for the seccndary ccclant system to determine
proper operatirg conditions for improved boiler water quality. The first
test, increased surface blowdown of the boiler, was under way at the end

of the month. A special test was alsc prepared tc evaluate the use of a

sulfite regenerated anicn exchange resir as a deoxygenaticn resin in the

primary coolant system.

A review of the sampling schedule for the various coolant systems was
completed and the operating procedure covering the schedule revised.

Zngireering Analyses. Metailurgical examination of pieces of the coffee
can found in the primary system revealed that the pieces had not been
irradiated nor exposed to high temperatures. A total of 156 grams of the
estimated 192-gram can weight was recovered from the primary system.
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An extensive set of unit motion readings were taken during this report
period, and it was found that the top primary shield, referenced to its
vertical center line, has moved 0.022" north, 0.015" east, and has rotated
clockwise about its center line 0° 1' 57". The bottom shield has not
moved in relation to the bioclogical shield.

A redetermination of PRCF critical loading configurations is under way.

A revised set of macroscopic neutron cross sections has been calculated
to represent PRTR Pu-Al fuel in three-group diffusion theory calculations.
The cross sections more accurately take into account the effects of
resonance self-shielding. Good agreement with results of PRTR critical
tests has been obtained, which fact lends an optimism to the use of this
revised set of nuclear data in PRCF studies. Considerations from this
work include:

1. Effective multiplication as a function of moderator height
for near-critical two-zone loadings.

2. Bffect of flooding the reactor cell with HpO.

3. Evaluation of control and safety rod worths.
A study of heavy water losses from the PRTR, including a study of causes,
detection and control of DoO losses, was undertaken. The following in-

formation was developed:

l. Source of Loss

Moisture samples were obtained from the stack gas on August 5
during 7O MW operation and were analyzed for tritium activity.

The results of analysis indicated a possible loss of about 200 pounds
per day to stack. The study could not uncover specific areas

from which the losses were occurring. However, it is established
that very small leaks from any D20 system in the form of drops
could sustain the observed loss rate. Similarly, losses of about
100 scfm from the Do0O recovery system could account for this loss
under certain conditions. A third high loss potential arsa exists
in the helium gas. Calculations based on DpO-helium equilibrium
indicated that substantial DpO vapor could be carried to the stack
by the helium gas loss which had been cccurring to date.

2. Loss Detection

At the present time the shift DpoO inventory provides a means for

charting the losses. Methods by walch the losses may be detected
more rapidly were investigated. Monitor of the exhaust air with

activity counting or humidity determining instruments are not of

sufficient sensitivity to provide the nzcessary control of losses
to tolerable limits. Undetectable losses in excess of 200 to

300 pounds per day may occur by use of these instruments. It is

necessary therefore to utilize laboratory techniques for analysis
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of moisture samples cobtained from the exhaust air. The methods
are not adaptable to a continuous monitoring system.

3. D20 Recovery from Exhaust Air

Should the present efforts to alleviate leak sources be un-
successful, & Dp0 recovery system for the exhaust air may
become necessary. Two criteria must be satisfied in such a
system, and both have significant influences on the type of
system which will be required. These are (1) the DpO isotopic
content which must be achieved for economic reworking, and

(2) the amount of moisture which can be carried to the stack
as unrecoverable D20.

Ventilation air to the reactor process areas carry relatively
large amounts of moisture. This moisture is of sufficient
quantity that the vaporization of D20 at rates of 200 pounds
per day will yield a D20-H20 mixture having a Dp0 purity of
less than 10%, which is not economically reworkable. It be-
comes necessary that the inlet air dewpoint be lowered to
provide a final purity at the exhaust which is higher than
10%. On the other hand, the exhaust air will carry out
greater amounts of DpO per given total moisture content as
the D20 purity becomes higher. To satisfy these factors, a
D20 recovery system will require & desiccant drying system for
the inlet air and a refrigeration unit which will ice out the
" D20-H20 mixture at the exhaust.

L. Month-End Barrel Inventory

The current system of the month-end barrel inventory was
reviewed. Although the present system has not revealed
significant errors in the accountability, the potential for
erroneous reporting does exist. Corrective method includes
accountability of all barrels, empty or otherwise, to preclude
the possibility of overlocking a filled barrel.

Thermal Hydraulies Studies

PRP Critical Facility. Maximum fuel temperatures were calculated for a

hazards analysis cf fuel in the Critical Facility when cocled only oy

alr. Based on free convecticn alone, the highest powered irradiated

FRTR fuel element which could be brought into the facility for testing
would reach a maximum emperature of about 1700-1900 F if suspended in

air indefinitely. This could result in melting of PuAl cores (melting
point - 1220 F), but the Zircalcy jackets (melting point - 3314 F) and

U0 cores (melting point - 4990 F) would not melt. Radiation losses

would reduce the maximum temperature somewhat, but its effect on the inner
rods of the 19-rod cluster should not be great enough to prevent melting
of PuAl cores.
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If the fuel element were enclosed in an air-filled thimble, the temperature
of the air in the thimble would increase, and the effectiveness of free
convection would decrease greatly. In such a case, radiation and con-
duction of heat across fuel rods, air gaps and thimble walls would prob-
ably be the major heat transfer mechanisms. Previous calculations indicate
that in this case melting of Jjackets might occur.

PRP Pressurizer Low Pressure Trip Limits. Calculations were made to pro-
Vide e basis for decreasing the low pressure trips for the PRIR at low
coolant temperatures. It was calculated that the low pressure at which

a trip is required could be reduced considerably if so desired. For
example, at a bulk outlet temperature of 500 F, the low pressure trip
could be set at 860 psig compared to the present requirement of 1005 psig.

The fundamental basis for the PRIR pressurizer low trip is that no bulk
boiling be permitted in the reactor. More specifically, the pressurizer,
which is the element contrclling the primary coclant loop system pressure,
must have a pressure high enough to maintain the pressure everywhere in
the loop higher than the saturation pressure.

The pressurizer low trip of 1005 was based on the saturation pressures
associated with maximum permitted outlet water temperatures of sk2 F

and 535 F for a tuve and for the reactor bulk outlet, respectively. The
pressure provided a 5 F error allowance in the tube outlet and 12 F error
in the bulk ocutlet temperatures.

Since the"time when the pressurizer low trip was calculated, the maximum
permitted tube outlet and bulk outlet temperatures have been set at 540
and 530 F, respectively. Furthermore; operating experience to date has
shown that the tube and bulk outlet temperatures will be significantly
lower than these maximm. These lower temperatures provide the reactor
with a larger error allowance in the measurement of temperatures. Al-
ternately, the lower temperatures could permit a lower pressurizer low
pressure trip point.

Plutonium Fuels Development

PRTR Aluminum-Plutonium Fuel Fabrication. One of the two vertical autoclaves
vas put back intc operation the latter part of July after several major
changes were made in the temperature and pressure controls. Since it was
returned into operation, L0OO fuel element rods and hardware for 12 clusters
have been autoclaved. Hcwever, 75 fuel element rods were rejected after
autoclaving and must be recycled thrcugh grit blasting, etching and auto-
claving. This is an unusually large number of autoclave rejects and is
attributed to instrumentation malfunction which caused the autoclave to
overheat. This condition is being corrected.

Four fuel element clusters have been assembled this month, making a total
of 41 Class I Mark I-E clusters fabricated for the PRTR. Seventeen
plutonium-aluminum alloy cored fuel elemerts remain to be fabricated as
replacements for the low exposure plutonium PRIR spike loading.
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PRTR Aluminum-Plutonium Fuel Element Inspection. Three plutonium spike
fuel elements were scheduled for inspection during the July 24 PRTR outage.
An element was chosen representing each of the three different types of
banding methods used or the Mark I-H at the present time; i.e., circum-
ferential strip band, circumferential wire band and spiral wire wrap.

Fuel element number 5075, in additicn to using strip bands, has special
end brackets with large Zircaloy pads to make contact with the process
tube and test wear rate between fuel element and process tube. This
element was removed from the reactor to permit borescope inspection of

the process tube for wear caused by fuel element contact. The following
notes were made while inspecting the three elements ir the PRTR basin with

an underwater periscope.

Fuel Element Number 5063. All three wire bands put cn during the remote
rebanding operation in the PRIR bvasin showed no change. Corrosion pits
under the original bands also showed no change. Hanger pin was clear of
corrosion and the safety pin was in place. All wire and pin welds showed
no white corrosion praduct. The top end bracket gussets which centact
the process tube shcwed no wear and were covered with black oxide.

Fuel Element Number 5024, This element used the spiral wire wrap banding
method which seemed tight and in good condition. No mars or scratches
were visible on the wire wrap. Some wire welds showed a slight white
ring around the ocuter heat affected zone.

Fuel Element Number 5075. This element had the strip type bands which are
put into the reactor unautoclaved. The bvands were in excellent condition,
no mars or scratches. The element evidently had not operated long enough
to form the black zirconium oxide because interference colors wére visible.
All spot welds were white indicating welding trouble. End obracket pads
were black and showed no signs of wear.

In general, all the fuel elements inspected in July looked very good with
the one exception of bad spot welds. This element was a special fabri-
cation using end bracket pads. The cause of the poor weld quality was
traced to a bad bottle of argon shielding gas, hence, one fuel clement

was affected. A new procedure calls for testing each new bottle of argon
gas used in wire wrapping aand assembly welding by making four sample welds
on a test specimen from each new bottle of gas. The test pieces are auto-
claved and inspected before the bottle is released for use.

On August 11, fuel elemert number 5074, wire type vands, was examined at

the request of PRTR Operations. The reactor was shut down after a pressure
drop increase was observed in the process tube contairing 507L. Nothing
was found which would explair tie increased pressure drop; however, the
wire wraps of the outer iuel element rods vers quite loose The three wire
bands were tight and the general ccacition orf tae cluster was good; however,
a l/8-inch gap could De seen betwesn tie spacing wire and the fuel rods in
several places. On August 16 and 17, tihrce “uel elements were inspected in
the PRTR basin. Number 504&. wire type bands, shcwed lcose spacing wires

1230144

UNCLASSIFTIED



UNCLASSIFIED A-25 HW-70872

a meximum gap of l/l6—inch between wire and fuel rod on all outer rods.
The three wire bands were tight and other parts of the cluster were in

good condition.

The next two fuel elements had been examined in July as reported earlier.
Number 5075, which has strip bands, was unchanged. All wires were tight
and the white corrosion product on the spot welds had not changed.

Number 5024, which used the spiral wire wrap around the cluster, now
showed a loosening of spacing wires on the individual fuel element rods.
The gap between the rod and wire appeared to be less than 1/16~inch;
however, the wire did not appear loose the full length of the rod. The
spiral wire wrap around the entire element was tight and in good conditionm.

No conclusions concerning the cause of the wire loosening have been made
at this time due to the complexity of the problem and the limited data
available. Preliminary calculations show the wires should tighten when
operation temperatures are reached. Several elements will be examined
at the next scheduled PRTR outage.

UO2-PuOp PRTR Fuel Element Development. Incremental loading is being
developed as a technique for accurately controlling the plutonium dis-
tribution along the length of UQOp-Pu02 type fuel elements. A manual
powder loading machine was purchased to obtain the accurate increments
required in the process. Test results indicated that the reproducibility
of the increments delivered by the machine were within the desired toler-
ance limits. The machine was adapted for glovebox use by the addition of
a filtering system. The filter adaption did not affect the accuracy of
the unit as shown below:

Increment Size Standard Deviation
13-17 g (-20 mesh UO2) 1.5%
2 g (-325 mesh UO2) 1.0%
50 mg (-325 mesh UOp) 2.5%

Comparable data for UQ2-PuQz mixtures will now be obtained.

An additional test was performed to determine the variation of -325 mesh
particles along the length of an element. Fused UOo was screened to
remove the -325 mesh material, leaving a coarse fraction of -20 mesh to
+325 mesh particles. Using the loading machine, a 1l5-gram increment of
the coarse fraction and a 2-gram increment of the -325 mesh material

were taken, mixed, and loaded in a tube. This operation was repeated
until 100 increments of each size had been loaded. The tube was then
vibrated for 20 seconds on a shaking table to consoclidate the particles.
The tube was then sectioned into five segments; the longitudinal variation
being determined by screen analysis.
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Results of this test are shown below:

% -325 Mesh Absolute Deviation % Deviation from
Section in Segment from Mean Composition Mean Composition
1 14.6 + 0.8 + 5.8
2 13.8 0.0 0
3 13.4 - 0.4 - 2.9
L 14.0 _ + 0.2 ~+ 1.5
5 13.3 - 0.5 - 3.6
Mean 13.8

The over-all percent deviation from the mean composition was 9.4% for the
incrementally loaded tube, as contrasted to over-all deviations ot 67%
and 97% for the first-tubes loaded with pre-mixed oxides.

Design work is under way on a glovebox extension which will provide nood
space for both the incremental locading and tiae decontamination of fuel
elements.

Internal craéking has been observed in the Zircaloy cladding of several
cold swaged test pieces. Destructive and nondestructive examination of

the claddingvis in prcgress.

Work is progressing on determining the quantity and identity of gases
contained in the arc-fused UQ2 feed material. The gas evolution apparatus
was calibrated. It is capable of accurately measuring an evolution of

0.2 cubic centimeter of gas at standard temperature and pressure. Cali-
oration specimens have been heated to approximately 1100 C. Temperatures
near 2000 C are expected with redesign of the induction coil and susceptor.
An optical pyrometer corrected for emissivity and absorption in the inter-
vening materiels is being used to measure temperatures. An automutic two-
color pyrometer will be utilized eventually.

Fuel Evaluation. Ten UC2-PuQ2 capsules are presently being irradiated in
the MIR. Jix are low-density (65 percent cf theoretical) specimens and
four are high-density (90 percent of theoretical) specimens. One high-

" density sample (GEH-14-86) was discharged during the month at the MIR -
Cycle 160 shutdown. This capsule was inadvertently inserted into the
position which was scheduled for GEH-14-68, a low-density specimen. As

a result the capsule was irradiated in a maximum thermal flux oi 0.57 x
10:* nv which was approximately twice the maximum flux requested [or the
experiment, 0.32 x 101% nv. This means tae maximum specific power would
have been on the order of 34 kw/ft and the surface heat flux on the order
of 780,000 Btu/hr-sq ft. The specimen was examined in the oasin at the
MIR and was found to be discolored and somewhat corroded. This U0 -
4.13 a/o PuOp specimen has accumulatod the requested exposurs (approxi-
mately 10,000 MWD/T) and is being transferred to HAPO for examination.
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A prototypical, nonuniformly enriched, incrementally loaded fuel rod

was fabricated by cold swaging. This element contained 63 U0z and

63 PuO2 increments. The fuel distribution pattern was calculated for
uniform power generation in the ETR. After swaging, the rod was cut

to obtain analytical samples.

Phoenix Experiment. Pre-irradiation reactivity calibration measurements on
the Phnoenix capsules have been completed in the Advanced Reactivity Mea-
surement Facility (ARMF). It was anticipated that irradiation of the first
specimen in the MIR would commence during Cycle 161. Because of the pro-
posed high heat fluxes on the samples, (about 1,000,000 Btu/hr-ft2), the
MTR Reactor Safeguards Committee decided that a hot-spot hot-channel
analysis was required. This will delay insertion of the first sample

until Cycle 162, which commences on September 5.

An ARMF calibration standard will be made for determining the amount of
shift in the neutron energy spectrum due to the presence of the samples

in the central measuring position. The sample will incorporate activation
foils which can be removed for counting.

Euratom Fuel Loading. Sixteen of the Buratom test fuel rods have been
completed and shipped. These each contain 18 pressed and sintered pellets
approximately O.373-inch diameter, 0.522-inch long. They are clad in
Zircaloy with an internal inconel spring assembly. The joint design on
the bottom end caps was modified to accommodate a fillet head weld. This
chenge was necessary to reduce the possibility of heat affecting the
inconel spring. X-ray inspection shows excellent weld quality in both
the fillet head welds and circumferential butt welds.

The pellets averaged G4 percent theoretical density. Analysis showed a
1.46 weight percent PuOp which was well within the specified concentration
limits. The average O/U ratio was 2.019. The isotopic analysis is shown
in the following table.

Buratom Isotopic Analysis

Isotope Atom Percent

239 79.863

240 17.099 * 0.036
241 2.983 ¥ 0.010
242 0.0553 * 0.0002

The final five rods for this loading will be completed within a week.
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U02 Fuel Development

PRTR Fuel Elements. Two PRTR 19-rod cluster fuel elements were inspected
during a reactor outage. Both fuel elements were representative of the
UO2 elements generating the greatest surface heat flux and both were in
excellent condition. There was no evidence of wire wrap loosening,
corrcsion, crud build-up, or surface damage.

A vibratiocnally compacted Mark II-C nested tubular fucl element is
scheduled for charging after the next outage. This fuel element contains
~~ 19% more UOp than a conventional 19-rod cluster fuel element.

Hot Swaging. Eighty 8-foot long Zircaloy clad fuel rods were hot swaged.
Additional rods are awaiting hot swaging. The fuel rods will be assembled
into 19-rod clusters for the PRTR and for PRCF experiments. Optimum hot
swaging conditions to achieve maximum density were established as 650-

700 C, with a feed rate of two feet per minute. Fuel rods fabricated
under these conditions consistently yield densities of ~92%.

Micronized UQ2 which was vacuum outgassed at 800 C for 24 hours was
successfully hot swaged. No fuel rod internal gas pressure problems
were encountered during heating of the loaded fuel rods to 800 C prior
to swaging. Low hot swaged densities (65-70% T.D.) which were obtained,
are the result of low tapped densities (30-35% T.D.) and insufficient
reduction of cross sectianal area.

The reduction necessary to achieve maximum fuel density in a 1.25 inch D,
0.035-inch wall stainless steel tube loaded with PWR-grade UOp (tapped
density, 49% T.D.) is being investigated. A reduction or 66% of the
original fuel rod cross sectional area by cold swaging produced a bulk U02
swaged density of 70% T.D. The stainless steel cladding thickness was
decreased by only 0.005 inch. Further reduction to 15% of the original
cross sectional area, by hot swaging is planned. The amount of residual
cold work in the stainless steel cladding after various reductions by
cold and hot swaging will be determined by hardness measurements.

Fused UO2. Vacuum cutgassing of samples of UQOp used in PRTR fuel
elements demonstrated that the volume of gas released at 1000 C is
insufficient *to cause excessive internal pressure in PRTR fuel rods. -
The reduction in UO2 particle size during swaging results in a greater
volume of gas being extracted from swaged than from unswaged samples.

The effect of exposure of unswaged samples of -2C mesh particle size

to air does not appear to be significant, but considerably more gas is
released from swaged samples expcsed tc alr for long periods than from
sealed swaged samples.

A similar effect is expected with other UQOp samples of small particle
size. For example, -100 meshk UCp (before swagirgz) probatly absorbed
a large portion of the extracted gas during the two years of exposure
to air.
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Electrodeposited UO2. Electrodeposited UQz from a 20-1lb batch prepared
by Chemical Engineering Development was crushed to pass a 6-mesh screen
and annealed in hydrogen at 1700 C for 12 hours. The particle density of
the material after annealing was 10.82 g/cc (98.6% T.D.) as determined

by mercury displacement. A representative sample was screened and blended
for vibrational compaction. The particle size distribution of the mixture
was 55% (-6 +10), 12.5% (-10 +20), 12.5 (-35 +65), and 20% (-200) mesh.
The average bulk density of the UOo vibrationally compacted in a 0.505 ID
Zircaloy tube was 89.3% T.D. (90.6% compaction efficiency).

Results obtained with this material further illustrate effects observed
using fused UQ2; viz., that the topological characteristics of the
material (particularly in the coarse fraction) significantly affect the
compaction efficiency that can be achieved,; independent of the particle
density as determined by fluid displacement. Metallographic examination
of representative particles of the electrodeposited UOp showed that some
particles have highly irregular surfaces, with open voids that can
apparently be penetrated by water, mercury, and other fluids, but not by
fine particles of UOp. N
Recent modifications of the "Salt Cycle" process have produced relatively
large crystals with low surface areas. This material promotes the high
compaction efficiencies () 93%) that can be achieved using UOp prepared
by high-energy forming or in some cases by fusion. Deposits of more than
100 pounds of UO2 are being produced in a single cycle.

Corrosion and Materials Studies

High-Temperature Qxidation Behavior of Zircaloy-2. The high-temperature
oxidation kinetiecs of Lot 1021 Zircaloy-2 have been determined in both
dried commercial 02 (at 50 mm Hg pressure) and HoO vapor (at 26 mm Hg
pressure), in the temperature range 500 to 900 C. The specimen and at-
mosphere in each run were heated from room temperature to test temperature
similtaneously in a preheated furnace. 2Zero time was taken as being that
time when the first weight gain was recorded; this occurred when the
specimen attained 500 C (epproximately). The specimen attained any given
test temperature within three or four minutes cf "zero time". Details of
the test conditions are important, as there are indications that seemingly
minor variances in procedure can lead to widely differing results.

The pre-breakaway oxidation of Zircaloy-2 in Op or HoO vapor in the
temperature range of 500 to 900 C more closely approximates a parabolic
rather than the cubic rate law characteristic of Zircaloy oxidation in
oxygen and steam in the lower range of 300 to 40O C. In the higher
temperature range, the high-temperature oxidation of Zircaloy-2 in Op
cont’irms to the rate law:

-27,800
RT

wh T = 3.4 x 107 exp t

where W = wt. gain, mg/dm®
t = time in minutes
R = gas constant,; cal/CK-gm-mole
T = absolute temperature.
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The high temperature oxidation of Zircaloy-2 in HpO vapor is given by:
w225 = 1.32 x 1012 exp ﬁﬁ%@ t

Both rates more closely approximate a parabolic than the cubic rate law
which is characteristic of Zircaloy oxidation in oxygen and steam in the
range 300 to 400 C.

In general, above 700 C the initial (pre-breakaway) oxidation in water
vapor is more extensive than in oxygen for any given time and temperature.
Below 700 C oxidation in oxygen is more extensive.

Oxidation kinetics at 700 C and 800 C in water vapor using a sample
brought to temperature in vacuo before admission of the water vapor con-
form closely to a cubiec, rather than a parabolic rate law, even for long
exposures. At 600 C, the two experimental techniques yield the same rate

law (parabolic).

Zircaloy Breakaway Corrosion Phenomena. The cyclic oxidation behavior of
Zircaloy observed in the above high temperature ‘oxidation studies in
either water vapor or Op is not as regular and clearly defined as that _
observed at lower temperatures (360 to 400 C). Oxidation in oxygen always
shows at least one well defined cycle; oxidation in water vapor may or

may not depending on the test temperature.

The time required to end the first cycle in Op oxidation in the range 625
to 900 C is given by:

log t (min) = 3.96 x 1073 T (°C) + L.k,
As the temperature is increased, the cytle time decreases.

When water vapor is the oxidant, the cycle time decreases with increasing
temperature to 750 C. At temperatures of 775 C and above the time in-
creases. For example, with water as the oxidant, at 900 C no breakaway
was observed at 1500 min, while at 750 C breakaway occurred at 90 minutes.
Though the pre-breaskaway oxidation in water vapor is more extensive than
in oxygen, the earlier breakaway in oxygen makes the over-all oxidation
more severe.

Specimens oxidized in HpQ vapor retain the black oxide film with some
lightening in cclor if a breakaway effect is observed. For example,
after 1500 minutes at 90C C, the sample exhibited a black oxide film
even though spalling (at the edges) had occurred. Specimens oxidized in
.oxygen rapidly develop a beige cxide layer.

Corrosion of Stainless Steels in Supercritical Water. Samples of Types
304, 406, 430, and Lu46 stainless steel along with ASTM grade 212B carbon
steel have been corrosion tested in the new supercritical autoclave
facility at 50 C and 1000 psi for 30 days. Preliminary information on
this test was presented in the June monthly report. At that time it was
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shown that alloys which contained a higher percentage of chromium had
lower corrosion rates. The present 30-day corrosion data have sub-
stantiated the previous results. The 406 stainless steel alloy with
13% chromium shows & penetration of 0.36 mil, compared with 0.0l mil
for 446 stainless steel with 27% chromium. The 304 and 430 stainless
steels showed penetrations of 0.29 and 0.31 mil, respectively. The
ASTM grade 212B was penetrated 1.5 mils.

With the exception of the ASTM grade 212B carbon steel, the alloys
appear to be corroding et a rate which is proportional to the log of

time. That is:

Corrosion = k1 log t + k2
(mils) (days)

where k) is the slope and kp is the intercept. The values of kj deter-
mined for the 406, 304, 430 stainless steel alloys are similar: 0.18,
0.18, and 0.19, respectively. By plotting corrosion data for an 18-8
stainless steel reported by Uhlig for a 300-day test in 595 C steam, a
value of 0.19 for k) is obtained, which is consistent with the small
temperature dependence reported for stainless steel in this temperature

range.

Corrosion of Copper and Silver in pH 10 Water. Four samples of copper
and two samples of silver have been corrosion-tested in 275 C pH 10
deoxygenated water because of possible interest in such materials for
fuel support surfaces. The pH adjustment was made with LiOH and the
vater was deoxygenated by stainless steel wool attached to the sample
holder. After 720 hours in test, none of the samples showed any mea-
surable weight change. The copper samples were slightly darkened, but
the silver showed no visual indication of any effect of the corroding
medium.

PRTR Process Tube Monitoring. The gas annuli for 82 tube positions in
the reactor were measured in December 1960, and the remaining three in
February 1961 as part of the PRTR tube monitoring program. Since then,
only selected tubes have been measured as fuel elements were removed as
part of the normal PRTR operating schedule. These gas annuli measure-
ments showed only tube No. 1857 to have a gas annulus less than the
mininmum value calculated from pre-installation measurements. Analysis
of the monitoring data yields the conclusion that the calandria is moving
slightly with respect to the process tubes. In the case of tube 1857,
with its built-in reduced spacing, the motion is sufficient to produce
an annular spacing that varies from essentially O to 100 mils.

A borescope examination was also made in a PRTR process tube after it
had been operated with a Pu-Al fue eme which the widt f th
il
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film indicated: (i) no apparent change in the original localized cor-
rosion marks at the top fuel element end bracket, and (2) a new set of
localized corrosion marks about three inches lower and having the same
general appearance as the original marks. No estimate of penetration
could be made because of lack of detail. The borescope has been equipped
with rediation-resistant lenses for the next examination.

Final drawings of the "Qmmniscope" type borescope having 180° hemispherical
viewing have been approved. Delivery is scheduled for the first part of
October. Drawings for the instrument probe insertion assembly for use
with highly irradiated process tubes have been completed, and the purchase
requisition has been forwarded to Purchasing for bid invitatioms.

Pre- and Post-Irradiation Evaluation or PRTR Process Tubes. Destructive
testing and examination are continuing on PRTR tube No. 1154, which was
removed from the reactor in July. Three areas of accelerated localized
corrosion at points where the fuel element end bracket supports contacted
the tube wall were replicated. The two areas at the lower end bracket
were 120 degrees apart and measured 3/32 inch wide by 5/8 inch long and

L to 5 mils deep. The section containing these two corroded areas was
burst at room temperaturc. The burst pressure was T450 psi. Inspection
of the burst section indicated the rupture originated 5 to 6 inches away
from the corroded areas and the crack passed midway between them.

The third replica of a corroded area at the top fuel element end bracket
support measured 1/16 inch x 1/2 inch, and between 2 and 3 mils deep.
Metallographic examination at this area confirmed the depth of penetra-
tion and exposed a layer of massive hydrides directly below the corrosi
mark. This hydride layer was 2-1/2 mils deep, but exhibited very little
diffusion of the hydrides into the adjacent metal.

The 33 PRTR replacement tubes have been ultrasonically tested for longi-
tudinal and transverse cracks, and dye-penetrant tested on the inner and
outer surfaces. Numerous dye penetrant indications were found and are
now being conditioned out.

Cne tube was found to have a minimm wall thickness of 0.143 inch which
is 0.013 inch under the specification of 0.156 inch. The thin wall
covers an aree approximately circular in shape and 1/2 inch in diameter.
Cne tube that had a dye penetrant indication on the outer surface was
being conditioned to remove the defect when a longitudinal crack was
exposed beneath the small indication. Ten mils were removed from the
tube wall without reaching the bottom of the crack which has a length
of two inches. Three tubes have passed all testing and are ready for
autoclaving.

PRIR Sheath Tubes. The development contract with Reactive Metals to
evaluate the eflfects of high amounts of cold reduction and low tempera-
ture annealing in producing an ultra-fine grain size in sheath tubing
1s completed, and *he 50 resulting 0.680 inch ID tubes have been re-
celved. Metallographic samples are being prepared. but results are not
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12 inches upstream and downstream from the defect (RM-618). Dimensional
chenges in GEH-14-46, a 15 w/o Pu - 12 w/c Si-Al alloy capsule, were
slight during irradiation, and no bonding occurred between the fuel core
and the Zr-2 cladding (RM-6T1).

The 30-mil ring of enriched uranium in Basic Swelling Studies samples
from GEH-1h4, 281 and 282 showed considerable evidence of swelling in its
scalloped appearance. The growth was only in the axial direction as the
copper cladding apparently restrained radial growth. Replicas were ob-
tained for electron microscope (RM-513).

Further details and interpretations of the above findings will be reported
in connection with the development programs served.

PLUTONIUM CERAMICS RESEARCH

Plutonium-Uranium Carbides

The compositicn/lattice spacing curves of PuC-UC alloys have recently
been determined via back reflecticn x-ray techniques. DPowdered uranium
carbide containing 5C.2 a/o C was mixed with Pu and C powders, pelletized,
and arc-melted three times. Two sets ol alloys were made up - one con-
taining 46.5 a/o C and the other 44 a/o C in the PuC phase. Lattice
parameters of arc-melted material indicated a maximum at 15 a/o UC and
thereafter a gradual decrease to 4.959 a.u. for pure UC. Annealing at
1450 C in vacuum resulted in lower values for the carbon-rich PuC-UC alloys
but still a maximum at 15 a/o UC. The carbon deficient PuC-UC alloys, on
the other hand, exhibited a uniform decrease in lattice spacing from pure
PuC to PuC - €0 a/o UC, while from this compositiocn to pure UC they were
constant at 4.959 A. The above data are preliminary because actual Pu,

U, and C analyses have not been made; nevertheless, the data support
earlier speculation on the existence or a solubility band of PuC-UC solid
solutions due to the defect nature of the individual carbide structures.

A cylinder of pure piutonium monccarbide was arc-cast. Resistivity and
bulk thermal expansion measurements will be performed after it has been
ground to size. It is presently planned, after a series of suitable
calibrations, to apply the Wiedemann-Franz Law to the resistivity of PuC
in an effort to predict its thermal conductivity. i

- Additional efforts to cobtain the zeta phase, Pu3Cp, via low temperature

anneals have proved unsuccessful, and it is evident that metallographic
observations are necessary. The recent initiation of high temperature
x-ray diffraction equipment should also aid identification of this
elusive phase.

Plutonium Oxides

A five-gram pellet of plutonium dioxide was melted in a tungsten crucible
in an argon atmosphere in order to obtain data orn Pu203+x(Pu01,62), The
sample was quenched frcm the melt and cn sxamination was found to be
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extremely porous, presumably due to oxygen evolution. The lattice
parameter, 5.406 a.u., was slightly expanded and the O/Pu was 1.70,
both indicative of an oxygen excess over the normal melted composition.
The structure was fluorite, however, with no indication of the type A
or C rare earth suboxide phase. High temperature x-ray diffraction
analyses are presently being performed in order to define the relation
between the oxygen deficient plutonium oxide and the thermal expansion
hysteresis seen at 650 C. Thus far, two excellent x-ray diffractometer
patterns have been obtained in vacuum at temperatures to 550 C. The
sample is bound to a platinum resistance filament with an inorganic
binder. Tungsten has worked quite well as an internal standard.

Plutonium Silicides

A stoichiometric mixture of PuOp and SiC was heated in a vacuum resistance
furnace in an attempt to form PupSi3. X-ray diffraction indicates the
product consists of PugSi3 Plus an unknown phase. Chemical analysis shows
that an excess of silicon is present. It seems reasonable that this
second phase is another Pu-Si compound since x-ray diffraction reveals

no S1i, Si0p, SiC, PuC, or PuOp. The melting point and density will be
determined.

Several arc-melting experiments were performed in an effort to form a
single-phase plutonium silicide. Chemical analyses of the products
indicate in each case, a loss of either plutonium or silicon. In one
case, Si and alpha-Pu powders were blended for 16 hours prior to compaction
into cylindrical pellets. Since PupSi3 was the desired product, the re-
actants were mixed in a 85/15 w/o Pu-51 ratio. X-ray diffraction analysis
indicates the product is largely PuSip. Agreement with the ASTM diffrac-
tion data card for PuSip is good. There are, however, a few additional
reflections which have yet to be indexed. The compound is body-centered
tetragonal and is isomorphous with ThSip. Chemical analysis will be run
during the next reporting period as well as density and melting point
determinations.

Thermal Emf and Electrical Resistivity

The apparatus for measuring thermal emf's and electrical resistivity have
been completed and placed in operation. Thermal emf's have been measured
on four different Pu-O compositions with the following results:

(1) Pubo o 25 Mv/°c
(2) Puoy, g7 60 Mv/°C
(3) Puop,g2 10 Mv/oc
(4) Puoy 35 . 8000 Mv/oC

With the exception of PuQ,, 92> the data fit a semi-logarithmic plot quite
well. All of these samples contalned considerable impurities and may
account in part for the anomolous results ovtained from PuOy gp. The sign
of the emf was also opposite from that expected, based on analysis of an
oxygen deficient compound.
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Electrical resistivity measurements have been made on 50 w/o UOp -
50 w/o PuO> and PuOp which indicate intrinsic activation energies of
about 0.90 eV and 1.75 eV, respectively. This should also vary with
composition and may be used to detect phase changes in this system.

PuQp-ZrOp_and PuOp-MgO Irradiations

Zircaloy-clad capsules containing fuel mixtures of PuOp-Zr02 and PuQz-MgO
are being prepared for irradiation testing in the MIR. Eight capsules or
each fuel material will be irradiated. PFive sintered and ground pellets
are contained in each sample. The effects of plutonium concentration,
center core temperature, and exposure will be investigated. It will be
possible to compare the effects of irradiation on the two different fuel
materials because they will both have the same number of fissionable atoms
per cubic centimeter and the irradiation temperatures will be comparable.
The sample compositions will be ZrOp with one and five mole percent PuOp
and MgO with 0.45 and 2.26 mole percent PuOo.

The PuOy-ZrQ, powders have been blended and pressed into pellets using

3 w/o carbowax as a binder. Analytical results on the 5 m/o PuOs material
indicate good mixing of the plutonium. Que of the ZrOz - 5 m/o PuOp
pellets was sintered in hydrogen at 1525 C for four hours. It had a
higher density than was obtained during previous work using a 20-hour
sinter in a helium atmosphere.

The PuOp-MgO powders have been blended by ball milling for 72 hours. The
MgO is hydroscopic making it necessary to dry the powder before it can be
used. Two Mg0 - 0.45 m/o pellets were sintered in hydrogen at 1525 C for
four hours to a density of 90 percent of theoretical.

Two defected Zircaloy-clad capsules containing pure MgO pellets were ex-
posed to 300 C water in a static autoclave for 24 hours. Weight gains
were observed as a result of increased moisture content; however, no
swelling or distortion of the capsules was observed.

In-Reactor Sintering Studies

The fabrication of the fuel core pellets for the in-reactor sintering
studies on UQOp-PuQp and the direct compariscn ol' the radiation behavior
of UOp-PuOp and enriched UQp has been temporarily delayed. The initial
lot of pellets was rejected because of laminations. Fabrication oif the
second lot is being stalled because of a breakdown of the hydrogen
sintering furnace. The capsules, originally ideatified as GEH-14-29, 30,
31, and 32, are now GEH-21-13, 14, 15, and 15, and are currently veing
considered fcr MIR Cycle 163 insertion (Sept. 25, 1961). ,
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3.

U02 FUELS RESEARCH

Fission Product Migration

Radiochemical analyses have confirmed the extensive relocation of
fission products in irradiated UQOs fuel elements as earlier revealed
by autoradiographic technigques which were previously reported.
Similar evidence of non-uniform location of plutonium was obtained.
Continued study is expected to provide data that will better relate
changes in basic properties (melting point, thermal conductivity,
ete.) of UOo to irradiation history and that will permit upward re-
valuation of limits imposed on the use of UOz fuel by accumulation
of fission fragments.

Electron Microscopy

Examination of the 1/2 inch diameter irradiated UOo test element
GEH-14-189, continued. Skills and techniques are being developed

to allow positive identification and examination of each zone across
a radius of the surface replica. Zones are about 1/6" or less

across and must be separated prior to electron microscope examination
to assure area identification and correlation with light micrographs.

Preparations were made for evaluation of an Image Orthicon television
system as an aid in electron microscopy. Tests are to be conducted
at a vendor's laboratory under similated microscope conditions of low
image intensity and contrast. Several physical arrangements for
transferring the image sigrnal from microscope totelevision sensing
elzment are being considered.

Tnermal and Elcctrical Conductivity

Curves for mest of the conductivity meesurements of the BMI/HLO co-
operative program have been prepared. Oxygen/uranium ratios are
being determined for all samples. Data received thus far show O/U
=< 2.002 for five non-irradiated sampies. If values for all other
samples are also in the range, O/U ratio can be eliminated as a
factor in interpreting conductivity measurements. Microstructures

ol samples used in the irradiated series are being studied. Corre-
lation and comparison are difficult because several different methods
were used for surface preparation oif the various samples, prior to
microscopy.

Materials

Fused UC2. A shipment of fused UQp was received which has an average
O/U ratio of 1.93 - 1.97. The low O/U ratic is caused by inclusions of
U metal in the UOp. Vacuum gas extraction analysis shows that the
material does not release significant quantities of gas when heated to
1000 C for 15 minutes. A volume of 0.09 2c of gas per gram of UOp was
collected. The material will be used for determining the effects of

UNCLASSIFIED

1230151



UNCLASSIFIED A-38 ' HW-T70872

U metal inclusions on the in-reactor behavior of the UOz. If current
specifications for fused UQo can be relaxed to permit some U inclusions,
the cost of preparing fused UQOp will probacly be further reduced.

Electrodeposited UOp. A 60-pound batch of electrodeposited UQp crystals
was received irom the Chemical Engineering Development Qperation. The
material was deposited from a KCl-PbClpy system in a single operaticn,
using recently enlarged facilities. A subsequent electrodeposition re-
sulted in an electrode deposit of greater than 100 pounds of UOy. The
individual cyrstals are much larger than those previcusly aveilable,
which were deposited from a KCl-NaCl system, and are being prepared for
fundamental studies.

Uranjum-Qxygen Phase Studies

Attempts to retain homogenecus UQo.; at room temperature have been
moderately successful. Disks 5/8" x 1/16" were cut from adjacent
positions in a 95% dense pressed and sintered pellet having an O/U ratio
of. 2.001. These specimens were heated to 2700 C ¥ 500 in approximately
20 seconds and immediately quenched to room temperesture. The furnace
atmosphere was helium containing 0.002% Op. Lattice parameter measure-
ments before and after heating showed a decrease in O/U ratioc to 1.997
¥ 0.002 in the annealed specimens. This departure from stoichiometry,
wiiile too small to be conclusive, indicates the existence or homogeneous
UOo.x at 2700 C.

High Energy Impact Formed UQp

Metallographic examination of high energy impact formed UQp samples com-
pacted in air at 1000-1200 C and heat treated after compaction revealed
that air trapped in the UQp powder caused the material to swell on heating
to 1300 C in hydrogen or helium. Voids formed in the UOp by the internal
gas pressure were concentrated at the center of the specimens in some
cases, indicating tnat some or the air escaped from the UQp near the
surfaces of the particles. Density decreased from 93.5 to 92% T.D., when
the UOp was heated at the rate of 200 C/hour. A final density orf 96% T.D.
resulted when the heating rate was 100 C/hour. Swelling was not caused
by excess oxygen in the UOp. The samples were made stcichiometric oy
hydrogen reduction at 800 C before heating to the higher temperature.
The reduction treatment did not change the density of the UQp signiricantly.
A sample of UOp gy reduced with hydroger at 800 C became stoichiometric
when heated in helium at 200 C/hour to 130C C, and its density decreased
from 98.5 to 91% T.D. Specimens compacted in vacuum did not decrease in
density when heated to 1300 C.
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BASIC SWELLING PROGRAM

Irradiation Program

The irradiation of general swelling capsules #7 and 8, each containing
three, axially split, hcllow uranium cylinders, is continuing at constant
temperatures of 525 and 575 C, respectively. These capsules have now
received about 60% of their gosl exposure. The annealing of the labora-
tory capsules is continuing, duplicating the temperatures of the in-
reactor capsules as nearly as possible. Capsules #10 and 1k are now com-
pletely assembled and are being bench tested. Capsule #10 shows an open
circuit between the heater lead and the sheath. Unless this can be re-
paired, this capsule will not e operated as a constant temperature
capsule. However, with but a very minor mcdification it can be used to
provide a much needed comparison between constant and cyclic temperature
irradiations. Capsules #12 and 13 were successfully bench tested.

Four unmonitored NeK-filled capsules each containing six cylindrical U-U
diffusion specimens have been prepared for irradiation. These were
sealed in purified helium. It is irtended that these capsules supply a
sufficient number of specimens for varicus post-irradiation annealing
studies. Fission gas diffusion from an enriched uranium shell into a
metallurgically bonded depleted uranium core will be studied by metallo-
graphic techniques. )

Post-Irradiation Examination

A solid cylindrical specimen of uranium, GEH-14-36, which had been ir-
radiated unrestrained in NaK at ¢ 200 C to a burnup of 0.26 a/o has been
annealed at 600 C for one hour. Tae specimsn is currently being polished
for subsequent etching and metallography. The porosity irn this specimen
will be compared with that present in similarly annealed uranium irradiated
to 0.29 a/o but at higher temperatures and in a restrained state. The
annealed specimen will also have its density determined and be examined
for crack formation as a consequence of the annealing treatment.

Electron micrographs have been prepared of uranium specimens irradiated

at controlled temperatures of 615 and 575 C %tc a burnup of .28 a/o,

at 575 and 550 C tc¢ a burnup of 0.C5 a/o, and at 330 and 260 C to a burnup
of 0.03 a/o, With the exception of the latter specimens, porosity was
observed in all cases. Select specimens were arnealed at €15 C and 575 C,
respectively, for 100 hours and are being reprocessed for hardness measure-
ment, density. and metaliography. The specimen irradiated at 575 C to a
burnup of 0.05 a/o and thermally annealed at 575 € for 100 nours showed

no change in microstructure from the original structure. The poresity in
this specimen was extremely heterogsneous - no fine porosity, only clusters
of relatively large pores, approximately 0.4 micron in diamster, with

large distances between clusters. Micrographs of all of the specimens

are being accumulated for determination ol pere size-frequency relationships.
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Pission Product Mobility

Efforts are continuing to determine the mobility of inert fission gases
in uranium. The "glow discharge"” release work has been temporarily
interrupted to redesign some of the equipment, but the feasibility study
of U-U diffusion couples that have a large concentration of fission
products in one-half of the couple is continuing. Two unmonitored NaK-
filled capsules, GEH-14-281 and 282, each containing a precharacterized
U-U diffusion specimen have been opened. The specimens have been photo-
graphed and the precharacterized surfaces replicated as irradiated and
after re-etching. Irradiation at temperatures below 600 F to 0.3 a/o
burnup (nominal in the enriched shell) has resulted in relatively no
change in the central C.1l5 a/o U-235 core, but considerable change in the
3 a/o U-235 shell. In the enriched shell of uranium deformation has been
so extensive that none of the Knoop hardness or Bierbaum microhardness
indents could be recognized. These two specimens are being ground and
polished fcr electron metallographic study of fission gas pores near the
U-U interface and for micrchardness traverses. They will then be used
to determine proper annealing times and temperatures for develcping
porosity. The specimens still appear intact across the U-U interface.

Restrained Irradiations

Swelling experiments on eight Zircaloy-2 clad uranium fuel rods witih
selected uranium temperatures, cladding thicknesses, and burnup are veing
conducted employing NeK-filled tempereture monitored capsules. Volume

and density changes in these rods irradiated in the MIR are being deter-
mined. Excluding two rods which have very low burnup, the uranium density
decrease appears to substantiate swelling data from previous irradiations
of Zircaloy-2 clad rods in NaK capsules. Above a temperature of approxii-
mately 350 C, swelling increases rapidly with increasing temperature. At
450 C the swelling is approximately eight percent per atom percent burnup.
Prom a comparison of the effect of cladding thickness on swelling decrease,
rods with nominal cladding thiclmess of 0.020 inch appear to swell less
than rods with nominal cladding thickness of C.030 inch. This is prob-
ably due to the fact that the thinner cladding results in a 30 C decrease
in uranium temperature in the 0.020 inch thieck clad rcd. This lends
credence to the postulate that Zr-2 cladding o.Zers little in the way of
restraint; although, admittedly, the difference in operating temperature -
makes a precise compariscn difiicult. Metallographic studies of the
uranium and cladding on several of these eight fuel rods is planned.
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5.

IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

In-Reactor Creep Measurements

During the month the heaters of capsule II-2 became inoperable due to a
loss of electrical continuity. The exact point of failure is not yet
known. The discontinuity may have occurred at the point where the heater
leads were silver soldered to the inconel pin of a helium tight header.
The techniques used in soldering resulted in a Jjoint which was not free
from flux. The combinaticn of the corrosive nature of the flux, high
temperature and nuclear environment is believed to have weakened the
joint. The loss of heaters of capsule II-2 eliminates the possibility of
creep testing. Both capsule II-2 and II-4 will be discharged as soon as
possible to allow cherging of a third generation capsule. The remaining
two second generation capsules will be used for ex-reactor tests parallel-
ing in-reactor tests of third generation capsules.

Capsule and Instrument Development

Capsule III-2, & third generation capsule having a 20% cold worked
specimen, has been checked ocut in the laboratory. The strain measuring
system, thermocouples, and heaters formed exactly as required. The
thermal transport was observed to be convection controlled, that is the
power required to maintain e given steady state temperature increase
with increasing helium pressure. At S00 psi, 460 watts were required

to maintain a temperature of 200 C. The mass of the section affecting
the specimen temperature is 480 grams. In a gamma field of one watt/gram
the capsule should then operate at a temperature a little greater than
200 C in absence of electrical power. Since 605 watts are required to
maintain e temperature to 245 C, the third generation capsule will be
capeble of creep testing at the lowest temperature of interest, namely
250 C in a gamma field of one watt/gramn The 2000:1 gear box used to
turn the micropositioner weighs 261 grams. In & one watt/gram ganma,
field, the gear box temperature is expescted to be considerably higher than
desired. Modification of the gear box to lighten all components and
provide for cooling of internal parts by convection was conducted. The
gear box weight was reduced to 165 grams and holes were drilled in the
housing to allow easy helium access to the box interior. The lightened
gear box will be installed in the next third generation capsule prepared
for charging. The gear pox from that capsule will in turn be mediiied
for use in the following capsule.

Pre-Irradiation Material Characterization

Determination cf activation energies for the creep of Zircaloy-2 has
continued. Activation energies found for annealed material at 412 C

and L3L C were 59,600 and 56,200, respectively. The extensive labora-
tory modification which has slowed this study is almost complete. Six
new precision creep machines were added to the laboratory during the
modification. These new machines will greatly accelerate the ex-reactor
creep study.
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6. GAS-GRAPHITE STUDIES

EGCR Graphite Irradiations

The H-3-3 capsule in wulcn EGCR srapaite is vednp irradiated was suc-
cessfully removed and reinstelled in tihe CETR dwiding tiue Cyele 26 shut-
down. This operation was required so that the guide tube wnich holds

the capsule could be reamed out at the lower end. With the capsule now
seated at the same reactor elevation at whicii H-3-1 and H-3-2 were ir-
radiated, the sample temperaturzs aie dupliiatiag previous capsule history.

Thie first tontavi~e 1lux monitor rasulis Jrom wue (U-5-2 capsulce conrimm

toe calcwlaved Jalucs -opowend Lag.s ncuod. Wi saseining Tlw: monitors
are presently opeing couted.

The H-3-FM flux monitor capsule irradisted during Cycle 24 in the B-7
position of the GETR has been disassembled. Neerly all the cadmium
covers on the uranium vials 1ad melted ond/or vaporized. All nine Ilux
LIS W2r2 recoelw “G (TO5IS SRl NOLIT 2wl wlaes. Moo oLl
Joo g Lo l/u LG LS SoURedlos Tl oL L W v i

LLALBe wad Sswdlul Zollds are clso VCiny el Wl

Coswustion Juxdies or EGCR Hazards Evaluation

A series of tests were conducted in the EGCR Burning Rig to test a fuel
channel mockup composed of EGCR moderator graphite and silicon carbide
coated fuel sleeves. The fuel sleeves in these tests contained stainless
steel ruel clement sheer pins and uncoated ruel element spider slots
milled on the inside o. the gruphite sleevcs, as required by fuel speci-
{ications. Results oi the tosis were as Zollows:

Air

licudimum Graphite Inlet Air Temperaturs ©C Flow Rate QObserved Rate of
zuperature (©9C) Annulus Center lo/hr Terperature Risc

620 60 - 260 378 -40 ¢/nr

620 60 400 136 -5 ¢/hr

555 100 320 287 +60 C/ar

L S Loo 100 +30 C/hr

s 100 320 186 - +120 C/hr

oy comparison of these resulls witu previous c:sults it may b2 concludad
taat coated grapaite sleeves witlh uncoaced positioning slots would be no
more resistant towards comoustion in tie EGCR tuan uncoated graphite
sleeves.

Irradiation oi EGCR Slesve Materials

Samples of Speer 901, EGCR moderator, and CSF grapnites were irradiaced
in ETR hot capsules. Irradiation temperaturcs were calculated to be from
1200 C tc 1400 C. Exposure was approximately 2.5 x 100 nvt, E >1 Mev
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(~ 5000 EGCR equivalent MWD/AT). Preliminary results indicate that the
G0l contracts slightly more in the parallel extrusion direction than in
the transverse; sinowing an anisotropy ratio (parallel/transverse) of 1.7.
EGCR moderator graphite contracts considerably more in the parallel
direction than the transverse and shows a ratio of 10. This ratio is
expected to decrease at higher exposures. Relative comparisons of
materials in the parallel direction shows Speer Q01 is about the same

as BEGCR moderator graphite and both are better than CSF. These samples
are undergoing further irradiation.

Thermal Cycling of Irradiated Coated Graphite

Five samples of Si-SiC coated graphite which had been irradiated to

3000 MWD/AT at 500 C have been thermal cycled in air from 250 C to

1200 C. All had received air oxidation tests prior to cycling. C-8 had
failed the oxidation test but was cycled to see the effect on a poor
coating. OSome coating disintegration was noted, but no large pieces
spalled off. Results are summarized in the following table.

Percent
Sample No. Cycle Time No. of Cycles Wt. Change  Remarks
M-11 117 hrs 824 + 0.003 Good
-C-5 96 " 670 - 0.002 "
c-18 103 " 779 + 0.0003 " _
c-8 g " _ 6L - 0.27 Failed (see above)

Graphite Compatibility With Helium Containing Water Vapor

Modifications to the "vacuum" balance are being made to enable a high
vacuum to be obtained for outgassing samples prior to testing. In the
meantime, determinations on the effect of temperature on mixtures of Ile,
CO and Hp are being made. The reaction:

CO + Hp = C + HpO

thermodynamically favors the right-hand side at temperatures below
approximately 675 C. There is some evidence in recent experiments of
increased water content in the exit gas aiter passing through an 330 C
furnace.

An apparatus employed to study the thermal reaction of graphite with
helium containing low concentrations of water vapor has been modified
for use in the investigation of this same reaction under gamma irradi-
ation. The equipment has now been installed in the gamma facility and
a test is under way with helium containing 430 ppm of water vapor.

Surface Complex Studies

Recent results have shown that the majority of the results previously
reported were due to a phenomenon associated with replacing one gas with
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another in the recording balance system rather than to an effect on the
graphite. Work is continuing in an effort tc establish what part of
the observed weight changes can be attributed to the graphite.

Effect of Impregnation on High Temperature Contraction

In a cooperative program with the General Atomic Division of General
Dynamics, the effect of impregnation and subsequent heat treatment on
the radiation stability of graphite 1s being investigated. Graphite
samples of parallel and transverse cut TSX, and parallel samples of
HLM-85, a candidate material for the HTGR, were included. Each sample
series consists of four samples. The first samples were taken after the
initial step of amnealing to 2900 C for 15 minutes. The second sample
was taken after two furfural alcohol impregnations with a 900 C bake
following each impregnation. The third sample was heated to 2650 C after
impregnation, and the fourth to 2900 C. A total of 24 samples comprise
this program.

All processing has been completed and samples have been loaded into "hot
capsules” for irradiation in the ETR.

Speer Carbon Company Contract, Chemical Additives in Graphite

Samples of ten graphites manufactured by Speer Carbon Company under the
above contract have been shipped to HAPO. They are being prepared for
irradiation to determine the effect of additives on dimensional stability.
Included in the samples received are a standard graphite containing no
additive, graphites in which 0.5, 1.0, 2.0, and 4.0 percent standard Fep03
was added to the base mix, and graphites containing one percent additions
of purified Fe203, FeO, FeEOu, FeS5103, and Fe. Eight additional graphites
are currently being graphitized and purified. They were mixed with one
percent additions of Crz03, CrCl3, Cuo, U203, Zn03, N1203, AlgO3, and AluC3.
Density determinetions made by Speer Carbon Compeny on the graphites con-
taining iron additions indicate a two percent addition of standard FepO
produced the highest demsity, 1.75 g/cc. Graphite with one percent additions
of purified and standard Fe203 produced densities of 1.66 and 1.72 g/cc,
respectively. Analyses of the additives revealed only trace quantities

of impurities in the purified Fep03 while the standard FepO3 contained
small amounts of SiQp, ZnO, Al203, PbO, and CoO. The impurities appear -
to have influenced the increase in density. Density increases alone have
not proven to be indicative of the dimensional stability of graphite when
the increases were attained by pitch impregnation. It will be of interest
to determine what correlation irf any exists between dimensional stability
and density gained by the use of additives.

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

Gas Loop construction is approximately 92% complete versus 995 scheduled
as of August 31, 1961. The J. A. Jones Company installation work is
approximately 92% complete versus 95% scheduled. Miscellaneous electrical
work and completion of insulation and framework painting are scheduled
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for next month, at which time the main loop will de ready for design
t2sts. The helium shroud coolant locp testing will bLe derferred until
after installation of the in-reactor prototype in B Cell. Imstallation
of the in-reactor section in channel 1542 depends on successful demon-
stration of the prototype, PRIR scheduling, and delivery or the main
blowers.

A visit was made by Mr. Neill and Mr. Dudley of ORNL to discuss design
parameters of the Gas Loop for consideration in possible future uses of
the Gas Loop Facility. The visit was arrangsd tarough the Civilian
Reactor Development and Research Division orf 100, AEC.

Testing of the prototype COp diaphragm compressor nas started.

GRAPHITE IRRADIATION DAMAGE STUDIES

National Carbon Company Contract

Samples of lampblack-based material, heat treated to a maximum temperatur.
of 1400 C, have been discharged after exposures of 608 and 1378 MWD/AT
while being irradiated at ebout 600 C. The contraction rate of this
materisl in both orientations was cuprosiiiztoly J.iL pti thoussad BED/AT,
or twice the iztc or similor mateiicl processed to 3000 C. Thcse results
cuerent previous dato indicating niga contraction rales in nongrapuitic
material under high temperature irradiation.

Parallel samples of anthracite-based graphite heat treated to 3000 C
displeyed dimensional changes similar to reactor grade materials after
the exposures cited above.

Hot worked grapaites or botl puruilel and Tronsverse orientations were
also included in this irradiation. As expected, an initial siigat ex-
pansion wes observed in both oritentations at the lower exposure.
Parallel samples contracted slightly aiter 1378 MWD/AT.

2 s

Irradiation Tamperatures in Cold Test Holes

Theimocoupls measuiements wele recentl; complovsd in Tiue cold test hole,
2B =t KE Reactor, uand results indicate taat grapalte sanple Lamperaiuris
are higher tihnan wile nominal 30 C quoted Jor this facility. Viigin
graphite samples reuched a tamperaturc of 50 to 60 C. Because the thermal
conductivity of irradizted graphite is lower than in virgin samples, the
temperatures of high-exposure samples should be higher by 10 C or more.

Soth stored energy and length change in graphite irradiated in cold test
.d0les have displayed a tendency to saturation. The irradiation of the
high exposure samples was started at 30 C. In view of the now higher
temperatures, it is likely that annealing of damage accumulated at lower
terperature accounts for part of the tendency toward saturation. For this
reason the saturation-stored-energy of cold test hole samples is probuoly
lower than the maximum stored energy for 30 C irradiations. Length )
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changes of cold test hole samples also are probably lower than length
changes which would have accumlated if the irradiation temperature
had been maintained at 30 C.

ALUMINUM CORRCSICN AND ALLOY DEVELOPMENT STUDIES

Aluminum Corrosion

Testing continued on the corrosion of X-800l, Zr-2, and sensitized 304
stainless steel at 300 C in water adjusted to a pH of 4.5 with HoMoOk.

The current test has been operating somewhat longer than 2500 hours,
although aluminum corrosion data are only available up to 1630 hours at
this time. The corrosion rate of the X-8001 alloy at 25 fps changed

from 0.16 mil/mo to 0.92 mil/mo after 825 hours. The corrosion rate at

4O fps has been 0.92 mil/mo since tegting began. Apparently the formatiod
of a protective film was prevented at 4O fps, whereas at 25 fps a protectit.
film was formed initially but changed in character after 825 hours. This
was borne out by the observation of loose, flaky films on the more
recently discharged coupons as well as lower film weights on these coupons
compared with earlier coupons. Total penetrations after 1630 hours range
from 1.0 to 1.2 mils at 40 fps, and to 0.7 mil at 25 fps. Comparison
data using high purity water at 300 C show & rate of 3.3 mils/mo and
indicate some inhibition is being obtained.

Evaluation of Nickel-Plated Aluminum in High pH Water

The test was terminated in TF-5, in which Ni-plated aluminum was exposed
to 290 C, pH 9.0 LiQOH water. After five weeks of operation, full pene-
tration of the can wall (0.045 in) was achieved. In general, sharp
corners and apparent coating holidays were penetrated and the underlying
aluminum was pitted. The 0.00l inch nieckel-plate was not greatly undercut
and the corrosion of the aluminum was not accelerated in these defect

areas. The nickel plating tested had received a two-minute heat treatment

in molten AlSi.

Revision of H-1 Loop

An order has been placed for the deionizers for H-1 Loop. After the
former KER pumps are installed, the loop will be available for operation
with nonfueled samples (coupons). A prelimirary testing program has
been drafted. The first tests will include a comparative evaluation of
alloys and a study of factors leading to deposition of films on samples
in the flux zone.

USAEC-AECL COCPERATIVE PROGRAM

The response of the ultrasonic test equipment varies with the physical
dimensions of the defects in Zircaloy sheath tubing; however, the exact
relationship between length, width, and depth of a defect and the response
of the instrument remains to be established. Several series of defects
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are being fabricated. One series of defects is being made with the
same depth and width but different lengths, another with the length
and width held constant but with different depths. another with
constant depth and length but with different widths, and a set with
the physical dimensions the same but with different orientations with
respect to the tube axis. The electro-Jjet machined grooves will be
replicated to assure precise duplication of groove shape to avold
uncontrolled variables. Using machined defects in the study of ultra-
sonics has raised the criticism that the shape and orientatlon are
different from real cracks. In an attempt to make a defect more nearly
like a crack, 0.680-inch ID tubing with machined defects will be drawn
to 0.495 inch size holding the wall thickness to 0.035 inch. It is
anticipated that the machined defect will close during drawing and
hence may moie nearly simuiate a crack.

IRRADIATION EFFECTS IN STRUCTURAL MATERIALS

As reactor concepts become more diversified, it is increasingly more
difficult to keep pace with the need for information about the effects
of irradiation on reactor stmctural materials. The purpose of this
program is to investigate the combined effects of radiation and reactor
environment on the mechanical properties of structural materials.
Special attention will be given to the determination of mechanical
property changes produced in metals by irradiation at elevated tempera-
tures in contact with water. Modification of the ETR 6x9 loop for the
purpose of this program was completed. A specimen assembly, along with
a mockup assembly fcr the critical facility, was delivered to the ETR
for irradiation starting with cycle 39. This cycle began late in the
month. The irradiation assembly conjpains 504 Zircaloy-2 tensile specimens
which were machined from rolled platve voth in the longitudinal and
tranverse directions. Specimens in the annealed, 10, 20, and 40 percent
cold worked conditions were inserted. Goal exposures range from

2.0 x 1019 to 1.6 x 10°2 nvt. As the Zircaeloy-2 specimens reach their
goal exposure, they will be discharged and replaced with types 348 and
304 stainless steel specimens, of which about 800 have been received.
Blanks for notched tensile and bend specimens have been cut for final
machining. The irradiation of these materials near 300 C will cause
some cold work recovery and structural changes due to temperature effects
alone. To duplicate the in-reactor operating history, thus divorcing
the neutron damege effects for study, arrargements have been made to
expose control specimens in an ex-reactor hot water loop. Additional
specimens for these tests are being prepared.

Low temperature irradiations are also inm progress on both notched and
uniform tensile specimens of Zircaloy-2 and tensile specimens of
zirconium - 2 Nb - 2 Sn alloy. Of the 19 capsules charged into the
ETR F6 and G6 positions, eight have been discharged, decanned by Radio-
metailurgy, and transferred to the 326 Building for testing.
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D.

RADIATION EFFECTS ON METALS - 5000 PROGRAM

Considerable fundamental information on the effects of neutron radiation on
metals has been accumulated, but only recently has it been recognized that
basic material parameters, such as purity, play an important role in deter-
mining the extent of property changes. Previous studies at HAPO have shown
that impurities markedly affect damage production and recovery in various
metals representing all three major crystal systems. The objective of the
present program is to develop & model which accurately describes the nature
of neutron damage in a pure body-centered cubic metal to determine how con-
treolled impurity additions alter this damage state, and to establish the
mechanisms of damage recovery. Molybdenum has been selected as a suitable
metal for initial study because a large proportion of damage is retained at
room temperature and transmutations and residual radiocactivity are minimal.
A number of single crystal and polycrystalline specimens containing known
impurity levels will be irradiated at ambient reactor temperatures, and the
following tests will be conducted: (1) mechanical property measurements and
determination of deformation mechanisms; (2) examination of thin foils by
transmission electron microscopy; (3) x-ray diffraction determination of
lattice parameter, line broadening, and extinction; (4) measurement of elec-
trical resistivity and macroscopic length. Kinetics and mechanisms of
damage recovery will be determined through the use of lattice parameter,
resistivity, and macroscopic length measurements. The recovery studies will
be supplemented by measurements of stored energy release frcm irradiated
polycrystalline specimerns.

A total of 225 inches of 1/8 inch diameter molybdenum single crystals of
various orientations has been obtained. Kcown amounts of carbon have been
added to these crystals, with carbon levels in three ranges: 10-30 ppm,
100-200 ppm, and 400-500 ppm. An order has been placed for thin foils of

the same composition. Work thus far has been directed at finding a suitable
technique for obtaining reduced sections on tensile specimens without greatly
disturbing the crystal. Electrolytic machining and mechanical grinding
followed by heavy etching appear promising.

Design of a differential calorimeter for stored energy measurements is
complete and construction is in progress.

Molybdenum foils, 0.003 inch in thickness, of nominal 99.99% purity have
been successfully thinned for direct electron transmission microscopy.
Disleocations and grain boundary structures are revealed, but dislocation
motion due to thermal heating stresses by the incident electron beam did

not occcur. Microtensile specimens for the electron microscope were prepared
with an available jig. Contrary to the behavior of similar aluminum speci-
mens, they deformed and fractured at the grip ends. A new jig is therefore
being designed for preparing tensile specimens. In lieu of availability of
the molybdenum foils on order, commercial grade (99.99%) foil specimens in the
as-rolled and vacuum annealed (at 830 C) state have been sealed in evacuated
capsules and submitted for irradiation in a Hanford Sncut Facility. These
foils will permit preliminary electron microscope study or the susceptibility
of molybdenum to clustzring of defects formed by neutron bombardment.
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E. CUSTOMER WORK

Radiocmetallurgy Service

The diameter of the second overbore element increased about 15 mils during
irrediation. In both elements the grain size of the uranium on the internal
surface was extremely small to a depth of 10 mils (RM41O). Failure of the
X-8001 clad, enriched production element from 2657 DR was caused by corrosion
which penetrated the sidewall in a hot spot (RM426). The ruptured element
from tube 2986 DR which was cracked transversely in several places was so
badly damaged that little information was geined from the examination. How-
ever, it was determined that the transverse cracks originated at the internal
surface and the metal quality was consistent with production standards
(RM427). A pin hole in the male weld was the cause of failure of the en-
riched bumper element from 2867 H (RM428). Nine samples were dissolved for
burnup analysis, one sample was dissolved for iron analysis, and fission
product gas was collected from six ceramic fuel components.

Metallography Service

Zircaloy-clad fuel elements exposed to a temperature of approximately 1300 C
for one hour exhibited different degrees of alloying between the uranium and
the Zircaloy, as reported last month. One of these elements had Leen closed
with a 5% beryllium-alloy brazed end cap waile the other had been closed with
a simple weld around the end caps. The uranium in the brazed element dis-
solved enough Zircaloy to make approximately a 2% Zr-U alloy. The uranium

in the other element dissolved very little Zircaloy and was still essentially
unalloyed uranium.

Uranium attack of the can and caps was much more severe in the cap region

of the 5% beryllium brazed element than on the welded element. Because of
the location and degree of attack, it was surmised that attack of the
Zircaloy was accelerated by the beryllium present in the braze regions.
Although this increased elloying attack thinned the jacket rather drastically,
it apparently did not contribute to premature failure in the furnsece test.

X-ray diffraction analysis of a zirconium oxide region in autoclaved Zircaloy-2,
which was exposed by mechanically polishing away the Zirceloy metal, is cur-
rently in progress.

QOther work during the month will be reported in connection with the respective
research and development programs served.

Semples Processed During the Month:

Total Samples 292

Replicas 19
Photographs

Micrographs - 391

Macrographs 80

" Electron Micrographs 198

X 669
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NPR Charging Machine

Installation of the mockup assemblies is 85% complete and testing of the
machine and components is 15% complete. Charging machine subassemblies which
have been operated include the cross travel drive, vertical 1lift, plug con-
veyors, idler rollers, transfer arms, and front drive rollers.

The main work during the month has been in wiring the electrical control

system which consists of six electrical cabinets with 225 relays, 150
indicating lights and 50 switches of various types. The electrical work

is 65% complete.

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

AUGUST 1961

FISSIONABLE MATERIALS - 02 PROGRAM

REACTOR

Optimization of Retubed C-Pile Iattice

The flnal6mater1al buckling for C-II-N fuel elements with air coolant is
11k x 10° The extrapolation lengths are 1.1 inches perpendicular to
the process tubes and 1.0 inches parallel to the process tubes.

Lattice Parameters for large Diameter Fuels

PCTR measurements have been completed for a 1.66 inch solid fuel element of
natural uranium in a 6.5 inch lattice moderated by graphite. The analysis of
the data to obtain k, and f is not yet complete.

An experiment to determine the reactivity worth of spline material is being
planned. The worth of the spline material relative to the worth of copper
will be measured at the position at which the cell was poisoned when its Xy
was measured.

Exponential Measurements of Large Diameter Fuels

The fractions and ranges of fast neutrons emitted by radium-beryllium neutron
sources were measured and reported by Davenport, Lynn, and Richey (BW-2620T).
The constants were determined by fitting a sum of three exponentials to foil
data taken between 10 cm and 75 cm from the neutron source. Cadmium-covered
indium foils were used as detectors. New fractions have been determined by
fitting the same data but including points up to 95 cm from the source. The
old and new fractions are given in Table I.

TABLE 1
Range 0ld Fraction New Fraction.
30.7T4 cm 3462 3244
43.24 cm 6416 6533
64.14 cm .0122 0223

/

PCTR Safety Specifications

Hazards calculations have been made for three different core loadings for the
PCTR. Integrated power levels were obtained at which various reactor components
would melt or vaporize in case of an uncontrolled nuclear excursion. The core
loadings considered were a natural uranium fueled core, a Pu-Al fueled core,

and an aqueous Pu sclution core. This work was done in support of the Revised
PCTR Hazards Report.

e 23017 o
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Exponential Measurements on N-Reactor

The material buckling of the natural uranium NPR fuel elements with water coolant
was measured in the condensed lattice exponential gile. The lattice spacing was
T7.56 inches. The final buckling is -177 £ 3 x 107 em™2. The extrapolation
lengths are 1.0 inches perpendicular to process tubes and 0.8 inches parallel

to process tubes. The buckling measurements involving natural uranium are now
camplete and are summarized in Table II.

TABLE II

Material Bucklings for Natural Uranium

Buckling (in. 1076 cm-2)

Lattice Wet Fuel Dry Fuel
Condensed -1T7T £ 3 - 178+ 3
Mockup - 95 2% - 93l

*An average of two independent measurements.

The measurements show that, within the uncertainties involved, the mockup and
condensed lattices are at "cross-over" for the natural uranium fuel elements.
The "cross-over" point is at that lattice spacing for which the buckling does
not change upon loss of coolant.

Two programs have been written for the IBM-TO90 to analyze exponential pile

control rod data. CCRE-I uses one-group theory and CORE-II uses two-group
theory. CORE-I i1s now in use and CORE-II is being debugged.

PCTR Measurements for N-Reactor

The peaking of the "1/v" flux near the end caps in NPR fuel has been measured
in the PCTR. The peaking is magnified by the presence of a 0.220 inch water

gap between the inner tubes of fuel in two adjacent fuel elements. Two series
of measurements were made: (1) with the end caps centered under a transverse
vent and (2) with the end caps centered between two transverse vents. The.

data have been reported in HW-TOT27. The flux peaking does not depend upon the
position of the vent. The peaking at the ends of the cuter and inner fuel tubes
is 23 percent and 44 percent, respectively.

Transport Theory Development Work

The S, analysis method for solving the multi-energy adjoint-and-flux transport
equation has been generalized to provide rigorous satisfaction of energy-
dependent albedc boundary conditions, by use of a chain-compounded nest of
three-pass radial-angular extrapclated-integration loops. Because widespread
difficulties in applying the S, analysis method to mirror-reflected cells have
been reported throughout AEC installations, the derivation seems worth summariz-
ing here, for immediste dissemination prior to ANS Jjourmal publication.

. DECLASSIFED -
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The method stems simply from the observation that linearly independent soluticns
of the transport equation can be combined linearly to obtain solutions satisfy-
ing pre-specified albedo boundary conditions; but the multi-dimensional intricacy
of the transport squation requires careful optimization of the mathematical

logic to eliminate the need for storing multiple solutions, tc minimize machine
time, and to avoid numerical instability.

The logic begins with inward integration of outward adjoint and inward flux,
and progresses to outward integration of inward adjoint and outward flux after
albedo reflection at the inner boundary surface. At the ocuter boundary, inward
adjoint and outward flux. re-enter three-pass loops, as illustrated in the Sj
flow chart of Figure 1:

out > Out
A A
o ®
Y » - Via
Flux . Adjoint

Figure l: Three-pass albedo loops, for §) angular basis.

On the firsﬁ pass through each loop, the outer boundary adjoint field
$*(I,n,1,M-m) and flux field ®(I,n,1;m) are set equal to the outer surface
source $,(n,1,m) (which is taken‘as zero if not provided as input):

1

¢3_“(}':;1;1;M-m) ¢o(n:l)m)3 . (la)
¢l (I,n,1,m) ¢o(n:l)m)° (1v)

The indices (1 = 0,I; n = 1,N; 1 = 1,L; m = O,M) label radii, energies, polar
angles, ond azimuthal angles, respectively.

ol the sceond pass through each loop, the emergent fields are multiplied by
the outer surface albedo Ag(n) and added to the outer surface source to form
the second entry field:

¢§( I,n, L, i-m) = ¢o(n11)m) + Ao(n) %(I:n;l;m); (22)
ou Lhe wuizd pass through each loop; the first two entry-exit surface fields

are coibined linearly to form the final entry fields needed tc satisfy the
specified outer albedo bcocundary conditions:

1230113
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p(I,0,1,8-m) = P(n,1,m) + A(n) $X(I,n,1,m)
- [¢o(n)l:m) + Ao(n) %(I;n:l:m) - ¢"2"(I;n;l,M-m)]2
/ [[¢o(n,l,m) + Ay(n) #H(1,n,1,m) - ¢5(1,n,1,M-m)]
- [%(I:n;l)M"m) = ¢o(n)l:m)]] 2 (3a)

#(I,n,1,m) = ¢o(n:l:m) + Ao(n) ¢2(I:ﬁ;l:M"m)
- [¢o(n:l:m) + Ao(n) ¢2(I:n)l)M'm) - ¢2(I;n:lxm)]2'

/ [[¢o(n,l,m) + Ag(n) #x(I,n,1,M-m) - ¢2(I,n,l,m)]

- [¢2( I,n,1,m) - ¢o(nyl:m) ] ] . (3v)

The analysis is availlable for external distribution, as a part of GE-HAPO prog-
ram S-X (Neutron and Photon Transport, Variational Optimum Formulation, Plane-

Cylinder-Sphere).
gi;gita.l ci-guter Programs for Reactor Analysis

The rough draft of the HFN descriptive document is about half finished. A
separate informal document(l » describing the generalized input routine used with
HFN, has been submitted for reproduction. Copies will be sent to all HAPO
FORTRAN users with the next issue of FORTRANSLATIONS. The card decks and an
abstract of the input routine have been subtmitted to the FORTRAN program library
in 713 Bldg.

Computer program FIT-l(E) has been modified to permit the solution of problems
using two very tightly coupled thermal groups, such as the absorption spectrum
model. Previously attempted runs using this model had driven FIT-1 into
unstable oscillations. Using HFN, it was experimentally determined that the two
thermal groups could effectively be partially decoupled by coupling each group
to itself (i.e., using a non-zero self-scatter transfer cross section, Zjj in
each group). FIT-1 was modified to accept the "self-coupling" cross section as
input, and both HFN and FIT-1 have successfully run absorption spectrum calcula-
tions.

Green's PFunction Treatment of Two Region Exponential Piles

Since the Hanford exponentisl piles have a fuel region distinct from a base
region, they are representative of a more ccmplicated exponential assembly than

(1) Liéley, J. R., "A Generalized FORTRAN Input Routine," HW-70893, August 29,
19 lo

(2) Lilley, J. R., "Correlation of Experimental Activity Traverses Using Few
Group Neutron Diffusion Theory - Ccmputer Program FIT-1," HW-698T1,
June T; 1961.
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the hcmogeneous type anelyzed previously. A first step in analyzing such a
pile is to represent it as a two-region assembly--a base region consisting of
moderating material having a characteristic diffusion length and a fuel region
having a characteristic buckling. The Green's function analyses for such two-
region assemblies have been campleted for both point thermal sources and point
fast sources. The fast sources were treated by age theory and the pile consid-
ered to be uniform for fast neutrons. The results are somewhat more compli-
cated than similar results for a single region pile. A thermal point source
type two-region correction is currently being used in analyzing pile data. It
is hoped that a fast source type two-region correction will improve the analysis
of experimental data and permit data from a wider region of the pile to be use-
ful. This would, in turn, allow more accurate buckling measurements fram the

same assembly.

Computational Programming Services

Debugging continues on the rewritten version of the General Atomics code,
KERNEL. Revisions were mede to VIOCL, the exponential pile data reduction
code, to permit the inclusion of data taken at uneven increments along the
vertical axis. A rough draft has been prepared of an HW document describing
the recent revisions to COFIT2.

Instrumentation

Except for a number of 329 Building 110 VAC power interruptions, the prototype
experimental Fast Scan Fuel Failure Monitor performed properly throughout the
monph, The ccmplete sample system was in operation.

Considerable data were obtailned for three types of fission neutron detectors,
which use U235 foils, for reactor use. Measurements were made of noise levels,
signal-to-noise ratios, neutron-caused pulses, and alpha-caused pulses.

A trip was made to GE-APED; San Jose; to discuss the muclear instrumentation
being fabricated for N reactor.

Twelve air monitors of the air-borne particulate fissicn product type;
developed for use at N reactor, were ordered. These will be fabricated by
Technical Associates; Inc.; as direct copies of our developed umit.

In preparation for the N reactor diffusion length measurements, assistance was
rendered to Operational Physics. IPD, concerning experiments to verify the

poison detection methods previocusly proposed, and a cost estimate for instrumenta-
tion was prepared.

Advice and assistance was given to Reactor Plant Design concerning bid reviews
and performance tests of equipment being offered for bid consideration for the
NPR Fuel Failure Monitor.

The optical readout traverse mechanism for measuring graphite distortion in the
0ld reactors has been completely assembled. Tests are being run to measure its
performance. Design sketches are being prepared for a traverse mechanism which
will use electrical readout transducers. Such a unit will make the traverse
measurements in less time. The design changes being made incorporate changes

e
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that will be useful in any other optical readout mechanisms which may be used

Two head units for the radiation ratio pyrameters for measuring graphite
moderator temperatures have been given thelr final calibrations. Both are
still very sensitive to focus adjustments. An attempt to use a ground glass
diffuser to reduce sensitivity to focus was unsuccessful because the diffuser
scatters too mich radlant energy ocut of the radiation beam. No test has been
made using a fleld lens in the place of the diffuser. A radiation ratio
pyrometer of completely different design 1s currently being tested. This unit
is expected to operate without any need of focus.

Systems Studies

Feasibility studies concerning an NFR Plant Simulator have continued in a
cooperative effort with IPD engineering and operations personnel. A document
has been drafted describing the uses and justifications, the facility require-
ments, and possible steps for procurement; and recommending authorization to
proceed with preparation of a detailed scoping study and proposal. Efforts
were made to obtain the excessed ANP analog computer equipment for the NPR
Similator, but word was received at month's end that it was assigned to Aero-
Jet-General Corporation for the muclear rocket program.

A meeting was called by Operational Physics Operation, IFD, to discuss equip-
ment requirements for the proposed autcmatic control experiment at 100-D
reactor. It was attended by representatives from Systems Research Operation,
HLO; Instrument Development Operation, IPD; and Operational Physics Operation,
IFD. Variocus methods of obtaining reliable equipment configurations were dis-
cussed. It was decided to attempt to purchase suitable multiple-winding
magnetic amplifier controllers for the measurement and control signal functions.
These units were recommended by Instrument Development Operation on the basis

of reliability, simplicity, and previous plant experience. It appears that

this type of control device can form the mucleus of a highly reliable control
system if it can meet the stringent repeatability requirements of the system.
Systems Research Operation has asked that tests be made as required to determine
that all temperature trip points set on the control units will be repeatable to
within 0.1°C for an indefinite period. If this degree of repeatability cannot -
be obtained with the proposed controller, a mill-operated bridge system, similar
to one proposed in HW-69851, may be required. Details on the method of actuat-
ing control rods have not been worked out. A general philosophy of cperation
was discussed but the details will be delayed until after the type of control -
device to be used is determined.

The xenon poisoning equation constants for both ground state and metastable
xenon have been determined and a stability study is being conducted using the
GEDA computer.

Analytical work on a reactor model for the spatial-dependent reactor kinetics

is complete. A report is being written and should be reedy for initial issuance
soon. When the initial writeup is complete, an attempt will be made tTO program
a simple reactor model for checkout and initial result purpcses.

The main analog program has been campleted for the NPR secondary loop. Sub-
programs will be wired to the main program to study scram transients and loss

wse  DECLASSIFIED -
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of load transients. The study will determine under what conditions instability
will occur, particularly due to the interchange cf energy between twe dump
condensers.

Work was resumed on the space- and time-dependent reactor speed-of-control
similation, using the EASE and GEDA analog computers. The reactor was simu-
lated as a side-to-side array of nineteen vertical slabs. This simulation
allowed investigation of local effects, including the effects of local VSR
malfunctions. The simulation was then changed to represent a reactor consist-
ing of a top-to-bottom array of nine horizontal slabs. This model affords
similation of VSR speeds and drop times. It 1s also possible to observe the
effects of safety rods going in only part way. Several power and fuel tempera-
ture curves were obtained and forwarded to the customer. Due to the time for
safety rods to reach the bottom of the pile, reactor power and fuel temperature
curves obtained with the top-to-bottom model were substantially different from
those obtained with other models. It is expected that a more realistic simula-
tion will bhe programmed and run as soon as additional computing equipment is
made evailable. )

A reactor instrumentation study was made to determine the effect of time delays
introduced by the instrumentation on the reactor ocutlet temperature as a func-
tion of reactivity. The study consisted of determining the maximum rate of
reactivity addition which could be introduced without allowing the reactor
outlet temperature to exceed & given value. This was performed for various
instrument delay times and for various settings of the scram trip point.

SEPARATIONS

Critical Mass E§Periments with Plutonium Solutioms

Critical mass studies were contimued with plutonium nitrate solutions in a
lhk-inch diemeter stainless steel sphere. The results of measurements ccmp-
leted during the month are summarized in the attached table. The critical
mass values are for the total plutonium including the Pu-240.

In each case the criticel volume and mass were determined from extrapolation
of neutron multiplication curves with the control and safety rods withdrawn.
For several different reasons. criticality was not achieved in these experi-
ments. In scme cases the critical volume exceeded the sphere volume of the
criticality vessel; and secondly, due to failure of the control rod drive
mechanism, the experiments were purposely restricted to sub-critical measure-
ments. :

During the critical approach experiment on August 8, the limit switch failed
to function prcperly as the contrcl rod was being inserted. As a consequence,
the screw drive for the magnet assembly became unthreaded at the gear bax.

In order tc effect repairs, the upper section of the control and safety rod
drive assembly were thea remcved and dismantled in the mixing hood at the
laboratory. Modifications are currently eing made to the limit switch in
order to prevent this kind of malfunction in the future. The control rod will
be reassembled; decontaminated, and installed, as soon as these modificaticns
have been completed. The control rod assembly was removed without spread of
plutonium contamination--an extremely difficult undertaking.
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Since the safety rod was working satisfactorily, approval was obtained to conduct
subcritical multiplicetion meas?rsments without an operative comtrol rod, pend-
ing re-installation of the rod.ll

The experiments were then continued under the operating limitations and instruc-
tions set forth in AW-66266 (Hazards Summary Report), HW-68857, and Authorizaticn
No. BA-CML~61-1, with the following special conditions:

1. The control rod was nct used.
2. The systems were not made critical.

3. The volume of solution in the critical assembly vessels was not at any
) time to exceed the estimated critical volume minus 0.2 liters.

Since the control rod worth was determined to be 0.2 liters of solu-
tion or less, the above limltation presented nc additional hazard.
When criticality was approached with the control rod in the solution,
the amount of solution added (near critical) also bad to be limited
to amounts less than the worth of the control rod. Therefcre, up

to a volume limit of 0.2 liters short of criticality, the suberitical
experiments were as safe as those in which the control rod was used
and criticality reached by withdrawing the control rod.

Several of the principal purposes of these experiments have been to determine
the critical concentrations in the full sphere and to obtain basic information
on criticality conditions as a function of concentration.

The most significant results tc date of these experiments have shown that the
critical volume is not a single-valued function of the concentration of the
fissile isotope when Pu-240 1s present in the system. This means that a given
volume may have more than one critical concentration. This multiplicity of
Just-critical values of concentration cccurs in the region (of the critical
volume vs. concentration curve) where the energy spectrum is shifting from an
approximately thermal spectrum to a very fast spectrum. As the spectrum
hardens, a larger fraction of the flux lies in the effective region of the
Pu-240 resonance;, i.e.. the Pu-240 resonance, when flux weighted,is a more
effective absorber. The critical volume, of course, decreases again as the
spectrum approaches that of an unmoderated (fast) reactor, and the Pu-240
resonance (at ~ 1 ev) becomes less effective. For a given volume there can
be as many as three "just critical" concentrations - separated by regicns of
concentration which are supercritical and subcritical.

For a ziven volume; the curve of critical volume vs. concentraticn has the
following genersl shape when ccnsidering the effect of Pu-2L0.

(1) Authorization No. EA-CMI~61-3, Request for Authorization to Perform Sub-
critical Multiplicaticn Measurements with the Control Rod Remcved.

e -
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Data Correlation - Development of Nuclear Codes for Criticality Calculations

Status of Camputer Codes

Two computer codes, the ATM-6 and TEMPEST, were placed into operation during
the month of August. AIM-6 is a multi-group diffusion code that will replace
the 9-Zoom code which is presently being used in the analysis of critical mass
data. The AIM-6 code will carry out criticality search onm the following
options: 1) buckling search, 2) dimension search, 3) poison search, 4) poison
boundary search, and 5) fuel loading search. Also, the code being written in
Fortran is more easily modified for our special problems. The TEMPEST II code,
a Fortran version of the SOFOCATE code, will be utilized to determine the
thermal group cross sections for AIM-6 and later transport calculations. The
TEMPEST II code will calculate a thermal neutron flux spectrum based upon one
of the following approximations: 1) Wigner-wilkins light moderator equation,
2) Wilkins heavy moderator equation, or 3) a Mexwellian distribution. The .
code will provide cross sections averaged over the tabulated flux spectrum.

Monte Carlo Calculations of ke for Hydrogen Moderated Systems of Three Percent
Enriched UOz

As reported in the July report, a tracing of 1,000 neutron histories in a
three percent enriched U0z system with a hydrogen-to-uranium ratio of 43.87
indicated that the resonance capture in U-238 exceeded the expected value by

a factor of two. The difficulty appears to be due to inaccurate cross section
data for U-238 stored on the HISMC data tape. This has been verified by a
camparison of the resonance integral calculated from resonance parameters for
U-238 and the integral determined from the cross section data on the HISMC
tape. A revision of these cross sections is presently being carried out to
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ccrrect this difficulty in the cross section data.

Criticality Hazards Specifications

1. Nuclear Safety in HLO

A spe igication weiver was approved for the Plutonium Metallurgy Opera-
tion.{1) The waiver permits the batch limits for the Balance and Mold
Ooutgassing hoods to be increased from 4.5 Kg of plutonium metal up to
7.0 Kg for a special series cf tests.

2. Nuclear Safety - Training and Education

Talks on nuclear criticality were presented to the Non-Metallurgical
Materials Development Group, HLO, and to the graduate students of the
1961 AEC Health Physics Fellowship Program.

Miscellaneous Experiments for Nuclear Safety Specifications

The analysis of the data frcm the measurements in the PCTR of the limiting
concentration, i.e., the concentration for which ke, = unity, of a Pu(N03)h
solution has been ccémpleted. As was reported previously, difficulty was
encountered in evaluating the effect of the stainless steel containers on the
measured reactivities.

A plct of A p versus the stainless steel thickness of the contaimment tanks
was used to correct the values of A p for the effect of the stainless steel
even though the long extrapolation makes the results doubtful. A least
squares fit was then made to the three points used in the plot of A p versus
stainless steel thickness, and the result of the fit agreed very well with
the extrapclated curve. The value of the limiting concentration (uncorrected
for the effect of Pu-240 and nitrate) is 9.7 t 1 gm/l.

In order to correct this value for the effect of the Pu-240, Pu~-241, and
nitrate present in the solutions used in the measurement, machine calculations
were made using the 9-Zoom ccde to determine the limiting ccncentration for
the experimental sclution and for a hypothetical plutonium-239 water solu-
tion. The experimental value for the limiting concentration was reduced by
an smount equal %o the difference in the twc calculated values to give an
"experimental' value of 9.1 £ 1.0 gn/l for the limiting concentration of a
piutonium-239 water solution.

Considerations are ncw being glven to a measurement of the limiting concentra-
ticn in the PCTR for a solid system using a mixture of plutconium axide and
plastiz, since in this case it would not be necessary to use stainless steel
contaimment tanks.

(1) Letter from P. F. Gast tc T. C. Nelscn, Nuclear Safety Waiver - 231-Z
Building, Juiy 19, 19f1.
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Mass Spectrometry

The heavy element mass spectrometer for this program operated routinely through-
out the month although about five operating days were lost due to real or
scheduled interruptions of electrical and water service. Isotopic analyses
were provided for ten plutonium samples for CFD.

A series of measurements was completed on the isotopic analyses of flve uranium
standards. The results of these measurements were statistically analyzed to
determine accuracy and precision of analyses performed on this spectrometer.
The systematic non-linearity of measurement of isotopic ratio was determined
to be of the order of one percemt for the extreme ratios of zero and infinity.
A quantitative measure of variability of an individual measurement and absolute
accuracy versus mass ratio was obtained.

A serious difficulty was encountered in attempts to perform isotopic analyses
on plutonium samples. This difficulty took the form of an extremely erratic
and unstable ion emission from the source. While the source of the instabllity
was not determined a procedure of operation was developed which provided stable
emission. Over a dozen anslyses were performed without failure on 0.05 micro-
gram loadings of plutonium samples using this procedure. Unfortunately this
procedure requires a much longer time per analysis than a corresponding uranium
sample so that the sample capacity of the spectrometer is reduced for plutonium

samples.

Instrumentation

Consultation continued on the tracer lathe control systems for CPD. The appli-
cation of our new transfer function analyzer has enabled us to measure accurately
the dynsmic characteristics of the amplifier and valve motor. It is now possible
to meesure phase shifts of two degrees where previously 30 to 60 degrees was

the limit of accuracy. Additional measurements are being made to determine the
characteristics of the remaining parts of the tracer control system.

Development and consultation for the Critical Mass Laboratory continued on a
buckling measuring instrument, low frequency pulse generators for reactor pulse
neutron tests, and a period calibrator for the reactor period meter. Main- -
tenance epgineering at the Critical Mass Lab concerned mostly the six chanmels
of instrumentation used for reactor control. ’

A new control rod drive system also was proposed for the Critical Mass Labora-
tory experiments. The system will use a Thyratron-controlled motor as a drive,
a magnetic clutch as a torque limiter and safety feature, and an existing
selsyn system for the position indicator. The presently used rod drive system
is inadequate.

NEUTRON CROSS SECTION PRCGRAM

Slow Neutron Cross Sections

Measurements of the Pu.259 fission cross section in the energy regiom of 0.02

to .05 ev were continmued. Thése measurements were made using a Ge(11%) crystal
reflection in order to study the accuracy with which order correctiomns could be
made using standard filter techniques. The order corrected cross section
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compared with the expected shape to within the statistical precision of the
data of about 2.5 percent.

Slow Neutron Scattering Cross Sections

The series of measurements to determine the spectrometer resolution and
efficiency functions has been completed. The data necessary for background
corrections were obtained for neutron energies of 0.05, 0.10, 0.15, 0.20,
and 0.25 ev.

Analysis of the measurements of the quasi-elastic scattering of neutrons of
0,147 ev energy frcm water is still in progress. The camputer program GAUSS-
FIT nas bPeen used to obtain best values of the megnitude and width of the
zssumed Geaussian quasi-elastic component of the scattering by the criterion of
least squares. The study of the effects of uncertainties in the non-elastic

background is incomplete.

Fast Neutron Cross Sections

The preliminary total cross section data obtained last month using the pulsed
source-time of flight technique with the Van de Graaff were subjected to
anelysis. In the preliminary measurements it was not possible to cbtain
reasonable cross section data for neutron energles greater than about 10 mev.
This effect resulted from the sharp peek in the Li(d,n)Be8 neutron spectrum

at about 14 mev. Instrumental instabilities caused a wide variation in
results in the region of the peak in the spectrum. Measurements of the total
cross section of aluminum from 3.5 to 10 mev were the only reliable data
obtained. Some 55 points over this interval egreed within the accuracy of the
date of about 10 percent with values reported in the literature.

The replacement of a faulty tube in the vernier chronotron during the month
resulted in a great improvement in channel width stability. Measurements which
were made showed a constant channel width within O.4 percent statistics for

200 usable channels.

The time-of-flight system was used to analyze a number of tritium targets pur-
chased by Radiological Physics. The increase in magnitude of the neutron
groups associated with the buildup in time of deuterium and carbon on the
targets was observed.

Instrumentation

The magnetic storage drum for the 1000-Channel Slow Neutron Time-of-Flight
Analyzer arrived after numerous delays. Tests performed to date show that
specificaticns are met or exceeded. All components for the analyzer have
now arrived. Read and write amplifiers for the magnetic drum have been de-
signed. A few will be fabricated fcr further testing of the circuits them-
selves and cf the drum.
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REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE PROGRAM

The Critical Facility of the PRP

A letter has been written to PRTRO. This letter describes the experiments
which are being planned for the Plutonium Recycle Program - Critical Facility
by Ruclear Physics Research. The preparations which are being made for the
experiments were also emumerated in the letter.

An order has been placed for a 5 curie (80 gram) Pu-Be neutron source for the
PRP-CF. The source will be purchased at the standagg price of $1125.00 and
will have a neutron strength of approximately 8 x 1 n/sec. The order was
placed with Nuclear Materials and Equipment Corporation, Apollo, Pennsylvania.

The possibility of procuring bismuth or lead-bismuth alloy tubes of various
thicknesses for shrouding irradiated fuel elements that are to be tested in
the PRP-CF has been further investigated. Information has been received indi-
cating that it 1s not feasible to extrude pure bismuth. However, there is a
possibllity of extruding a lead-bismuth alloy providing the bismuth content is
not too high. No problems are anticipated in extruding lead shroud tubes.

The designAdrawings of the safety and control rods for the PRP-CF have been
reviewed. Fabrication is proceeding on the basis of these drawings.

PRTR Startup

The results of the startup experiments which were conducted during Series IIT
have been analyzed. 'In addition, a summary which relates various Critical
Test mumbers, multiplication numbers, period numbers, and fuel loadings to
each other has been prepared for the Series III experiments.

A summary which relates the shim configuration numbers, multiplication
numbers, and the position of the shims to each other has been compiled for
all the tests.

Normalization factors have been measured for the string of BF: tubes which
were arranged vertically in the PRTR. These factors were used to correct the
vertical flux data. The data have been plotted and functions Y = A cos B(x-c)
which best fit the data were obtained for the cases for which there were no
shims in the reactor.

This set of results and summaries is being duplicated and will be distributed
in the near future. Another set had been distributed earlier. Except for
possible corrections, this stage of the analyses is complete. The formal
presentation of the results by the Physics Subcouncil remains to be done.

Low Exposure Plutonium Lattices

a. Folil Normalization Irradiations

An intermormalization of the variocus detector foils used in the Pu-Al
lattice experiments has been done on a rotator in a graphite core in the
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PCTR. The purpose c¢f this experiment was twofold.

First, it is necessary to have such a normalization in a known spectrum in
order to obtaln information about counter efficiencies and foll gecmetry
factors. This information is needed for the work directed at obtaining
the spectral varlation of 1 + @ which occurs upon poisoning a Pu fueled
lattice in the PCTR. '

Secondly, & recheck was needed of the internormalization between a set of
Pu-Al foils used earlier in the lattice experiments in order to clear up an
apparent discrepancy in the foil activity data.

In addition, an internormesiization was made between the various types of
copper detectors used in the enriched uranium dioxide lattice experiment.
These data are needed to correlate the flux traverses in the fuel, stain-
less steel cladding and end caps, and copper poison.

b. Spectral Variations of {1 + ) for Pu-239

Additional ggrk has been done during the month on determining the change
in (1 + a)2 which occurs upon poisoning a plutonium fueled lattice in the
PCTR. Absorption and fissicn rates for Iu, Cu, Au, and Pu-239 have been
obtained for Hurwitz flux and absorption spectra for the energy region in
excess of 1 ev. In most cases these rates represent small corrections to
the results obtained earlier for the energy region from 0.0 to 1 ev. Similar
corrections for energies greater than 1 ev have been obtained for the spec-
trum-averaged values of ¢, weighted with the Pu-239 fission cross section.

Pu-240 Effective Resonance Integral

Final specifications for the Pu-Al rods for the Pu-240 effective resonance
integral experiment have been delivered to Plutonium Fuels Develorment Operation.
These specificaticns are bvased on a very precise mass spectrographic analysis

by Experimental Nuclear Physics Qperation of the HX and IX plutonium which will
be used in the Pu-Al. rods.

Spectral Matching by Reactivity Measurements

Some experimental evidence has been obtained which indicates that it may be
possible to match thne meutron flux and/or the adjoint flux ratios at the center
cell and an adjacent buffer cell of a sample lattice by means of reactivity
measurements. If a lattice is pcisoned to unit multiplication and if either the
neutron flux or the adjoint flux ratic at some point in the central cell is
identical to the same ratioc at a corresponding point in an adjacent cell, then
the mismatch error in the inferred value of kex = k, - 1 for the lattice is
Zero.

The measurements were made in the PCTR using an oxide-fueled graphite lattice
poisoned to within akcut 4 percent of unit multiplication. The center cell

of the 3 by 3 array was a three-piece unit consisting of a central test section
and two end buffers. In the ideal case. if the lattice is poiscned to unit
multiplication; there should be nc change in the reactivity of the PCTR when
the central test section is replaced by a vacuum. In this experiment the multi-
glgcation was nct exactly unity and:. in addition, an air-filled cavity remained
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when the test section was removed. Thus a reactivity change Ap(cell) was
observed when the poisoned test section was substituted for the air-filled
cavity.

This change in the reactivity of the PCTR was first observed with the three-
Plece test cell positioned at the center of the 3 by 3 array. A full length
buffer cell (complete with grephite, fuel and poison) was next moved to the
center position and the complete test cell was moved to the unoccupied buffer
position. The reactivity coefficient of the poisoned test cell at the buffer
Position was then compared to its reactivity coefficient at the central posi-
tion. This procedure was carried ocut for two cases, onme with the flux ratio
at the center position matched to that at the buffer position and the other
with the flux ratio purposely mismatched at the two positions. The results are
shown in Table I.

TABLE I
Matched Case Mismatched Case

8pce11 With Test Cell (3.08 £ 0.05) ¢ (3.39 £ 0.05) ¢
at Center Position
Apcell With Test Cell (3.02 £ 0.05) ¢ (4.18 £ 0.05) £
at Buffer Position. '
Gold cd Ratio at 1.954 £ 0,016 2.08% £ 0.017
Center Position
Gold Cd Ratio at 1.967 £ 0.016 2.230 £ 0.018
Buffer Position
Change in Apce1l from (2x2)4% (23t 2) 9%
Center to Buffer
Change in Cd Ratio from (C.Tx1)% (T£1)9%

Center to Buffer

A theoretical justification and additional experimental evidence must be obtained
before it can be concluded that the equality, (Apcell)center = (Apcell)buffer’

is necessary and sufficient proof that either the flux ratios or adjoint ratios
are matched.

Neutron Sgectrum Studies

The Program LULU has, as its input, values of parameters which characterize the
lutetium isotopes. The parameters are coefficients of a polynomial which fits
& curve of spectral index versus the non-1/v parameter g and which fits a curve
of resonance integral ratios Rlet versus spectral index. These coefficients

RI
have now been determined. Fburegifferent curves of resonance-integral ratios
were used. BEach curve corresponds to a different assumption about how the dis-
tribution of slowing-down neutrons is joined to the Maxwellian distribution.
In addition, the coefficients have been used to generate a table of values of a
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particuiar function which facilitates hend calculations of spectral indices.

Effect of Absorbing Rod on Neutron Energy Spectrum

The study of the neutron flux near an absorbing rod with a Breit-Wigner resonance
continued. The analytical solution to this problem has been programmed in a

code called ARMIE III. A sample case has been solved of a 1.5 cm radius Pu-Al
absorbing rod, 1.8%, Pu-239 by weight, in s heavy gas moderator at a moderator
temperature of 300%K. The .297 ev Pu-239 resonance depresses the flux spectrum
in the vicinity of the absorbing rod by about 20% at the resonance energy, when
compared to the spectrum of a 1/v absorber having the same low energy absorption.

Round-off errors limit the usefulness of the program to values of E/T less than
12 for a rod radius of 1.5 cm, with the maximum E/T increasing with increasing
radius.

Ccde Development

The program which generates a 100-group cross section data tape from the RBU
basic library has worked successfully on several debug runs. The code will soon
be used to make a more complete data tape to be used with the C-6 slowing down
spectrum code. As & result of this work to obtain cross sectioms for C-6 from
the RBU data tape, a code now exists which will obtain either group averaged or
point cross sections given a completely arbitrary array of energies.

GE-ANPD Nuclear Data Tapes

Copies of the GE-ANPD 19-level and C-Fine nuclear data tapes have been made
available in the Hanford 7090 tape library. The 19-level data tape contains
the microscopic cross sections Ogs; £0g, Orrs Ogs and VOg, and the corresponding
macroscopic cross sections for a variety of isotopes, elements, compounds, and
alloys at 19 epithermal energies from lO7 to .0253 ev plus Mexwellian averaged
thermal group cross sections at 68 F, 500 F, 1000 F, 1500 F, 2000 F, 2500 F,
and 3000 F. The C-Fine data tapes contain the same five microscopic cross sec-
tions for certain isotopes and elements using several thousand epithermal
energy levels to portray the resonance detail generated by the Breit-Wigner
single level formulas. The contents of the 19-level tape are described in
APEX-515, XDC 59-11-72, and XDC 60-6-148. There are three C-Fine tapes: CFl
has 2759 epithermal levels; CF2 has 3615 epithermal levels; CF5 has 4968 epi-
thermal levels; each has thermal cross sections for the same seven temperatures
as on the 1l9-level tape. The contents of the C-Fine tapes are shown in Table
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The tape identifications in the TO90 library are shown in Table 2:

Material

No.

= | o FOViE

8

9
10
1l
12
13
1k
15
16
17
19
20
21
23
L2
43
4
L5
46
47
48
52
Sk
55
56
57

TABLE 1

Contents of C-Fine Tapes

Element o

T

Isotope

U-235
g(Bound)

Be
U-238

Flctitium
(gg=l, 0q=0, A = =)

Accumilat

ion

(og=0, ag(.0253

C

Al
U-234
U-236
Fe
N
Cr
Zr

Kb

Y

Mn

.Co

Ti

Mo
Li-6
Li
B-10

B
Xe-135
W
Th-232
Sm-149
Sm

Eu

Ga
Pu-2%9

ev)=l,1/v)

‘

R R B R ]

P Pd DA DA P D4 B 4
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TABLE 2

ANP Tape Identifications

Reel

No. Loc. Name

3671 981 19-level Hi-density

2028 982 . 19-level Lo-density

3091 983 CFlA Hi-density (Master CFl)

1642 984 CF1B Hi-density (working copy CFl)
2294 985 CFRA Hi-density (Master CF2)

3845 986 CF2B Hi-density (working copy CF2)
3995 987 CF3A Hi-density (Master CF3)

3933 988 CF3B Hi-density (working copy CF3)

The 19-level muclear data tape is required for running ANP program Go, & one-

dimensional, multi-energy slowing-down diffusion calculation (see below). The
C-Fine tapes are used with ANP program C-Fine, a slowing-down calculation with
fundamental mode buckling to account for leakage, and ANP program RAPT, which

computes group averaged albedos for rod, annulus, or slab geametry.

A comparison of data on the ANP tapes with data processed from the RBU basic
library will be necessary to determine where inconsistencies exist. For
compatibility, agreement of the epicadmium absorption and fission integrals
for infinite dilution should be a minimum requirement.

Program Go
This program, a one-space-dimension, multi-energy, slowing-down diffusion cal-

culation, was obtained fram GE-ANP and has been checked out on the Hanford T090.
It solves the coupled slowing-down diffusion equatioms.

- 1ligu) %[r;\'a ﬂru;r)} + [za(u) + D(u)li(u)] g (wr) = %({l)-f"zf(u) $ (w,r)au

- Oq(u,r)
Se T

Sa(u, , -
G ey - EeY g )

in slab (A=0), cylindrical (A=l), and spherical (A=2) gecmetry. Cross sections
are piece-wise continuous, but up to 50 material regions may be described. The
spatial solution, using standard difference techniques, will accommodate up to
500 lattice points. Continuity of flux and current is assumed at material inter-
faces and energy-dependent albedos are provided at the inner outer QJoundaries.
Two slowing-down models are gvailable: Selengut modified age | Y(u) = 1| , and
Coveyou-Macauley (or Wigner)| y(u) = g(u)j . Cross sections ih 19-energy detail
are read from the ANP 19-level tape (see &bove) and cambined with the appropriate
atomic densities or volume fractions to form the regional macroscopic cross
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sections. The program output consists of the fission eigenvalue, k; the
spatial distribution of fission density normalized to a volume average of
unity; the flux and slowing-down density at each level as a function of
radius; two-group activation integrals as a function of radius; and few group
constants for each region. Typicael running time will be around five mimutes.
The program requires tape units A-4, A-6, and B-5 for scratch tapes and reel
3671, location 981, (19-level muclear data tape) on A-5.

RBU

The first three test cases for the Monte Carlo have produced excellent neutron
flux spectra in the thermal region, using an improved flux definition. A
particle loss associated with floating number truncation has been corrected by
a half-word rounding routine.

An infinite homogeneous medium of Ey0, U-235 has been simulated as a separate
test case for the combined Monte Carlo, diffusion and burnup codes. No results
for this caese have yet been obtained.

Discussions concerning the use of measured differential cross section data in
the Monte Carlo were held with personnel of Phillips Petroleum Co., Atomic
Energy Dlvision. Assistance was given them in setting up an MIR test problem
for RBU. '

MXW

The MXW code has now been completely debugged and modified for increased speed
of operation and reduced input preparation requirements. The output of the code
is cross section data in the form required for MELEAGER input.

MELEAGER

Minor changes were made in the reactivity initializer subroutine to facilitate
its use in the “CHAINED MELEAGER" code. The chain consists of MELEAGER, Quick,
and Pure, linked together in such a manner that the physics results from MELEAGER
are the input for the econamics codes.

Instrumentation and Systems Studies

A 200-channel gamma analyzer was moved to PRTR tc facilitate studies and cor-
rective measures concerning the PRTR Fuel Failure Monitor. The analyzer is

now being checked to determine if there was damage incurred by the movement to
PRTR. Suggested modifications fcr the Fuel Failure Monitor are progressing
well. Probe terminaticns have been changed, cocling fans were installed, and
the input scan switch is heing changed. It is estimated that perfcrmance tests
on the system can begin in a month, '

A prototype general purpose scaler for the PRCF was fabricated and tested. The
design vas developed tc fill the need for a simple, dependable. but fast scaler
for routine counting tasks. The present prctotype features nixie readout,

printer reedout. cne microsecond pulse pair resolving time, and all solid state

or cold cathode tube circuitry. Whenever pcssible, commercially available module.
are used. The expected cost is less than $1.000. Long term reliability tests
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will be started soon.

Occasional assistance is being given in the adjustment and testing of the
periscopes in the PRTR fuel examinetion cell. Information regarding the
changing of the design drawing to As Bullts 1is being organized.

A circuit malfunction in one of the sensing units of the PRTR gas annulus
measuring equipment necessitated replacing both eddy current sensing coils

in the defective unit. After the coils were replaced, the calibration was
checked and the instrument found to be functioning properly. Design of a

new probe assembly which can accommodate a 0,.9-inch-diameter borescope is in
progress. Several possible designs are under consideration but further mockup
testing is required to select the design most capeble of providing the required
mechanical stability.

Fabrication of the ultrasonic probe assembly to be used in measuring the wall
thickness of the PRTR process tubes is approximately 95% complete. Fabrica-
tion progress was hindered considerably this month when the transducer holders
were sent to Technical Shops to be silver soldered into the probe body, and
were welded instead. The extreme warpage which resulted required that all
four holders be almost completely re-machined to restore the required dimen-
sionel tolerances.

A preliminary study of the dynamic characteristics of the PRTR deaerator

has indicated that the original design specified camponents which would not
provide a stable system. The system is being simulated on an anslog computer
for further study. The full problem has been programmed and patched. A one-
hour checkout on the computer wes obtained late in the month and two problem
areas 1ln the simulation detected. A simple model has been derived for use

in obtaining approximste controller settings. The simple model shows the
time constant of the valve controlling steam to the deaerator to be important.
This time constant is most likely too long at present. As yet no information
on valve constants has been provided by PRTR engineers.

The PRTR Gas Balance System Stability study has not yet been completed. Work
on the gasometer damping was continued. It appears that both static and slid-
ing friction should be used to obtain fully satisfactory results. A circuit
which will simulate both these tTypes of friction has been designed. An attempt
will be made to incorporate this circuit into the full simulation as soon as
computer time is available.

Two analog runs were made on the EASE computer of PRTR critical facility

povwer excursions for the purpose of hazards analysis. The analog circuit used
was the same as was used for previous studies. The circuit includes analog
memory and automatic computer mode switching, enabling the simulated reactor
to undergo power excursions of eleven decades without the necessity of reading
out the values of the delayed neutron groups and the fuel temperatures at the
end of each two decades. It is estimated that the use of this technique
resulted in a total computer operating time about one-fourth of that necessary
in the use of the conventional method.
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PHOENIX FUEL

mmosi __

An investigation into the use of "Phoenix Fuel" for water-moderated compact
power reactors has been started. It has been reported that reactors employing
Phoenix Fuel can be designed to have relatively fast reactivity curves over a
substantial portion of the reactor operating life time. Such favorable
reactivity behavior can, however, also be achieved by the use of self-shielded
burnable poisons in fully enriched, U-235 systems.

While there are some obvious disadvantages to the use of Pu fuel elements, three
possible advantages of Phoenix Fuel as compared to self-shielded burnable poisons
might be realizable.

1. Since self-shielded burnable poison specimens occupy substantial
volume, a core using Phoenix Fuel should have more "fuel meat”
volume available. In small, alloy cores, which are fuel limited,
this might be an important advantage. A corollary effort is also
the availability of more heat transfer surface in the core employ-
ing Phoenix Fuel.

2. The temperature defect in small, water-moderated cores employing
self-shielded poisons is very large requiring the availability of
extensive control rod blading to campensate for this reactivity
defect. A core containing Phoenix Fuel could have a substantially
smaller temperature defect and should, therefore, show an over-all
reduction in control requirements.

3. The Xe-135 defect in a core employing plutonium should be scmewhat
less than in the fully enriched core, implying a further reduction
in control requirements.

A camparison of the two cores based solely on control requirements is, however,

not sufficient. In addition, the control rod worth in the two cores must be
ascertained. This problem 1s presently under investigation.

NEUTRON FLUX MONITCRS

With assistance from QOperations Research, a camputer program was designed .
specifically for determining optimal Pu nuclide detector camposition. Required
inputs to the computer code consist of effective cross sections for capture
and fission of each nuclide and estimates of the relative amounts of each
nuclide required. The ocutput of the program code consists of a printout which
displays a set of compositions which are the best possible for a stated time
interval and a given latitude of sensitivity variation of the detectors to
neutrons.

The code was satisfactorily tested against one case of optimized detector
composition which was determined in a manner independent of the present ccde.
Subsequent use of the code will consist of verifying or improving composition
for actual tests. The code can also be used as a means of determining detector
camposition for a particular in-core location for any reactor for which the
in-core detector is applicable.
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Additional equipment has been received and personnel assignment changes have
been made so that active investigation of several possible new micrcwave tech-

niques for in-core flux monitoring may begin next month.

NONDESTRUCTIVE TESTING RESEARCH

Electramagnetic Testing

Detailed procedures have been outlined for designing and calibrating an
instrument for detecting small individual parameter excursions in the multiple
parameter eddy current test method being developed. These procedures are based
on the experimental determination of the loci of the response vectors in some
orthogonal signal space as the parameters are varied, one at a time. Plots of
the projections of these loci on the coordinate planes are used to compute a
transformation to oblique coordinates aligning themselves with the tangents

to these loci; then the instrument is experimentally calibrated to read out &
parameter variation along each coordinate. Though this method is suited to
any orthogonal basis, the first experimental work is being done using the four
dimensional space provided by the sine and cosine components of two separate
probing frequencies combined in one probing signal.

The assembly of test equipment for checking these procedures using a simulated
test specimen 1s essentially complete. The equipment includes (1) synchronized
100 KC and 10 KC generators, (2) a power amplifier for test coil excitation,
(3) the simulated test coils and test specimen, (4) an amplifier, (5) band-
pass filters for the 10 KC and 100 KC signal components, (6) a 100 KC 360
degree phase shifting device, (7) commercial amplitude-phase detectors, and

(8) summing circuitry to provide the required transformation of signal coordi-
nates.

The test coils and test specimen are being simulated using a multiple loop
type model comprising an exciting coil, a sensing coil, and four coils having
series plug-in resistances. The six coils are of equal diameter and are
mounted coaxially in fixed pcsitions. A second set of coils closely matching
the first set is used in conjunction with the first set to give a near null
signal cutput for chosen nominal values of coil loading resistances.

Measurements are now being made, varying one parameter (series ccil resistance)
at a time, from which the transformetion to the new coordinate system can be
computed. The summing circuitry for instrumenting this transformation is
complete except for four isoclating amplifiers, which are now being wired.

Following the evaluation of these procedures using the simulated test speci-
men, tests will be made using laminated metal specimens.

Heat Transfer Testing

A possibly new type of instrument fer quantitatively mapping the value of a
variable on a two-dimensional surface has been developed. The first applica-
tion will be in producing area maps of fuel element surface temperature during
heat transfer testing. However, it should also be possible to apply the instru-
ment in eddy ~urrent and wltrasonic studies. Values of the variable being
mapped are displayed as lengths of line segments plotted in positions on the
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clamping and rotating flat and curved Zircaloy plates. Fabrication will start
soon on a test tank and associated drive mechanisms similar to those used by
Canadian GE for production testing of tubing. This appears to be the most
favorable mechanical system for our first prototype.

A Curtiss-Wright Immerscope will be used initially for the electronic portion
of the prototype. The electronic and wltrasonic limitations of this instrument
are being evaluated. A preliminary check determined that the instrument meets

factory specifications.

Several series of reference "defects" in tubing are being fabricated by the
Structural Materials Operation for use in the experimental studies.

PHYSICAL RESEARCH - 05 FROGRAM

Mechenism of Graphite Damage

Measurements of electron radiation deamage to graphite continued. Preparations
were made for making annealing studies of resistivity changes in graphite up
to a few hundred degrees centigrade.

BIOLOGY AND MEDICINE - 06 PROGRAM

Atmospheric Physies

d
In Air Force supported programs, the first series of diffusion experiments at
Vandenberg Air Force Base, California, was campleted on August 4. A total of
fifty-two field trials were conducted using the Hanford Fluorescent Tracer
Technique, of which forty-two were subjectively assessed as successful, five
were marginal, and five were poor. Meteorological conditions embraced by these
experiments ranged from strong atmospheric stebility to strong atmospheric
instability with a range of wind speeds, and several instances of fog.

New information was obtained on diffusion and transport over rough coastal
terrain. Preliminary analyses of the data showed that the tracer material
passed over the ridges during unstable conditions but followed the valley con-
tours during stable conditions. Measurements in constrictions in valleys
showed that the air flow accelerated in the area of convergence with the
tracer plume becoming narrower in these regions.

All of the exposed filters were received at Hanford and were processed on the
Henford developed asssying equipment to determine the mass of zinc sulfide
material collected on each filter. Data collected during the earlier test
series at Cape Canaveral, Florida, were forwarded to the Air Force for further
analysis. Meteorological data collected in support of these experiments have
not yet been received from the Air Force.

A research team from the University of Michigan arrived at Hanford during
the second week of August to operate their raindrop spectrometer in conjunc-
tion with our experiments with precipitation scavenging of airbcrne particu-
late material from the atmosphere. The raindrop spectrometer was installed
and Hanford personnel trained to maintain and operate it for use during the
fall rains. An artificisl rain source located atop a ninety-foot pole was
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used for checking equipment and procedures and for conducting experiments to
determine the scavenging efficiency of individual raindrops on zinc sulfide
particles. Only one successful experiment was completed in ome week of trials.
Data from this experiment were being reduced at month end.

Two stable diffusion experiments were conducted during the month, both of which
were successful. Additionsl samplers providing time resolution of particle
collection placed on towers 3200 meters' distance fram the source showed pro-
nounced differences in tracer arrival and departure times at different eleva-
tions during the experiments. Also, changes in height of the tracer plume due
to transient changes in atmospheric stability were evident.

DOSIMETRY

Our previous studies of detection of the bremsstrahlung from P-32 in vivo
indicated thet maximum counting rates were obtained over the subject's chest.
Later studies showed that background counting rates in this position had wide
variations between individuals. Studies were begun in which the bremsstrahlung
counter was placed over the subject's head. Initial results indicate that
variations in the background counting rates are very much smaller. It may

be that these smaller variations will compensate for the reduced sensitivity
in this position to make it the desirable counting locationm.

Five different arrangements of scintillation counters were studied for use in
measurement of I-131 in humans. The best arrangement appears to be a pair of
2" x 2" or 3" x 3" Nal crystals placed close to the thyroid glamd. It is esti-
mated that activities as low as 30 pc could be detected reliably in this way.

While trying to make an array of 1/3" x 2-1/2" NaI crystals for low energy
gamma ray detection it was found that the crystals could not be matched because
of different absorption in the crystal containers. Attempts are being made to
obtain matched crystals. The background pulse spectrum from these counters
shows very clearly the effects of lead X-rays produced in the lining of the
whole body counter cell.

.The counter that has been in use for the detection of plutonium in wounds for

the past three years failed. It was found that the crystal had turned yellow.
A nevw crystal was found. It had a better reflector than the old one which re-
sulted in better resolution of the plutonium X-rays and also permitted better

measurement of the 6 kev plutonium X-rays. Measurement of the latter has al-

ready been shown to be useful in determining the depth of the plutonium in the
wound.

Training of a member of the Colorado State Public Health Department in whole
body counting studies was campleted.

The manager, Radiological Physics, attended a meeting of the ICRU ad hoc com-
mittee on quantities and units held at Copenhagen, Denmark. The committee
completed a report for submission to the ICRU. He also visited whole body
counting laboratories at Lund and Stockholm, Sweden and Leeds and Harwell,
England. The Swedes are much interested in high levels of Cs-13T7 found in
Laplanders and attributed to high activities in reindeer meat. His body
burden of Cs-13T was observed to have increased by 2 nc during the trip. This
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was attributed to a meal of reindeer meat that he ate.

The positive ion accelerator operated satisfactorily during the month. A
controller based on an incremental potenticmeter was installed that automati-
cally controls either a source holder or an instrument positiocner.

The neutron time-of-flight system was used to study the contamination of
tritium-titanium targets. When bombarded with deuterons these targets showed
neutrons from reactions with the tritium but also some from reactions with
deuterium in surface layers on the titanium or inside the platinum backing

of the target and from carbon deposits on the surface of the targets. In
some cases the contamination produced ebout half the totel number of neutrons
released. There were wide differences between different targets and between

different points on the same target.

Tests made with internal Pu-Be sources on the new precision long counter that
was Jjust delivered show this counter to agree with the original one to within

0.2 percent.

Development was completed of an IBM method of analyzing inverse square experi-
ments. All of the existing data for the precision long counter were recal-
culated by this method. The elimination of perscnal bilas resulted in slightly
higher estimates of uncertainty in some of the results. The rate of growth
of the neutron emission rate from the standard Pu-Be source used internally
in the precision long counter was changed from 2.6 £ 0.2 percent to 2.1 £ 0.5
percent per year. '

Attempts are being made to persuade NUMEC, the present supplier of Pu-Be
neutron sources, to set aside 1500 grams of high purity Pu-239 for making
standard neutron sources. It is hoped that isotopic and calorimetric analyses
can be made of this material periodically for a number of years.

Together with External Dosimetry COperation, a study was made of the angular
response of neutron f£ilm badges.

Precision long counter and double moderator measurements were made on five
plutonium sources supplied by CFPD.

The activation of the Sb-124 source was completed and the source was placed
in the gamma ray calorimeter. The half life measurements will extend over

a considerable time. A plutonium source was fabricated to permit calorimetric
measurements for comparison with mess spectrometer isotopic measurements.

RADIATION INSTRUMENTS

Except for cammercial chart recorder troubles, the complete experimental
prototype alphe coincident-count air monitor operated satisfactorily for the
month. Tests, again, indicate that the system will alarm properly for alpha
air concentrations of 2 x 107+0 uc/cc of Pu?39 within six to eight minutes
even under high Radon-Thoron conditions. The system will be ready for field
tests after the recorders are satisfactorily repaired.
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One experimental prototype pocket-size ilonization chamber register indicating
dosimeter was completed and tested throughout the month. This unit uses a
modified "pencil" dosimeter, transistorized pulse circuitry, a miniature
reglster, and a capacitor chamber voltage supply. As the pencil discharges,

the quartz fiber touches an incorporated quartz rod which automatically re-
charges the pencil and produces & pulse. The pulse is amplified to drive the
register. Tests indicate that each register unit equates to about 10 mr accumu-
lated gamma dose. By use of other types of modiflied pencil dosimeters, such as
beta or neutron sensitive, neutron and beta doge information can also be obtained.
Only a different pencil dosimeter is needed for such use, as the basic circuitry
is adequate for any such applications. Three more prototype units are to be
fabricated, including one for fast neutron use.

Development work was campleted on the alternate type of pocket dosimeter which
uses a modified pencil dosimeter wherein the quartz fiber is illuminated by a
tiny light. As the fiber moves during discharge, it passes a machined slit in
a metal cover. This effect causes a pulse in a detecting CAS cell,; and the
pulse, through transistorized circuitry, then activates a resonant air column
anmunciator. Proper charging of the pencil dosimeter, with a standard HAPO ,
pencil charger, can then be used to selectively produce an alarm for any desired
accumulated dose level fram 10 mr to 200 mr for the standard pencil unit. A

- second C4S cell is used in the unit to balance out temperature effects of the

" one detecting CdS cell. Laboratory tests, to date, have been satisfactory.

Continued development was made on a new type of transistorized pulse height
analyzer circuit. Temperature compensation circuitry was developed to permit
use of the unit from O°F to +140°F. Such a range will permit application to
field use instruments as well as laboratory types. Other circuitry work
included that of stabilization of a number of low power scaling circuits for
portable field instrument use. These circuits, with others, are being used in
an experimental field instrument for use by Biology personnel.

Discussions were held with interested Biology Operation personnel concerning
an instrument development system to completely automate the Biology Operation
Counting Roam. A proposal was made to include most of the detection and

analyzing counting systems now used.

An experimental prototype background suppression beta-gamma combined hand
and shoe counter, clothing monitor, and background monitor was completed,
tested, and installed at 105-D for demonstration and field tests. Tests to
date have been satisfactory, with the unit able to detect and alarm on stan-
dard Re (D-E-F) scurces even under high background conditions that "swamp
out", or render completely ineffective, the standard "FIVE-FOLD" HAPO hand
and shoe counters. The new prototype unit uses all scintillation detectors
apd is completely transistorized. In tests to date, the new unit has, con-
servatively, proved to be a factor of five better for hand and shoe monitor-
ing than is the standard HAPQO "FIVE-FOLD".

A noise suppression circuit for use with low-level, lcw-energy photon and
X-ray detection systems was partly campleted in development. Tests were
started with breadboard circuitry. The circuilt uses a gate to detect posi-
tive polarity noise signals and renders the regular ampliflier ineffective
for this signal. It has been noted that noise has, typically, both positive
and negative polarity characteristics; whereas the desired signal is only
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negative; Thus, proper gating should tend to reduce the noise level and improve
the signal-to-noise ratio.

Using a new fabrication procedure, eight experimental silicon surface barrier
diode detectors were fabricated and tested. For the smaller units of about one
cm@ area, resclutions (full width at half maximum) of about one percent were
obtained for 5.48 Mev alpha particles. Resolutions of two percent were ob-
tained for three cm? area diodes.

Definite improvements were made in the transistorized circuitry for the scintil-
lation combined alpha, beta, gamma experimental hand and shoe counter. Transis-
torized scaler units were substituted for the registers previously used for the
alpha chamnels, since the long dead time of registers effectively reduced the
alpha detection ability. Using the scaler units, for a 500 d/m Pu239 source
distributed over a 4-x-8-inch area, the indicated signal- to-background ratio
was 8:1 for a l1l5-second counting periocd. Thus, 100 d/m of Pul9 can easily

be detected and indicated above normal background levels. This is an improve-
ment factor of 3:1 over the previous system. For the beta-gamma channels, a
standard 22,000 d/m Ra (D-E-F) source distributed over a 4-x-8-inch area con-
sistently produces a signal-to-background ratio of 3:1 or better. After further
tests, the instrument will be taken to Purex for demonstration and field tests.

Tests were made, in cooperation with Atmospheric Physics, concerning a new
field type of zinc sulfide particle detection system for use in air particle
transport studies. A combination heating and uwltraviolet light activation
system was employed to enhance zinc sulfide particle light emission detected
with a phototube. General field tests using only the ultravioclet light for
activation indicated correct operation; however, the efficiency of detection
was less than one percent. A new unit is being designed to incorporate the
originally proposed idea of using a combination heater and ultraviolet light.

The Automatic Film Densitometer System modified and developed for Radiation
Protection Operation was completed, tested, and delivered. All system portions
developed by Nucleonic Instrumentation have performed correctly.

Extensive modification effort was started concerning the HLO Radiotelemetry
System consisting of 19 data stations, a repeater station, and the central
station located at the Atmospheric Physics building. Principal modifications
have consisted of chopper input changes, power supply modificatioms, 40O cps
generator changes, and some temperature stabilization. One modified data
station is ready for field test. In addition, the wind charger units are
being considerably modified for better performance.

Advice and assistance was rendered to Atmospheric Physics concerning the spec-
trometer instrumentation used for determination of raindrop sizes.

The Ampex tape transport mechanism purchased by Atmospheric Physics Operation
was shipped with the wrong type of record-playback head assembly. A replace-
ment assembly was received and installed. The tape transport mechanism was
then tested, using electronic ccmponents from the analog computer tape delay
units. Satisfactory operation was obtained.

Atmospheric Physics Operation requested assistance in determining the feasi-
Iﬁand cost of transmitting meteorological data from the present locatlon.
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to a proposed new site. Transmission of the data was found to be feasible
and a rough cost estimate was submitted.

WASHINGTON DESIGNATED FROGRAM

Isctopic Analysis

The mass spectrameter for this program provided isotopic analyses for program
samples and calibration standards according to goal schedules. Approximately
five operating days were lost due to real or scheduled interruptions in water

and electrical service.

Isotopic analyses were provided for four plutonium and uranium samples for FFD
and Plutonium Metallurgy.

TEST REACTCR OPERATIONS

Operstion of the PCTR contimued routinely during the month and there were no
unscheduled shutdowns. Most experiments were on a two-shift basis.

The investigation of the PCTR k, measurement technique was nearly completed
during the month. This experiment 1s being done by a consultant on the staff
of the Massachusetts Institute of Technology. It is the first time work in
the PCTR has been done on this basis.

The coarse face position indicator equipment was designed and ordered, and
should be ready for installation during September.

Two foil irradiations for calibration of LuOp foils were made in the TIR dur-
ing the month.

CUSTCMER WORK

Weather Forecasting and Meteorological Service

Consultation service was rendered on meteorological and climatological aspects
of 1) NPR containment, 2) NPR emergency systems, 3) large electrical transformer
operation in desert regions, and 4) exterior pipe and vessel painting schedules
for fall months. Precipitation summaries were prepared for Radiocecology studies.

Type of Forecast Number Made % Reliability
8-Hour Production 9% 87.0
24-Hour General 62 86.9
Special 194 89.7

A temperature average of 80.2 established the past month as the hottest August
of record. This replaced a previous mark of T9.4 set in 1958. A maximum of
113 on the Lth was three degrees higher than any previocusly observed August
temperature and was only two degrees under the all-time record high of 115 ob-
served in July, 1939. 1l00-F Area, which more nearly approximates the site of
the 1939 observations, registered a high of 120 on Angust 4 this year.

-
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Lightning strikes on the lith and 15th started numerous grass fires. As many
as thirteen separate fires were counted during one observation on the evening
of the l4th. Altogether, there were more than sixty fires which burned an
estimated 30,000 acres of the Hanford reservation during a three-dsy period.

Instrumentation and Systems Studies

Considerable effort was expended concerning the Columbia River Monitor for
RPO, HLO. Two probes vere water-jacketed to improve phototube stability at
the very low radiation levels being monitored (0-50 micro-roentgens/hour).
Noticeable improvement was apparent with the water jacket. New wiring,

signael cables; and input signael networks were installed. A new DC amplifier
was installed on loan to replace one defective amplifier in the system. The
only real problem remaining is that of the apparently unreliable 110 VAC power
situation at the monitoring house.

The experimental Field Instrument being designed for Biology Operation was
completed in fabrication and is now being tested and slightly modified for
fileld use.

Fabrication was continued on the electronic circuitry and detector portion
of the Automatic Laundry Monitor being designed for the Laundry Operationm.

Fabrication continues in the 328 Electronics Shop on two prototype transistor-
ized miniature GM survey meters with both count-rate meters and resonant air
column “speakers" for RPO, HLO. Fabrication also continued on two miniature
"palm-size" gross alpha transistorized monitors using silicon diode surface
barrier detectors for Finished Products Chemical Technology, CPD.

Modification effort continued on the FPD uranium surface contamination moni-
tor for NPR fuel elements. Efforts are being made to reduce the background
to provide better sensitivity.

Calibration of micro-displacement systems to be used by Physical Metallurgy
Operation for in-reactor creep measurements has continued during August.
Analysis of calibration data obtained during evaluation of a Schaevitz

DRS~100 system has been ccmpleted and the results incorporated into the evalua-
tion report, Physical Measurements Memorandum 61-18. A summary of results
follows:

Function Linearity* Reproducibility*

0.3 inch range

Indicator t 0.76% t 0.66%
Recorder t 0.80% t 0.40%
0.04 inch range
Indicator t 1.12% t 0.7h%
Recorder t 0.70% + 0.70%
0.004 inch range
+ 1.58% + 1.58%

l.liiirdicator

* Above figures are based on calculations using a 95% confidence interval.
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The over-all system performance, in addition to the requirement of transducer
accessibility for periodic aligmment purposes, indicates it would be inadvisable
to incorporate the Schaevitz Engineering DRS-100 readout system into the present
"sealed-capsule"” in-reactor creep measuring program. The reference system has
now been converted for use in calibrating a new Physical Science Corporation
0.030-inch-range transducer, but actual calibration has been delayed pending
delivery of the readout system, a Physical Sciences Electroamicrometer.

Optics

A total of 520 man-hours of shop work was performed during the five-week period
(Mly 30 to September 3) included in this report. The work included:

1. Febrication of camponents for the corner radius microscope to be
used by Finished Products Operation.

2. Repair of four camera shutters.

3. Mabrication of a wall thickness probe for PRTR measurements.

4. Cleaning and polishing of one lead glass window.

5. Repair of one boresccpe for IFPD.

6. Repair of one crane periscope head for Redax.

T. Evaporation of gold on silicon diodes for Nucleonic Instrumentationm,
HLO.

8. Assembly of one traverse mechanism.

9. Repair of one micrometer thickness gage.

10. Coating of ten lamps with stainless steel for White Bluffs Tube Shop.

1l. TFabrication of a set of three dydimium glass standards.

12. Fabrication of a set of objective lenses for the Lenox borescope.

13. Servicing of two Karea underwater viewers.

14. Pabrication of prisms for the corner radius measuring microscope, the

groove depth microscope, and a transit.

Physical Testing

Testing work contimuied at a high level this month with major emphasis on NPR
pressure tubes, PRTR pressure tubes, and fuel element sheath tubing. A total
of 9,040 tests were made on 6,077 items totaling 92,227 feet in length. Test
vwork included: autoclaving; borescoping; dimensional measurements (micro-
metric); eddy current; magnetic particle; penetrant (fluorescent 0.D. and I.D.);
radiography (gamma-ray and X-ray); stress analysis; surface treatment (alkaline
cleaning, pickling for autoclaving and conditioning, steam detergent cleaning,
and vapor degreasing); and ultrasonic (flaw detection and thickness measure-
ments). Work was done for 32 organizational camponents representing most of the
operating departments and service organizations at HAPO. Advice was given on
L1 different occasions on general testing theory and applications.

Only 85 NFR pressure tubes remain to be received on the order of 1,054. Almost
all of the testing work at present is concerned with conditioning work being
done on tubes that have been in a hold status. The vacuum-blast equipment

has been installed and preliminary runs made on a number of tubes. Satisfac-
tory operation on the 0.D, surfaces has been demonstrated. Two days' work time
was lost as a result of a work stoppage inveolving pipefitters.

s
1230202 ,



L B-33 | o ;W;TOP

Testing work on the PRTR spare pressure tubes is going foward. A preliminary
light pickle has been given all of the tubes to facilitate the penetrant exami-
nation. Fluorescent penetrant testing of the outside and inside diameter
surfaces of all the tubes has been completed. Conditioning work on those
tubes showing penetrant indications has been partially completed. Nine tubes
are now ready for autoclaving. Arrangements have been made with Kaiser Engl-
neers to have their operating people assist in the pickling and autoclaving

of the PRTR pressure tubes on a work order basis and scheduled in with KPR

pressure tubes.

Field radiography was conducted at PRTR, NFR, 1706-KER, and 105-KE. Ultrasonic
thickness measurements were made on a large number of vessels as part of a
pressure vessel survey &t the 100-F Area. Strain gage applications were made
on 1l05-KE rear face crossheaders as part of a program to determine the effect
of newly installed expansion Jjoints. Straln gages have been fabricated for
the 105-C overbore tube project.

Fuel element sheath tube testing is now receiving major emphasis with the
arrival on plant of sizeable amounts of tubing. Testing rates of 200 tubes
per week will be established as has been accamplished in the past to provide
feedback to the supplier.

The micro displacement readout system is now in place in the 306 Building
and is in operation.

Several jobs using the newly acquired 100-curie cobalt-60 gamma-ray source
were completed: A B-ﬁ—inch-diameter Zircaloy casting was radiographically

examined, a 6-inch-diameter heavy-wall stainless steel pipe weld was radio-
graphed, and enriched pellets imbedded in UO, samples were radiographically
located. ‘

In an effort to anticipate reactor rear face problems, the prototype ultrasonic
contact probe for testing Parker fittings was taken to the White Bluffs rear
face mockup for a functional test. Due to lack of space around the fittings,
the probe could not be rotated for a complete test of the fittings. At best,
only 1/5 of the fittings could have been tested. The probe has been completely
redesigned and two specially-mounted crystals were cbtained from Automation
Industries, Inc. The new probe assembly is complete but has not been tested.

ANALOG COMPUTER FACILITY OPERATION

Studies

The major analog computer problems considered during August include:
. NPR Plant Simulator

NFR Secondary Loop

Reactor Speed of Control

Reactor Instrumentation

PRTR Deaerator
PRTR Critical Facility
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Equipment Operation
Camputer operations were as follows:

GEDA EASE
154 147 Hours Up
22 21 Hours Scheduled Downtime
8 16 Hours Unscheduled Downtime
__9 _0 IJdle Time
184 184 Total Hours

Percentage of computer operation during the month: EASE 90; GEDA 80.

Maintenance

Since one technician has been able to devote nearly all of his time to the
maintenance of the computers, the EASE is now nearly 100 percent operational.
The GEDA still has a number of things to be worked on, but its general over-
all condition has improved.

In calibrating the operaticnal relays on the EASE, it was found best to build
up an oscillator circuit on the EASE computer and use its ocutput to calibrate
the relays for an optimm square wave output.

The oven conversion on the GEDA has been completed and all checks necessary
to determine the general condition of the computer have been run.

A large mumber of contacts were replaced on the patchbay and several resistor
cards were found needing adjustment.

A great deal of trouble had been experienced with the first ten integrators
on the GEDA. This problem was corrected when all the wiring between the ten
microfarad capacitors and the patchbays were removed.

INSTRUMENT EVALUATION

The rechargesble Ni-Cd battery tests have now cycled throughout 36 charge-
discharge operations with no change of battery performance.

One high-level, inexpensive, gamma dose-rate monitor detector consisting of
a CdS cell and a small terphenyl-in;rpolyvinyltoluene detector was exposed to
an accumulated gamma dose of 3 x 10! r before the CdS glass envelope darkened
and the response dropped. The organic detector was unchanged. IPD personnel
now want a similar unit except with good response to 2 x 10° r accumulated
dose. C(CAS cells with a flint glass envelope may solve the requirement; how-
ever, no such item is available to our knowledge.

All 50 high range (0-5000 r/hr upper range) CP-TP portable dose-rate meters
have been accepted for use. A slight amount of nonlinearity occurs above
about 3500 r/hr. Chamber voltage and/or chamber size modification will
alleviate this problem if it becomes necessary.
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Thirty Model II Scintran alpha monitor instruments, fabricated off site from
Nucleonic Instrumentation developed circuits, arrived on plant. Thirty
plastic-head alpha detector probes developed here were also fabricated and
received. Slight wiring errors, bad solder connections, bad high voltage
regulators, improper cable connectors, and missing diodes were among the
various troubles found and corrected.

The gamma compensated beta-gamma transistorized combined hand and shoe coun-
ter, clothing monitor, and general background monitor instrument was satisfac-
torily placed in demonstration field test service at 105-D.

- Pk Flact

Manager

PHYSICS AND INSTRUMENT RESEARCH
AND DEVELOPMENT

HANFORD LABORATORIES OPERATION

PF Gast:mecs
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 PROGRAM

IRRADIATION PROCESSES

New Production Reactor Effluents

The effectiveness of adding 10 ppm stable cobalt to mixed NPR decontamination
waste solution to promote the scavenging of radiocobalt was confirmed. No improve-
ment in the removal of radiostrontium or radiozinc was realized from this addition.
Thus, it may be desirable to add at least two salts to the waste, calcium for the
removal of radiostrontium and either 200 ppm Fe+2 or 10 ppm Cot2 for the removal
of radiocobalt.

Reduction of Reactor Effluent Contamination

Pressure drop across the screen in the inlet to the reactor effluent pilot scale
aluminum bed forced a shutdown to permit the screen replacement. A heavy mat of
algae-like material had nearly blocked the flow. Continued operatiomn of this bed
has confirmed that the plugging difficulty must be circumvented before such beds
can be successfully used for reactor effluent deccntaminetion. Samples are
currently being taken to permit the final evaluation of this method of reactor
effluent decontamination.

Laboratory research was initiated to evaluate the effectiveness of ground disposal
practices in the reactor areas. Initial work is on the effects of temperature and
pH on the sorption by soil of phosphorus, arsenic, neptunium, and chromium. These
date will provide information on the capacity of 100 Area soils for sorption of
the respective nuclides. The research will also provide information on anion
sorption reactions with soils, as some of the nuclides occur in this form.

Temperatures of water in wells located in tre vicinity of the Gable Butte-Gable
Mountain anticline indicate the presence of a definite thermal boundary. This
suggests a hydrologic separation of the waters north and south of the anticlinal
ridge. The warm ground waters detected in the vicinity of the 100 Areas 1is there-
fore assumed to be due primarily to reactor operations.

The sample handling and ion exchange components of the automatic arsenic monitor
were fabricated and the entire instrument moved tc the 1L6-FR Building where it
will be finally tested. A ten-day functional test of the forward and backward
scaling circuits and related timing functions showed the electronic system to be
reliable.

Uranium Oxidation and Fission Product Volatilization Studies

Tre analysis of data and final rough draft of a document {HW-T70652) on high tempera-
ture effects on prototypical NPR fuel elemenis were zompleted. Two conclusions,
not previously reported, made from addivional metallographic examinations were:
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(1) at 1200 C in an air atmosphere the 25 mil Zircaloy-2 inner caan wall would be
penetrated in approximately one hour, and (2) at about 1300 C the destructiom of
the Zircaloy-2 jacket by U diffusion becomes significant. Below this temperature,
oxidation of the Jjacket is the primary mechanism to cause failure.

Reactor Effluent Water Studies

Studies are continuing in laboratory equipment with the aim of firming up experi-
mental approaches to be taken in in-reactor equipment as this becomes available.
These studies are aimed at: (1) the acquisition of additional detailed analytical
data to further define the problem, and (2) the evolution of new approaches to the

solution of the problem.

For example, current studies are seeking to ascertain 1f any changes occur in the
chemical forms of arsenic or phosphorus on passage through the reactor which might
prove instructive in terms of inferring the mechanism by which these materials

are retained in the reactor. Likewise, analytical studies are being pursued on
current reactor water plant high alum tests. Study of these tests may prove
instructive in terms of explaining the fact that the water treatment is showing
amly nominal reduction in arsenic and phosphorus species in the reactor influent
water but substantial reductions in the As-76 and P-32 in the effluent water.

Other studies are aimed at effecting reduction in As-76 and P-32 by altered water
treatments yielding more effective removal of the parent materials and by intro-
ducing agents which will alter the reactor film in such menner as to reduce retention
of these parent materials in the reactor. Preliminary findings indicate some
promise for the latter approach in that substantial differences are seen in the

rate of removal of As-T6 when water of different trace composition is passed

through heated columms of aluminum turnings on which As-76 had been previously
sorbed.

SEPARATIONS PROCESSES

Disposal to Ground

The presence of Co-60 at a concentration of 2.6 x lO'6 we/ce in a depth sample
from well 699-54-57, 1.5 miles. north of 200 East Area, establishes the source of
the waste as the 216-BY scavenged waste cribs. These cribs were abandoned in
1956. Based on the existing knowledge of ground water flow, subsequent movement
of the waste should continue at a relatively slow rate.

Well 699-53-55, about one mile north of 200 East Area, encountered basalt about
150 feet deeper than predicted. This confirms the conclusions earlier reached
that the basalt surface in the north part of 200 East Area and north of that area
is considerably more irregular than previously thought, and probably extensively
eroded. The irregular surface will channel radiocontaminants now in the ground
waters into quite irregular courses. Wastes may be able to enter the basalt
series through erosion channels that possibly expose permeable horizons there.

Preliminary interpretation of ground water temperature data indicates that some
thermally warm water from the separations areas is moving southeastward, and may
have reached the Columbia River just north of the 300 Area. The ground water
temperature at the water table in wells in this area is 2-3 C warmer than that in
wells located north or south of the zone. A tongue of warm water also extends
southward from the 200 Areas to within about two miles of the Yakima River. The
temperatures measured in wells on either side of the buried Yakima Ridge anti-
cline am.ocation reveal the effectiveness of the ridge as a barrier to
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further southward movement. Directly scuth of 200 West Area the water in wells

north of the ridge is about 4 C warmer than thet in wells to the south. Farther
east this temperature difference disappears, probably indicating water movement

through breaks in the basalt anticline.

Jon Exchange Contactor Development

A study to gain more fundamental knowledge on the behavior of solid liquid systems
has been initiated. The first phase involves an investigation of how forces are
transmitted in an ion exchange resin bed. Data from the initial experiments lead
to the calculation of a coefficlent of friction for the 10-20 mesh resin-water
system from 4 to 30 times as large as a similar coefficient previously reported.
Three possible explanations of this discrepancy are: (1) a relatively large
quantity of fracitured beads discovered on subsequent microscopic examination of
the resin, (2) an improvement in technique in the present work, and (3) a signifi-
cant difference in the frictional properties of resin and containers.

The experimental eguipment included a screened piston in a 3-1/2 inch Plexiglas
cylinder. The screened piston was connected to & pneumatic piston which, through
controlled air pressure, provided a means for ottaining a constant "push" force

on the resin beds of varying heights placed in the Plexiglas cylinder. The pressure
drop across the bed was measured as water was passed down through the bed. The
water velocity was regulated to maintain a desired rate of piston travel.

An analytical expression was developed relating the average vertical stress required
to move a column of resin countercurrent to the flow of interstitial liquid as a
function of the height of the bed and the fluid pressure drop across the bed. The
development required the assumptions that (1) the coefficient of friction is
independent of the radial stress, and (2) the radial arnd vertical normal stresses
are equal.

WASTE TREATMENT

Batch Calicination

The batch calcination of simuiated, Purex high-level wastes was studied in bench
scale and pilot plant scale experiments. The investigations included solution
foaming and liquid level detection during the hoil-down step and internal pressur-
ization during the calcination step.

The waste composition which previously had exhibited internal pressurization in
2-inch diameter by 7-inch high pots was used as the fe=d solution for studies in a
L-inch diameter by 15-inch high pot and in a 15-irch high annular pot fabricated
from 6-inch and 3-inch pipe. In the i4~inch pot, & layer of solids rose approxi-
mately six inches to the top of the pot. Post-calcination inspection revealed a
6-inch high void section between two layers of calcine. In the annular pot, no
evidence of internal pressurization was apparent. A run reported last month using
this annular pot and the same feed composition gave similar results. Evidently
pot size and/or pot geometry is a facior in the geaeration of internal pressure
during the calcination step.

A high acid (6.2 M) simulated waste solution was used for a run in the 6-inch
annular pot to study foaming. Extensive foaming occurred during the toil-down
step and a reduction in the boil-off rate was required. Ag air sparge was used
to control the foaming but was only partially effective.
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As observed in a previous run, the presence of up to 0.075 M lead acetate did not
cause foaming or affect calcination.

A pilot plant run vas made using & pot 8-inches in diameter and 5-1/2 feet high.
A 16-inch diameter by 2-foot high disengaging section surmounts the pot and extends
out of the furnace. A fluorothene lid was used to permit visual observation.

The addition of feed to the pilot plant unit was continued until the nitrate
decomposition gases obscured vision. The furnace temperature was held at 500 C.
Pertinent observations were:

(1) The boil-off rate was uniform (1.9 liters/(hr)(sq.ft. of heated surface).

(2) Splashing became worse as the solution became more viscous. The pot wall
one to 1-1/2 feet above the liquid surface became coated with a l-inch
layer of solids. Some of the solution splashed up to the fluorotheme lid.

(3) After the solution was siphoned from the pot, & uniform, 1/2-inch coating
of solids was observed on the pot wall below the normal liquid level.

(4) There was a 8- to 10-inch layer of solids on the bottom of the pot.

In-Tank Waste Solidification by Submerged Combustion

The submerged combustion unit has been readied and has undergone about 6 hours of
operation with water during a famillarization run._ Operation was smooth and
uneventful throughout the test at a rate of 1 x lO6 Btu/hr. Tests of solidificatic.
of simulated Purex OWW (sodium carbonate solution) will be started shortly.

Waste Transfer

The mechanics of water-jet sluicing are being investigated in small scale studies
with 1/8-inch diameter flow nozzles and plaster of Paris targets. First results
show that the proportionate rate of material removal increases with flow rate and
decreases almost exponentially with target submergence. The studies will continue
to aid in interpreting data from full-scale in-tank sluicing tests.

Difficulties encountered in sampling Purex 241-A-103 waste sludge with a non-
rotating axially forced coring device have prompted investigation of a commercial
core drill. A soft steel rotary clay bit and special double core barrel will be -
used in the drill. Bit loading factors and coring performance (drilling plaster
of Paris) will be studied in 321 Building cold tests prior to "hot" sampling.

QOff-Gas and Condensate Treatment

Samples of the airborme effluent from a dry waste incinerator being tested in the
Z Area were analyzed for particle size distributions. The mean particle diameter
was found to be 0.9 microns upstream from the scrubber, and 0.5 microus downstream
from the scrubber. The mass distribution was computed, assuming the particle

mass to be proportional to the particle diameter cubed. The mean mass diameter
thus determined was 6 microns upstream from the scrubber and 2 microns downstream
from the scrubber.
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Experimental study of mineral bed decontamination of Purex Tank Farm condensate

was extended to the removal of radiocerium, as an example of the rare earths.
Results indicate that greater cerium removal by ion exchange is achieved when the
pH of the condensate is reduced to 3. at pH 9, radiocerium decontamination factors
were usually less than 2 with clinoptilolite, but at pH 3 both clinoptilolite and

a cation exchange resin gave decontamination factors ranging from 8 to 200. Cerium
tends to be peptized to a colloid in low-salt solutions at a pH greater than 3,

and may not be removed efficiently by ion exchange materials. The adsorption
capacity of IR-120 cation exchange resin for radiocerium from the waste (containing
0.002-0.012 M NH,*) is greater than that of clinoptilolite.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium-90 Program

Hot Semiworks Recovery - Approximately 300 kilocuries of Sr-90 were recovered from
a crude feed containing about 360 kilocuries during the third Hot Semiworks "hot"
run. The cerium in the product was about 30 to 50 percent above the desired speci-
fication, but all other contaminants were well below the desired maximum limits.
- Production of near product specifications in one solvent extraction cycle was
primarily attributed to the use of DTPA (diethylenetriamine penta-acetic acid),
as a rare earth complexing agent. Previous runs have used EDTA as a complexant.

During the run, continuous backcycle or "spin" of part of the product to the feed
was employed to reduce the final volume of product. The product, containing about
1l M citric acid, was then concentrated two-fold and stored to allow strontium
radiation to destroy the citric acid.

Out of specification product from previous runs was also reworked through one
cycle of solvent extraction to reduce the cerium contamination (about 7-fold
above specification). However, through operating difficulties, a cerium decon-
tamination factor of only about two was obtained.

At month's end agreement on product specifications was reached with the Martin
Company which allowed all of the product inventory of about 500 kilocuries to be
blended into one batch with a Sr-89/Sr-90 curie ratio of about 0.17 and a Ce-1hi/
Sr-90 curie ratio of about 0.002 as of January 1, 1962.

Other Filssion Product Recovery

Preparation of Cerium-Free Rare Earth Fraction by Solvent Extraction - A flowsheet
for the preparation of a cerium-free rare earth fraction from Purex crude which
appears operable in the Hot Semiworks equipment involves: (a) extracting calcium,
strontium and rare earths in the 1A column, (b) stripping strontium from the
organic in the 1B column, (c) batch stripping the organic with 1-2 M ENO3, (4)
oxidizing cerium in the aqueous phase with permanganate and batch eitrac%ing cerium,
and (e) batch stripping the final organic to remove cerium. The aqueous solution
contalning non-cerium rare earth would be treated with citric acid to reduce
permanganate and manganese dioxide to manganous. If necessary for use in the

325-A Building demonstration of promethium recovery by ion exchange, the rare
earths could be separated from much of the calcium and manganese by an extraction-
strip cycle.
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Simulated crude-cut solutions spiked with appropriate tracers and unwashed O. L M
DZEHPA-0.2 M TPB-Shell Spray Base were used in batch contact studies to determine
strontium, cerium and promethium behavior under proposed 1A column conditionms.
Acetate and EDTA were used to complex iron and lead. While distribution ratios
observed were generally lower than in previous studies with HEDTA, they were high
enough to indicate fair recovery of promethium at an aqueous to organic flow -
ratic of two. The data indicate a pH of 3.5 as optimum for the 1A column extraction
section.

Mini-mixer settler runs were then made simulating the 1A column conditlions con-
sidered optimum based on batch contact studies. Feed-to-orgenic flow ratio was
about two. The scrub solution was 0.25 M NaNO3 at a flow rate 1/20 that of the
feed. Three similar runs were made. In no ca3e was more than 25 percent of the
promethium extracted. No explanation bas as yet been found for this discrepancy
between batch contact and mini-mixer-settler data. At month’'s end, batch contact
data defining the effects of substituting citrate for EDTA are being obtained in
an attempt to find more favorable operating conditions for the 1A column.

The proposed extraction of rare earth elements as well as strontium and calcium
in the 1A column will result in increased solvent loading. To compensate for the
‘higher loading, it is proposed to use 0.5 M DZEHPA (vice O.4 M) in the sclvent.
The effect of this increased solvent concentration on the stripping of strontium
in the 1B column was studied in batch contact experiments. Although strontium
distribution ratios under 1B column conditions are higher at 0.5 M DZEHPA than at
0.4 M, they are still low enough that satisfactory stripping of strontium should
be obtained.

Studies were made to determine optimum conditions for the use of permanganate

for cerium oxidation. The procedure suggested by Butler and Ketchen [IXEC, 33,

651 (1961)] of ORNL was adapted to the present flowsheet. Solutions simulating
alM HNO3 strip of the organic phase after strontium removal were treated with
potassium permanganate. Following a "pre-contact" period, the aqueous was con-
tacted with organic extractant (DZ2EHPA-TBP-SSB) for a given time. Then citric

acid was added to dissolve manganese dioxide and reduce excess permanganate thereby
alding in phase separation. Cerium distribution was determined as a function of
permanganate concentration, "pre-contact" time, contact time, and time after
addition of citric acid. Cerium distribution ratios in the 100 to 500 range were
obtained with initial permanganate concentration of 0.025 M, pre-contact times of
Zzero to 30 minutes, contact times of 10-30 minutes, and times after citric acid
addition up to forty minutes. As proposed by Butler and Ketchen, cerium can be
stripped from the organic phase with nitric acid-hydrogen peroxide solutions.
Cerium distribution ratios (EJ) ranged from 0.004 to 0.025 in 20-minute equal-
volume contacts of the organic phase with aqueocus phases 1-2 M in HNO3 and 1-5
percent in 3202.

The aqueous phase remaining after cerium removal will contain calcium, rare earths,
manganous ion and residual citric acid. The feasibility of separating the rare
earths, in particular promethium, from calcium and manganous ion in a single batch
contact with solvent was examined. The best compromise in extraction conditions
appears to be a citrate concentration between 0.25 and 0.5 and pH between 1.5 and
2. A single equal volume batch extraction of the aqueous with 0.4 M DZEHPA - 0.2
M TBP - SSB should recover greater than 90 percent of the rare earths with manganou
and calcium decontamination facters of 4-6 and 1. 5-2, respectively.
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Purex Head-End Promethium Recovery - B Cell tests of the peroxyacetate precipitation
process (for the separation of trivalent rare earths from cerium) have established

a flowsheet for plant testing in early September. Radiation-induced dissoluticn

of the precipitate was found to be excessive in initial liter-scale 1WW ruas,

using flowsheet conditions developed in earlier work with cold or tracer level
synthetic feed (HW-62505). However, it is possible to overcome this effect by:

(1) using 1.2 M hydrogen peroxide in the initial precipitation, or (2) conducting
the initial prgéipitation with 0.4 M hydrogen peroxide and adding additional
hydrogen peroxide to the supernatanf at four hour intervals, beginning two hours
after the initial precipitation. Such treatment prevented dissolution of cerium
for periods of up to 50 hours. Either technique should be satisfactory for plant
use with the second probably preferred. That the observed decomposition of the
cerium(IV) peroxyacetate cake was due to radiation and not to a chemical catalysis
(by impurities present in actual 1WW but absent in the synthetic solutions) was
shown by the lack of any significant dependence of rate of decomposition on tempera-
ture. Present B Cell activities include repeating the modified flowsheet with

fresh 1WW (that used in the foregoing experiments had aged for several months ),
using lead carrier to improve promethium recovery, and testing a somewhat more
complex flowsheet which would yield three products--cerium, promethium and strontium.

Other experiments have been aimed at finding an alternate precipitation scheme for
cerium-promethium separation, while avoiding use of corrosive halides or of oxidants
which would volatilize ruthenium. Room temperature permanganate oxidation followed
by the precipitation of cerium(IV) hydroxide was scouted and found unsatisfactory.
Although cerium(IV) normally precipitates at much lower pH than the trivalent rare
earths, either it or Mno2 serves as a carrier for the latter.

Another scheme, the use of a mixture of dichromste and peroxide, shows promise.
The use of 0.02 to 0.05 M dichromate and 0.1 to 0.2 M HxO, at pH 4 to 5 results

in the precipitation of over 98 percent of the cerium while most of the promethium
stays in the supernate. The precipitate, believed to be a cerium(IV) peroxy-
chromate, filters or centrifuges readily and can be easily redissolved with dilute
nitric acid. Hot-cell experiments are pending.

Cesium Concentration for Shipment - A new high-integrity cesium-Decalso shipping
cask i1s under consideration. Due to the small size of the cask and the desir-
ability of large individual shipmerts, processing toc increase the cesium concentra-
tion and decrease the sodium-to-cesium ratio (relative tc neutralized Purex
supernatant) is required in order tc realize higher Decalso loadings. A laboratory
investigation has been completed to develop a process for doing this in Purex
head-end equipment. Cesium is precipitated from neutralized Purex supernatant

with a slight excess of nickel or zinc ferrocyanide and the precipitate centri-
fuged, washed and the cesium dissolved {as cesium carbonate) by heating with a
slurry of solid silver carbonate. The dissolved cesium is then loaded onto

Decalso for shipment. Details of the experiments; recommended procedure, and
effect of variables are given in an informal repor:t (HW-708T4). Nickel ferro-
cyanide was found to be somewhat superior *o zinc ferrocyanide arnd precipitated
approximately 99 perceni of the cesium in the pH range 9.7 to 10.4. Since the pH of
tank-farm supernatant is about 10.0 to 10.5, no acidification appears necessary.

A two-fold excess of silver carboratz was generally adequate for satisfactory meta-
thesis and the cost of reagents, since the reactions are very nearly stoichiometric,
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The capacity of Decalso for cesium was also measured as a function of sodium-to-
cesium feed ratio. The capacity at a 20,000/1 ratio (corresponding to 103-A
supernatant) is 0.43 grams Cs/liter of Decalso, about 30,000 curies for a 400
gallon STT. The capacity (for loading at room temperature) increases to a value
of 2.3 g/1 at a ratio 4500/1, 8 at 900/1, 23 at 100/1, and 90 at 10/1. These
figures show that heat transfer, rather than Decalso capacity, will limit the

size of individual shipments in the contemplated cask, since the sodium/cesium
ratio of the product from the carbonate metathesis is expected to be in the range
10/1 to 100/1. A decrease of scdium/cesium ratio to a value of about 1000/1 is
all that is required to permit loading 100,000 curies onto 100 gallons of Decalso.

Other experiments on the Decalso loading and ion-exchange processing of cesium
showed:

1. Cesium extracted from 103-A supernatant with a tetraphenyl boron-amyl
acetate solution can be quantitatively absorbed on Decalso directly from the
organic phase. Decalso loading could therefore follow a single-columm
solvent extraction without the necessity of a stripping column.

2. The sodium-cesium ratioc can be reduced to a value of 1000 or less (for
subsequent high capacity loading on Decalso) by absorption on a Duolite
C-3 column followed by elution with dilute acid.

3. The capacity of Decalsc for cesium is a function of temperature, low tempera-

: tures favoring absorption and high temperature favoring elution. The
capacities of Decalso for cesium (from 103-A supernatant, 50 percent
breakthrough) at 25 C and 9 C were greater by factors of 1.7 and 2.4,
respectively, as compared with a column loaded at 60 C. Present practice
is to load STT's at about 50 C (due to jet heating). An increase in
capacity could be realized by using a lower temperature, and any new cask
should incorporate cooling coils.

L. An increase in the pE of 103-A supernatant, by adding sodium hydroxide
equivalent to 0.25 g/l, increased the cesium loading capacity of Duolite
C-3 by a factor of 2.3 (in qualitative agreement with Chemical Effluents
Technology results). However, the capacity of Decalso was decreased. In
the case of Decalso, flow rate is also very ilmportant, low flow rates
giving the highest loadings.

Phosphotungstate and Phosphomolybdate Precipitation of Cesium - A series of
scouting experiments have been initiated to determine the applicability of phos- -
photungstic and phosphomolybdic acid for the precipitation of cesium in various
Purex process streams, particularly from highly acidic solutions where other
carriers are ineffective. The effects of nitric acid, sodium nitrate, sodium
nitrite, ferric nitrate, temperature, time of digestion, and amount of precipitant
were investigated in these experiments. Both phosphotungstic acid (H PWIZOuO.XHQO,
MW ca. 3200) and phosphomolybdic acid (HﬁPNbloO3u-2h HoO0) were effective carriers
over a wide range; howvever, phsophomolybaate wa5 poorer than phosphotungstate by
a factor of about two and the precipitate was much slower in forming, requiring
over 16 hours for completion. Therefore, phosphotungstic acid appears to be
superior for all applications. Excellent cesium precipitation (losses <1 percent)
were observed from a 4 M HNO, to pH 7, using as little as a two-fold excess of
phosphotungstic acid over thé amount required for the tricesium salt. If these
promising results are borne out by experiments with synthetic and actual 1WW, it
would appear that phosphotungstic acid could be used effectively for the removal

of ces%ﬁ acidic 1WW.
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A-Cell Operations - Strontium-90 which had accumulated in a waste cask (effluent
from HAPO-IA Decalso loadings) was successfully reprocessed through the ion-exchange
columns to recover approximately 12,000 curies for future research use. Following
this operation, the Dowex-50 resin was removed from the columns and the entire
system thoroughly flushed in preparation for experiments on the anion-exchange
recovery of technetium-99 from Purex 103-A supernate.

Effect of Temperature on Dry Shipment of Decalso - The final HAPO-1A strontium
shipment was made in the dry condition, i.e., with the interstitial liquid siphoned
out, in order to afford more free volume to accommodate radiolytic gas production.
Similar dry shipment has been proposed for a second generation Decalso strontium

cask and for the improved Decalso cesium cask. The effect of heating loaded Decalso
on the subsequent elution of strontium and cesium was accordingly determined. With
both cesium and strontium, temperatures higher than about 100 C resulted in seriously
decreased recoveries. The fraction eluted decreased from ca. 98 percent for 100 C

to ca. 55 percent for 200 C and to less than 20 percent for 300 to 400 C heat
treatments. The shape of the recovery curve closely paralleled the thermogravimetric
weight loss curve, which showed decomposition beginning at about 110 C and a constant

weight above about 400 C.

Bulk Fission Product Packaging - Studies of bulk packaging of fission products
(strontium-90, promethium-147, cerium-144) continued with completion of development
of the precipitator vessel, wash filter, and induction heating coils for product
prolysis. Completed studies of strontium peroxide cake washing in full scale
equipment show sodium removal factors of 2.5 per 5liter water wash of 50,000 strontium-
90 curie eguivalent peroxide cakes. Strontium losses to the initial filtrate and
three subsequent washes totaled 6 percent in non-radicactive tests.

Drawings of the canister loading station and capping station are 75 and 50 percent
complete, respectively, and specifications for remote welding equipment and heavy
duty manipulators have been prepared.

Tests of a clamp type cooling device for protecting canister seal and welding sur-
faces from oxidation during pyrolysis of fission product intermediates were success-
fully completed.

Shipping Cask Closures - A stainless steel "Bell Ring" gasket intended for secondary
closures on fission product shipping casks and bulk canisters tested at 500 psig
and 500 C with helium leakage rates of less than 10-6 cc/second.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Scintillating Glasses

A sample of the British cerium-activated glass was received several months ago.
Recently, three samples of a laminated cerium-activated Vycor glass were obtained
from Corning. All four samples have been ground and polished and tested for alpha
response using a dry Pu standard disk. The British glass was found to be substan-
tially identical in quantum efficiency to the chemically similar Naval Research
Laboratories (Ginther) glass previously tested, and showed similar resolution. The
thin-film Vycor showed slightly improved efficiency over that of the thicker speci-
men previously tested, but not as much as anticipated. One of the samples is
being ground to 0.0l inch thick (scintillating layer) and will be compared to the
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thicker samples in relative alpha to beta response. These tests will conclude th
studies on glass scintillators as alpha detectors.

Improved Electrodeposition of Trace Plutonium

Radicassay of plutonium in 100 micromicrogram quantity was improved by development
of an electroplating technique which is quantitative. The electroplated metal

was confined to an eighth-in. diameter surface (suitable for 7 mm crystal detectors
made of silicon with traces of silica) by sealing & 9 gauge platinum wire cathode
in thermal-setting resin. The rotating cathode provided agitation during electro-
plating. Electrodeposition required two hours, after which the deposited plutonium
was removed by cutting off an eight-inch segment of the cathode and, thereby, exposing

plating surface for another sample.

Measurement of Fission Products in Irradiated UO,

Pission product to uranium ratios were measured in some 40 samples of irradiated
uranium dioxide. The samples consisted of microgram amounts of dioxide fixed upon
cellophane tape. Direct gamma-ray spectrometry yielded qualitative results.
Quantitative work required chemical separation. The gum on the tape was dissolved
with a solution of equal parts benzene and ether by means of ultrasonic generator
agitation. Appreciable cesium dissolved in the mixture whereas the other materials
vere simply released from the tape. The cesium was stripped into water with acid,
the phases were separated, and the particles were centrifuged and dissolved in
boiling 6 N nitric acid - O.1 N hydrofluoric acid. Cerium, ruthenium, zirconium
and niobium were determined from direct gamma ray spectrometry counting. Cesium
was determined by tetraphenyl-boron extraction and gamma counting. Since samples
were so small, uranium was determined with a fluorophotometer. Plutonium-239 was
calculated from total alpha measurement.

Trace Copper Measurement by Voltage Scanning Coulometry

Measuring trace quantities of copper by voltage scanning coulometry is not hampered
by macro amounts of extranecus ions which generally interfere with colorimetric
methods. One microgram of copper was measured directly in a hydrofluoric acid -
nitric acid zircaloy solution containing nearly 200 g of metal per liter. Pre-
cision was t5 percent and detection limit was 0.1 microgram, which compare equally
with those from colorimetric work. Actual copper content of the zircaloy was 10
to 15 ppm. Also, copper down to 16 ppb was measured directly in PRTR water. The
method consisted of reduction to copper metal at -0.30 volt, copper amalgamation -
in the mercury pool cell, replacement of molar sulfuric acid electrolyte with
fresh acid, oxidation of copper at +0.1l5 volt, and measurement of copper by
scanning from +0.1l5 volt to -0.35 wvolt.

Measurement of Flucrescein in the Columbia River

Direct measurement down to 1 ppb fluorescein was made possible by using a Farrand
spectroflurimeter. Silica turbidity up to 25 ppm was tolerable. The method was
used to analyze successfully 36 river samples involved in a recent river dilution
and dispersion test.
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EQUIPMENT AND MATERIALS

Hydraulic Equipment

A special submerged, canned motor pump for use in in-tank clarification of Purex
waste supernates has been received and placed on water test prior to evaluation
with a hydroclone for suspended sludge removal.

A second submerged, Hastelloy-C canned motor pump (a canyon service candidate)
has been operated uneventfully for 1,550 hours in water.

Difficulties with Hot Semiworks and 234-5 canned motor pumps have been traced to
vibration loosening of bearing adjustment flanges and to improper matching of
bearing-journal taper. In the latter instance, taper jigs have been fabricated
and will be used to standardize all bearing tapers. Control of bearing adjustment
flanges has been achieved by set screw locking of bearing adjustment bolts.

Materials of Construction for Plutonium Electrolysis Cell

Testing of candidate materials for the plutonium fused salt electrolysis cells
continued. The following are highlights of these studies: _

1. A silicon nitride cell was found to react with and darken 60 percent BaClj -
40 percent KC1 salt at 800 C. The cell was subsequently soaked in four
separate salt solutions of the above composition. The reaction darkened
the salt less each time. The porosity was reduced from approximately 30 per-
cent to 15 percent by this procedure.

2. When an electrolytic cell was set up using aluminum as the cathode, carbon
as the anode and 60 percent BaCl, - 40 percent KC1l at 800 C as the electrolyte,
a black, solid residue collected on the anode shorting the cell out. Only
a trace of titanium and barium was found in the residue.

Effects of Cold Working on the Corrosion of 304-1 in 65 w/o Nitric Acid

Samples of 304-L stainless steel were annealed (1975 F for onme-half hour, water
quenched) and then cold worked to values of 10, 20, 30, 4O, 50 and 60 percent
reduction in cross sectional area. These samples, plus & control sample not cold
worked, were exposed to boiling 65 w/o nitric acid. No significant differences
in corrosion rates have been observed during 200 hours' exposure to date. The
exposures are being continued.

Corrosion of Titanium in HNOz - HF Systems

In 6 M HNOz - 0.01 M HF, A-55 titanium corrosion rates are reduced significantly
as Al/F mole ratios are increased up to four but no further decrease occurs as

the mole ratio is further increased to 10. Minimum corrosion rates observed in
this series was between one and two mils/mo. In boiling synthetic Purex 1WW

(6 M HNO3 ) containing 0.025 M HF, A-55 titanium corrosion rates were 0.1 mil/mo.

at zero aluminum and ca. O, 05 mil/mo at Al/F mole ratios of 1, 2 and 4, When
chromium was omitted from the above Purex 1WW, A-55 corrosion rates at Al/F mole
ratios from zero to four were all less than 0.2 mil/mo. Corrosion rates decreased
with increasing Al/F mole ratio and were the same (0.05 mil/mo) at Al/F of four
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whether or not the solution contained chromium. Titanium samples were exposed to
boiling 1WW (6 M HNO3 and containing 0.025 M HF) solutions with chromium omitted,
iron omitted, chromium and iron omitted, sulfuric acid omitted, and sulfate omitted.
Corrosion rates of less than one mil/mo were observed in the Cr-free, HESOh-free
and SO),= free solutions; two mils/mo in the FPe-free solution, and 10 mils/mo in

the Fe and Cr-free solution. Phosphoric acid appears to have a strong inhibiting
effect on the corrosion of titanium in 6 M HNO3 - 0.025 M HF. First exposure
period rates of less than 0.02 mils/mo were cbderved at a H3P0h/HF mole ratio of
four. '

Corrosion Undér Submggged Combustion Conditions

Studies are currently underway to determine the corrosion of 1020 carbon steel
and the attack on concrete to be anticipated in in-tank submerged combustion
evaporation of Purex organic wash waste. Synthetic organic wash waste (2 M
total carbonate) vas maintained at 100 C and sparged with CO, at 200 cc/min. per
four liters of waste. Mild steel specimens were exposed to liquid, interface
and vapor phases. Concrete test blocks are suspended in the vapor plmse. Con-
densation on these blocks is estimated at 10 mi/hr, sq.ft. During 840 hours'
operation of the equipment the pH of the solution dropped from an initial wvalue
of 11.0 to 8.9. Maximum mild steel corrosion rates as determined by weight loss
were 0,004 and 0.06 mil/mo. for liquid and vapor phase, respectively. A few
broad shallow pits (23. 0.5 mil deep) were noted on these specimens. Interface
specimens were not preferentially attacked. The test is being continued with the
solution butted to three molar total carbonate. The concrete blocks will be
examined at the end of the test.

Several short-term (24-T8 hour) corrosion tests have been made with 1020 mild steel
in Naeco3-NaHCO -NaNO, systems simulating the Purex organic wash wastes. Results
were very erratic. ether or not attack occurred seemed to depend mainly on the
surface condition of the test specimens. Attack always occurred on specimens
activated by momentary exposure to a strong mineral acid. Specimens corrosion
tested a few minutes to a few hours after belt grinding were sometimes attacked.
None of four specimens tested in the scaled, as-received condition was attacked.

FROCESS CONTROL DEVELOPMENT

Recuplex Solvent Extraction Control Studies

Instrumentation necessary for testing the basic concepts of the proposed Recuplex -
solvent extraction efficiency and capacity control systems was installed and
operated on the C-column test facility. -

The efficiency control system involves concentration control at a given point in
the column by feedback of the concentration controller output to the flow ratio
determining mechanism.

The capacity control system operates to give the maximum magnitude of flows which
will keep the column operating at a chosen level of dispersed phase holdup. In the
test facility the column density is used as an inferential measure of dispersed
phase holdup. The column density controller output determines the magnitudes of
the flows.

123021 T i



- Ic-13 r - nw-"(o'

Preliminary tests indicate that both efficiency and capacity control can be
achieved in the manner described above. The control system remained stable and
performed as expected upon introducing stepwise changes in column density and con-
centration controller set points.

Instrument Evaluation - New Plutonium Reclamation Facility

Tests using a prototype CAF feed tank are being conducted on the following instru-
ments: (a) a pipe line density monitor, (b) liquid level capacitance probe,

(c) D-P cell 1iquid level indicator, and (d) D-P cells combined for monitoring
specific gravity. Results of the tests to date are as follows:

(a) Pipe line density monitor - for the second time during these tests a leak
developed in the stalnless steel plumet device when nitric acid was intro-
duced to the system. The fault appears to be in the welding of the plumet
end pieces. The vendor is attempting to correct this defect.

(b) Ligquid level capacitance probe - response and linearity of the probe ié
good but requires a calibration to account for the dielectric constant of

the tank contents.

(¢) D-P cell liquid level indicator - worked as expected; response and linearity
excellent.

(d) D-P cells specific gravity indicator - one of two D-P cells as used in
measuring specific gravity oscillated badly. However, these oscillators
could be dampened by putting a valve in the pneumatic line connecting the
two cells. The specific gravity readings are nearly linear over the
tested range 1.00 to 1.50 units.

C-Column Studies

The first block of 20 exploratory runs has been completed. No additional explora-
tory runs are scheduled until a detailed analysis of this first block of rums is
completed. The test facility is currently being used for testing instruments and
control devices for the New Plutonium Reclamation Facility.

The Absorptiometer Data Logger has been used to analyze the samples taken from eight
runs made with the C-column test facility. DBased on the time elapsed in analyzing
these runs, it appears that the 24 two-phase samples taken during a typical C-column
run can be analyzed for uranium in both phases, acid in the aqueous phase, and

the total volume of each of the phases (hence volumetric fraction of organic)

within a routine 8-hour day using the Absorptiometer Data Logger.

Modification of pH Glass Electrode

Laboratory studies are in progress towards modification of a glass electrode to
achieve a longer life in high radiation fields. The modification provides for
additional electrolyte capacity, and a safety relief valve to prevent undue
pressure buildup. A palladium annulus reference electrode is also being modified
to increase electrolyte storage capacity, and will also include a pressure relief
valve. These modified electrodes will be irradiated until failure to obtain an
estimate of their expected life.

- DECLASSIFED e
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Pot Calciner Instrumentation

During the pilot plant run described earlier under "Batch Calcination," (page C-3)

a probe to detect the solution level in the pot was tested. The probe consists of
a 20-inch long, 1/8-inch diameter, stainless steel sheathed, chromel-alumel thermo-
couple heated with an AC current. The thermocouple DC millivolt output was
recorded. The higher heat dissipation rate from the provbe to the solution (relative
to steam) causes the probe to cool and the millivolt output to decrease when
solution covers the probe.

Splashing of the boiling solution on the probe caused it to react as if it were
sutmerged. Positioning of the probe 6 to 8 inches above the liquid surface was
necessary to minimize this effect. During the run with a simulated waste solution,
801ids deposited on the probe. The sensitivity of the probe decreased markedly as
the solids continued to build-up. Testing of a shorter probe is plamned.

REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Plutonium Oxidation States in Molten Chloride Salts - Studies of the plutonium
(111)/(1V) ratios resulting from treatment of plutonium(III) with chlorine or
hydrogen chloride in chloride melts are currently made by bringing the system to
equilibrium, then rapidly freezing the melt, dissolving it, and analyzing the
resulting aqueous solution for plutonium(III) and for total plutonium. The results
obtained to date for systems in which the salt - one percent plutonium system has
been sparged with chlorine gas for one-half to three hours, then frozen under a
chlorine blanket, are consistent with the expected greater stability of plutonium(IV:)
at lower temperatures. For example, about two-thirds of the plutonium was present
as plutonium(IV) in the aqueous solution which resulted when the above sequence

was applied to PbCly-2KC1l at 570 C. A similar sequence when applied to NaCl-KC1l
at 750 C showed less than 2 percent of the plutonium present as species other than
plutonium(III).

Unfortunately, this experimental approach is not capable of distinguishing between
plutonium(IV) which existed in the melt at temperature and plutonium(IV) which was
formed by reaction of plutonium(III) with chlorine as the melt was chilled, or
with trapped chlorine as the frozen salt was dissolved in the aqueous solution.
Accordingly, a firm interpretation of these data and & valid determination of
plutonium oxidation state in melts at temperature must await the forthcoming
installation of a spectrophotometer capable of handling plutonium-bearing molten
salts.

Plutonium and Rare Earth Behavior - Efforts have continued to improve plutonium-
rare earth separation in the UEE:PUOQ electrolytic codeposition step. Using
promethium-147 as a representative rare earth, and studying codeposition from the
KCl-NaCl system at 750 C, no improvement in separation was achieved by using various
blends of oxygen with chlorine or hydrogen chloride as a sparge gas in place of
moist air. It was noted that plutonium codeposition does not occur significantly
with dry oxygen-chlorine sparge mixtures as long as the chlorine content is greater
than about 2.5 percent.

=D
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The importance of close control of the molsture content of the atmosphere over the
melt was emphasized by observation of seasonal variations in plutonium decontamina-
tion factors in the plutonium-uranium partition step. It was noted that an
average plutouium D.F. of about 130 was achieved (in the KC1l-NaCl system) during
late April when the relative humidity of laboratory air was LO percent. Two
partition experiments performed in June at 75 percent relative humidity resulted
in plutonium D.F.'s of only 12.5 and 20.

Studies of KC1-PbCls Systems - What appeared to be single crystals of UUp, weighing
up to about four grams, were produced during the month by electrolytic deposition
from the KC1-PbCl, system. The melt contained initially 25 weight percent uranium
as UOCly and was dried thoroughly before U0 deposition, with a chlorine sparge
and by anodic treatment. The number of crystals permitted to grow was limited by
a quartz shroud surrounding the cathode. The shroud was perforated by five 1 mm
diameter holes. A chlorine atmosphere was maintained during the 96-hour crystal
growth period. Time-lapse infra-red film studies have been made of some of these
crystal growths, but the films have not yet been completely analyzed and results
will be reported later.

Studies of KC1-MgCl, Systems - Several more depositions of U0 from the 1:1 KC1-
MgClo system, at about 500 C, have been carried out. Thus far, the results have
been less promising than those obtained in the KC1-PbClp system. Crystal quality
has not been as good, and several melts have inexplicably turned black. An attempt
to raise the uranium(VI) concentration of a melt during a run by the addition of
UO2Clo.HoO was unsuccessful, the added water causing severe crystal branching and
general product degradation.

Al1C13-KCl System - Early estimates (cf. HW-62012C, p. 17) of equilibrium constants
applicable to the AlCl -KCl-UCl system were made from equilibrium partition data
for uranium between th%s molten salt system and molten aluminum metal. In the
absence of experimental data on the activity coefficient of uranium in molten
aluminum metal, these estimates were made on the basis of the (highly suspect)
assumption that dilute uranium in molten aluminum constituted an ideal solution.
Recently, activity data for the Al-U system published by Johnscn and Cafsso at
Argonne National Laboratory have permitted recalculation of the equilibrium constants
for the following reactions:

K

C1™ + AlLlg = ALC1,"
Ko

3C1™ + UCl3 = UClg”
Ky,

Cl™ + A12C17' = 2A1C1y

The values based on an activit coefficient of 1.4 x 10~3 for uranium in aluminum
resulted in values of 1.3 x lOg 8.9 x lO and 2.0 x 103 for K » Ko and K
respectively. The values based on unit activity coefficient were 3. 2 b4 lOEn

3.2 x 105, and 1 x lOLL the largest difference occurring in K,. This is expected
since some of the driving force for the uranium reduction reaction ascribed to
complexing of AlCl,; is actually provided by the lowering of the activity of uranium
metal in molten aluminum.

A paper covering this work is in preparation.

EITE DECLASSIFIED
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Engineering Development - Three batches of electrolytic U0, weighing 61, 116 and
82 pounds, were produced from a nominally 8C liter PbClp-2.5 KCl salt bath. 1In
each run Ux0gq was dissolved to a concentration of 15 - 20 weight percent uranium
by sparging with chlorine at 700 C. The subsequent electrolyses were carried out
at an average deposition rate of 2.5 pounds of U0z per hour at 580 C with an air
atmosphere. . The current efficiency was about 82 percent, and the cell resistance
varied less than 10 percent during the course of the rums.

A dendritic deposit of UU; was obtained, which was easily removed by immersion in
water. The U002 granules were then formed into a packed bed and leached for six
hours at 70 C with a recirculating soluticn of 0.1 M di-(2 hydroxyethyl) amino-
acetic acid chelating agent at pH 5 to remove PbCl,. After a final water rinse,
analyses of the lst batch showed 600 ppm lead and less than 50 ppm potassium (limit
of analytical technique), which indicates that lead removal is still an unsolved

problem.

The O/U ratio of the first batch was 2.049. This rather high value may be due to
incomplete drying of the melt, the presence of an air atmosphere above the salt
bath, or oxidation of the U0z during the electrode removal operation.

RADIQACTIVE RESIDUE FIXATION

Mineral Reactions

A recently introduced form of phenolic cation exchange resin, Bio-Rex 4o, was
found to have a 30 percent greater cesium capacity than Duolite C-3 in experiments
with Purex neutralized high-level waste. The solutions were adjusted to 2.8 M OH™
before capacity determinations were made. For this system the cesium selectivity
factor (Kq x Na*) for Bio-Rex 40 is 116k, for Duolite C-3 is 900, and for clinop-
tilolite is 240.

Experiments were performed to study the relationship betweer particle size and
H.E.T.P. for columns of Duolite C-3 resin receiving Purex neutralized high-level
waste. By reducing particle size from >0.833 mm to <0.104 mm it was possible to
reduce H.E.T.P. from 5.4 to 0.083 ecm in latoratory colummns. The columns provided
a residence time of 3.0 min. The results indicate +that residezce time in a plant-
scale column could be reduced from between one ard two hours to between one and
five minutes by a reducticn in particle size.

Condensate Streams

Micro Pilot Plant Run 18 which is evaluating the decontamination ability cf a bed of
clinoptilolite in the hydrogen form is still in operation, heving treated over

3500 liters (14,000 column volumes) of radioactive condensate waste with an over-all
gross beta decontamination factor of mcre than 20. The Purex Tank Farm condensate
feed is treated in the experimental steam stripper to remove organic and ammonia,
acidified with nitric acid to a pH of 3 and passed through activated carbon for
removal of residual organic prior to being jassed through the mineral column.
Cesium, cerium, zirconium and niobium radioisotopes are removed to below their

MPC,;. Strontium isotopes are being rartially remcved, but *heir concentration in
the column effluent appears greater than their MPC,;. Ruthernium is not effectively
removed by the mineral ted. Use of an anior resin on which corper metal has been
deposited (regenerate? Duolite S10) was effactive in remcving 50 percent of the
ruthenium from the mizeral bed effluent, but was nct able to remove the radioisotope

te DelomeNgPC, . .
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Fission Product Glasses

Two additional strontium-containing glasses were prepared, based on beryllium
fluoride as the glass former. These contained 67 and 50 percent SrF,, respectively,
with the balance a mixture of BeF, and AlF Melting point of the higher strontium
glass was relatively low (<900 C) That o% the other was 925 C. Solubility of
these glasses was about two percent on a four-hour exposure to boiling water.

BIOLOGY AND MEDICINE - O6 PROGRAM

TERRESTRIAL ECOLOGY - EARTH SCIENCES

Geology and Hydrology

In the application of the "Steady Flow in Soils" computer program to ground water
flow problems occasional instability is encountered. This condition is responsible
for oscillation as the program over-corrects in the iterative solution of the non-
linear equation, resulting in excessive computation time. A study was made of
methods to prevent and control tkis instability. Two methods were found that may

be utilized. The first requires alteration of the order of calculation through the
matrix, the calculation commencing &t the point of maximum instability and proceeding
outward toward the boundaries. The second method utilizes an under-relaxation
factor, which tends to damp the oscillation. A determination was made of the optimum
under-relaxation factor based on the number of iterations required. For the steady
flow program the optimum under-relaxation factor was found to be 0.75. The two
methods developed appear capablie of controlling the oscillation problems that have
thus far been encountered.

Field experiments were iritiated to study utilization of a commercial well packer
for measuring permeabilities in soill near a well. The interpretation of the experi-
mental data to calculate permeabllity requires solution of the three-dimensional
flow equation within the boundary conditions imposed by the packer experiment.

Both analytical and numerical solution methods are being investigated.

Five of the sixteen wells on Project CAE-921 are complete. About 30 percent of the
estimated total footage is now drilled although about 60 percent of the time for
project completion is past. The slow progress continues to delay other work
dependent on it for information.

Well 699-53-55 encountered basalt at a depth of 304 feet rather than at 150 feet

as predicted. The well was completed at 455 feet. Comparison of the log of the
well to the log of well 299-E33-12 in 200 East Area and to the stratigraphy of Gable
Mountain disclosed that at least one basalt flow is missing and probably eroded.
Sediments lying above basalt in well 699-53-55 are probably in part equivalent to
Ellensturg interbeds rather than Ringold sediments. Basalt interflow zones, some-
times including interbeds, are confined bu*t permeable aquifers at Hanford. Hence,
ground water movement into or out of the basalt series may be possible there,
depending on the potentiometric heads.

The bearing and extent of the erosional chaannel and the known structures are being

studied to de*termine the full significance of the anomaly. Ground and airborne
magnetometer surveys are being reinterpreted.

- DECLASSIFED
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Soil Chemistry and Geochemistiry

The cesium capacity in the absence of competing sodium was determined to be 135
meq/100g for clinoptilolite, 250 meq;100g for Decalso, and 50 mey/100g for Linde

LA zeolite. The capacities were determined from the 50 percent breakthrough points
of column experiments utilizing sodium-base zeolite and 0.01 N Cs* solutions. The
efPect of sodium concentration on the cesium capacity of Decalso and clinoptilolite
was determined in similar experiments, using 0.01 N Cst solutions containing
different amounts of sodium. The cesium capacity of Decalso is greater than that
of clinoptilolite at sodium concentrations less than about 0.05 N. At higher
sodium concentrations the greater cesium selectivity of clinoptilolite causes a
reversal of this position and clinoptilolite has a greater cesium capacity than

Decalso.

Field Apparatus Development

The vertical well current flowmeter was completed and laboratory-calibrated. :
In trials with the previously mentioned well logging line hoist, it was determined
that a higher voltage power supply would be needed to drive the unit through the
cable furnished with the well logging line hoist. Currently the new power supply
is being assembled to permit use of the vertical well current flowmeter with the

well logging hoist.

Additional tests of the well packer were performed to establish its versatility and
limitations in measuring piezometric head differences. Some difficulty with packer
inflation over a period of several days was traced to particulate material lodged
in the .check valve seat. Other than this the equipment has operated entirely
satisfactorily. Only small piezometric head differences were measured in a well
which has an indicated vertical flow of 200 cc/min.

Silicon Diode Detectors

The Ortec solid state diodes have been found to be superior to the Frisch grid ion
chambers for certain special applications. A 3.5 mm diode and low-noise pre-
amplifier system designed for analytical applications at the Purex plant was success-
fully used for alpha energy analysis of samples measuring 15 rep/hr. This high
tolerance for beta activity exceeds that of the Frisch grid ion chamber by a factor
of about 103. The detector also has value for low level sources. The background
of a 7 mm diode is 0.3 counts/10C0m/170 kev, compared to 40 for the Frisch grid icn
chamber, a reduction of about 102. The only disadvantage of the solid state diode
is its low counting efficiency, especially with any but small area sources. The
efficiencies of several diodes for two of the smaller source sizes are tabulated
below:

Counting Efficiency - (Percent)

Diocde Dia. 1/8" dia. 14" dia,
fmm! Source Source
3.5 12 2.5
7 30 10
14 4o 30
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Columbia River Sediment Studies

Although much of the bottom of the Columbia River contains very little sediment,
some sediment cores 22 inches long have been obtained from the pool behind McNary
Dam. These cores were quickly frozen to minimize radicisotope movement and
analyzed in the laboratory. The long-lived isotopes Mn-54, Zn-65, Co-60 and Cs-177
were measurable throughout the length of the core. One of the cores showed a
minimum of activity at a depth of about 17 inches, which indicates a widely varying
rate of deposition of radioisotopes. Radioisotope ratio measurements indicate that
the core represents the accumulation of about four years. More cores will be taken
at greater depths to help determine the rates of build-up and radicisotope content.

ATMOSPHERIC RADIOACTIVITY AND FALLOUT

Radioisotopes as Particles and Volatiles

Further study of the equation for thermal deposition of particles in a conduit
derived earlier, and discussed in last month's report (HW-70658C), revealed a
group of dimensionless terms which could be replaced by the Fanning friction
factor. The resulting expression for particulate deposition is materially simpli-
fied. An equation was derived for the mean temperature in the duct and thus
avoided the need to approximate this parameter. It was noted, however, that the
approximation did not seriously affect the result of the calculation of thermal
deposition.

The vapor condensation aerosol generator recently fabricated was used to generate
aerosols of stearic acid, ammonium chloride, and triphenyl phosphate. Size distri-
butions of the aerosols thus generated were wider than that anticipated and which
will be needed in subsequent tests on particle deposition.

Radiation Protection Studies

In the current studies of radiation protection of erythrocytes, it has been assumed
that the initial site of cell damage i1s the cell membrane. An experiment was
designed and carried out tc test this assumption. Since erioglaucine does protect
the cell from hemolysis and yet appeared not to penetrate into the cell, actual
measurements of erioglaucine in the cell contents were made. The concentration of
erioglaucine in the cell was less than one percent of the concentration outside

the cell, a value tco low to offer the protection observed unless the cell membrane
is the site of initial damage and protection.

o it

Manager
Chemicai Research and Development
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BIOLOGY LAZOR ATORY

A. ORGANIZATION AND PZESOMNEL

Dr. Frank P. Hungate, Manager, Plant Nutrition and Microbiology, started a
one year leave of absence to accept an assignment with the IAEA in
Athens, Greece. R. T. O'Brien will be Acting Manager during his absence
until February 28, 1962, at which time R. L. Uhler will assume the duties
until Hungate's return next fall.

B. TECHNICAL ACTIVITIES
FISSIONABLE MATERTALS - 02 PROGRAM

Iffect of Reactor Effluent on Aquatic Organisms

Columnaris

Tne study of the effect of fish population density on the incidence of
columnaris infection continued to show that this disease tended to be less of
a problem when the fish were less crowded. Four different initial populations
of fish were held in troughs supplied with regular Columbia River water. To
date those with the greater populations of 900 and LS50 have experienced the
greatest mortalities of 4.7 and L.4 per cent, respectively. The lesser
populations of 150 and 50 have experienced no mortality to date. (Infection
arises from columnaris endemic to the river and present in the water supply.)

Fish samples from the Yakima River and Hanford Slough were negative for

columaris. However, minnows from the Hanford Slough which were placed in
laboratory troughs promptly came down with the disease. The incidence of
infection among larger fish in the 146 building ponds is higher this year.

Population Dynamics - Waterfowl

Cbservations of gulls banded at Hanford have been reported from Vancouver,
British Columbia. Indications are that a major portion of the young gulls
produced on the Hanford Keservation migrate northwest and then westward to
the Pacific Coast. Significant numbers of ban returns were also received
from southern California.

BIOLOGY AKD MEDICINE - 06 PROGRAM
Strontium

Two miniature swine were added to the chronic toxicity study at a daily
feeding level of 625 uc (five times the present highest level of 125 uc/day).
It is expected that égis level will produce hematopoietic damage in a
relatively short time.

Analysis of the data from the experiments on Caho, CahS and Sr85 binding in
serum is nearly complete. The results cobtained supported the earlisr

experimental findings ig that not all of the serum calcium was exchangeable
with ir vitro-added Ca“”. In addition, there was a definite pH effect upon the

UNCLASSTFIED
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. : c~1e: .o quclide/ml ultrafiltrate e s
relative ultrafiltrabilities ¢ Siclide ml serum ) of the nuclides. With

a serum pH of 6.8 the ultrafiltrability of in vitro-added CauS was 1 to 1.3 times

that fgg serum calcium as compared to values of 1.3 to 1.5 ;imes se calcium
for Sr®”, At a pH of 7.7 the values for ultrafiltrable Caltd and Srd5 were
1.2 t0 1.5 and 1.8 to 1.9 times serum calcium, respectively.

Additions of CaCl, to the serum did not have an a reciable effect upon the
above relati ips gther the CaClp was added 24 hours before or immediately
after the SrP® and Ca4”?., However, additions of CaCl, at each of the three

pH levels used resulted in a lower per cent ultrafiltrability for each of the
miclides. In relation to this, the concentrations of inorganic phosphate in
the ultrafiltrates were appreciably lowered by acditions of CaClps. At the
serum pH values of 7.3 and 7.7, the concentrations of calcium and inorgamnic
phosphate in the ultrafiltrates could be approximated using solubility products
for CaHPQ), and Ca (PO))2 derived from the data. Considering thg electrolyte
content of serum, these values,of 3 + 12x 10=7 and L +2x 1020 for the respective
products /Ca¥*/ /HPO)~/ and [Ca*7 /PO ®/“compared well with those reported

by other investigators. At the serum pH of 6.8 the product for CaHPOu was
reasonably satisfied but the concentrations of calcium and inorganic phosphate
wers too low to result ‘in formation of Cao(POy)2. These data suggest that

the formation of calcium phosphate complexes in the blood of living animals
may serve in addition to blood protein in regulation of the ionic calcium

and phosphate levels.

Studies are in progress to determine the effect of varying levels of ghe
alkaline earths in the perfusion fluid upon in vivo absorption of Sr8

and Calls from the small intestine of the rat. 3zarlier results which indicated

a greater effect of Ca on Calid abggrptﬁgn than on 'Sr85 absorption were

confirmed. Thus, the ratio of Sr®’/Ca*’ absorbed increases as the level

of added Ca is increased from O to 25 mM. The effect of adged stroﬂgium is

less than that of Ca. This is true in the case of both Sr8> and Cald. Relative
effects are the same for both isctopes so that the ratio of Sr85 to Ca)-‘5 absorbed
does not change with strontium level over the range of 0 to 25 mM. Preliminary
indications are that the effect of magnesium will be different from that

of either calcium or strontium.

JTodine

The amount of IB]' excreted by swine in urine and feces is being determined.
The following concig*irations were observed about 20 hours after the
daily feeding of I™™:

Feces (wet wt.) Urine
Swine L.9 x 1074 pc/g 3.6 x 107 pe/ml
Sheep U x 107G pe/g L.0 x lO'& pec/ml

Ruminants, as previously reported, excrete a large proportion of the radio-
iodine via the feces.BISwine s like man and many other monogastric animals,
excrete most of the I via the urine. This is not readily evident from
the above chart unless one realizes that swine excrete, on a weight basis,
about five times as much urine as feces.

UNCLASS IFTED

123022b



UNCLASSIFIED D-3 HW-70872

Negtunium

Some data are now availab1e289 the effect of valence state on gastro-
intestinal absorption of Np in the rat. Solutions thought to contain
predominantly Np(IV), Np(V), and Np(VI) were absorbed to the extent of .3,
1.1, and 2.3 per cent, respectively. In all cases citrate was present in
order to enhance solubility. Valence state was deduced from previous
chemical treatment and.not confirmed by analysis. Further studies in the
absence of citrate and at much lower mass levels will be conducted

employing Np239.
Plutonium

Considerable dif ference is observed in the response of swine to intradermal
injections of plutonium. On a given pig, however, it is possible to differ-
entiate during the most reactive phase (i.e., the second month) between the
Spc, 1 pe and 0.2 pc sites.

In an attempt to evaluate our in vivo counting methods, pig skin was
injected at measured depths with measured amounts of plutonium. The skin
was then removed, monitored, submitted to Internal Dosimetry for in vivo
counting and was analyzed radiochemically. The Biology in vivo counting
method was fairly effective up to a depth of 4 mm, which is the depth
used in our intradermal studies. At depths of 8 mm or more, neither in
vivo method was accurate, although that used by Internal Dosimetry was
considerably more effective than Biology's.

Further data were obtained on dogs killed 30 days after inhalatiocn of
plutonium nitrate. In all three dogs tested the lung contained &4 to 72
per cent of the body burden, the liver 9 to 17 per cent, and the skeleton
15 to 20 per cent. Less than 1 per cent of the total deposited dose was
excreted in urine. During the fourth week after exposure dally urinary
excretion amounted to about 0.0l per cent of the body burden. Three

other dogs were injected intravenously with solutions of plutonium nitrate
to compare aistribution and excretion with data obtained in the inhalation
study.

All 27 dogs alive 21 months after inhalation of Pu23902 were given thorough
physical examinations. Only a few showed abnormal respiratery rates, but

all have low blood lymphocyte levels,

It has been found possible to prepare a plutonium solution in such a form
that approximately 90 per cent of an intravenous dose 1s deposited in the
liver of rats. This plutonium, presumably of a colloidal nature, is not
appreciably affected by subsequent DTPA treatment (less than 5 per cent
removed). There is, however, some translocation to bone.

Radiation Effects on Cells

The mitotic cycle of the pea root meristem has been resolved as follows:
rre DNA synthesis three hours, DHA synthesis L.5 hours, post DNA
synthesis 2.25 hours and 2.25 hours for mitosis. Entrance into mitosis
is inhibited by 80C r and partially inhibited by LOC r.
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Radiation Effects on Insects

Results from X raying different life cycle stages of Tribolium indicate
that the doses required to induce sterility amd lethality widely diverge
at the white pupal stage. The sterilizing dose is consistently below that

inducing lethality.

A gross morphological abnormality was found in an immature Tribolium pupa.
Genetic tests were performed to determine if it was an inheritable mutation.

Results showed it was not.

Microbiological Studies

Studies on the mechanism of action of X rays on the yeast cell membrane
indicate that permeability changes are all or none. That is, each

cell has a threshold which much be exceeded before the membrane becomes
permeable allowing cell contents to leak out. This is similar to effects
seen with mercury-treated cells. Since mercury reacts specifically with
membrane SH groups, it is suggested that X rays act on the same sites.,

Plant Ecologx

Cesium-137 values in dried milk products from ten milk sampling stations
in the northwestern United States were grouped according to biologic
landscape units and tested statistically to determine whether these units
are useful in interpreting the geographic distribution of Csl37 in

dried milk.

The results indicate significant differences between the milk sampling
stations in coniferous foresti graire grassland and sagebrush vegetation
"zones. The differences on Cs137 content is attributed largely to the

precipitation features of these vegetation zones.

Project Chariot

Collections were made of tundra vegetation and samples of caribou flesh,
oone, antler, organs and stomach contents for radiochemical analyses of
fallout products.

Permanent plots were established in a lichen community grazed by caribou.
Analyses were made of the standing crop on species, weight, canopy coverage, -
and grazing utilization. These plots will provide a basis for future
measurement of productivity.

Analyses of water from ponds and streams showed a marked difference

in the chemical properties of the water from one pond (Pond 1) compared to
others in the Cape Thompson area. Ircn, magnesium and sulfate values
were from 2 to 23 times higher in this pond compared to the others.
Studies are in progress to determine if there are differences in the plant
and animal populations associated with these water chemistry differences.

la

BIOLOGY LABORATORY
RC Thompson:es
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C. Lectures
2. Papers Presented at Formal Meetings

R. O. McClellan, "Biological effects of 5r?0 in miniature swine,"
August 22, 1961, American Veterinarian Medical Association Convention,

Detroit, Michigan.
b. Seminars (Off-Site and Local)
University of Washington Summer Institute held in 100-F Area, August 8-9, 1961:
"Autoradiography"

"Permeability changes or catalase"
"Large animal research”

3. Jane Coleman
R. T. O'Brien
R. 0. McClellan

W. d. Bair - '"Radioactive Particle Inhalation Studies"
P. A. Olson ‘e "Effluents and river fish"

J. E, Ballou - "Tyrical experiment on internal emitter"
R. C, Thompson - '"Problems of internal emitters

AEC Health Physics Fellowship Program - 300 Area - August 1961

W. J. Bair - 8/7/61 - "Inhalation problems"
F. P, Hungate - 8/1L/61 - "Genetic effects"
R. C. Thompson - 8/21/61 - "Internal emitters"

Hanford Seminar for Science Teachers - 300 Area - August 28-30, 1961

W. J. Bair - "Inhalation studies of internal emitters"

R. C. Thompson - "Brief history and trends of research at Hanford"

J. E. Ballou - "Small animal studies with internal emitters"

W. H. Rickard - "Ecological problems"”

Jo. Van't Hof - "Methodology for the study of radiation effects at

the cellular level"

L. A. George - "The effects of whole body or localized radiation

exposure of animals”

Others:
L. A, George - "Biological effects of radiation," 8/9/61,
participants in First-Line lanagement Frogram, HAPO, 700 srea.
F. P. Hungate - "Calcium-strontium uptake in plants," 8/3-L4/61,
Oregon State College, Corvallis, Oregon.

c. Seminars (Biology)

Dr. W. 5. S. Jee, fugust 15, 1961 - from the University of Utah -
"Bone Autoradiography"

d. Miscellaneous

R. E. Nakatani, August L, 1961 - "Fish of the Columbia River" - YMCA Day Camp,
Columbia Park.,
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D. Publications
a. HW Documents

Bair, W. J. and D. H. Willard, "Plutonium inhalation studies. III. Effect
of particle size and total dose on retention and translocation,”
Document HW-686L5, March 1961.

b. Open Literature

Bair, W. J., "Deposition, retention, translocation and excretion of radicactive
rarticles," in Inhaled Particles and Vapours, Pergamon Press, pp. 192-208,
(Proceedings of Symposium held in Oxford, Zngland, April 1960) (1961).

Willard, D. H. and W. J. Bair, "Behavior of I:L31 following its inhalation as a
vapor and as a particle," Acta Radiologica 55, LB7-L456 (1961).

Hackett, Patricia L., L. A. George, C. M. Barnes, and L. K. Sustad, "Changes
in blood constituents in sheep after thyroidectomy," Am. J. Physiol. 200,
1011-1012 (1961).
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - AUGUST, 1961

ORGANIZATION AND PERSONNEL

Dr. J. B. Goebel joined the Operation on August 4, 1961, as a mathematician
and has been assigned to the Experimental Statisties function.

Mr. R. L. Buschbom went on leave of absence on August 31, 1961, to start
work on & master's degree in Bicmetrics at the University of California.

OPERATIONS RESEARCH ACTIVITIES

Input - Output Model

Learning curves for the irradiation process and for HAPO as a whole have .
been developed. The question concerning the effect of additional facilities
on the operational learning curve has been resolved. The relative importance
of (1) adding facilities, (2) consolidating overhead, and (3) reducing
operating cost in existing facilities has been studied with regards to their
effect on cost learning. The addition of facilities has a major effect on
this curve through improved cost efficiency in new facilities.

HAPO Criteria Study

The third draft was completed and is being reviewed.

CPERATTIONS ANALYSIS STUDIES

Fuel Element Performance

A report relating in detail the polynomial method of describing fuel element
distortion was issued. This method is now being used routinely, and provisions
are being made to re-calculate much of the past data.

An investigation was made of the effects of using only the first failure of
a multiple failure lot in rupture analyses. The various uses to which
rupture data are being put were considered, and recommendations were made
of actions to take with regards to data from multiple failure lots in these
situations.

Two questions were considered in connection with evaluating the rupture
performance of the overbore fuel element: (1) the existence of sufficient
overbore channels to demonstrate integrity of the fuel element with rupture
free performance prior to a certain date, and (2) how best to utilize
existing channels in this regard.
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Assistance is being given in the design of a proposed high temperature,
high pressure autoclave test to determine autoclave conditions which will
better remove potential ruptures. Several important side benefits are
expected to be derived from such a test.

Process Tube Corrcsion

Assistance is being provided in connection with the process tube. leak
problem, where the leaks are caused by internal corrosion. Existing
probolog schedules call for an excessive amount of probologging in order
to insure that potential leakers are removed. Attempts will be made to
derive an equally effective schedule which requires less probologging.

Information Systems Studies

Debugging and testing activities of the Z-Plant computer continued in
preparation for the operational test.

At a meeting of AEC and ETPO representatives with representatives of the
General Electric Computer Department, the questions of the operational date
of the computer and the time at which the lease agreement was to start were
satisfactorily negotiated.

Reliability Studies

At the request of a member of Irradiation Processing Department, work was
begun on a reliabllity analysis of various instances of trip logic of the
kind generally known as "majority gate" logic.

Diffusion Studies

Camparison tests are being conducted on two different IEM-T090 Programs,
which have been written to obtain mmerical sclutions to transient-state
nonlinear diffusion problems. Preliminary results indicate that both
methods exhibit excellent stability characteristics, but that they differ
markedly in their convergence rate depending upon the type of boundary
conditions imposed by the problem.

Inventory Studies

A meeting was held to answer same further questions concerning the
implementation of inventory sampling.

STATTSTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Data are being analyzed to obtalin an estimate of the canning conditions
leading to optimum quality of the eight-inch I and E fuel elements. The

= 1 ACRITIE |
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in the 284-E and 284-W Powerhouses. Results indicated that one type of
coal had a significantly lower burning efficiency than the other types, but
only when burmed in .the 284-W Powerhouse. There was no indication of
significant differences in efficiency among the remaining types of coal.
Further investigation indicates that the difference probably arises from
differences in design of two of the boilers in 284-W.

Work continued on the problem of providing a queueing theory model of motor
vehicle usage in the 200 Areas.

Analytical and consulting services continued in connection with the develop-
ment of a tape controlled guiding mechanism for the Gorton lathe.

Contract and Accounting

Several meetings were held wiﬁh representatives of Business Systems
Develorment Operation to discuss the development of a linear programming
model of the fuel element fabrication and scheduling process.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2000 Program

Fuels Development

Consultations were held on methods of taking and analyzing data which would
gserve to characterize the cross sectional and axial warp of long fuel elements

before and after irradiation.

Chemical Development

An attempt is being made to develop an efficient and reliable routine which
will obtain the solutions to a set of nonlinear algebraic equations. The
problem is a repetitive one, the arswers serving to characterize the
distribution and form of tke varicus elements involved in a specific chemical
process. : -

The statistical evaluation of various recording instrument calibration
experiments continued. A more sophisticated form of the temperature correc-
tion function for the mid-cclumn photometer was estimated from experimental
data. This function includes the effect of an incremental change in standard
water temperature. The calibration function for the rotometer, which expresses
Zlow rate as a function of solution density, bob position as measured by a
voltage ratio; and the air system zero pressure flow setting was estimated
from suitable experimental datas using the NELLY nonlinear least squares
routine.

Preliminary analysis of the absorptiometer calibration experiment data was
begu%erence cell data are being analyzed to determine the degree of

1230234 BE@SS%?%EQ -



e DECLASSIFIED it

E-5

instrument drift during the course of the three-day experiment. The magnitude
of this drift will govern the method of correcting sample cell voltages to a
nominal level using an as yet undetermined time average of the reference cell
values. Several discussions were held concerning the estimation of the unknown
paraméters_in the differential equation system, which expresses the mass trans-
fer of uranium in the column as a function of vertical position and time.

Reactor Effluents Studies

The past work on this program is being reviewed in anticipation of meetings with
Chemical Research personnel to discuss additional assistance to the program.

4000 Program

Swelling Studies

Void fraction and void density estimates were calculated on the IEM-T090 for
all fission gas pore size distributions currently available. 3BIMD analysis of
variance routines are being used to investigate the effect of burnup, axial
position, annealing temperature end annealing time on the void fraction and
the voilid density for each distribution. Analysis is in progress to determine
the functional form of pore size distributions with hopes of expressing the
effect of the above mentioned veriables in terms of shifts of appropriate
distributiocnal parameters which have physical significance.

Plutonium Recycle

Statistical analysis was completed of the OD fluorescent penetrant nondestruc-
tive test data and the final results of the analysis conveyed to interested
persons.

6000 Program

Biologx

Work continued on the problem of constructing a mathematical model of the
response of Tribolium confusum, and Tribolium castaneum to low level irradia-
tion.

A statistical analysis was made to investigate the existence of an assoclation
between reinfall and cesium content in milk and vegetation zones. The hypothesis
of zone effects in both rainfall and milk sampling data was tested and further
analysis also carried out to determine if a direct association could be proved.

Geochemical Research

An attempt is being made to obtain the solution to a multiregion potential
problem. The problem arose during the design of an experiment to measure
the permeability of a particular subsurface stratum.

1230235
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Genéral

Radiation Protection

The calibration equation previously studied represents the average data for
gamma shielded and gamma open window readings very well through the range
15 mr - 5000 mr. It is less satisfactory for beta readings.

The f£1lm badge pencil data for a sample of HAPO pecple have been transcribed onto
IBM cards, and initial screening experiments and correlation studles are
currently in process. The exact direction and degree of future analysis

will depend on the outcame of these runs.

Atmospheric Diffusion Studies

A review was initiated of the methods of statistical analysis used in the
diffusion experiments data to obtain downwind cross section proflles and
meteorological parameters expressing the diffusion and deposition as a
function of distance from the source. A time average model expressing the
total amount of material passing a given position downwind should correlate
more closely with experimental data than an instantaneous Fickian diffusion
model modified for ground perturbations. Appropriate mathematical develop-
ment 1s underway to construct such a model.

Instrumentation

Statistical analysis of data from the Schaevitz system calibration study
conducted by Instrument Research and Develcpment QOperation was completed.
Calibration curves with their appropriate confidence intervals were
determined for the Schaevitz system on three different scales. Statistical
methods used in the analysis were cutlined to personnel of Instrument
Research and Development Operation so that in the future data for similar
calibration studies can be submitted directly to Data Processing.

Precision arnd accuracy study of a quantitative colorimetric method for boron
apalysis was completed. In addition to the precision and accuracy of the
method, the heterogeneity in the boron content of the samples submitted for
analysis was estimated. -

Division of Eesearch Programs

Work contimued on the correction of program data in the IRA master file. A
procedure was devised and the logic of a computer program written out for
the quantitative reduction of z set of time dependent multichannel energy
spectra.

Instrument Resesrch and Development

Work on the TEM-T70S0 program to compute the longivity of neutron flux monitors
as a function »f their isotopic constituents is neering completion and is soon
to b over o Instrument Research and Development Operation for their
use % studies.

123023 b BECLASiicD s
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Coatings and Corrosion

A test was designed to evaluate the effects of using slight amounts of chromic
scid in the sutoclave as a corrosion inhibitor. Various autoclave times and
temperatures will be utilized in the test.

Methods Development

Further modifications were made in NELLY, the HLO version of the Los Alamos
nonlinear least squares routine discussed in Los Alamos document LA-236T7.
The modifications allow for the use of the monotone convergence option and
the quadratic gradient option in conjunction with the restriction of param-
eter signs option. A second modification involves a change in the stopping
rule from one based on distance moved in the parameter space to the degree
to which the normal equations are satisfied.

The complete series of BIMD statistical routines have arrived from Western
Data Processing Center and a number of these have been transcribed from
magnetic tape to cards. To date, a screening routine and two analysis of
variance routines are operstional on the IBM-T0S0.

Work continued on the bibliography of statistical techniques for the reduction
of composite distributions. In addition to searching on-site literature, a
number of off-site requests for specific periodicals have been made, and

copies of the relevant ones attached to the bibliography. Material is being
organized for ready reference to specific kinds of comp051te distributions
which arise in comnection with Hanford problems.

M@ﬁ

OPERATIONS RESEARCH AND SYNTHESIS

CA Bennett:dgl
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PROGRAMMING OPERATICN
AUGUST, 1961

I. REACTOR DEVELOPMENT - O4 PROGRAM
PLUTONIUM RECYCLE PROGRAM AND SPECIFIC FUEL CYCLE ANALYSIS

At the expense of all other plutonium recycle studies, an accelerated
program was undertaken in which plutonium values were computed for a
variety of reactor cases and ecoromic conditions. Although the data

are still regarded as very preliminary and an estimated six months

will be required in order to check and explain the results, a preliminary
report was sent to Washington, D. C., on August 1ll, and discussions

were held with persomnel from the Divisions of Reamctor Development and
Operastions Analysis in Washington on August 27-28, 1961.

A summary of the most pertinent observations fraom the report is as
follows:

1. Reduction of the amount of U-238 in fuel elements allows better
use of Pu-240 and elevates plutonium values, possibly to $20/grem
fissile in thermal reactors.

2. Plutonium values vary with reactor type and fueling strategy to
such an extent that a single value is hard to establish for a
given isotopic plutonium composition. Of five prototype reactor
studies (PWR, Gas-Cooled, BWR, Dn0, and Organic) at full U-238
concentrations the values varied from $14 to $8/gram fissile, in
the order listed. Variation of U-238 concentration raises these
values and appears to reduce the variance between reactors.

3. Phoenix fuels will have high values over and beyond central station
power uses.

L. Reactor zoning tends to eliminate adverse effects on plutonium
value caused by any penalties involved with plutonium toxicity.

5. Change in price of fully-enriched uranium has been shown to be
the major impact of altered uranium price schedules on plutonium
values.

6. Plutonium-242 detracts from plutoniun values and simple formula-
tion of a negative term for this effect appears possible.

T. The thorium and U-238 systems are remarkably parallel in isotopic
sequence and over-all neutron balance. The resulting value
differences are not as great as casual analysis indicates. Two
major aspects bringing the values of U-233 and plutonium together
are the high plutonium cross sections which enhance U-238-plutonium
values and the relatively long half life and high cross section of
protactinium-233 (precursor of U-233) which detracts from the
value of Th-232-U-233 systems. Crossing the progeny of the two
systems may be the best method of maximizing the values of each,
as previously repcrted under Comtined Fuel Cycles.

1230238 UNCLASSIFIED
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Of the foregoing results, the alteraticn of U-238 concentration in
fuels with plutonium enrickment is possibly the most important point.
It appears that plutonium is penalized when substituted for U-235
enrichment in an optimized U-235-U-238 fueled reactor without readjust-
ment of the U-238 concentration to account for the special properties
of plutonium. It follows then, that most of the plutonium values
quoted to date by various analysis groups are low because such studies
do not appreciably alter the concentration of U-238, even though the
fissile enrichment level in U-238 is adjusted. To maximize the
productivity of plutonium enrichment, the U-238 concentration usually
must be reduced to bring about optimum neutron absorption levels in
Pu-240 and U-238. Reduction in U-238 concentration also allows fuller
utilization of the high absorption cross section of the plutonium
isotopes. Analysis of the concentration effect requires an extensive
increase in computation, but appears mandatory as incomplete data
developed to date indicate that plutornium values of $20/gram fissile
may result. Anotker possible advantage of reduced U-238 concentration
in fuels may result from allowing greater versatility of fuel element
make up and design which would reflect in further productivity increase.

Of the available computed HLO data, the best comparative set of
plutonium values is being developed with the CHAIN MELEAGER code.

- This code involves "linking" or "chaining" appropriate codes so that
they can be called into the computer's rapid access memory from
standby magnetic tapes as needed. The chain consists of the following
major programs:

1. MELEAGER =~ to supply the physics data.

2. QUICK - to supply the cost data by operating on MELEAGER
results.

3. MINIMIZER - to determine the minimum fuel cost.

L., PWE . - to establish the plutonium value resulting from

an appropriate recycle sequence.

The computer operating sequence starts with uranium enrichment of
the reactor; and the plutonium ashes from this are used to enrich

the next cycle (with supplementary U-23% enrichment, as needed) and
so on with further cycles until encugh statistics can be developed

to solve for the plutonium values. Each cycle is chosen at optimum
conditions for a set of estimated plutonium prices. Tte solution
(PUVE) determines the plutonium value for the plutonium fuel going
into the reactor and for the plutonium removed from the reactor.

Due to the isotopic compositicn changes with irradiation, these ash
values are generally not equal. The plutonium values resulting from
PUVE are then compared with tre estimated values originally assigned
for each step in tke CHATN MEZEAGER so that minimum cost points could
be selected. If sufficient difference exists, new plutonium value
estimates are prepared and the chain sequence is rerun until adequate
convergence is achieved. Of tke data run to date, only one such
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iteration was made. Iteration of the rest of the cases is awaiting
other datas checks to minimize the number of reruns that may be
required. Initial results are presented for the following five
generalized reactor types:

APWR - Advanced Pressurized Water Reactor
(As described in TID-8502.)

BWR Boiling Water Reactor (A generalized description.)

OMR - Organic Moderated Reactor (As described in TID-8501.)

Do0 - Deuterium Oxide Moderated (With zirconium tubes - a
general type.)

Gas
Cooled - Gas Cooled Craphite Reactor (General type patterned
after "Bradwell".)

Plutonium values are listed for the plutonium composition that results
from various cumulative exposures with U-238 measured in megawatt

days per ton of U-238. This tabulation is used because exact matching
of plutonium compositions for the various reactors is not possible.
Table I lists the plutonium values for batch cycles in the various
reactors with the plutonium compositions selected in descending order
of relative Pu-239 concentration for each of three cumulative
exposures: 15,000; 30,000; and 60,000 megawatt days per ton. Plutonium
compositions as a function of exposure match the best for the APWR I,
BWR I, and D,O II runs. DNote, also, that the plutonium values for
these are between $11.00 and $13.60 per gram fissile as nitrate. The
Gas Cooled reactor yields the highest values and the Organic reactor
the lowest values. APWR II is & rerun of APWR I using the resulting
APWR I results as plutonium value estimates in APWR II. The difference
in results is significant and all cases should be iterated. This was
not done in the short time available in order to increase the scope

of the evaluations for the five reactor types as follows:

Applied AEC Use Charge %/yr

APWR I - Batch 4,75

APWR II - Batch 4.75 (Iteration I)

APWR IIT - Batch 12.5

APWR IV - Batch 4.75 {Delta* Pu FEFJ = $45/1b of U)
BWR I - Batch L.75

BWR - Graded 4,75

* Delta Pu FEFJ = Fuel element fabricating and jacketing costs
for plutonium enriched fuel minus the corresponding costs
for uranium enriched fuels.

UNCLASSTIFIED
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Applied AEC Use Charge %/yr

D0 I - Batch 12.5
D50 - Graded .75
Organic - Batch L.75
Gas Cooled I - Batch k.75
Gas Cooled II - Batch k.75 (Reduced moderator; i.e., tight

lattice.)

Table II shows that increasing the fuel use charge from 4.75 to 12.5
percent decreases plutonium values somewhat. These values, of course,
are not iterated with better estimates from PUVE, and other analyses
where this has been done show less variation with the interest rate.
Increases in fuel cost with higher interest rates is its greatest
effect, as shown at the bottom of Table II. Cf more impact to
plutonium values is the effect of batch and graded fuel cycles that
is shown for the BWR and DoO machines in Table III. In this instance,
a definite reduction in plutonium value is observed. Note, also,

that the fuel cost for graded cycles is less than for the batch cycles
for these reactors. The validity of the results cannot be supported
by consistent argument at this time. Additional study of the differ-
ences between batch and graded must be made. One major difference is
the reduction of enrichment level with batch cycles which softens

the neutron spectra and thereby reduces the plutonium cross sections.
It is suspected that results using optimized U-238 densities for each
step will bring the plutonium values together for batch and graded
cycles in the same nuclear reactor.

As plutonium recycle is continued, the isotopic density of Pu-239,
240, and 241 reaches a psuedo equilibrium value relatively soon
(30-50,000 megawatt days per ton cumulative) Pu-242 continues to
grow in and does not reach equilibrium until fantastic cumulative
exposures are achieved as Pu-242 has a relatively low nuclear cross
section. Pu-242 is a parasite as far as the fuel cycle is concerned
and, as such, detracts from the plutonium value. It was possible,
therefore, to correlate the value of recycled plutonium batches with
negative contributions for Pu-242.
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The predicted values from the fitted equations show surprising agree-
ment with those from the machine calculations, as shown below for
the APWR I and Gas Cooled II which represents the least and greatest

error of fit:

Value From Value From
Reactor Step Fitted Equation CHAIN MELEAGER
- T3/8 Pigoy) (378 Pugot)
APWR II 1 10.76 10.94
2 10.01 g.92
3 9.31 9.29
b 8.72 8.78
5 8.27 8.19
Gas
Cooled II 1 7.T6 10.02
2 6.85 7.19
3 6.23 6.20
b 5.7h 5.73
5 5.37 5.35

The results for Step 1 show the greatest difference (especially for
the Gas Cooled II results). This is thought to chiefly result from
a nonequilibrium-240 situation. Therefore, these equations should
not be used for plutonium batches that result from exposures much
below 15-20,000 megawatt days per ton, i.e., before establishment
of a psuedo equilibrium condition for Pu-2Lk0.

The general form of the fitted equations is as follows:

$/g Puror = K -A(wt. fraction a2
In some cases the value of A showed considerable variance and it was
necessary to introduce an exponent for the Pu-242 other than-1.0,

tc secure values for K and A which were approximately constant.

‘The set of resultant equations for most of the cases covered by the
CHAIN MELEAGER and reported in Tables I, II, and III are as follows:

11.15 -18.60(wt. fraction 242)
11.15 -18.60{wt. fraction 242)
10.50 -26.50{wt. fraction 242)

APWR II $/g Pupqy
APWR IV $/g Putot
APWR III $/g Puiot
BRI 8/ Puggy
Organic $/g Puy ¢

D0 I $/g Puy .
D0 II $/g Pusg:

10.76 -37.70{wt. fraction 242)%-2

9.15 -76.00{wt. fraction 242)L1:1>

8.80 -16.40(wt. fraction 242)
10.70 -23.25(wt. fraction 242)
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8.25 -11.50(wt. fraction 242)(Poorer fit)

Gas Cooled II $/g Puyy
BWR Graded $/g Purot

Do0 Graded $/g Puy ot

There are a number of other statistical methods of correlating the
data being investigated - many of which will be more informative than
the method Jjust shown. Among these is an effort to establish unit
values for each plutonium isotope present and, in addition, a term
dependent upon the nuclear reactor characteristics which apparently
will involve the degree of moderation and the effective moderator
temperature.

7.52 -15.50(wt. fraction 2k2)l-2

7.33 -18.00(wt. fraction 2k2)1+?

L}

ANNUAL REPCRT

The Plutonium Recycle Program Annual Report for fiscal year 1961 has
been assembled and will be issued on September 15, 1961.

ITI. OTHER ACTIVITIES

1. . Radioisotope Production

The incremental cost of neutrons produced in a large reactor was
examined for use in the manufacture of special radioisotopes by
irradiation. When costs for burnup, fabrication, processing, and
use charges were considered for low enrichment fuels, the cost of
neutrons was found to be close to $4,000/gram. This then gives a
cost of about $17/gram of special isotope assuming an atomic
welght near 235. This cost 1s small in comparison with other
costs associated with isotope preparation such as the cost of

the target material and the special fabrication and processing
necessary for these unusual materials.

2. Drinking Water Standards

The new Public Health Service Drinking Water Standards as published
in the Federal Register include radioactive materials for the
first time. Particularly unfortunate is the establishment of a
limit based on the concentration of gross beta emitters in
drinking water. The gross beta level has long been utilized as
an alternative to detailed radiochemical analysis and evaluation
as recommended by the NCRP. Use of the concentration of gross
beta emitters as a limit poses several problems, primarily
because the difference in hazard of various radionuclides is not
taken into account and because of the difficulty in measurement
and interpretation of measurements.
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Although the drinking water in Pasco exceeds the proposed limit
for gross beta emitters, 1,000 ppc/l, the dose to the GI tract
(eritical organ for this mixture of radionuclides) is only about
80 mrem/year compared to a permissible limit of 1,500 mrem/year.

Miscellaneous

C. A. Robrmann presented a lecture on "Special Radioisotopes as
Power Sources" for the Ninth Annual Naval Research Seminar at

the Sand Point Naval Air Station, Seattle, Washington, August 14,
1961. The audience comprised about eighty Naval Research Reserve
personnel from the Thirteenth Navael District.

A report, "Arsenic and Its Radioisotopes in the Environs," was
prepared by R. L. Junkins for presentation at the First Symposium

on Radioecology, September 10-15, 1961, at Coloradc State University.

Manaéer,
Programming

WK Woods:jm

02

Al

1
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RADTATTION PRCTECTION OPERATION
REPORT FOR THE MONTH OF AUGUST, 1961

A. ORGANIZATION AND PERSONNEL

Virginia A. Warford was transferred from Internal Dosimetry toc the Laboratory
Auxiliaries Operation on August 7. Geraldine P. Staats was transferred from
Construction Engineering and Utilities Operation to Composite Dose Studies and
Records on August 14, replacing Maryann L. Sheldon who resigned from the Company
on August 18. Two summer employees, Harold N. Hauser and Calvin E. Gentle,
completed their temporary assignments with the Company and resigned effective
August 23 and August 30, respectively. James E. Atterberry was transferred from
Internal Dosimetry to the Chemical Processing Department effective August 28.
Myrtle S. Ghent was deactivated effective July 18 due to personal illness. The
work force now totals 13k.

B. ACTIVITIES

Occupational Exposure Experience

There were four new cases of plutonium deposition confirmed during the month;
thus, the total on record is 271, of which 197 are currently employed.

A CPD process operator received a plutonium deposition estimated as 2 percent

of the maximum permissible body burden as the result of a contaminated mincr
injury received at the 234-5 Building on May 31, 1961. Examination of the
injury at the Whole Body Counter at that time showed about 2 x 10-3 ue plutonium
and no medical action was taken.

Biclogical sample results confirmed. that a CPD process operator received a minor
deposition of plutonium as the result of the spread of contamination that occurred
while he was working in the PR room of the Purex facility last month. The depo-
sition is estimated as less than one percent of the permissible body burden.
Another CPD process operator received a plutonium deposition extimated as less
than one percent of the maximum permissible body burden as the result of a con-
taminated minor injury received at the 234-5 Building last month. Examination

at the Whole Body Counter indicated that about 3 x 103 pc of plutonium remained
at the injury site after medical excision.

Widespread plutonium oxide contamination occcurred during a hood removal operation
at the 234-5 Building by construction forces when a cloth tape contamination
barrier was inadvertently pulled off the bottom of the hood. Six construction
personnel and one GE employee received extensive skin and protective clothing
contamination with nasal smears to 1500 c/m. Spot sample analysis for one con-
struction emplcoyee who received head, face, and neck contamination greater than
40,000 d/m indicated a deposition in the range of 1C percent of the permissible
body burden. According to previous discussions, Industrial Medicine was informed
and medical treatment consisting of an expectorant and an intravenous injection
of one gram of calcium DTPA was performed. On the basis of initial bioclogical
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sample results following the treatment and assuming a conservative factor for
the increase in the excretion rate effected by the DIPA, deposition was esti-
mated as less than 5 percent of the maximum permissible body burden. Bloassay
was also initiated for the other-personnel involved.

Two CPD engineers received whole body exposures in excess of the Hanfcord
operational control when they were exposed to uncontrolled dose rates up te

50C r/hour. The exposure occurred when the men entered a trench to inspect
welds on two lines leading to a newly ccnstructed waste crib for the Purex
facility. Premature and unauthorized usage of the lines led to the uncontrolled
exposure. Evaluation of the film badge dosimeters and analysis of the dosimetry
involved indicated that the whole body dose was between 1.7 r and 2.1 r for one
ervnloyee and between 2.1 r and 2.8 r for the second individual. . Previous expo-
sure for this calendar year wes negligible for both men.

Routine processing and analysis of the film badge dosimeter for a CPD latoratory
technician at the 234-5 Building indicated a dose of 2.1 r for the four-week
vericd. Although a thorough investigation failed to reveal a satisfactory
explanation for the exposure, examination of the film indicated that the film’
density resulted from exposure to penetrating gamma radiation.

The third strontium separation started July 21 at the Hot Semiworks and continued
for six days. Air contamiization, previously a problem in A sample gallery, was

a problem in the B sample gallery on this run. An eight-hour 12,000 cubic foot
alr sample, taken in the greenhouse in B sample gallery, had a docse rate of 20
rads/hour. The concentration was estimated at 2 x 107° pc FP/cc. An additiona.
cap was placed on a sample riser in the greenhouse to reduce the possibility cf
a blow-back from the vessel into the greenhouse. The use of an automatic
sampler, which sampled every thirty minutes, was discontinued. Contaminated
lead bricks were replaced. These remedial actions apparently alleviated the
cause of air contamination. Another routine survey, this time in A pipeway, dis-
covered contamination to 40 rads/hour on the floor under steam line number 6S.
The initial decontamination in dose rates up to 2 rads/hour, including 2C0O
mr/hour, was mildly successful in reducing the coxztamination to 2.6 rads/hour.

A strainer on the steam line was replaced. A plastic washer removed from the
line read 300 rads/hour at one inch.

During a power failure on July 30, the deluge sprinkler system in the Critical
Mass Facility (209-E Building) reactor rcom was activated by 2 pneumatic- i
controlled valve. Samples of the water standing on the floor indicated the
alpha activity concentration was on the order of twice the MPC for plutconium

in water. After the room was drained zand mopped, alpha activity was detected
on the shoe covers and rubbers. Subsequent surveys revealed that the sprinkler
water seeped into the fuel pump hood located on the north wall of the reactor
rocm. This water then seeped cut between the front panel and the hood frame
and dripped into the four inches of water stamling on the reactor rcom flocr.
The bottom of the hood and the floor below it were contaminated to greater than
40,CC0o d/m. Visible amounts of fuel had previously leaked from the pump cnto
tae floor of the hood. Hood panel bolts were tightened, the hood exterior and
reactor recom floor cleaned to nonsmearable and the floor below the hood painted
with strippable paint.
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The proper valve closing procedure was not followed and resulted in improper
routing of 1 WW waste solution from Purex into a transfer line in the 325-A
facility. Two employees were exposed to dose rates estimated to be 450
rads/hour for several seconds.

Radiation monitoring efforts at the Plutonium Recycle Test Reactor were largely
in support of locating heavy water losses and foreign material in the primary
system. Dose rates experienced during removal of two flux monitoring channels
included beams up to 230 r/hour and general radiation fields up_to 5 r/hour
Tritium air activity in A cell ranged from a maximum of 1 x 107 3 pc/cc to less
than 5 x 10'6 pc/cc. Analysis of samples collected from the effluent stack
showed tritium concentrations to 2 x 10-k pc/cc, indicating significant heavy
water loss at this source. Twelve bioassay samples of the 232 samples collected
for tritium analyses showed a maximum of T uc T/liter. This concentration cor-
responds to a whole body dose of 48 mrem in the following 28 days. On one occa-
sion when the power level was raised from critical to 7O Mw in a short period of
time, high air concentrations in the vessel on the order of 10-> pc/cc were
reflected in the effluent air activity which exceeded the contrecl limit of

5x 1072 pc/cc for approximately four hours.

The examination of new hires and terminees in the Whole Body Counter is now in
place as a part of the routine program.

Envirommental Experience

A total of 139 fish comprising twelve species, predominantly whitefish and
squawfish, was obtained from routine sampling locations at Priest Rapids, Han-
ford, Richland, and Burbank. One hundred sixty-eight tissue samples from these
fish were prepared and submitted for radiochemical analyses.

Nineteen routine and twenty-three special produce samples were obtained for
radiochemical analysis. Routine samples consisted of: milk and pasture grass
from Ringold, Riverview, and Benton City areas; ten sets of bovine thyroids;

and three samples of Willapa Bay oysters. Special samples consisted of tomatoes,
cantaloupes, peaches, beans and wheat from farms in Benton City, Rlverv1ew and
Ringold.

Grass in the 300 Area was surveyed for contamination following the detection of
a few thousand counts/minute on area lawnmowers. No contamination was detectable
on the grass by direct survey. Grass samples were collected for laboratory
analysis and no significant amounts of radionuclides were detected during ten-
minute counts. Longer counting times indicated the presence in low concentra-
tion of a radionuclide which was not identified by the end of the month.

Three routine background aerial survey flights for off-plant locations were
made. No significant changes in previous results were noted. '
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Studies and Improvements

Fluorescein dye was introduced into the Plutonium Recycle Test Reactor aqueous
effluent in order to determine the distribution of the waste stream in the
river. Visuwl observation showed that the waste stream stayed in a narrow band
along the west bank of the river as far south as Van Giesen Street at Richland.
Analytical measurements on the concentration of dye in the river water are not
yet complete but they were lower than anticipated due to insufficient dye and
too slow a rate of addition. Also, the PRIR experienced an unscheduled shut-
down at the time of the test and, therefore, thermal effects on effluent dis-
tribution were not observable. River water was sampled on five cross sections:
between the 300 Area and Pasco. Analytical measurements on dye content were
not completed at the end of the month.

A special sample of Columbia River water was shipped to the Southwest Radio-
logical Health Facility, USPH, at Las Vegas, Nevada, at their request. One-half
of the sample was retained for radiochemical analysis by the Radioclogical Analysis
Operation for comparative results. The primary purpose was to assist the former
group in setting up analytical methods for the determination of radionuclides

in river water.

Work was coﬁtinued on a detailed review of the Columbia River and'sanitary water
menitoring program. Substantial modifications are being considered.

Forms were received from 105 fishermen contacted by the local Game Protector
along the Columbia River. Most contacts were from the Ringold to McNery Dam
section. Prelimindary tabulation of results was started.

The potential impact of the aqueous effluent from the FRTR on the Columbia River
was reviewed in relation to MPCy's listed in 10 CFR 20.

Work was continued on the comprehensive compilation of data relating to the
Columbia River requested by the AEC.

An analysis was made of the consequences of accidental release of 1.5 liters of
1 BP solution (Purex) during shipment to Oak Ridge. It was concluded that
ordinary care and precautions normelly required for the shipment of radloactlve
materials via common carriers would be sufficient.

Basic equations were develcoped for acute exposures to the GI-tract from acci-
dental release of radicactive materials. When completed this work will eliminate
the necessity of converting concentrations of particular radionuclides to per-
cent of MPC's and then to dose.

Work was continued on relating exposure to predicted areas of contamination fol-
lowing accidental releases of radicactive materials from stacks of various
heights, for three wind speeds under "meutral" and "unstable" atmospheric con-
ditions.

The air flows through stack gas sampling equipment at Purex, Redox, and the 327
facilities were recalibrated during the month as a result of recent inconsistenci.

UNCIASSIFIED

1230251



HW-T70872

\J1

UNCLAasSIFILD G-

in stack emission results at Redox. The static scrubber system at Redox
indicated a 35 percent change from previous calibration data. 'The 327 Build-
ing equipment showed a decrease of 40 percent from the original values. No
significant calibration differences were noted for other systems. '

Sampling studies were continued on the Redox stack 50-foot level. Due to
difficulties with the steam system, a study was initiated to determine the
feasibility of replacing the system with either an air jet or vacuum pump
system.

Revisions were made in the proposed floor plan of the Fuel Recycle Pilot
Plant (FRPP). These revisions bave resulted in a good separation between
radioactive and non-radiocactive areas while maintaining geood traffic patterns.
Discussions concerning the location of the first and second filters for the

cells are continuing.

Consideration was given to the exhaust air monitoring requirements for a thorium
handling facility. Modifications to the 306 Building to provide thorium hand-
ling capabilities are being considered. Use of systems similar to the 234-5
Building exhaust air monitors are being considered.

A holder was provided for use of the uranium oxide radiator with the K-fluorescent
X-ray. This radiator provides 100 Kev K-fluorescent X-rays. A lanthanum radi-
ator, which provides, theoretically, 35 Kev K-fluorescent X-rays, was cast and
mounted for routine use. Preliminary data obtained with the multi-channel
analyzer indicate that the energy peek of the lanthanum radiator is about 35 Kev.
A tungsten sheet 5 mils in thickness was ordered to replace the present defec-
tive tungsten radiator. Studies of the 59 Kev K-fluorescent X-rays show that

the tin filters which have been used to minimize low energy X-ray scattering

with certain radiators are generating a low energy K-fluorescence at about Z3

Kev. Methods to provide more mono-energetic radiations are being reviewed.

The pinhole lenses used with the pinhole camera were modified to provide a wide
angle field of view for both the optical and the radiation picture. The use of
fresh KK X-ray film significantly improved the radiation plctures. Sheets of
duPont 508 film, 5" x 7" in size, were ordered to provide increased radiation
sensitivity. Inquiries regarding the use of the pinhole camera for the study
of irradiated fuel elements were received.

The prototype Hanford per sonnel dosimeters were received from the vendor,
Product Engineering Company. Certain on-plant assembly procedures are in
progress. The workmanship and general construction features of the prototypes
are good.

Fabrication of the film X-ray coding machine to provide X-ray film identifica-
tion for nonroutine personnel dosimeters is now in progress. Completion of the
machine at the 328 Technical Shops is scheduled for October 15.

Debugging of the automatic film densitometer continued through the month.
Alignment of the mechanical parts is complete. A re-adjustment of the number
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matrix components has been made to assure correct payroll number interpreta-
tion by the densitometer. Initial runs with the automatic densitometer indi-
cated that 15 mr of radium gamma radiation can be easily detected. For radium
gamma radiation, the 95 percent confidence limit for a dose of 15 mr is t 5 mr;
for doses between 30 mr to 300 mr, this limit is * 10 mr.

Five additional moderators for the moderated foil criticality dosimeters were
received from the vendor. Radiographs of these moderators indicate that they
were free from voids in the paraffin filling and were acceptable. The vendor
was advised to proceed and complete the current:order which will provide 300
units for placement throughout the Hanford plant. A report detailing the
development, performance, and evaluation of the moderator foil criticality

dosimeter is nearing completion.

Performance tests of variocus gas fillings of small-BF3 tubes were completed. A
gas filling of 18.5 cm of EF3 and 6.5 cm of Argon gas provided the desired
characteristics for use with the Hanford portable BEF3 monitoring instrument.
Three of the small tubes are beilng fabricated at Hanford for study. A double
moderator of reduced size is being built for use with these smaller tubes. A
weight reduction of about 50 percent in the double moderator is expected to
result with no sacrifice in the performance of the instrument. Weight reduc-
tion is possible through the use of a smaller detector tube. The smaller
detector tube also provides increased dose range for the BF3 type instruments.

Redium gamma exposure to silicon diodes under study as possible fast neutron
dosimeters resulted in no detectable change in the forward resistance for doses
up to 500 r. Higher exposures have not been completed. Calibration curves for
neutron doses from 100 mrads to 1300 mrads were obtained utilizing the plutonium
fluoride neutron source. These calibration curves indicate that the response of
the 0.075-inch silicon diode was higher at a given current through ‘the diode
than was the response from a 0.100-inch diode. The change in the forward resis-
tance for the 0.075-inch diode was about twice that observed for the 0.100-inch
dicde for a 100 mrad dose.

Preliminary investigations to measure the change in thermoelectric power semi-
conductor materials following fast neutron exposure was plamned. Semiconductor
materials such as silicon and germanium or special alloys such as BizTes and
SbgTe3 will be investigated. The measurement of thermoelectric power is simple
and can be easily carried out with equipment readily available. -

The annual physical inventory of normal wranium assigned to the Calibrations
facility was performed on August 2. All uranium except that cemented in the
film calibration jig was weighed in the presence of a GE accountability repre-
sentative. The total uranium on hand was 24,222.3 grams. This weight was
within 5 grams of the total weight declared during 1960, and the inventory
results were considered acceptable. The annual physical inventory of portable
instrument and assigned equipment was also completed during the month. ALl
assigned equipment was witnessed and accounted for. GM number 277 which had
been missing since November 28, 1960, was located near end of the inventory
pericd.
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Investigation into the cause of two criticality alarms at the 326.Building on
August 27 revealed that the instrument was set to alarm at 25 mr/hour instead
of the recommended 1 r/hour. Recalibration of the equipment showed full-

scale readings 50 percent in error from the previous calibration. The reasons
for the setting of the alarm being at a point one-twentieth of that recommended

were not wncovered.

Charts and drawings showing the location of criticality detectors, criticality
alarms, threshold neutron detectors, and criticality film badge kits have been
prepared for all facilities at Hanford. A copy will be distributed to each
member of the Radiological Emergency Team and one copy will be placed in each
box contalning high-range dose rate meters and self-reading dosimeters.

A revised Columbia River Emergency Plan was prepared for review and comments.

A final draft of the emergency procedures for the threshold neutron detector
system was distributed for comment.

C. VISITORS

The following visitors met with various members of the Radiation Protection
staff during the month:

Dave Wagstaff, Oregon State Board of Health, Salem, Oregon
E. C. Tsivoglou)
M. W. Lammering)

C. Henderson ) US Public Health Service - Cincinnati, Ohio, and Portland,
J. L. Agee ) Oregon
D. Hoffman )

Vittorio Prodi, Balogna University, Italy (IAEA Fellowship Student at
Argonne National Laboratory)

John Horan, AEC, Idaho Operations Office, Idaho Falls, Idaho

Dave Wallace) US Public Health Service (assigned to Washington State

Jack Wallace) Board of Health)

A. T. Neale )

G. Hansen )

E. Asselstine) Washington State Pollution Control Commission - Olympia and
C. Ogden ) Yakima, Washington

T. Clemetson )

K. E. Story )

0. E. Reid )

F. W. Rymer ) Tennessee Valley Authority

A. N. Qualls)

A. R. Walker) :
C. G. Amato, American Machine and Foundry Atomics, New York City, New York
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D. EMPLOYEE RELATIONS

Two suggestions were submitted by personnel of the Radiation Protection Operation
during the month bringing the year-to-date total to thirty-four. Four sugges-
tions were rejected with no adoptions. Ten suggestions suomitted by RPO person-
nel are pending evaluation.

There were four medical treatment injuries during the month for a fregquency of
1.88. No security violations occurred during the month of August.

All Job Hazard Breakdown's are being revised and updated throughout the Operation.
New Job Hazard Breakdown's were prepared for several new types of operation such
25 the biological monitoring work in Environmental Monitoring.

Radiation Protection training included orientation on specific aspects of radi-
ation protection to: new and visiting employees, members of Analytical Labora-
tories Operation, visitors from the Tennessee Valley Autheority, HAPO patrolmen,
and to the members of the first-line management class.

The Radiation Protection Operation display was presented at the Benton-Franklin
County Fair August 25-2T7 to an estimated audience of 3,500 people. The display
was also presented at the Southeastern Washington Fair in Walla Walla August 31
through September 3.

The 1G61 AEC Radiological Physics Fellowship Program was concluded on August 24.
A total of ten students participated in this year's ten-week summer training
session. Nine of the participating students are returning to the University of
Washington on extensions of their fellowships for completion of M.S. degrees.
One student employed by the New York State Health Department is returning to
his former position.

E. SIGNIFICANT REPORTS

HW-70689 - "Analysis of Radiological Data for the Month of July, 1261" by
R. F. Foster. :

HW-T70TC6 - "Some Radiocactive Materials Measured in Various Waters in <the United
States ~ A Literature Search" by J. K. Soldat.

HW-T0930 - "Monthly Report - August 1961, Radiation Monitoring Operation"” by
A. J. Stevens.

A paper entitled "A Method of Linearizing Thermistor Thermometer Data in

Calorimetry" by H. V. larson and I. T. Myers was presented at the International
Calorimetry Conference that was held at Ottowa, Canada, on August 14-17.
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-July 1961 - Mid-August 1961)

Sample Type and Location

Drinking Water

100-F Area
Separation Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-B Area
100~F Area

Hanford

Pasco

McNary Dam

Vancouver, Washington

Atmosphere

1131

Separations Areas
1131 pa

Separations Stacks

Active Particles - Project
Active Particles - Environs

Activity
_Lrpe

Isotopic
Gross Beta
Isotopic
Isotopic
Gross Beta

Gross Beta
Isotopic
Isotopic
Isotopic
Gross Beta
Isotopic

I13l
Il3l

3.0 x 10~

Monthly
Average

1.2
0.8
6.2
No Sample
0.3

Vegetation (Control limit for vegetation is 1072 ue Il3l/g)

SeparationsiAreas
Residential

131
I
7131

10'6

X
x 106

uc/ce

Combined curies/day
ptle/100 m3
ptle/100 m3

pe/g
ue/g

* The % MPCy; is the percent of the maximum permissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

#* The % MPCy-GI is the percent of the maximum permissible concentrations for
persons in the neighborhocd of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained

in NBS Handbook 69.

1230230

UNCIASSIFIED




UNCLASSTFTIED G-10

PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS

External Exposures Above Permissible Limits

Whole Body Penetrating
Whole Body Skin
Extremity

Hanford Pocket Dosimeters

Dosimeters Processed

Paired Results - 100-280 mr
Paired Results - Over 280 mr
Lost Results

Hanford Beta-Gamms Film Badge Dosimeters

Film Processed

Results - 100-300 mrads

Results - 300-500 mrads

Results - Over 500 mrads

Lost Results

Average Dose Per Film Packet - mrad (ow)
- or (s)

Hanford Neutron Film Badge Dosimeters

Slow Neutron

FPilm Processed

Results - 50-100 mrem
Results - 100-300 mrem
Results - Over 300 mrem
Lost Results

Fast Neutron

Film Processed

Results - 50-10C mrem
Results - 100-3C0 mrem
Results - Over 300 mrem
Lost Results

Hand Checks

Checks Taken - Alpha
- Beta-gamma

Skin Contamination

Plutonium
Fission Products
Uranium

1230251

Augzst

[oNeNe]

2,848
28

[eNeoNoNONG]

[oNeNoNONS]

HW-TOBT2

1961 to Date

0]
1
o

33,858
380

16

81,569
7,454
939
182
2h6

21.

11,562
0

0

0

58

2,745
367
106

0]
58

270,249
415,090

2k3
388
L6
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Whole Body Counter Male Female August 1961 to Date
GE Employees
Routine 66 2 68 466
Special 3 0 3 48
Terminal 15 2 17 19
Non-employees 13 0 13 63
Pre-employment 20 2 22 22
117 6 123 620
Bioassay
Confirmed Plutonium Deposition Cases 4 g%
Plutonium - Samples Assayed 8 3hh 4,225
- Results Above 2.2 x 107~ uc Pu/Sample 12 109
Fission Product - Samples Assayed 459 4,837
- Results Above 3.1 x 1072 puc
FP/Sample 5 13
Uranium - Samples Assayed 149 2,077
Biological - Samples Assayed 0 196
Uranium Analyses . Following Period
' - Following Exposure of No Exposure
Units of 10”2 pc Ufecc Units of 10°7 uc Ufcc
Number Number
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 9.0 3.6 37 12.0 3.7 37
‘Fuels Preparation** 0 0 0 0 0 0
Hanford Laboratories 12.2 4.3 16 23.5 6.4 - 13
Hanford laboratories*¥* 0 0 0 0 0 0
Chemical Processing 20.1 5.6 21 35.5 7.3 21
Chemical Processing** 2.5 2.5 1 3.7 3.1 2
Special Incidents . 5.8 5.8 1 0 0 0
Random 0 0 0 0 0 0
Tritium Samples Maximum Average Count August Total
Urine Samples
Routine 7.0 pe/1 1.77 uc/l 273
Samples Above 5.0 pc/1 13
Samples < 1 pc/l 119
273
Do0 Samples
Moderator 92.2 pe/ml  75.7 pe/ml L4
Primary 22.8 pe/ml  19.8 pc/ml L
Reflector 75.3 pe/ml  64.1 pe/ml L
12
Water Samples 160.5 pe/ml  43.1 pe/ml 126 126

* The total number of plutonium deposition cases which have occurred at Hanford
is now 271, of which 197 are currently employed.
** Samples taken prior to and after a specific job during work week.
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Calibrations Number of Units Calibrated
August 1961 to Date
Portable Instruments

CP Meter 1,019 7,334

Juno 270 1,971

e 568 b,24kl

ther 20k 1,349

Audits 111 831

2,172 15,726

Personnel Meters
—— R e e 1. 7k0  11.8A5
x u [P = = L} — '
—_— e

9,361 21,909

Miscellaneous Special Services 829 6,772

Total Number of Calibrations 12,362 Lh,Lo7
for the :
Manager

RADIATION PROTECTION
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LABORATORY AUXILIARIES CPERATION
MONTHLY REPORT - AUGUST, 1961

GENERAL
There were no security violations charged to the Operation.
There were no major injuries; the minor injury frequency rate was 2.29

for the month and 2.89 for the year-to-date.

TECHNICAL SHOPS OPERATION

Totel productive time for the period wes 24,960 hours. This includes 17,478
hours performed in the Technical Shops, 4,161 hours assigned to Minor
Construction, 2z hours assigned to other project shops and 3,299 hours
assigned to off-site vendors. Total shop backlog is 20,364 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 5.3%
(1230 hours) of the total available hours.

Distribution of time was as follows:

Man-hours % of Total
Fuels Preparation Department 5,995 23.85
Irradiation Processing Department 1,920. 7.63
Chemical Processing Department L7k 1.90
Hanford Laboratories Operation 16,704 66.45
Construction Engineering & Utilities L3 A7

Requests for emergency service decreased to a level requiring a 5.3%
overtime ratio, compared to 6.3% for the previous period.

At the close of the reporting period, there were two open requisitions
for Machinists. Qualified candidates have been interviewed and are in
process.

There were six medical treatment injuries, which is considered normel
for this type of operation.

CONSTRUCTION OPERATION

There were 62 existing J. A. Jones Company orders at the beginning of

the month with a total unexpended balance of $181,976. One hundred and
twelve new orders, 6 supplements and adjustments for underruns amounted to
$111,659. Expenditures during the month on HLO work were $100,07L.

Total J. A. Jones backlog at menth's end was $193,56k.

UNCLASSTFIED

1230260
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Summary
HL CE&U
Unexpended Unexpended
No. Balance No. DBalance
Orders outstanding beginning of month 51 $ 174,709 1 $ 7,267

Issued during the month (Inc.Sup. & AdJ.) 1.18 101,359 1 10,300
J. A. Jones Expenditures during month

(Inc. C. 0. Costs) 93,124 6,947
Balance at month's end 63 182,944 1 10,620
Orders closed during month _ 100 152,413 - -

FACILITIES ENGINEERING OPERATION

Projects

At month's end Facilities Engineering Operation was representing the
Company on 17 projects having total asuthorized funds in the amount of
$2,435,000. The total estimated cost of these projects is $7,708,300.

The following summarizes the status of FEO project activity:
Number of authorized projects at month's end 17

Number of»new pro jects at month's end 1l
CAH-836 Coolant Systems Development Laboratory

Projects completed in August v : 0
New project proposals submitted to AEC in August 0
New projects awaiting AEC approval: L

CGH-918 Second Whole Bedy Counter Facility

CAH-917 Field Service Center

CGH-922 Burst Test Facility for Irradiated Zr Tubes
CAH~-932 300 Area Retention Waste Systems Expansion

Project proposals complete or nearing completion are as follows:
Modifications to the H-1 Loop - 105-H Building
H-2 Basic Film and Corrosion Loop - 105-H Building

The attached report details project status.

UNCLASSIFIED
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Engineering Services

Title

Pressure Vessel and Piping Systems -
Engineering & Inspection Service

"Split-Half" Machine for Critical
Mass Studies

Control and Safety Rods for Tamper
Tank (Critical Mass)

10KW Tube Dryer ~ 31L4 Building

Process Tube Monitor - 309 Building

HIO Electrical & Signal Systems

Monorail Trolley - 326 Building
Power Transfer Switch - 306 Bldg.
Air Conditioning Unit - 326 Bldg.

Drafting and Design Services

H-3 HW-70872

Status

Code engineering service work is
being performed on PRIR Systems,
Breskaway Corrosion Loop, and Equip-
ment Projects. A draft of the pro-
posed manual of procedures for the
acquisiticn and use of pressure
systems was issued for comments.

Design essentially complete.
Development work is being continued.

Design complete. Installation 25%

complete.
Design started.

Buildings are routinely metered and

records maintained. A lighting level
survey is being made in all buildings.
Signal systems are being standardized.

New insulated electrical conductors are
being installed on trolley as a safety
precaution.

A new swltch is being installed for
transferring electrical loads during
emergency power periods.

Hea®t generated by new equipment in
room 21-A requires supplemental
cooling. Design complete.

The work load in the 3706 Building drafting room and in the 327 Building is

steady with some overtime required.

Work loads in 306, 314, 308, and 1707-D

Bulldings are steady with little or no overtime required.

The equivalent of 147 design drawings were completed this month.

1230262
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Plant Maintenance Operation

Analysis of Costs

Costs for July of $115,530 are about as predicted. This year, the im-
provement maintenance program started quickly with an activity about
twice previous period.

Improvement Maintenance

Iten
Relocation and Alterations $ 1,278
Repainting 4,378
Electrical Modifications 0]
Piping Modifilcations ¢
Heat & Vent Modifications 1,411

$ 7,067

Waste Disposal and Decontamination Service

Waste disposal and decontamination work performed during the month is as
follows:

- July June
Concrete barrels 16 16
Loadluggers - hot waste 3 I
Milk pails Lo 25
Gattling gun 2 2
Crib Waste 305,000 gal. 310,000 gal.

Plant Engineering and Miscellaneous

Apprcximately 17,000 square feet of prints were reproduced during the
month.

The total estimated value of the twelve requisitions issued during the
month was $80,000. This procurement is primarily for spproved HL projects.

A row of offices on the second floor of the 325 Bullding is being treated
to reduce the ncice level caused by building machinery.

The contingency main“enance work of research equipment moves is progressing
in 326, 306 and 231-Z Buildings.

12302b3 ' UNCLASSIFIED
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Plant Engineering and Miscellaneous (Cont'd.)

Decontamination Chamber of 327 Building is being removed.

Construction forces are complete with modification of room 316 in 325
Building.

A work order has been issued to Plant Forces for changes to room 123 and
123-A of 328 Building.

Exhaust fans are to be installed in the shop of 328 Building.

Plans have been made for replacement of contaminated ductwork from room
324 in the 325 Building. A work order has been issued to replace the
ductwork with P.V.C.

Painting of the exterior of 328 Building has been contracted.

Painting continued in 329 Building.

TECHNICAL INFORMATION OPERATION

Approval was received from the AEC on a number of classification revisions
proposed by HAPO on poison splines. A Classification Information bulletin
wes distributed containing the new instructions together with information
on classifying research and development work on Be0-UO, fuels.

Comments on the first draft of the "General" section of the new local
clasgification guide have been received from HAPO components. The section
will now be readied for HOO approval.

A proposal to declassify design descriptions and specifications for

certaln reactor maintenance tools, heretofore classified, was submitted

to HOO. Two documents were included to illustrate the types of information
which should be unclassified.

Backlog of formal R&D reports at month's end was 33, including 5 reports
being typed. Unfortunately the addition last month of another clerk in

Technical Publications has not enabled us to reduce the backlog because

of time lost by vacations. Repid elimination of the backlog appears to

te our principal problem, and steps will be taken to do this.

The microfilming of the documents in the Classified Files (Operation "Mop-
Up") is proceeding smoothly. To date 167 file drawers have been emptied,
277 copies have been pulled for filming, and 36 boxes of documents un-
sultable for microfilming have been retired to the Records Center. A
total of 36,064 documents have been microfilmed to date.

UNCLASS IFTED
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As a result of a joint effort, in which General Electric participated,
three courses in Librarianship will be presented this winter at the
The courses will

University of Washington Center for Graduate Study.

be taught by Maryde Orr, of the Technical Information staff.

The Operation had two visitors from off-eite during the month.

They

were John P. Binnington, from Brookhaven Technical Information Division,
and James H. Kennedy, from the Information Division of the University
¢f California Radiation Laboratory. They were principally interested in

our machine applications.

Work Volume Statistics

- Document Distribution and Files

Documents routed and discharged (copies)
Dccuments issued (copies)

Documents sent off-site (copies)
Document reserves filled (copies)
Documents picked up and dellvered

" Document Accountability

Holders of classified documents whose files
were inventoried

Documents inventoried in Files (copies)

Documents destroyed or retired (copies)

Documents revised (copies)

Documents pulled and documents filed (copies)

Dccuments reclassified

Documents microfilmed

Accountable ccpies of SECRET and DOCUMENTED

Reference and Publication

Books cataloged (new titles)

Becks added o the collection {volumes)

Ready reference questions answered by
prcfessional staff

Literature searches by professional staff

Repor+s atbstracted (titles)

Formal reports prepared (titles)

Off-site requests for HAPO reports {copies)

Reportz released to CAP (titles)

12302b5

July

14,850
13, okg
6,281
501
15,749

27
L,3b6
658
11,543

2,985
191,832

99
275

170

=
/

227

328
27

August

16,195
17,908
8,116
h23
17,52k

279

3,493
89l
15,241
Lo
2,542
19k, bl

104
209

140
T1
229
18
303
36
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Library Acquisitions end Circulation

Books ordered (volumes)

Periodicals ordered

Books circulated (volumes)

Periodicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial film showings

Bound periodicals added to the collection
Bound periodicals discarded

Library Collection

Main Library W-10 Library 108-F Library

Ind.Med. Total

No. of books 32,080 8,681 1,837 2,061 Lk, 659
No. of bound -
periodicals 14,912 17 1,92k T 23 16,876

46,992 8,698 3,761 2,084 61,535
Classification and Declassification

July August
Documents, invluding drawings and photographs
reviewed for downgrading or declassification L9 67
Documents and papers {intended for oral pre-
sentation or publication) reviewed for appropriate
classification 25 38
Documents submitted to Declassification Branch,
Oak Ridge 2 3
anager ?
/" Laboratbry Abxiliaries

JL Boyd:jw

12302bb



H-3

SEMI—-MONTHLY PROJECT STATUS REPORT [ w- 70872 .
GENERAL ELECTRIC co. — Hanford laboratories oaTe 8-31-61
PROJ.NO. LR FUNDIN G
CAB-822 Pressurized Gas Cooled Facility 4141 Opera :
AUTHORIZED FUNDS |ogsian 5 40, 000 (agcs O cosTacommTo B-20-61 s 887,814 (GE
$1,120,000  |comsr.s 1,080,000 o= s 1,120,000  |esmmateo ToTAL cost $71,120,000
STARTING |DESIGN 8-]_9-59 DATE AUTHOR{ZED 2-3_61 ESOL'-QL.[QESlGN L-29-60 PERCENT T<:om-|..z~rz
DATES L:ousr.lo-l'?-éo DIR. COMP. DATE 9_30_61 DATES | consT- 9_30_61 WT'De |SCHED. [ACTU/
EINGINEER DESIGN 100 100 10¢
REDO - DP Schively TITLE |
MANPOWER AVERAGE |[AccuM MaNDAvs |]GE-TIT41 | 100 100 10(C
FIXED PRICE AETIT 1§
COST PLUS MXED FEE
PLANT FORCES CONST. 100 99 o
ARCHITECT~ ENGINEER ad
OESIGN ENGINEERING OPERATION CPFF 17 95 2
GE MIELD ENGINEERING Fp 7 100 | 10C
Govt. £9.76 | 99| 9

SCOPE, PURPOSE, STATUS & PROGRESS

progress.

in-reactor section.

Addition of DC stopping power to main blowers & miscellaneous electrical work in

Estimates are being obtained for the installation of a trap between the NaK heater and

PROJ. NO. TiTLE FUNDING
CAE-842 Critical Reactivity Measuring Facility 58-e-15
AUTHORIZED FUNDS {Dl:ldﬂ s hs,ooo AEC § l)-l-a,OOO COST & COMM. T0 B=20-61 s 169, 398
s 3609000 | const.s 315,000 {c: s 212,000 ESTIMATED TOTAL COST s 360,000
STARTING {Dzslcu I1.T7-55 DATE AUTHORIZED ST [oesion 2-1-61 PERCENT COMPLETE
DATES consT.10=3-60 DIR. COMP. DATE 8.15-61 DATES [consT. 8-15-61 WT'D. | SCHED. aCTUA
ENGINEER DESIGN 100 100 | 100
REDQ - WS Kelly TITLE | |
MANPOWER AVERAGE |ACCUM MANDA Y8|[GE- TIT. I
FIXED PRICE AE-TIT. 11
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 120 72
ARCHITECT ~ ENGINEER P i
DESIGN ENGINEERING OPERATION CPFF 57 1C0 53
GE FIELD ENGINEERING FP 43 400 | 100

SCOPE, PURPOSE, STATUS & PROGRESS

1230267

Piping and elzctrical installation was continued.

A revised project proposal requesting an extension of the scheduled completion date is
Deing circulated for approval. A new schedule will be submitted when it is approved.

BM -7300~042( 2—61% 4£C.GI niCHLAND, wasH
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SEMI—MONTHLY PROJECT STATUS REPORT HW-= 70872
GENERAL ELECTRIC CO. — Hanford laboratories PATE 8-.31-61
PROJ.NO. TITLE FUNDING
CGH-857 Physical & Mechanical Properties Testing Cell - 327 Bldg. 0290
AUTHORIZED FUNDS [pesien § 75,000 fagc s cosT & COMM T0 3=20-61 $ 74,945
s 75,000 conaT. s Iee s 75,000 ESTIMATED TOTAL €087 s 160,000
sTARTING DESign 11-2-59 DATE AuTHorizep 10-1-59 esto. [oesion 3-1-61 PERCENT COMPLETE
PATES [ oust. 5-15-62 DIR. COMP, DATE oaTes | constl2-15-62 WT'D. |SCHED. [ACTU,
ENGINEER DESIGN 100 100 | 1O
FEO - KA Clark TITLE |
MANPOWER AVERAGE |ACCUM MANODAYS[SE-TIT.I1 1 100 100 10(
FIXED PRICE AE-TIT. I}
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT- ENGINEER PF
DESIGN ENGINEERING OPERATION 540 CPFF
GE FIELD ENGINEERING Fp
SCOPE, PURPOSE, STATUS & PROGRESS
This project will provide facilities for determining physical and mechanical
properties of irradiated materials; and involves the installation of & cell in the
327 Bldg.
The proposal is being reviewed prior to submission to the AEC for approval.
PROJ. NO, TITLE FUNDING
CGH-858 High Level Utility Cell - 327 Building 0290
AUTHORIZED FUNGS | ool s 50,000 [aecs cosT acomm.To 8-20-61 s 267,418
s 400,000 consTt.$ 350,000 lee s 100,000 ESTIMA TED TOTAL COST s 400,000
STARTING [pEsign dbk=2-=59 DATE AUTHORIZED 10-1-50 EST'D: [pesign 3=L1=D1 PERCENT COMPLETE
DATES const. 5=15-61 DIR. COMP. DATE 2=-280=-02 Sares’ consT. 2=-28-62 WT'D. | SCHED.|AcTuU:
ENGINEER DESIGN 100 10C 100
FEO - KA Clark TITLE |
MANPOWER AVERAGE [ACCUM MANDAVYS(IGE-TIT. | 95 100 100
FIXED PRICE AE-TIT. 1
COST PLUS FIXED FEE 3 140 Yendor 5 100 10
PLANT FORCES CONST. 100 10 12
ARCHITECT — ENGINEER 35 PF
DESIGN ENGINEERING OPERATION 716 CPFF 10 2
GE FIELD ENGINEERING .2 6 FP

SCOPE, PURPOSE, STATUS & PROGRESS

1230268

Procurement is progressing satisfactorily.

This project will provide facilities to prepare specimens from irradiated materials
for use in determining their physical and mechanical properties and involves the
installation of a ceil in 327 Building.

BM -7300-042( 2—-61) AEC-GE RICHLAND. WASH.
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SEMI—MONTHLY PROJECT STATUS REPORT ww- 70872 T
GENERAL ELECTRIC CO. — ganonvd Taboratories - oATE  8.31-61 J
PROQJ.NO. TITLE FUNDING
TAE-866 Shielded Analytical laboratory - 325-B Bullding €l-a-1
AUTHORIZED FUNDS |pgsign s 00, 000 laecs 546,500 cosT & coMm 10 §=2C-61 s 28,120 (GE; :
s 700,000 | consr. s BFJ, D00 [GE s 153,000 ESTIMATED TOTAL COST $7 700,000 !
STARTING (DESIGN §-5;-59 OATE AuTHORIZED 5=31-60 AN {chull-ls-éo PERCENT COMPLETE
DATES | oonst. 0=28-61 | oI come. oate 6-30-62 DATES | consT. 6-30-62 WT'D- |SCHED. |ACTUAL
ENGINGER DESIGN 100, 130 100
FEO - RW Dascenzo ' TITLE 1
MANPOWER AVERAGE |[AcCCUM MANDAYS || SE=TIT41 | 10 100 100
FIXED PRICE 11 218 AE-TITII| QO 100 100
COST PLUS MXED FEE X
PLANT mFORCES 0 3 COoNST. 100 7 b
ARCHITECT=-ENGINEER . PF k! 1 1
DESIGN ENGINEERING OPERATION CPFF 2 0 Q-
GE MELD ENGINEERING Fp 95 Q 6
SCOPE, PURPOSE, STATUS & PROGRESS
ris preject will allow greater capacity for aralytical work involving +oday's more
highly radlocactive solutions and comsists of adding a shielded laboratory to the
325 Building.
Existing concrete basement stairway was broken out. Wall footing concrete has bean
poured. Electrical grounding grid for the Bldg. was placed. Basement drain was
instai‘ed. ; .
scatractor is installing wall and cell pier forms and reinforcing steel.
PROJ. NO. TITLE FUNDING
CAE-8€7 Fuel Element Rupture Test Loop 58-e=15
AUTHORIZED FUNDS | oo e 130,000 [Azc s 770,000 cosTacomm.To 8.20-61 s 502.859 (g
s 1,500.00C consT.s 1,370,000 lee s 730,000 - Jesrivateo ToTaL cosT $1,500,000
STARTING (pesion O=L=P0 DATE AUTHORIZED B oL.|oesian 3-15-61 PERCENT COMPLETE
oATES  |const.11-2-60 DIR. cOMP. OATE 10-3]1-61 | oaTes Jcownst. 10-31-6] WT'O. | SCHED. AcTUAL
ENGINEER DESIGN 100 100 100
REDO - PC Walkup TiTLE f
MANPOWER AVERAGE |ACCUM MANDAVYS{GE-TIT I Q1 100 GO
FIXED PRICE LOo AE-TIT. 1 9 ' 10C 120
COST PLUS FIXED FEE 10 430 :
PLANT FORCES CONST, 10 | £9 20
ARCHITECT -~ ENGINEER PF 2 ! ’J O
., DESIGN ENGINEERING OPERATION CPFF 57 95 27
| € FIELD ENGINEERING LSRN 100 o0
— IS £ | ¢
: SCORE, PURPOSE, STATUS & PROGRESS
L2, Z. A. Grant Co.

- 3213 rwzzived. Apperent low bidder is Lewis Hopkirs Coms®. Jo. at $345,200.

t propesal, =xtending completios date, has T=2en approvad and revised.

Revized projec
% schadiale has be=n summitted.

LONSTINACTLC

12302609 | |
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SEMI — MONTHLY PROJECT STATUS REPORT nw-  T08TZ .
GENERAL ELECTRIC co. — Hanford Laboratories pate 8-31-61
PRQJ.NO. TITLE FUNDING
CAH-8T0 Facility for Recovery of Radioactive Materiais - 325 Bldg; 60-a-1
AUTHORIZED FUNDS |QESIGN § 46,000 [agc s ).4.1[.6;000 cosT g coMm 10 8_00-61 s 463-34h
s 486,000 |const. s 140,000 l e s 140,000 ESTIMATED TOTAL COST $ LB6,000
sTARTING oEsion L1=20-50 | DATE AUTHORIZED 3-22-60 EST'D.  |oESsiGN 3-1-60 PERCENT COMPLETE
DATES tcons-r. 5-6-60 oIR. comp. DATE  6~1-61 oATES |consT- 5=31-61 WT'D. |SCHED. jACTUA
ENGINEER ’ DESIGN 100 100 1CC
FEQ - RW Dascenzo TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT.1 1 10 100 10C
FIXED PRICE AE-TITHi| Q0 100 10C

CQOST PLUS FIXED FEE

CONST, 100 loo lOC

PLANT FORCES

ARCHITECT~ENGINEER PF 1 100 10C
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP 99 100 10C

SCOPE, PURPOSE, STATUS & PROGRESS
This project will provide a facility for recovery of specific radioisotopes from
wastes, -and involves an addition to the 325 Building.

this project is complete and will no longer be reported

PROJ. NO, TITLE FUNDING

CAE-888 Biology laboratory Improvements 60-h-1
AUTHORIZED FUNDS | oie )-IJ-]-,OOO AEC S )_4_00,000 COST & COMM, TO 7-30_6]_ ] 355,23)4-
s 420,000 CONST $376,000 {GE s 20,000 ESTIMATED TOTAL COST s 420,000
STARTING [pEsign O=0-60 ~ ||oATE AuTHORIZED 9-2-60 gzLEP’L nEs|o~3-3l—6l PERCENT COMPLETE
DATES CONST. 7_10_61 DIR. COMP. DATE 3.31.62 DATES |consTH=15-62 WT'D. | SCHED. |[ACTUA

ENGINEER DESIGN 100 NS 100

FEQO - JT Lloyd TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS|IGE-TIT. It 7 NS 100

FIXED PRICE 0 392 AE- TIT. 11 83 NS 100

COST PLUS FIXED FEE

PLANT FORCES CONST. 100

ARCHITECT - ENGINEER PF 17 192
DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides additional space for biological research supporting services, an
involves an addition to the 108-F Building.

Proceeding with compaction of earth fill under first floor. Started laying prejointed
+ransite pipe below first floor level. Excavated for radiation room walls. Drilling
hol2s for Phiilips shields in present buildiag beams for tie in of new structure has
been completsd. Electrical grounding mat has been installed. No immediats delay is
expected due to pipefitters strike since underground work has been compl=sted and

ip= chasses can be blozked out in presently planned concrete pours.

1230210
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SEMI~MONTHLY PROJECT STATUS REPORT Hw- 70872 |
GENERAL ELECTRIC CO. — Hanford Laboratories OATE 8 31 671 }
PROJ.NO. TITLE FUNDING |
"AH-896 tress Test Facility 60-2 .
AUTHORIZED NNW Tagcs 78,500 cosTacommTo  8.20-61 s 11,436 {5E) |
s 90,000 1co~s1’. s82,500 {az s 11,500 ESTIMATED TOTAL GOST ST 90,000 |
sSTARTING DEStaN [=29=60 DATE AUTHORIZED R-H-61 EST.O: loEsien ] -1-60 PERCENT COMPLETE
DaTES lcousr. 3-20-61 oI, comp. OATE  10-15-61 CATES | conNsT. 12.15-6] WT'D. [scnsn. ACTUAL
ENGINEER DESIGN 100 100 1 10C
FEO - H Radow TITLE 1
MANPOWER AVERAGE [ACCUM MANDAYS||SE-TITA1 | 100 100 | 100
FIXED PRICE 1 360 AE-TIT. ||
COST PLUS MXED FEKX Q2 an
PLANT FORCES CONST, 100
ARCHITECT- ENGINEER PF 2 C 0
OESIGN ENGINEERING OPERATION CPFF
GE MELD ENGINEERING FP ) %4 as

SCOPE, AURPQSE, STATUS & PROGRESS

j servicz conditions.

negotiated with the AEC.

Project progress.

This project involves a facility for deliberately rupturing tubing to establish

The construction phase of the job is essentially complete; however, overall completion
has lagged badly becasuse of lack of receipt and installation of equipment.
tractor has requested an exteénsion of the contract completion date and this is being
Delinguent delivery of the instrument parel by Minneapolis-
Honeywell and the reaction vessel by American Instrument Company are currently delaying

The Con-

PROJ. NO. TITLE FUNDING
¥ I"- M - = =
AUTHORIZED FUNDS | o oo 12,000 AEC $ %H%O-_&,— H g2,803
s 125,000 ! const.s113,000 - {cz s 125,000 ESTIMATED TOTAL COST s 125,000
STARTING [pEsign 9=10-00 DATE AuTHORIZED G=2=-50 EST'D. |oesian 3-31-61; PERCENT COMPLETE
DATES const. 6=26-61 DIR. COMP, DATE 10-15-6]_ OATES |cONST. 10-15-6; WT'O. SCHED. JACTUAL
ENGINEER DESIGN 100 100 100
FEO - KA Clark TITLE | !
MANPOWER AVERAGE |ACCUM MANDAYS|[GE-TIT. | ! 100, 10C 20C
FIXED PRICE AE-TIT. 11 ]
| COST PLUS FIXED FEE { ‘
PLANT FORCES 5 CONST. 100 63 S0
ARCHITECT = ENGINEER PF 200 A2 Q0
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp |
| 1

SCORPE, PURPOSE, STATUS & PROGRESS

, Tais projzct provides for the iastallation of equipment at the ETR for which changes
. 1n <z= physical propertizs of reactor structural materials subjected t3 in-reac*or

rozditions can we detsrmined.

Izstallation is complszte excert for modifications of instrumentation, to provide
improvad 2ontrcl and monitcring of loop cenditions.

1230271
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SEMI—MONTHLY PROJECT STATUS REPORT ww- 7087
GENERAL ELEcCTRIC co. — Hanford Lsboratories DATE 8_31_61

PROJ.NOC. TITLE » FUNDING
CGH-902 Uraniwm Scrap Burning Facility 61-J
AUTHORIZED FUNDS |[pgsigN § 5,000 T eec s 27,500 €osT & COMM TO B_on_ K] s 5 751 (GE)
s 36,000 1co~s-r. s 31,000 t GE § 7,500 ESTIMATED TOTAL COST $726.000
STARTING [pESIGN 5=15-61 OATE AUTHORIZED 12-15-60% [EST'D: oesioNy25-61 PERCENT COMPLETE
orTEs Lonsr.lo-l-sl oIR, comp. DATE 10-15-61  [0ATES |const 1-1-62 WT'O. |$CHMED. |ACTUA
ENGINEER DESIGN 100 100 loo
FEO - RK Waldmsn TITLE |

MANPOWER AVERAGE [ACCUM MANDAYS || SE=TIT.1 |
FIXED PRiCE AE=TIT. 11
COST PLUS FIXED FEE
PLANT FORCES | CONST. 100 Q O
ARCHITEC T~ ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides a means of making uranium scrap material safer for storage
and off-plant shipment by converting this scrap to a stable uranium oxide. The
facility will be adjacent to the 333 Building.

#Accepted by the General Electric Company 5-17-61.

Cost Estimate 836 and 836 supplement # has been submitted to the AEC. A letter
requesting approval of funds to J. A. Jones Co. has been submitted to the Commission.

PROJ. NO. TITLE FUNDING
CAE-91k Rattlesnake Springs Radioecology Facility 61-J
AUTHGRIZED FUNDS mﬁ cosT acomm. To 8=-20-61 s 14,420 (GE)
$ 90,000 CONST. S 86,6004 {GE STB, 300 ESTIMATED TOTAL COST - 90,000
STARTING [pesign 3=1=61 DATE AUTHORIZED] D.22.K0 st pesiand-15-61 PERCENT COMPLETE
DATES CONST. 7_12_61 DIR. COMP. DATE 10_31_61 DATES CONST-12-J_—61 WT'D. SCHED. [ACTUA
ENGINEER DESIGN 100 NS¥ ! 100
FEO - OM Lysc TITLE |
MANPOWER AVERAGE [|ACCUM MANDA YSHGE-TIT. 1| 100
FIXED PRICE . 238 AE-TIT. 1L | 100 NS*! 100
COST RLUS FIXED FEE
PLANT FORCES CONST. 100 )*3 22
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF 7 0 0
GE FIELD ENGINEERING Fp 93 L6 5€

SCOPE, PURPOSE, STATUS & PROGRESS

.is project will allow performance of radicecclogical studies under local environmertal
conditions. It consists of constructing field facilities for this purpose. Approval
signatures for project drawings and specifications were obtained 5-31-61.

*Bovay Engineers. Contractor work started 7-12-71

Mechanical spillways have been installed in both dams. PonJ excavation has been
completed.

The well has been drilled and accepted. Work is in progress on the fence installation,
sewer piping and power line.
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GENERAL ELECTRIC CO. — Hanford Laboratories 1 DATE 8-31-61
PROJNO. TITLE FUNDING Tnds
CAH-916 Fuels Recycle Pilot Plant Avail to Comm.
AUTHORIZED FUNDS | cesian 5 100,000 Amcs ?:1::::2: :’OOTAT. CosT . 100,000 ;
s_100.000 consT. se_$ 100,000 5,000,000 1
STARTING DESIon 3-1=-OLF DATE AUTHORIZED 2=17-61 gg’;’g;_.{ossucu 3-1-52 PERCENT COMPLETE
DaTES i:onn_ 5-1-62 DIR. COMP. DATE DATES consv.llfl-63 wT'D. [’C"‘ED’ ACTUAL
ENGINEER DESIGN 100 T NS i
FEO - RW Dascenzo TITLE | HOONS | 100
MANPOWER AVERAGE |[ACCUM MANDAYS | GE-TIT ¢ _}s 2
FIXED 'RlCé_—_—— AE=TIT. 1§
€OST PLUS FIXED FEE
PLANT FORCES CONST. 100 NS
ARCHITECT=ENGINEER 44
DESIGN ENGINEERING OPERATION CRFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS
This project is to provide a facility to perform a full scope of engineering tests and
pilot plant studies associated with fuel reprocessing concepts.

The revised project proposal for detail funds has been approved by FOO-AEC and has been
forwarded to Washington D. T. AEC for approval.

Mechanical design is developing wall plug-in cubicles for equipment in the Hot PilotCEmL
Ventilation design is working on studies for in-cell filters and costs of possible
refrigeration cooling in the administrative area.

Comments have been received on a revised floor plan.

“Data Title I design started.

PROJ. NO. TITLE FUNDING
CAH-917 Fileld Service Center - Atmospheric Physics 61-3
AUTHORIZED FUNDS [D“'GN s fgzc s 'COST & COMM, TO s
s icgnsf,s qu s ESTIMATED TOTAL cosT H lslq.,ooo
STARTING [peEsien 1;_1_5_6:_* DATE AUTHORIZED Ef:::(.- DESIAN 2215824 PERCENT COMPLETE
DATES consT. 3=15-62 DIR. COMP, DATE DATES |CONST.R_1_AD% wT'D. [scHED.[acTuAL
ENGINEER DESIGN 100
arlal TITLE i I
FEC - "T Lloyd _ - :
MANPOWER AVERAGE |ACCUM MANDAYS|[GE-TIT. I J |
FIXED PRICE AE-TIT. 1| '

COST PLUS FIXED FEE

PLANT FORCES CONST. 100
ARCHITECT -~ ENGINEER dd
DESIGN ENGINEERING OPERATION CPFF |
GE FIELD ENGINEERING Fp .
|
i

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide facilities necessary %o conduct atmospheric physics researzh
and devslorment programs.

*2ased on AET authorization Yy 10-1-61.

A l:t=er of racommsadation to procsed in asccordance with the G. E. proposal for phacge I
ani IT sz being prepared by the r~esponsible lonal AE? Division. A tkorough study has
“eern made v the AEC <o detarmine if space is or will be available o meet this project
reqiirmments. It was found that no space can be allocated for this purpose.

AZsS0 a z0s* estimate prepared by th= AEC indZicat=2 the project cost %o move irto an
2x1sving ballding would sxosad the estimate Przparsd by G. E. Also this cost wowld te
2S gr23aT 2z The prcject cost for phase I and TT in the Project propcsal,

BM -7300-042( 2-=61) 4€cGE RICHLAND, WASH
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Hw- 7087- _

DATE 8-31-61

PROJ.NO. TITLE FUNDING
CAE-918 Second Whole Body Counter Cell--747 Bldg. 62-k
AUTHORIZED FUNDS [pesigN § AEC § COST g COMM TO (3
s CONST. § GE § ESTIMATED TOTAL COST $ JJ-0,000
STARTING |DESIGN 9"15"61 DATE AUTHORIZED E%L'.?.'_. DESIGN 1-15—62 PERCENT COMPLETE
DA TES [cor«sr. 5-15-62 DIR, COMP. DATE DATES ‘CONST-2-15-63 WT'D: |SCHED. ACTUA
ENGINEER DESIGN 100
FEO - KA Clark TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS |} SE-TITul
FIXED PRICE AE-TIT. I }
COST PLUS FIXED FEE
RLANT FORCES CONST. 100 K
ARCHITECT= ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

Project Proposal Revision was submitted to the Commission on July 5, 1961. The
Review Board deferred it indefinitely on July 13.
correspondence will be submitted by the Commission suggesting other lines of
approach to strengthen the justification for this project.

No correspondence was received by 8-29-61.

It has been indicated that

PRGJ, NO. TITLE FUNDING
CAE-921 Geological & Hydrological Wells - FY-61 61-J
AUTHORIZED FUNDS [DESIGN s 1,000 aecs 69,500 cosT acomm.To 8-20-61 s 62,143
s 79,000 \ const.s78,000 {GE s 9,500 ESTIMATED TOTAL COST s 79,000
STARTING [pesign F=15-61 DATE AUTHORIZED  3-21-61 EST'D: [oesian 5-15-61 PERCENT COMPLETE
DATES const. 5-22=-61 DIR. COMP. DATE 12-31-61 DATES ¢°~s1-12-3]_-61 WT'D- | SCHED.|ACTUS
ENGINEER DESIGN 100 100 | 100
FEO - HE Ralph TTLel 1100 o 0
MANPOWER AVERAGE [ACCUM MANDAYS||GE-TIT. 1| 75 75
FIXED PRICE 8 L4180 AE-TIT. 11
COST PLUS FIXED FEE
PLANT FORCES [ CONST. 100 58 3€
ARCHITECT — ENGINEER ! PF 0
DESIGN ENGINEERING OPERATION ! CPFF 3 NS 75
GE FIELD ENGINEERING ’ FP q7 58 35

SCOPE, PURPOSE, STATUS & PROGRESS

is project involves the

wells.

Contractor is operating 2
2000 f+t. of hole has been

completed.

rigs, each on & two 10 how shift basis.

Contractor ig 22% behind schedule at the present.
backlog due to the 2 shift basis.

1230274

continued drilling of special research, test and monitoring

Approximately

Howevar, he is reducing the
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GENERAL ELECTRIC co. — Hanford Laboratories

DATE 8_31_61

PROJ.NO, TITLE FUNDING
CGH-~922 Burst Test Facllity for Irradiated Zirconium Tubes f2-k
AUTHORIZED FUNDS [pgsign § CnEC S COST 3 COMM TO s
ESTIMATED TOTAL COST [ )
s CONST. § 1 GE § 22t ,000
STARTING DESIGN-sLl=15=01% [ 0ATE AuTHORIZED EsTO- oesian 5-1 -6/ PERCENT COMPLETE
- 1= ‘0. .lacTUuAL
DA TES CONST. DIR. COMP. DATE DATES | cons WT'D. |SCHED. [ACTU
ENGINEER DESIGN 100
TITLE
FEQ - H Radow !
MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT.4
FIXED PRICE AE=TIT. |1
COST PLUS MXED FEE
CONST. 100
PLANT FORCES
ARCHMITECT=ENGINEZER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

S3COPE, PURPOSE, STATUS & PROGRESS

i tuding in reactors.

for authorization.

#Based on AEC authorizestion 11-1-61.

This project will provide facilities to permit deliberate destructive testing of
irradiated zirconium tubing. This will provide operating and tube life data not
wow available because of +the limited operating history of Zircaloy-2 pressure

The project proposal was forwarded by HOO-AEC to AEC, Washington, with recommendation

PROJ. NO. TITLE FUNOING
CAE-919 Air Conditioning - 314 Building
AUTHORIZED FUNOS [oesian 3 3,750 fagcs 25,650 cosT g comm. To 0-20-BL ¢ 4,203 13K,
s 35.000 | consT. 8, 650 lee s _6.350 EsTimareo Torai cost § 35,000
STARTING [ogsign S=2-A1 OATE AUTHORIZED ) 18.61 ESOLEL pesian [=5= -61 | i PERCENT COMPLETE
DATES consT.B-15-£1 DIR, COMP. DATEQ.15.K] DATES |consT. 11-1- A1 |wT'D. | SCHED.|ACTUAL
ENGINEER DESIGN 100 NS 0C
FEO - OM Iyso TITLE | L
MANPOWER AVERAGE |ACCUM MANDA YS||GE-TIT, | | NS i SO0
FIXED PRICE AE- TIT. 11 !
COST PLUS FIXED FEE ]_';!O j‘
PLANT FORCES CONST, wo ! 25 65
ARCHITECT -~ ENGINEER i .
OESIGN ENGINEERING OPERATION CPFF ~
GE FIELD ENGINEERING FP
\

SCOPE, PURPOSE, STATUS & PROGRESS

i This project will supplement existing ccoling units. thus providing cocliing air

Supply commensurate with bheat load and outdccr temperaturss.

oA~

an ex:s+ing upit and installation cf nit #t ramains to te dcrnse.
wa_kcar has stoppad progress on this project. T% 1z nct acw 2xp
work will be zomplated by the directive complesion dat=.

i

AfA TIAR _NAS 7S S

maragement to tha AET. Werk Authority was issued be18-£1; to the

' Directive AEC-18R, dated Marsh 8, 1361, authorized the projzct and assigned

&.&. Company-

e, Ralceaticn of
The pipefitters
an+ted that the
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GENERAL ELECTRIC CO. — poneord laboratories DATE 8-31-61

PROJ.NO. TITLE FUNDING
CGH-923 Spectroscopy laboratory 0290
AUTHORIZED FUNDS [pegigN § 1+’ 500 faEcS cosT g oMM TO 8_20_K7 s 88,775
$ 95,000 1CONST. s 90,000 GE S 95,000 ESTIMATED TOTAL COST $ 95’000
STARTING [pEsion _3-2l-61 DATE AUTHORIZED 3=-0-61 LA oEsiGNS = 24-61 PERCENT COMPLETE
DATES {consr. 5_15_61 DIR. COMP. DATE 11_15_61 DATES CONST-ll-ls-sl WT'D: {SCHED. |ACTUA
ENGINEER ) DESIGN 100 100 100
FEO - RC Ingersoll TITLE 1

MANPOWER AVERAGE |[ACCUM MANDAYS || GE-TIT 100 100
FIXED PRICE 196 AE-TIT. )1
COST PLUS FIXED FEE
PLANT FORCES 14 CONST. 100 100 a8
ARCHITECT -~ ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a facility for specialized spectroscopy work.

The NMR equipment has been connected-and the vendor's field engineer was on site 8-23,

8-24 and 8-25 for checkout and adjustment. Relocation of EFR equipment remains. EFR
equipment is operating and relocation depends on R&D schedules.

PROJ. NO. TITLE FUNDING

CAH-924 200 KW Induction Heating System - 306 Bullding 0290
AUTHORIZED FUNDS IDESIGN s 3,200 faecs 2k, 650 cosT acoMm. T0 8_20-61 $ 5,730 (GE)
s 31,000 | consr.s 27,800 lee s 6,350 ESTIMATED TOTAL COST s 31,000
STARTING [pesign D=L=6O1 DATE AUTHORIZED 3-27-H1 EsTD: [oegiang=1-61 PERCENT COMPLETE
0a7e5 | consr.10-1-6L  |om. cowr. oate 2-28-62 | oares |consTd-1-62 wr'o- |scuEo.[acTua
ENGINEER DESIGN 100 NS 30
FEO - RC Ingersoll TITLE |

MANPOWER AVERAGE |ACCUM MANDA YS{GE=TIT. I | NS 3C

FIXED PRICE AE-TIT. I

COST PLUS FIXED FEE

PLANT FORCES CONST. 100 O O
ARCHITECT ~ ENGINEER PF

DESIGN ENGINEERING OPERA TION CPFF

GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a source of power for induction heating for R&D work in the
306 3uilding.

Bids on the work stations and voltage regulator have been received and reviewed by
TE&C Design. An order will be placed as soon as bid informaticn is clarifiled.

1230276
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GENERAL ELECTRIC CO., — Hanford Iabomtories - DATE 8.31-61

PROJ.NO. TTLE Additions tO the ETI‘CR B'U.ilding Wa.ste Trea.tment FUNDING
CAH-927 Demozstration Facility 61-j3
AUTHORIZED FUNGS |oesian s L, 000 aecs 17,500 cosTacommTo  8.20-61 § 11,423 (GE)
s 80,000 ICONST- s 76,00C e s 62,500 ESTIMATED TOTAL COST s 80,000
STARTING [DESIgN D=-15-61 DATE AUTHORIZED AN oesian10-16-61 PERCENT COMPLETE
PATES  [oonst. 9-16-61 |oin.come. oate  3-31-62 oATES | const. 3-31-62 WT'D. [SCHED. [ACTUAL
ENGINEER DESIGN 100 77 75
FEO - KA Clark TITLE ¢

MANPOWER AVERAGE (ACCUM MANDAYS || GE-TIT.
Fixgo Pmice ae-iTii | 100 77 75
COST PLUS FMIXED FEE i
PLANT FPORCES CONST, 100
ARCMITECT~ ENGINZER 3 50% PF

CPFF

DESIGN ENGINEERING OPERATION

GE FIELD ENGINEERING Fp

#Correction
SCOPE, PURPOSE, STATUS & PROGRESS
Thiz prcject provides facillities for pilot plant development of decontamination
proczesses for intermediate level chemical processing plant waste for safe discharge

to the piant environs.

Design difficulties prevented realization of the intended completion to comment
stage by 3-15-61.

Drawings and specifications are expected to be complete by 9-1-61.

PROJ. NO. TITLE FUNDING
ZAH-922 300 Area Retention Waste System Expansion 62-k
AU TH
UTHORIZED FUNODS [ogucu s laecs COST & COMM. TO s
s } const.s leg s ESTIMATED TOTAL COST s 70,000
STARTING [pesian 10=15-E1% [ DATE AUTHORIZED E3T'D: oesian 1-1-62% PERCENT COMPLETE
paves I o+ 2-1-82 ¥ |0IR. comp. OATE DATES |consT. B=1-52¥ wT'D. |scHED. [AcTUAL
ENGINEER DESIGN i
_ 100 |
FEO - OM Lyso TITLE | ‘
MANPOWER _ AVERAGE [ACCUM MANDAYS[[GE-TIT. 1} l
FIXED PRICE AE-TIT. 1) ! !
. |
COST PLUS FIXED FEE r '
b
B
LANT FORCES CONST. 100 }
ARCHITECT ~ ENGINEER PF ! i
e
DESIGN ENGINEERING GPERATION CPFF I
GE FIELD ENGINEERING Fp |
{ I

SCOPE, PURPOSE, STATUS & PROGRESS

This project will increase the basin capscity ccmmensurate with the increased
volumes handled. This will permit transfer to crib waste of contaminated waste if
requir2d, and still permi® adequate sampling time for tke normal flow.

The prodect proposal was submitted to HOO0-AEC fcr authorizaticn cr 5-5-61. Review
of =this project was deferr2d vy <he HOC-AET Terizw 3card.

‘3gs2d cr AET euthorizaticr by 9-15-F1,

1230217
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Hw- 70872

GENERAL ELECTRIC co. — Hanford Laboratories paTe 8-31-61
PROJ.NO. TITLE FUNDING
CGE-935 Metals Storage Bldg. 61-J3
AUTHORIZED FUNDS [pesiGN § 500 AEC § COST & COMM TO 8_50_6] s 21’265
s 22,300 1co~s*r. s 21, 800 et s 22,300 ESTIMATED TOTAL COST s 22,300
STARTING DESIGN L1=2-61 DATE AUTHORIZED B=16-61 EZL'EL. pEsiGN 2-10-61 PERCENT COMPLETE
DATES LONSL 6-22-61 DIR. comp. DATE 10-31-61 bATES | consT.10-31-61 WT'D. | SCHED. |ACTUA
ENGINEER DESIGN 100 NS lOO
FEO - DS Jackson TITLE
MANPOWER AVERAGE [ACCUM MANDAYS || SE-TIT.a1 | 100 NS 100
FIXED PRICE AE-TIT. kI
COST PLUS FIXED PFEE
PLANT FORCES ' 60 CONST. 100 NS 65
ARCHITECT—ENGINEER 1.5 PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a building adjacent to the 328 Building in which fabrication
materials and components can be stored for use by the Technical Shops.

Construction of footings, foundation walls, floor slab, and concrete block walls is
completed. Structural steel roof supports are completed and steel roof decking

is being installed.

PROJ. NO. TITLE FUNDING

CAE-936 Coolant Systems Development Laboratory 62-k
AUTHORIZED FUNDS [oaslaN s aEC § COST & COMM. TO 5_20_5] s 12.000
s 12,000 1 CONST.S {GE s ESTIMATED TOTAL GOST s 93,000
STARTING [pEsigN 9-11-61 DATE AuTHORIZED 8-0-61 EZLgL oesian 2-11-62 PERCENT COMPLETE
DATES lceNST. L-10-62 DIR. COMP. DATE DATES |consT.10-10-61 WT'D: | SCHED.|ACTUA
ENGINEER DESIGN 100 NS

FEO - KA Clark TITLE

MANPOWER AVERAGE |ACCUM MANDAYS|IGE-TIT,. [}

FIXED PRICE AE-TIT. [

COST PLUS FIXED FEE

PLANT FORCES CONST. 100

ARCHITECT -~ ENGINEER ! PF

DESIGN ENGINEERING OPERATION E CPFF

GE FIELD ENGINEERING | FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides facilities for the conduct of corrosion and decontamination
studies for nuclear reactor coolant systems, by the addition of a 2700 sq. ft.
laboratory facility on the west side of the 1706 KE Building.

Design criteria are complete. Design is expected to start g-1-61,

1230278
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GENERAL ELECTRIC co. — Hanford Laboratories DATE 8.31-€1
PROJ.NO. TITLE FUNOING
CGH-937 Safety Improvements to 231-Z Bldg. 61-j
AUTHORIZED FUNDS [pgsian g 5,500 (agc S COST & COMM TO -00- $15. 646
s 15,000 1cous1'. s 39,500 i se s U5 000 ESTIMATED TOTAL COST SA’S%
STARTING [oEsian T=12-61 DATE AUTHORIZED ($-2C0-H1 EsT'D- joEsieN 9-20-8] PERCENT COMPLETE
paTes L:°~st~1-lo-6l ot cowr. oate 5-15-62  |oaTes {const-5-15-62 MTD: |SCHED. |ACTUAL
ENGINEER DESIGN 100 NS
FEO - JT Lloy'd TITLE
MANPOWER AVERAGE |ACCUM MANDAYS || GE=TIT.1 NS 100
FIXED PRICE AE=TIT |}
COST PLUS MIXED FEERE ] ‘
BLANT FORCES CONST. 100 12 P
ARCHITECT= ENGINEER dd
DESIGN ENGINEERING OPERATION CPFF
GE FELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

system in the 231-A Bldg.

281gn by CE&UO is underway.

Design drawings have- been completed and approved.
ventilation equipment has been approved and presented to construction for purchase.

This project provides supplemental ventilation and installation

Comment prints are being made.

of a fire detection

The purchase specification for

PROJ. NO. TITLE FUNDING
[AUTHORIZED FUNGE OESIGN § (A!c s COST & COMM, TO H
s CONST. S 1GE $ ESTIMATED TOTAL GOST s
STARTING [pesiam DATE AUTHORIZED 2T, (oesian PERCENT COMPLETE
CATES CONSTY. DIR, COMP. DATE DATES |consT. WT'D. |SCHED.[AcTuAL

ENGINEER DESIGN 100

) TITLE ¢
MANPOWER AVERAGE |ACCUM MANDAYS(GE-TIT. ||

FIXED PRICE AE- TIT. 11

COST PLUS FIXED FRE

PLANT FORCES CONST, 100

ARCHITECT - ENGINEER PF |

OESIGN ENGINEERING OPERA TION CPFF

GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

1230219

8M -7300-042( 2-61) atcer ncnu-un wesu



UNCLASSIFIED I-1 HW-T70872

PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPQRT

EMPLOYMENT (Professional)

Advanced Degree - Eight Ph.D. applicants visited HAPO for professional employ-
ment interviews. Seven offers were extended (all HL); six acceptances and six
rejections were received (all HL). Current open offers total six. Twenty-two
Ph.D. acceptances were obtained during the recruiting year ending August 31.
Of these twenty-two, seven were Company transfers, five were open nmarket and
ten were campus candidates.

Technical Graduate Program - One Technical Graduate was placed on permanent
assignment. Seven new members were added to the program rolls and three
terminated. Current program members total 89.

EMPLOYMENT (Non-Professionsal)

Twenty-six requisitions were filled during the month with a total of twenty
active requisitions remaining to be filled.

HEALTH, SAFETY AND SECURITY

The document HW-69476, "Guide to Procurement and Use of Pressure Equipment,”
was issued to all HAPO persannel concerned with such equipment in furtherance
of operestional safeguards.

PERSONNEL DEVELOPMENT

Current A-Course enrollment is twenty-three consisting of thirteen E&SP members,
one technical graduate, and nine permanent HAPO employees.

0. E. Boston, Manager

Professional Placement
and Relations Practices

OEB:1lmh

1230280 UNCLASSIFIED
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UNCLASSIFIED

TABLE I1 - }.. . 'ESSIONAL PERSONNEIL PLACEMENT

A. Technical Recruiting Activity - HAPO - September 1, 1960 to date

Visits to Richland

Offers
Casges To On the
Considered Invited Visited - Visit Offered Accepted Open Roll
PhD 571 178 86 20 66 22 5 12
Exp. BS/MS 601 110 80 - 111 60 9 L5
Prog.BS/MS  Loo - - - 17h 67 - 53
B. Technical Recruiting Activity - HL - September 1, 1960 to date
Visits to Richland Offers
Cases To On the
Considered Invited Visited Visit Offered Accepted Open Roll
PhD 571 178 86 20 59 19 L 10
Exp. BS/MS 333 .53 35 - 3k 17 3 14

In addition to the above activity, 14 exempt
employees have transferred into HL from other
HAPO departments and 1l technical graduates
have accepted off-program Placement in HIL

to date.

1230281
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C - Technical Graduate Program
Month ending August 31, 1961

Number Personnel on Assignment
(BAPO Tech Grad Progrem ......c.cc... T3
(Engineering & Science Program ...... 16

Distribution of Assignments by Departments

IFD
HL
CPD
FPD
C&AO
CE&UO

Distribution of Assignments by Function

Research & Development or Engineering
Other

1230282

HW-T70872

89

33
38
11

26

UNCLASSIFIED
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FINANCIAL OPERATION MONTHLY REPORT
AUGUST 1961

Persornel

J. W. Worden, Specialist - PRTR Cost Accounting, was transferred to CE&UO Finance
during August. S. C. Thomson, Business Training Recruit, was transferred to Contract
and Accounting Operation and J. G. Plese, a Business Tralning Recruit, was transfer-
red from CPD Finance to HLO Finance.

Activities

GENERAL ACCOUNTING OPERATION

Following is the status of approval letters which are in process:

Tumber Title Status

AT-52 Expanded Use of Whole Body Resubmitted to Commission for
Counter approvael on 6/29/61.

AT-104 Fission Products Dispersal Still being considered by AEC
Handbook . (submitted 3/17/61).

AT-105 Symposium on the Bilology of AEC Washington is considering.

Transuranic Elements
AT-187 Proposal for University of Submitted to AEC 8/31/61.
Washington Library School
Student Practice Work in Tech-
nical Information Operation

AT-188 National Committee on Readia- Submitted to Contract and
tion Protection and Measurements Accounting 8/31/61.

The following acticns under Agreement AT-6 took place during the month:

Physics Computer Code Consultation with APED

Submitted to GE by HOC-AEC 8/1k4/61

Agreement by HLO 8/16/61
Bcrated Graphite Shielding Material Neutron Irradiation

Submitted tc GE by HOO-AEC 8/11/61

Agreement by HLO 8/1k4/61
Radiometallurgical X-ray Work for Union Carbide Nuclear Company - APED

Submitted to GE by HOO-AEC 8/1/61

Agreement by HLO 8/2/61

Preparations are in process fur the anmisl witnessed physical inventory of reactor
and cther special materials to be conducted on September 27, 28, and 29, 1961.

1230283 UNCLASSIFTED
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Reconciliation of the physical inventory findings of movable cataloged equipment
in custody of Laboratory Auxiliaries and portable health instruments in the custod,
of Radiation Protection is.complete. A report of results will be issued in
September. Inventory of equipment in custody of the Laboratory Equipment Pool is

stil) in progress.

Project unitization report was issued during the month on Project CAH-T44, Metal-
lurgical Development Facility, 306 Bullding, $2,665,654.

Preliminary unitization work wes performed during the month on the following
mrojects and equipment tagged. -

CGH-T85 In Reactor Studies Equipment - 105-KW Building.

CGH-834 Modification and Additions to High Pressure Heat Transfer
Apparatus - 189-D Building.

CGH-907 Strontium-90 Interim Program.
CGH-923 Spectroscopy Laboratory - 325 Building.
CAH-8T0 Facility for Recovery of Radicactive Material - 325 Building.

CAH-91L4 Rattlesnake Springs Radioecology Facility.

Unitization reports will be issued on Projects CGH-785, CGH-907 and CAH-870 follow
ing receipt of a Financial Closing Statement.

Prelimipary unitization work is currently in progress on Project CA-681, Henford
Equipment in the ETR - Arco. Tentative plans are to visit Arco during September
to physically inventory project purchased equipment and establish controlled units
of property. The project costs ($1,028,708) are currently in Flant and Equipment
uaclassified. ‘

Five chapters of the Property Management Manual were revised and distributed to
mamual heclders. Revisions update the Mamual and set forth HLO procedures for the
remcval Of Government property off-gite in cornection with lectures or talks and
authorization for approval of such passes utilizing the one trip property pass
form.

Forty-eight items valued at $31,333 were received at the Laboratory Equipment and
Material Pool during the month. Five items valued at $2,775 were loaned or trans-
ferred in lieu of placement of requisitions and *wo items valued at $2,079 were
withdrawn by custodians. There are currently 818 items valued at $326,392 in the
Pocl of which 119 items valued at $15,513 are uncataloged type items ard 80 items
valued at $i4l4,694 are being held for the convenience of cthers.

A mincr revision was made to the Travel and Living Expense Manual concerning
travel by private auto on company business for persomal —easons.

Three new forms were designed during *he montk for the R&D components.

Three suggestions were received for evaluation. Twc were rejected and the third
will be accepted. It is currently being roited to other HAPO components feor

possible application.
UNCLASSIFIED
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Action as indicated cccurred on the follswing projects during the month:

New Meney Authorized HIO

CAH-936 Coclant Systems Development Labecratory $12 000

Censtruction Completicn and Cost Closing Statements Issued

CAH-885 Geological and Hydrological Wells - FY 1960
(AEM report issued in June 1961)

CA-Th47 Plutonium Febrication Pilot Plant
(AEM report issued in February 1961)

COST ACCOUNTING OPERATION

A Target Budget for FY 1962 cperating costs were prepared in August by each HAPO
ccmpenent at the request of the General Manager - HAPO. Based on the Target Budget,
Hanford Leborstcries will receive $103,000 less from the HAPO Service Assessment
Pccl than originelly budgeted. The first departmental allocation of funds for

FY 1962 was authorized by the Genersl Manager - HAPO during August. The most
significant change from the propesed allocation previously recommended by Contract
Accounting was an increase in 02 Program equipment funds from $l,600,000 to
$1,800,000.

The August contrcl budget for Heaford ILaberatories reflects amounts included in the
HAPO Target Budget. Changes from the July cortrol budget are (1) a reduction from
$300,000 to $180,000 in funds for Strontium-90 Purification sponsored by CPD and

(2) mincr adjustments in off-site special requests and other accounts. In addition,
funds for the following research and development programs were reallocated internally:

Advence Concept Studies
Specific Fuel Cycle Analyses
isctopic Analyses
Radiochemical Aralyses

Sub-section budgets fer the R&D compenents were developed and included in the
August financial statements.

HEanford labzratories' FY 1962 cariial equipment funds were aliocated to the sections
and submitted +: management for review and comments. The allocations were included
ir financial statements issued during August.

A currernt list of Hanfcrd Laboratories' General Plant Projects and capital work
srder requirements fir FY 1962 was prepared and forwsrded tc Contract Accounting to
8s3ist in esteblishing a departmental allceaticn cf HAPO funds.

The annual repcrt concerning personnel recruitmest costs for FY 1961 was prepared
at the request of AEC ard zubmitted t- Cuztrsct Accounting for HAPC comsolidaticon.
Ia sumsry, Hanfsrd latcretcories genersted 1,172 irxterviews with 281 offers and 149
acceptances. Salaries, travel, relocatisn expenses, and cther expenses related to
the recruiting function amcunted o $175,000 in FY 1961.

1230785
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Cne special request was established during the month as follows:

Accounting Code Activity
AU On-site consultation with APED on S

Code work. Estimated cost - $1,200

Permission was requested and granted by HOO-AEC for Kaiser to perform the pickling
and sutoclaving of the PRTR process tube spares.

The FY 1962 Building and Utilities budget and individual building liquidation rates
of the Biology Operation were calculated and established. The assignment was com-
Pleted with the assistance of the Biology landlord.

Standard rates were established for billing salaries of section and sub-section
managers and specialists to off-site special requests. Section status at $100
per day and sub-section status at $75 per day will be used for billing purposes.

The annual review of outstanding routine work orders in Hanford Laboratories has

been completed with the operating components. Required cancellations, code
revisions, and reissuing have been done.

mlé{" Finance

September 12, 1961
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

D. F. Carroll A Nuclear Fuel Material, HW-70626,
August 3, 1961. _

B. B. Brenden HWIR-1416, Gaging Tubes and Channels
for Straightness

L. K. Mudge and Methods for Preparation of Uranium

F. A. Scott Dioxide Powders for Ceramic Fuel
Elements (HW-70729)

F. A. Scott Method of Preparing Dense Self-Supporting
Uranium Dioxide Ceramics (HW-70730)

K. J. Schneider A Radiantly Heated Spray Concentrator

UNCLASSIFIED
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