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BUDGETS AND COSTS

September operating costs totaled $2,351, 000; fiscal year-to-date costs are

$6, 094, 000 or 23% of the $26, 249, 000 control budget.

Hanford Laboratories research and development costs for September compared

with last month and control budget follow:

(Dollars in Thousands)

Current Last FY 70

Month Month To Date Budget-a) Spent
HLO Programs

02 Program $ 68 $ 74 $ 209 $ 597 35%
04 Program 888 740 2 177 9 612-b) _ 23%

05 Program 78 60 192 811 _ 24%
06 Program 201 209 599 2 372 _ 25%

1 235 1 083 3 177 13 392 24%

IPDSponsored 300 257 785 3 100 25%
CPD Sponsored 158 151 432 1 658 26%

Total $i 693 : $I 491 $4 394 $18 150. 24%
,,,,,

(a - Represents Reviaed Financial P!sn transmitted from HOO-AEC in
October.

(b - Includes $50, 000 for Special.Reactor Studies not specifically
identifiedin the Financial Plan_

RESEARCH AND DEVELOPMENT

i. Reactor and Fuels

The PRTR Phase IIIfixed price contract was terminated on September 12, wizh
the contract completion, excluding acceptance tes_ performance, at an

estimated 98%. Termination of the contract prior to completion permitted the

starzup program for the PRTR to commence while the remaining construction
is completed by CPFF contractor, J. A. Jones Construction Company. Work
on the various mechanical systems stopped on September 20, due to a plant
labor dispute involving pipefitters.

The construction contract for the PRTR Maintenance and Mockup Building was

awarded to the George H. Grant Construction Company. !

The Gas Loop (Project CAH-822) ex-reactor equipment and piping complex has

been acceptance tested at the vendor's plant and is being prepared for shipment.
The main gas blowers, which continue to cause difficultyat another vendor's

plant, are not included.
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coolant system water treatment, liquid effluent system, personnel air locks,

communications and alarms, ion exchange removal tests, and portions of the

compressed air and raw water systems have been performed by PRTR

Operations personnel. No major deficiencies in equipment or design have

been noted as a result of the tests to date.

Startup plans for the PRTR have been reviewed by the General Electric Reactor

Safeguards Council. The Council recommended the addition of two visual

alarms on containment vessel penetrations, lt was concluded by the Council

that the preliminary critical and power testing of the reactor should proceed

as planned.

The report of the IPD team which audited the PRTR startup and operating plans

has been received and was generally favork]31e. However, the report contains

some thirty recommendations which are now under study. Changes in plans

resulting from these recommendations are not expected to delay the startup
schedule.

The guide bearing of the drive motor in the spare PRTR primary process pump

failed after 1584 hours of operation. The resulting vibration caused an

increase in seal leakage, but did not seariously damage the seal. The seal

was re-installed and is functioning normally after 1952 hours of operation.
Permanent records of the inside diameter and surface appearance have been

made of all 85 PRTR process tubes while in place in the reactor, as a

reference for future process tube monitoring.

The first-stage creep deformation measured, ex-reactor, on short PRTR

process tube sections was lower by roughly a factor of two than for flat

strip specimens, presumably due to grain orientation and biaxial loading of
the tubes.

A swaged 19-rod UO 2 prototype fuel element failed after 25 days of operation

in the ETR at a flux 170% greater than the maximum contemplated in PRTR.

By hot swaging, rods were successfully fabricated to 91% of theoretical

density (T. D. ), employing UO 2 powder that yielded 80% T.D., by cold

swaging and only 55% T.D., by vibrational compaction.

Preliminary results of failure tests conducted in ETR indicate that Zircaloy-4

is more resistant to hydriding than is Zircaloy-2 after UO 2 fuel element
failure.

Studies show that, for modest burnups, the melting point of irradiated UO 2

may be as much as 135 C above the value for unirradiated material. Agradual decrease in melting point to 2800 C for highly irradiated material



was noted. This is still approximately 50 C hig radiated value.

The Pu-A1 spike element loading for the PRTR critical tests will be completed

October' i. Fabrication of similar elements with higher quality cladding for
PRTR power operation remains incomplete because of slow deliveries of Zr-4

jacket tubing me_ting the TO. 002" ID tolerance specifications.

High exposure plutonium-(13 w/o and 29 w/o Pu-240) aluminum alloy billets
have been cast, in preparation for extrusion of fuel cores. Radiation levels

at working positions have been less than expected for this type of material.

The firstin-reactor rupture of a Hanford fabricated plutonium element occurred

when a UO2-PuO 2 capsule ruptured in the MTR. The capsule had been
inadvertently placed in a flux ten times that specified, which resulted in surface
heat fluxes of four and one-half million Btu/hr-sq ft. The ruptured capsule

is being returned for examination.

Radiometallurgical examination of a Zircaloy-cald Pu-AI cluster with a nine-

raildiametral gap between core and cladding revealed that no changes had
occurred during ETR irradiation. An in-reactor rupture test of a Zircaloy-

clad Pu-Al cluster is being designed for the ETR loop.

PuO 2 formed by calcining plutonium oxalate at various temperatures and thensintering in hydrogen containing water vapor up to 2% at 1100 C showed
sintered density to be inversely proportional to the amount of water vapor
present but no suboxides could be found by x-ray diffraction.

A single tetragonal phase exists in the PuO2-ZrO 2 system from about 40 w/o
PuO 2 to 72 w/o PuO 2. At higher concentrations, the ZrO 2 is apparently in
solid solution in cubic PuO 2. Below 40 w/o PuO 2 a two_phase monoclinic-
tetragonal region exists to at least 0.5 w/o PuO 2.

Ali coextruded Al-clad Pu-AI fuel rods for the transplutonium and high expo-
sure plutonium programs have been fabricated and delivered to SRP on
schedule.

EGCR graphite prototype burning tests in air indicate a very slow uncontrolled

temperature rise in an adiabatic system in the temperature range from

400 C to 650 C, compared with a rapid runaway reaction at or above 740 C.

ltis believed that previous correlations of irradiation exposure and graphite
irrad1_ationdamage have been in error because (i)in Ni foilactivation

experiments the burnout of Co-58 is more rapid than previously supposed
and (2)the damaging range of neutron energies is wide - from ca. 0.03 to
3.0 Mev.

A decontamination reagent employing potassium permanganate plus sodium
carbonate - bicarbonate may satisfactorily replace peroxide-bicarbonate for

removing UO2 and associated rupture debris from a reactor system following
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a fuel rupture, thus obviating the handling and storage hazards associated with
the use of hydrogen peroxide.

lthas been clearly shown the mechanism of failure of an NPR specimen after
3200 MWD/T exposure was localized plastic deformation of the clad on the
outside of the inner tube. Relief from this failure mechanism lies in thicker

clad and the minimizatiou of interface roughness.

Studies of heat treating procedures for NPR tubular fuel indicate that the best

uranium structure is achieved by employing an oil quench after beta transfor-
mation and holding for 20 seconds in air. The cooling rate through the transi-
tion temperature is 3700 C/min.

Identical boilingburnout conditions were obtained from two horizontal test
sections with completely differentboiling lengths (2-i/2 and 5 feet). These
results indicate the validityof using inexpensive short test sections to investi-

gate heat transfer conditions for long horizontal fuel element assemblies such
as are found in the Hanfordreactors.

Fluid flow data provided the basis for the design of new flow restricting
orifices for the fringe tubes in the present production reactors.

Hydraulic characteristics of a new type of inletnozzle for C Reactor were
determined in the laboratory. Itwas found that the new nozzle has an over-

allpressure d_'opof 35% less than the nozzle presently in use and, as a
result, would allow an increase in flow through the process tube.

Laboratory data of maximum discharge rates (criticalflow) for steam-water
mixtures were compared with theoretical values, ltwas found that the actual

flow rates were greater than theoretical flow rates by magnitudes as great as
five. The data are of particular value in making calculations concerning
reactor hazards following piping ruptures.

Previous radiation measurements at the front face of B Reactor have indicated

that the principal neutron dose was coming from several dry tubes which were
shielded with steel plugs. A prediction that a two-fold reduction in neutron
dose rate coukl be obtained by replacing the steel plugs with concrete-filled
plugs has been verified by IPD.

2. Chemical Research and Development

Experiments performed in a small scale water treatment plant modeled after
the production water treatment facilities showed that the substitution of
aluminum nitrate for alum reduces the arsenate in influent water by a factor
of nine or more relative to that presently 6btained by the alum flocculant
treatment. One-half scale reactor tests were undertaken during the month
to determine the extent of As-76 reduction in the,effluent water by use of the

m odi fied water treatment process. _,____



A flowsheet for the recovery and partial decontamination 0 from Purex
waste was firmed up in the laboratory and demonstrated through plant tests.
Recoveries of Sr-90 now average 85 percent; decontamination factors for Zr-Nb,
RuRh; Ce and Y are about 15, 240, 20, and 60, respectively, and the flowsheet

time cycle was reduced from 5-1/2 days to 3 days.

Ethylene Diamine Tetra acetic acid (EDTA) has been found to be an effective
reagent for preventing the absorption of Ce-144 onto Decalso, the inorganic
ion exchange mater_al to be used for the absorption of Sr-90 prior to off-site

shipment in shielded ca_ks. The use of EDTA not only reduces the radiation
hazard stemming from Ce-144 contamination but effects even distribution of
Sr-90 throughout the ion exchange material thus minimizing "hot spots".

The solvent extraction isolation and final purification of Sr-90 from the Purex
plant semi-refined product are being extensively studied. Feed stability

tests, single batch contact studies, mini-mixer settler runs, and pulse column
investigations continue to show promise that the di(2-ethyl hexyl) phosphoric
acid liquid-liquid extraction system will suffice for use in the Hot Semiworks.

The pilot scale facility for investigating the removal of reactor effluent

radioisotopes by means of an aluminum turnings absorption bed has accumulated
840 hours operating time. Currently 68, 87, 57, and about 25% of the As-76,
Zn-65, P-32, and the Np-239 radioisotopes, respectively, are being removed

from the effluentwater by this treatment.

3. Physics and Instrument Research and Development

The enrichment required for the NPR fuel is in considerable doubt as a result
of experiments conducted in the PCTR and in an exponential mockup. Two

different approaches to the problem in the PCTR gave conflictingresults with
current work now being directed to resolving the differences. Enrichment

higher than that origina_y planned may be required. Meanwhile, exponential
experiments indicated that the increase in neutron leakage from the reactor
arising from the steam reliefpassages in the graphite was in linewith

expectations. Also, an mxperiment to determine the effect of moderator
temperature on the reactivity is being designed.

The nuclear safety of NPR fuel outside of the reactor was investigated experi-
mentally and a somewhat unusual situationencountered in that the outer tubes
of tube-in-tube elements were found to have a smaller criticalmass and

criticalvolume than_ntire elements _,hen immersed in ordinary water.

Further, when the tubes were in a close packed condition, the reactivitywas
near the maximum value as distinctfrom the usual situationwith rods which

are considerably less reactive close packed than in a more open array. The
safe mass limit will depend on the enrichment finallychosen but will be the
material contained in a few reactor tubes, allowing the usual safety factors.
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Satisfactory operation of the NPR building radiation monitor will be obtained in
most locations according to results of fieldtesting. Alternate designs were
recommended for other building areas where widely varying radiation levels
are expected. Meanwhile, finaldesign details are being determined for the

Beta-Gamma Air Monitor and for the Gamma Spectrometer portion of the Fuel
Failure Monitor.

Shakedown of the new Critical Mass Laboratory continues. Modifications are
being made to further insure against the escape of plutonium from valves.
connectors, vent lines, etc., to areas which should remain clean.

In the Plutonium Recycle Program, design for the last ditch safety system for

the PRCF progressed when calculations indicated that satisfactory operating
times would be obtained for thermostatic switches activated by fissilematerial.
Other instrument work included improvement of the Unit Motion Camera and the

process tube diameter measuring devices, and the assembly of equipment for
PRTR critical tests.

Understanding of the physics of plutonium fueled reactors will be aided by PCTR
measurements on plutonium fueled graphite lattices, by newly developed methods
for calculating the effect of resonance neutron captures on the neutron energy
spectrum, and by the acquisition of further data on the neutron scattering
properties of water.

In the Nondestructive Testing Program, filter techniques for analyzing broad-

band eddy current signals are being developed, supported by a research contract
with Johns Hopkins University. Improvements were achieved in the infrared
and inductive thermometry equipment being developed for evaluating fuel
core-cladding interfaces by heat transfer methods.

The lifetime of in-reactor neutron flux monitors may be five times longer when
using a suitable mixture of plutonium isotopes as compared to U-235, accord-
ing to firstquantitativeestimates made in initiatingwork on the new Flux

Monitor Program. The dependence of the behavior on neutron energy spectrum
is now being explored.

Improved use of the Whole Body Monitor, resulting from the acquisition of
some auxiliary equipment, has resulted in the detection of several, new cases

of Na 24 deposition. Amounts detected were of the order of 1/1000 of the
maximum permissible body burden for all cases.

Convenience of alpha monitoring may be considerably improved in the future
by use of surface barrier diodes as detectors. A prototype of such a device,
using solid state circuits, was completed and has operated satisfactorily.

Orderly progress was also made on other radiological instrument development
including continuing promising results with small thermoluminescent dosimeters.
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4. Biology

About two times more I'31 was measured in jack rabbit thyroids tL_s month
than in September 1959.

Concentrations of beta emitters in Columbia River organisms were five times

higher than a year ago.

Columnaris infected fish were rarely found among those caught in the Hanford

area. The only infected ones came from near the mouth of the Snake. Those
observations do not indicate that the disease's severity is associated at all
with Hanford.

Blood sampling schedules for hematology in the chronic Sr90 toxicityexperi-
ment in swine is being revised in the interests of increased efficiency. Their

schedule of dietary supplement of vitamins is also being changed in hopes of
avoiding illness among the animals.

Np 237 IV injected into rats follows a retention and turnover pattern similar to
plutonium. No measurable absorption of neptunium was noted when rats were
fed "Paducah Dust. " Among other rats allowed to inhale the dust, one died,

due presumablyL to chemical (non-radioactive) toxicity caused by constituents
other than Np 237.

lt appears that the use of EDTA in decontaminating wounds containing plutonium
neither harms nor benefits, as based on variations observed in experiments
with rats• Most of the plutonium (70%) administered remains at the wound-

site• When intradermally injected into pigs_ 90% remained at the site and
could be removed with the scab one week after injection.

5. Programming

One hundred grams of plutonium containing about 16% Pu-240 have been

received for use in Plutonium Recycle Program physics tests. This is the
firstreceipt of such material. The schedule for procurement of much more
of such compositions is developing satisfactorilyparticularly if ORNL /

separations facilitiesare available for use as expected early next year.

A method has been developed and applied which rapidly evaluates the allowable

amounts of alternate jacketing materials which can be used under a variety ofq

thermal reactor and economic situations. A typical result is that in the case

of 19-rod UO 2 fuel assemblies equal minimized fuel costs are attainablewith
zirconium cladding at $50 per pound of uranium and stainless steel at $19.50.
The method can also be used to compare jacketing of various thicknesses.

Such comparisons support the use of stainless steel jacketing in the less than
i0 mil range which is industriallyavailable.



xiii HW-66960[_

Technical Publications completed typing the finaldraft of the PRP Annual
Report, Fiscal Year 1960, for publication, lthas been proofed, approved, and

sent to printing. HAPO distributionshould take place about October 15. Off-
site distributionwill again be held up by patent clearance.

A report on the effects of increasing the plutonium content of PRTR fuels was

completed. The plutonium content of PRTR loadings can be doubled by enrich-
ing depleted uranium (instead of natural uranium) with plutonium for the uniformly
enriched loadings. Such a loading could be substituted for the now planned

uniformly enriched natural uranium loading without significantlyaffectingthe
current goals of the PEP.

The Meleager code has been changed so as to allow a print-out of reactor fuel
compositions at six month intervals. This change permits an easier economic

analysis, as AECuse charges are set up on a six month interval.

The spectrum computation method of re-evaluating Westcott g and s factors
described previously has been successfully compiled on the IBM-709 and is

now ready for use.

The results of the Muleager computations of batch recycle cases for the Advanced
Pressurized Water Reactor (APWR) have been edited and placed in tabular

form on dupLimats. A preliminary write-up of the physics portion of the pro-gram as well as a few typical graphs have been prepared.

A preliminary study has been completed which investigates the feasibilityof
extending exposure lifetime by more efficientirradiation of fuel elements.
The plan consists of making two or three long sections of fuel element and
placing the sections in a time-constant flux distribution. After a certain total

exposure, the column would be removed and re-assembled -- putting new
sections in for the highly burned parts and reversing (end-for-end) the lesser
burned sections. Results indicated up to 18% higher total exposure in some
cases.

A total of 326 visitors to HLO were accommodated during the month. Of
these, 77 visitors were here on official business (including 4 French and 7
British visitors). Students, teachers, and school administrators comprised

108 visitors. Professional and technical society members on group tours
comprised the remaining 141 visitors.

TECHNICAL AND OTHER SERVICES

Measurements on two tubes of irradiated nickel plated fuel elements taken before
and after cteaning in order to estimate film losses afforded an opportunity to
estimate the reproducibility of the C-basin profilometer under _perating conditions.

Application of a multicompartment migration model to data from a rat _.xperiment

.~
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involving a single administration of W 185 was completed with the ._ergenoe of
several facts which should be of significant interest in planning similar experiments
in the future.

There were two new cases of plutonium deposition confirmed during the month, thus
bringing the total on record to 264 of which 259 occurred at HAPO. There are 190

employees currently on the active rolls with plutonium deposition.

A proposal that certain project roads be made available to the public was reviewed.

The findings of a comprehensive study on specified routes through the project com-

pleted in June 1959 were applicable to this most recent proposal with certain excep-
tions, ltwas noted that one of the proposed routes is not desirable because of
heavy trafficof project vehicles hauling radioactive liquids. The other route, 4S

combined with the old army road, might be subject to some contamination spread

but the probability for such a spread is no differentfrom the previously proposed
Cold Creek road.

The month of September had a higher frequency of incidents of several varieties

which necessitated whole body counting. There were three incidents involving

plutonium contaminated injuries in one month compared to the 12-24 that generally
occur annually. There were three separate instances involving 200 East diversion
boxes that caused skin contamination and positive nasal smears. In IPD there were

two cases of reactor effluents,both water and gases, causing contamination requir-
ing whole body counting.

There are 22 currently active projects having combined authorized funds in the

amount of $20, 551,000. The totalestimated most of these projects is $23,926,000.
Ali but seven of these authorized are on or ahead of schedule and five are more
than 3% behind schedule.

Microfilming of the File's holdings is scheduled to start October 3. Documents
are now being prepared for microfilming and material of no further record value
is being destroyed.

SUPPORTING FUNCTIONS

Travel for firstquarter FY-1961 is approximately 10% higher compared with the
same period lastyear. The increase is attributable to increased travel to

professional society meetings.

Equipment activityinitiatedthis fiscalyear is well ahead of the comparable period
lastfiscal year. Appropriailon Requests processed through the firstquarter
aggregated $643, 500 or 23a/0of total allocationcompared with $382._950 (17%) in
firstquarter FY-1960.

An additional $306,000 was authorized by HOO-AEC during September for the Gas
Cooled Re actor Program, increasing the totalamount to $i, 006, 000.
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As of September 30, 1960, the staff of the Hanford Laboratories totaled 1372

employees, including 667 exempt and 705 weekly salaried. Of */aetotal, 572

possessed technical degrees, including 345 B.S., 124 M.S., and 103 Ph. D.

The medical treatment frequency for September was i.21 as compared with i.48

for the preceding month. There were no disabling injuries or serious accidents

during the month. There was one security violation, bringing the total for the year

to date to 24, as compared with 33 for the corresponding period last year.

During September there were two visits by Ph. D. candidates seeking employment.

Three offers were rejected, including an IPD offer to an inexperienced Ph. D.

physicist and HLO offers to an experienced Ph. D. physiological chemist and an

inexperienced Ph. D. metallurgist.

Plans are essentially complete for the participation of HAPO scientists and engineers

in Ph. D. recruiting at 91 campuses this fall. HAPO will coordinate Company Ph. D.

recruiting at six campuses.

Four Technical Graduates were added to the r_lls, four accepted permanent assign-

ment and three terminated, including one Engineering and Science Program mem-

ber, and two returning to school. At month's end there were 75 Technical Graduates

on the roll, including 5 members of the Engineering and Science Program. Over-

all Company requirements for engineers and scientists in engineering, manufact-uring, and marketing appear at this time to be about the same as those for last

year.

Copy and photography for the technical recruiting booklet, "General Electric at

Hanford, " is nearly complete. The booklet should be ready for layout in about two
weeks.

A second seminar in Business Operations in Our Changing Environment was began

with 16 participants, including one from CPD and one from the AEC.

There were 16 weekly salaried vacancies filled during the month, including three

internal transfers. At month's end, there were 24 weekly salaried vacancies in
HLO.

Hanford Laboratories

HM Parker:LPB:mlk



A-1 HW-66960_

REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION
, ,ill. i .i i l i l .

TECHNICAL ACTIVITIES

A. FISSIGNABLE _ - 2000 PROGRAM
., ..l i .

i. METAILURGY PROGRAM
.ll J

Corrosion Studies
, i i iu ii

H_ridir_. of Scratched Autoclaved Zircaloy-2 in E2-H20 Mixtures. Last
month data were reported on hydriding of vapor blasted Zircaloy-2 in
H2_O mixtures. Since the NPR tubes will have an autoclaved surface,
a series of scratched autoclaved samples were run in a similar experiment.

The samples were heated to 400 C in high vacuum and a current of H2 gas
at l0 m_ pressure was passed over the samples. In each run the H2 con-
talned different H20 partial pressures, ranging from 0.0001 mm to O.1 mm.
The tvo-hour data show definite inhibition of hydriding at P_O = O.OO1 mm
or higher, but after 16 hours at PH20 = 0.001 mm, all five samples dis-
integrated from hydriding. Although this experiment is continuing, it
is expected that the required level of water vapor for protection of a
scratched autoclave surface may be slightly lower than the 0.i mm value
found for highly surface active vapor-blaste_ samples.

Hydridlng of Zircaloy-2 in Simulated NPR Atmosphere. A number of Zircaloy-2
coupons were exposed at 300, 350, and 400'C in two different gas atmos-
pheres prepared by passing wet helium over 800 C and 950 C graphite.
This experiment is similar to one reported in February 1960, where, with
the graphite at Ii00 C and Zircaloy-2 at _00 C, the samples hydrided
destructively in 53 days.

Samples pulled after 53 days of exposure to the two gas atmospheres show
no hydrogen pickup due to the water-gas reaction. _he small quantities
of H2 picked up are due to the corrosion reaction with water. Thus, re-
ducing the graphite temperature from 3_100C to 950 C changed the gas from
'_Klriding" to "safe" under the laboratory test conditions.

However, this experiment does not indicate that 950 C graphite in NPR is
safe, as analyses indicate that the gas composition did not come close to
equilibrium with the graphite. The gas from the 950 C graphite bed is
of a cc_position more nearly typical of equilibrium with 600 C graphite.
These results suggest the reaction rate of water vapor with 800 to 950 C
graphite is quite slow. An experiment to study the kinetics of the water-
gas reaction is being planned.

Fuel Xlement Failure During Autoclave Testing. An investigation w_s con-
ducted on a recent coextruded Zircaloy@2 clad uranium core fuel element
failure during autoclave testing in the 314 Building. The investigation
showed that a rapid corrosion of the uranium core in one of the elements,
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due to a defective Zircaloy cladding, completely consumed all of the water
releasing an equivalent volume of hydrogen, with the result that the re-
maiming fuel elements were then completely hydrided, leaving the hot uran-
ium virtually unprotectee when water was later added to the autoclave.

Radiometallurgy Laborator_ Studi.es

The first thermocouple slug which was in a tube with a suspected rupture
has been examined, and no evidence of any rupture has been found. The
thermocouple connections on the cap were sectioned, but no flaws were
found (RM-S70). The second thermocouple element is being examined, but the
point of water entry has not yet been found (RM-571). Two Zr-2 clad tub-
ular elements with brazed end caps that were suspected ruptures in ERR
Loop 2 have been examined. The bonding under the end caps is poor, showing
holes in the braze layer, but no evidence of a rupture has been found (RM-
704). Examination of a hot pressed I&E aluminum clad fuel element has
been completed. A considerable number of voids were found in the uranium
under the nickel diffusion barrier (RM-705). Cold uranium specimens fab-
riacted into special shapes are being processed to determine the feas-
ibility of using these shapes in future irradiations as part of the swell-
ing program (RM-265). Several replicas of irradiated uranium specimens
have been prepared for electron microscope studies of the distribution of
fission gas voids (RM-284).

The inner tube of a ERR failure was found to have a badly fragmented

uranium core as well as surface bu_ing and warp. The tube was brokenat the point of rupture. However, the fuel-clad bond su__vivedthe dis-
tortion and fragmentation very well (P_569). Comparison of the fuel
from near the midpoint of a coextruded rod and near the end cap of a
cluster element with hot headed end closures showed that surface cracking
was not limited to the ends (RM-703). Room temperature tensile testir_
of thoriu_ samples has been completed. Part of the samples were annealed
prior to testing. Elevated tamperature testing will be comDleted shortly
(RM-501). Stainless steel metallography samples from the neutron damage
to metals program are being prepared for aunealing and microhardness
testing (HM-506). (k_eof five thorium-uranium tensile samples was im-
possible to test because of an apparent weld failure during irradiation.
Most of the NaK was missing aud the tensile sample was completely oxidized.
Another sample had been partially melted during irradiation (RM-508).

Results and interpretations of these examinations will be reported in
more detail in connection with the respective development programs served.

Basic Metallurgy Studies

X-Ra_ Diffraction Studies. Orientation of extruded urauium rods and tubes
with various fabrication and heat treatment histories are being determined
by various methods. A i/2" diameter uranium sphere has been used to s_udy
sources of error in pole figure determinations. It is possible to obtain
reliable pole figures of extruded rods by using 1/2" diameter spheres°
Work is now resuming on the feasibility of determining the orientations
of extruded uranium tubes by the pole figure method° Small hemispheres

DECIASS/FIEO
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and segments have been machined from uranium rings, one ,k
sliced from a portion of FPD extrusion #7. The growth indic, r
this tube have been determined and these predict axial growth.

Solid State Reactions. The kinetics of recovery and recrystallization
in zirconium, Zircaloy-2 and Zircaloy-3 are being determined in or_Lerto
establish optimum conditions of heat treatment during fabrication opera-
tions. The conditions under which abnormal grain growth occurs are being
studied. Itt_as previously reported that abnormal grain growth occurred
upon vacuum annealing 50 percent cold worked zirconium at 800 C. Results
based on several long time anneals at 800 C for times from one day up to
eight days show that no abnormal grain growth occurs in the Zircaloy-2.
From inspection of microstructure it is seen that a second phase had
segregated into the grain boundaries and restricts growth.

X-ray diffraction is being used to study the effects of irradiation on
non-fissionable materials. The behavior during annealing of irradiated
(5 x lO19 fast flux) molybdenum is currently being investigated. The
annealing differs from that of material at lower exposures (6 x lO16 to
2.B x lO19 nvt). Recovery occurs in the following stages: Stage la
(50 C to 200 C) characterized by no change in lattice parameter a, and by
decreases in x-ray line breadth B. Stage Ib (200 to BOO C) - little
change in a or B. Stage II (3OO to 450 C) - change in a; no change in B.
Stage TII (450 to 9OO C) - complete recovery of a, corresponding to
highly annealed state, incomple__ _ecovery of B with respect to highly
annealed state. Stage IV (9OO C az_ above) - u_per temperature li=Lt
undetermined - no change in a but B _ecreases.

Stage III annealing of cold work in molybdenum rolled to _0% reduction
at 5OO C parallels that of the irradiated (5 x 1019 nvt) molybdenum:,
indicating a similar recovery process. Complete recovery of lattice
expansion is attained at 900 C. A substage appears during Stage II
annealing and may be related to a higher impurity content due to the
rolling operation.

Fourier analysis of the broadened pea_s for as-worked molybdenum yields
essentially the same broadening coefficients for 10%, 20%, 30%, and 40_
cold rolled material. The extent of cold work damage is apparently the
same in each case. Preferred orientation becomes more pronounced as the
amount of working increases. The work is being expanded to include
samples rolled to 90% reduction.

Electron and Optical Microsco_. A prototype capsule containing flux
and temperature monitors together with a capsule holder have been de-
livered to the Irradiation Testing Operation for use in the 4B Snout
Facility at 105 EN. This facility will be used for a variety of film
aa_ foil irradiations bf L_oth shor_Tan_ long duratiau. Preparation of
foils and microtensile specimens for irr_iation are in progress.

Fissionable thin films of uranium dioxide have been observed to undergo
extensive changes during irradiation in vacuum and in air. Carbon films,



"_ A-4 HW-66960

_00 A in _Ahickness,positioned at a distance of approximately one mm from
the fissionable films during irradiation have been examined at magnifica-
tiaus of lO0,O00X. At these magnifications electron transpa_ent lines,
less than i00 A in width are observed. Since these lines resemble fission
fragment trajectories, observed in metallic and nonmetallic films adjacent
to fissicaable films, it appears that the observed lines are also damage
regions associate,i with the passage of a fission fragment. The lengths of
the observ_ tracks are as long as 6000 A, consequently it is improbable
that all of the tracks are due to fission fragments which originate in the
film one mm from the collector. Since uranium dioxide is known to sublime

from thin films during irradiation, many of the observed tracks may be due
to the uranium dioxide present on the collector. Additional experiments
for differentiating fission fragment damage in structural and cladding
materials are being planned.

A paper, "Radiation Damage to Thin Films of Uranium Dioxide," was pre-
seated at the 18th Annual Meeting of E.M.S.A. A circuit tour of N.W. ASM
chapters has Been completed. The topic for the technical meetings was
"The Behavior of Some Materials on a Microscopic Scale." Five exhibit posters fo
for the annual ASM Matallographic Exhibit have been prepared.

Metallic Fuel Develc_maut

Tubular Fuel Elements. Two NPR inner tube fuel elements have been prepared
for testing in the GEH-4 facility of the MrR. This test was designed to
test brazed closures with electron beam welds. The caps were brazed in
piace with a 12 PH + 4 Be + 8_ Zr-2 braze alloy. The Joint was step cut
aud electron beam welded to form a smooth weld. The specific power of
these elements was calculated at 105 kw/ft. The Jacket temperature at a
flow rate of 17 gpm will be 93 C, the uranium surface temperature will be
170 C, and the core temperature about 375 C. This test will be quite severe
due to the high power generation and low fuel surface temperature.

Am enriched KER tube-tube element failed in July after 3200 _D/T exposure.
The fuel surface temperature was 287 C, and the maximum core temperature
was 410 C at the point of failure.

Ra_iometallurgy examluation shows the failure was the result of localized
plastic deformation of the clad on the outside of au inner tube° Examin-
ation of a transverse section of the failed tube _howed that the stria-
tions which extended longitudinally from the failure were necked down
areas in the clad. Similar failures and striations have been seen in co-
extruded rods irradiated to high exposure both in water and in NaK capsules.
Internal cracking ha_ occurred in the uramlum fuel. However, none of the
cracks penetrated the clad except where a buildup of corrosion products had
expanded the crack and propagated it into the clad subsequent to the clad
failure.

Eighteen NPR inner-tube test elements are being made for KER testing.
These elements will have unbonded, welded end caps and will be available
for charEing into a EER loop during October.



Thirty-seven feet of coextruded KER size single compo 1 tube from
two extrusions have been received from FPD. This material is 1.6 percent
enriched with inside and outside clad thickness of 0.027 inch. Fuel
elements are being fabricated for NEE testing; the operating conditions
of these elements will be prototypical of NPR tube-tube fuel elements.
The fuel elements will be closed by Zr-Be eutectic brazing by FPD. Close
inspection will be made during all phases of the closure processing
followed by dual autoclave prooftesting (i.e., both water at 300 C and
steam at 400 C). Mild steel (1020) supports fastened to the fuel tube
with Zr-2 studs will also be tested on these elements. Finished elements

will be ready for loop charging by November.

Exploratory work on the "extrusion closure" process has led to two proce-
dures which appear to yield the desired results. The principal problem
in effecting closures has been to provide a firm bond at the Zircaloy end
cap/uranium interface. It appears that either a copper shim 0.003" thick
or an iron-clad face of similar thickness on the Zr-2 cap will furnish a
good bond under the conditions of the test. Efforts to attach the iron
shim to the Zr-2 by vacuum-brazing left, in the assembly, a braze layer
full of blow holes, so that a better means of effecting,the iron cladding
is being sought.

Thorough examination of 2 braze-closure fuel elements (PT 309B) dis-
charged 8/8/60 after about 24 hours of exposure revealed no evidence
of rupture nor leak iu the Jackets. However, longitudinal sections
through two of the end caps showed the braze layers to contain many
bubbles. Where the braze alloy had flowed up into the weld bead, severe
erosion of the Jacket wall had occurred and at one place, a bubble iu the
weld bead was open, through a pin-hole, to water entry from outside.
However, this bubble appeared to be isolated from neighboring ones, and
not responsible for the radioactive discharge that led to the shutdown.

Component Fabrication. Eight additional 18-inch lengths of KER outer tube
of enriched (1.6 percent) uranium - 2 w/o Zr alloy were inspected and
heat treated prior to braze closure for irr_iation test elements. Au
additional extrusion (NMI _-i074) was used for this stock. Two of the
_lements had surface defects that will reject the elements. The pieces
were heat treated by salt bath heating in NUSAL ten minutes at 730 C,
ten-second air delay and oil quenched. Warpage and dimensional changes
were recorded. Double throw warp varied from 0.001 to 0.038 inch before
treatment and _ried from 0.009 to 0.040 inch after treatment with no
consistent changes.

Sections of KER single tube (1.752 CO x 1.052 ID) with O.O_7-inch Zr-2
inner and outer cladding were heat treated and t_e macrostructure
examined. Heating and cooling curves were recorded and midwall quench
rates determined. Sections are heated to the beta phase in two minutes
and to 730 C in 3.4-4 minutes. This geometry is cooled from 730 C to
the transformation in 36 seconds in air. Quench rate for 20 C water
was 7700 C/mln, for ten-second air delay and oil quench_ 4650 C/mln;
and for 20-second air delay and oil quench, 3700 C/rain. The best macro-
structure was observed for the 3700 C/rainquench rate. Microsections
are being examined.
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The rolls for the three-roll straightener have been dressed, and the unit
is being re-assembled. The misalignment of the rolls is being removed at
this time. The scr_per-wiper combination which scored the rolls initially
is being modified to dual felt wipers on each roll. Dra_rlngsare in the
shop for fabrication of a fuel element holder, furnace run-out tube, and
thermocouple supports. These accessories will reduce variables due to
temperature overshoot, heat loss between furnace and straightener, and
inconsistent thermocouple placement. M_terial obtained thus far consists
of _ pieces of EER outer tube au_ nine pieces of NImRouter tube. The
EER outer stock will be use_ to study cladding effects. The NPR stock

be used for establishing straightening conditions.

Clos_ and Joining. Work in evaluating a projection welded brazed closure
conce_t has to date produced a very promising and reproducible projection
weld between the Zircaloy-2 clad and the Zircaloy-2 closure cap. This
concept is initially being tried on coextruded Zircaloy-2 clad uranium
rods due to the limited capacity of the available spot welding machine.
The closure consists of projection welding a Zircaloy-2 cap directly onto
a projected cladding ring produced by acid milling approximately 0.030
inch from the end of the rod. The pressure is maintained on the cap and
the power continued for severs& cycles after the initial projection weld
in an effort to resistance braze the cap to the uranium. A 0.005 to
0.010 inch layer of braze material is initially placed on the 0.030 inch
space provided between the flat bottom of the cap and the uranium surface.
The cap comes in contact with the braze mmterial after settling from the
initial projection weld. A_proximately 35% of the uranium surface was
bonde_ to the Zircaloy-2 cap in one attempt in which no braze material was
added. An attempt to braze the cap to the uranium using a Zircaloy-O_-
Be - Fe braze material was tried but could not be evaluated because of
a maAfuuction of the welding machine during the brazing cycles.

The inner tubes for a KER tube-tube production test have been brazed and
prepared for welding. The outer tube material pitted badly during acid
milling the end cap groovms, lt was thought that iron was rolled Luto
the jacket during straightening. When this material was placed in the
acid, a galvanic cell was created which resulted in severe pitting cf
the Zircaloy Jacket. Mbre fuel stock has been prepared for brazing°
The core material is 1.6 percent U-235 and alloyed with two percent of
zirconium. The brazing alloy is 12 Fe + 4 Be + 84 Zr-2. Brazing is
performed in a vacuum at 950 C, held for 60 seconds, then vacuum cccled.
The closures are surprisingly free of voids and extremely well bonded.

In the last monthly report several autoclave ruptures of brazed material
were reported. Analysis of the braze material showed an abncrmally hi@h
oxygen content, almost twice that normally found in the braze alloy.
The other gaseous impurities were at the normal level°

Several new alloys have been ordered from Oregon M_tallurgical Corpora-
tion. These alloys are:

Zr-2 + 8 Cr + 8 Fe
Zr-2 + 6 Cr + 6 Fe + 6 Ni.



aCuss/These alloys should melt around 900 C and contain no I ,ium. Corrosion
data on these alloys indicate that the corrosion rate is only slightly
above that of Zircaloy-2.

Nork is continuing on new brazing techniques. Present efforts are being
directed toward reducing the braze line thickness by mechanical deforma-
tion. Preliminary results appear promising.

A circuit has been designed for automatic control of the brazing power
cycle. _his control device will insure a reproducible cycle for any
brazing operation.

Allied Fuel Studies. The two thermocoupled fuel rods which were dis-
charged from KER Loop 1 because"of rupture indications have been examined
by Radiometallurgy Operation. The examination of the first the_nocoupled
rod has been completed, and no evidence of failure was found. This rod
was discharged in July 1960. The rod was cut transversely at the thermo-
couple end and the uranium examined. No evidence of water entry to the
uranium was found. The Zircaloy-2-to-stainless steel braze Joints were
sectioned, and no evidence of deterioration could be found. It now
appears that the rupture occurred in one of the two 36-inch long he,_ter
tubes which were charged to add heat to the loop. These tubes were
examined in the EE view pit Just after they were discharged. No evidence
of failure was observed. They have not, however, been examined by Radio-
metallurgy Operation.

The second thermocoupled fuel rod, which was discharged from KER Loop 1
in August 1960, had failed. The cladding was split adjacent to both of
the peripheral thermocouples and the urauium core was split longitudin-
ally in the plane of the thermocouples. The examination has not yet
been completed, but no evidence has been found which would indicate that
the Zircaloy-2-to-stainless steel braze Joints _ere the cause of the
failure.

Self supports of iron or low-carbon steel attached to the Zircaloy-2 clad
with Zircaloy-2 studs will meet the support requirements for NPR elements,
according to tests made ex-reactor. Final proof of the design _ re-
quire irradiation testing under loop conditions prototypical of NPR.
Zircaloy-2 studs welded to the Jacket are used as rivets to attach the
steel support to the Jacket. The Zlrcaloy-2 stud is projection _elded
to the Jacket with a copper electrode counterbored so that about 0.060
inch of stud projects from the cladding surface after veldin6. The
force required to shear these 1/8 inch studs off of the Jacket is over
1000 pounds, a shear strength greater them 80,000 psi. Steel supports
prepared for irradiation on NPR inner tubes withstood 200-pound loads at
0.012 inch deflection before their elastic rauge was exceeded. After
the appropriately spaced studs are attached to the Jacket, the fUel tube
is _ckled and autoclaved. Inspection fallowing autoclave treatment is
improved by the absence of supports at this stage. Also, the difficult
tinning of pickling solution from crevices under Zircaloy-2 supports is
ellm_ted.

®



Tests showed the best way to upset the studs over the chamfered hole in

the support tabs was with a tool heated to 550 C. A load of 1500 pc mds

on a flat faced upsetting tool is necessary. Loads up to 2000 pounds

caused no damage to the Zircaloy-2 clad fuel element.

Development d_awlngs of candidate support designs for the NPR elemenms

were made. The primax7 purpose of these drawings was to serve as a

reference for _ inquiries on support costs and quantity production

methods. The _wawing numbers are SK-3-9602, SK-3-9600, and SK-3-9601
for the steel support, Zircaloy-2 stud and inner tube zirconium support,

respectively.

To improve the flow and pressure drops attributed to the supports, it may

be desirable to change the cross-sectional contours. Ingot iron supports

with a cross-sectio_al rad/rts of curvature reduced to 3/8 inch did not

scratch the autoclaved Zircaloy-2 surface within a wear distance of 180
feet. Tests with a smaller radius of curvature are planned.

Localized necking of the Zircaloy cladding of irradiated fuel elements
has caused fuel element failures. Since the localized necking occurs

after small uniform elongation, the strains in the outer cladding of

tubular fuel elements should be minimized for successful operation.

Assuming the deform_tic_Is due to the thermal expansion and swelling volume

changes can be shlfte_ from the outer to inner cladding of tubular elements;

a mathematical model of a plastically deformed fuel material with strain
ha_ cl_ has been developed. The appropriate mathematical
relationships an_ method of analyses have been obtained. Programming for

numerical evalumtion is starting. When the program is completed, analyses

using various yield strengths for the uranium, volume expansions, tube

geometries, inner clad thicknesses, and exterior cladding strains can be

run. _le analyses will give appropriate outer cladding thicknesses,
cladding strains and stresses, and the stress conditions within the fuel
material.

Tests have been run on uranium under constant load while undergoing cyclic

temperature changes. The microstres J distributions in polycrystalline

uranium due to the anisotropic thermal J_xpansion of the uranium crystals

have increased the deform_tioas. A specimen loaded to 750 psi and cycled

between 150 C and 450 C is presently being tested. After twelve cycles
the strain is _,0.6 percent with _, O.05 percent strain per cycle. _his

strain is less than the 0.08 percent strain per cycle pre.viously observed

with another sample tested under similar conditions.

Comxtruded fuel rods of the dual enrichment concept are being fabricated.

Several extrusions have been made using cast, triple beta-treated uranium

components, lt was not possible to completely clean up the castings by

mach_nlng and slight surface defects appeared in the interfaces of the
coextrusions. There was also some undesirable variation in the Zr-2 clad

thickness. Additional coex_rusions will be made us_izguranium co_ponent_
which have been extruded to size from cast billets°
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2. REACTOR PROGRAM

Coolant S_stems Development

Nickel-Coated Fuel Elements. Aluminum-_acketed fuel elements, coated
Qvitheither 0.6 or 1.1 mils of nickel, continue to resist pitting attack
or flaking of the nickel in ex-reactor mockup tube tests. Exposure
times for these elements total ii½ weeks in 165 C process water or l_
weeks in 120 C process water. Defects made in the coating before exposure
have not been enlarged.

Rupture Testis. An unirradiated prototype of the ETR rupture-at-will
tubular fuel element was successfully tested in au ex-reactor loop.
The projection over the defect was sheared with the loop at 300 C,
1650 psi, and 60 gpm flow rate. After one-half hour the rupture had
progressed to a 3/4 inch diameter raised mound about 0.17 inch high at
the center. After another hour at 300 C, the ruptured area ha_ increased
to a 1-3/4 inch diameter raised au_ torn mound. The element lost 66 grams
of uranium metal during this period. After 1/2 hour more the rupture in-
creased to 2-1/4 inch outside diameter, with the inside surface of the
tube bulged but the cladding not broken. Seventy mo.e grams were lost
during this half-hour test.

Decontamination Tests. A decontamination test was made in the Rupture
Experiment Prototype using: (a) Turco 4502 and (b) Turco 88-_8B. The
Turco 88-48B is essenti_a2.1ysodium bisulfate, with a modification of the
inhibitor system to decrease the attack ca the carbon steel, stainless
steel galvanic couple. The over-all loop decontamination factor was very
poor, only about 1.2 with the coupon test section giving a 106 mr/ht
final reading. _he coupon decontamination factors avera3ed between four
and six for carbon steel, stainless steel, ZirceAoy-2, Inconel-X, and
monel.

Effect of Perm_anate Concentration on Pitting Attack of Stellite. A
preliminary test with Stellite 6 and 12 in an aAkaline permanganate
solution indicates that decreasing the potassium permanganate concen-
tration from _ oz/gallon to 0.5 oz/gallon has no effect on the pitting
corrosion as determined by weight loss. be samples are being sectioned
for photomicrographs at present.

Reagents for Dissolution of UOp. A demonstrated procedure for removing
U02 aud fission products entrapped in the UO2 in carbon steel systems
is a decontamination with a mixture of hydrogen peroxide, sodium car-
bauate and sodium bicarbonate. However, hydrogen peroxide is unstable,
6ifficult to store, and potentially haza_ious to h_e. If some solid
could be substituted for peroxide, the storage and hauling problems
would be simplified. Solutions containing different concentrations of
_04, Na2CO3, and Na_C03 were examined to determine the solubility of
U02 in these solutions. It was found in laboratory tests that a solu-
tion of 30 g/liter EM_04, 27 g/liter Na2CO3, and 21 g/liter Na_COB dis-
solved about three to four times as m_ch U02 as the standard peroxide
solution.
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RemoveS of Oxalate Film. The inhibited oxalic acid solutions, such as
Turco 4518, are effective decontaminating reagents except that they
seem to deposit a film on the carbon steel samples. Some testing has
been conducted to develop a method of removing the oxalate film. Solu-
tions tried were K2C204, EM_O2-H2S04, and inhibited phosphoric acid
(Turco 4512). _he best solution appears to be a dilute (2%) solution
of Inhibite_ll_hosphoricacid at 60 C. It may be feasible in a mixed
carbon-staSmless steel system such as NPR to use the Turco 4518 which
effectively cleans both steels (except for the loose film on the carbon
steel), an_ then circulate a dilute Turco 4512 solution as the first
rinse to remove the axalate film.

NPR Process Tubes. _:e technique used by Chase Brass and Copper Company
in radiographlug welds in NPR process tubes has been greatly improved.
A stand_ tube specimen containing voids of known size and location was
fabricated at Hanford. Use of this specimen was instrumental in develop-
ing the vendor's panoramic method of radiographic exposure to its
present state. The metho_ now produces films equivalent to Hartford's
for the l_ose of evaluating the wel_s in NPR tubes. The panoramic
metho_ has the a_vantage of showing the entire weld on a single uni-
formly exposed strip of film. The conventional method in use at Hanford
employs six separate films to cover the full length of the weld.

The first shakedm_n run _ co=pleted in a new 60-foot autoclave at
White Bluffs installed for autoclaving NPR tubes on September 23.
Five 18-inch long Zircaloy tube sections an_ a number of smaller samples
were distributed along the length of th_ autoclave, both top and bottom.
Weight gains were all in the 19 to 25 rag/dm2 range for the 38-hour
period at temperature. The maximum temperature variation recorded
ranged from 365 to 420 C, and minor equipment changes may be desirable
to reduce this range. However, the tube sections exhibited samisfactory
black oxide films except for a white area about l-l/2 inches long cn the
bottom of one sample. All of the small tube ring samples except one
exhibited black films that would be considered accepmable on corrcsion
test coupons. The 12 corrosion coupons were uniformly black.

ETR Irradiations. A new experiment was installed and is operating in
the"ETR N-5 position which is designed to determine the effect of neutron
intensity cn radiation damage to graphite. Twelve samples of CSF and NPR
reflector graphite in four groups at the same temperature, 725 C, but at
different levels of flux will be irradiated to 101n21nvt (E > 1 M_v)j
midplane peak. Through intercomparlson of damage, the effect of in-
tensity can'_b__"detezmlned.

Hanford Irradiations. NPR core graphite samples have been prepared for
charging into a hot test hole facility early in October. A series of
low exposure tests will be conducted to detm=m_ne chs extent of growth
which may occur at low exposures shortly after startup. Higher exposure_
will be obtained from sample bars arriving in October. These bars were
selected from regions which attained 3000 C in the graphitizing furnaces.

DECLASSJ9
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NPR Graphlte Oxidation. It is _mticipated that around O.1 mm water vapor
pressure may be necessary in the NPR reactor atmosphere in order to retard
hydriding of the Zircaloy-2 tubing. In order to determine the effect of
this m_ch water on the NPR graphite, experiments have been started to test
the compatibility of NPR graphite in the temperature range 625 to 825 C
with a flowing stream of He which contains O.1 mm H20 vapor. The reaction

. will be followed by weight loss of the graphite sample on an automatic
recording balance.

Graphite Burnout Monitoring. Graphite burnout monitoring samples were
discharged f'rom1960-C on 9/8/60 after 178 operating days. Weight losses
(average of four samples) are shown below:

% Weight Loss per
Boat No_ 1000 Operatir_ Darts

1 (upstream) 5.4
2 ll.O
3 16.o
4 5.l
5 (eLof stack) l.3
6 0.77
7 0.58
8 0.02
9 (do_m_tream) O.02

Previous samples in this channel which were discharged on 1/25/60 suffered
as high as 35% weight loss per i000 operating days. Thus, channel 1960-C
continues to show burnout rates in excess of the allowable 2% per 1000
operating days.

There was no appearance of the Swiss cheese type pitting that was seen
on the previous set of samples; ne-mrtheless, autoradiographs will be
taken to check for the presence of catalysts.

Graphite oxidation monitoring samples were charged into 2577-H on 9/14/60,
and are planned for discharge in three to four months.

Effect of Fillers on the Irradiation Resistance of Neoprene. Work has
been completed on the effect of 'variousfillers on the radiation resist-
ance of a typical neoprene, type GM. For a wide variety of fillers the
change in tensile strength with irradiation dose followed the same
general trend. For any particular case the magnitude of the change de-
pended on the type and amount of filler.

be hardness of each of the compounds tested increased with increasing
_m_liationdose, with all the values al_roaching the same hardness as a

limit. All of the compounds 19st elongation with increasing dose. The
total doses ranged from 5 x i0° r to 5 x i0_ r.

O-Ring Degr_.ation. Nitrile and silicone O-rings have been used in a
new type of rear face pigtail installation. Inspection has revealed
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that the nitrile materials have failed within six weeks after installation.
The G-rings rub on a brass surface that has been roughened by corrosion
in hig_ velocity effluent water, sad the nitrile O-rings appeared to be
failing due to cutting or abrasion. However, the silicone O-rings which
should be mechanically weaker have apparently been unaffected. In order
to determine the cause of failures, mechanical abrasion tests of the
O-ring materials have been started. The possibility of chemical attack
on the O-ring _ be lavestigated by comparing au oxidation-resistaut
mitrile rubber with normal nitrile O-rlngs in mockup tests being con-
ducted by IPD.

Neutron Flux Measurements sad Irradiation Dose. During the last year
graphite irrmiiations performed at Hanford and off-site have been compared
au the basis of fast neutron flux as com_uted by activation of nickel foils.
Substantial progress has been made during this period in delineatiag the
fast neutron spectra in the various test reactors and Hanford production
reactors, and in firming up the range of neutron energies believed most
significant in causing irradiation changes in graphite. As the dosimetry
for the neutrons of gr_l_hite-damagiagenergies has been refined, several
factors have beau identified which help improve the correlation of dam-
aging dose among test reactors sad the Hanford reactors. Two of the most
significant refiaements are discussed below.

Cobalt-58, the measured reaction product iu nickel foils has a previously-
unsuspected large thermal neutron burnout cross-section. Consequently,
fast neutron fluxes calculated from nickel foil activation after long
exposures in test reactor core positions have been low by about a factor
of four. Very recent detailed theoretical i_vestigatiau of the damage
iu graphite by neutrons suggests that the neutrons responsible for damage
to the graphite are I=_domimautly those with energies between about 0.03
and 3 Mev. This is a lower reage of energies than previously considered
important. This change acts in a direction such that estimates of test
reactor exposure based on ma_trau energies greater than 1 Mev provide
too large a damaging dose by as mach as about a factor of two+

These two refinements in graghite-damaglag dosimetry partially compensate
each other, with the over-all result that fast-neutron damaging doses
calculated for long exposures in test reactor core positions have been
low by only about a factor of two.

NPR Core Graphite - Coefficient of Thermal Expansion. The coefficient
0f thermal expansion for NPR core graphite has been measured between
25 and 425 C. The values are not directly comparable with measurements
au NPR reflector or old reactor graphite because the samples were
selected to provide "as stacked" values for the _ (i.e.3 regions of the
bar which will support the graphite stack were s_.lected). Aversge values
s_-e:

Perpendicular to extrusion axis 3 ._2 x lO'6/cc
Parallel to extrusion axis 0 9_ x lO-6/°C.

@
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Thermal_yaraullcStudies

Experiments to Investisate the Influence of Boili_ Leith Boilln_
Buraout. An important question concerning boiliag heat transfer is how
great an effect does the boiling length have on the buraout conditions.
The length of a heated surface over which boiling occurs affects the
boiling burnout conditions by influencing the flow patterns of the steam-
water mixture. This is true especially for horizontal flow channels
where the steam and water tend to stratify. This question is important
since most experimental data regard/ag boiling burnout are obtained on
test sections of lengths different from the fuel elements under consider-
atiau.

The most ideal manuer to study the effects of boiling length is to use
.test sections of the same size but different lengths and to hold the same
values of flow, pressure, heat flux and enthalpy at the point of burnout.
This requires a large capacity for controlling the preheat in a precise
resumerin order to establish the proper inlet enthalpy. This was done
in the 189-D heat transfer laboratory by using the silicon rectifiers
as a controllable heat source for preheating asi the motor-generators
to generate heat iu the test sections.

Twauty-four boil_g burnout points were obtained using a 2-1/2 foot long
heated test section consisting of a 0._35 inch ID pipe iu a horizontal
position with flow through the hale. With the outlet pressure held at
I00 psia, burnout was obtained for flow rates between 500,000 and
2,000,000 ib/hr-sq ft and outlet steam qualities between 26 and 52% by
weight. The heat flux at boiling burnout for these runs ranged between
500,000 and 2,000,000 B/hr-sq ft. For most cases the coolant at the inlet
was a well mixed steam-water mixture.

Boiling burnout data were also obtained under similar outlet conditions
with a test section of the same size but five feet in length. The coolant
at the inlet to this test section was always liquid at some temperature
below the boiling point. Although the boiling lengths were different for
the two test sections, the boiling burnout data were nearly identical for
the same flows and outlet qualities. This indicates that at least for
the conditions studied, 2-1/2 feet is sufficient to establish the flow
pattern an_ that longer lengths would not affect boiling burnout condi-
tions. The results are very i_ortant for future experimental programs
in that they indicate the validity of using inexpensive short test
sections to investigate heat transfer conditions for long horizontal fuel
element assemblies such as are found in the _nford reactors.

Flow Orifices for Hanfor_ Production Reactors. _e solid fuel elements
still use_ in the'fringe zones of the present production reactors will
soon be replaced with Y_ (internally an_ exteraally cooled) fuel elements
as the production of solid fuel elements is discontinued. Since the I&E
fUel elements have a lesser flow resistance, this means that the fringe
tubes must be re-orificed to maintain proper reactor flattening. With the
pressure drops that now exist across the Hanfor_ reactors, the use of I&E
fuel pieces in the fringe tubes requires a very high pressure drop in the
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flow restricting orifices of these tubes. However, there is a limit as
to how nzAchpressure drop can be taken across au orifice without attain-
ing a condition of self-limitlng or choking flow which is referred to as
critical flow.

Operation in a condition of critical flow could result in the failure to
attain a Panellit trip on the rupture of an inlet connector or the loss
of a nozzle cap. In a_1_ition,critical flow could result in damage to
the inlet connector by cavitation an_ vibration. Therefore, operation
of the reactors is avoided under critical flow conditions in the flow
orifices as determined in the laboratory.

Critical flow constants were obtained or re-checked in the hydraulics
' laboratory for a number of in_et orifice assemblies to determine their

suitability for use with I&E fuel pieces in fringe tubes. Using these
data and orifice calibration curves already determined, new orifice
assemblies were designed to meet the needs of the fringe tubes. The
designs were prel_m_--_y and were presented to the reactor personnel to
allow them to choose the particular orifice assembly which would best
suit their needs. After this selection is made, vendor prototypes of
the chosen assembly will be tested in the laboratory to determine the
final calibration and critical flow characteristics.

.H_ul. ics Studies. _he use of self-supported I&E fuel elements in the
ribless Zircaloy-2 process tubes in C Reactor will require inlet nozzle
modAfication. A mew inlet nozzle assembly has been proposed by Equipment
De__Iopment personnel of IPD which includes some mechanical improvements
in addition to the necessary modification. Prototypes of am early model
of this assembly have been made, and one assembly has been tested in the
Hydraulics Laboratory to determine the venturi calibration characteris-
tics (for use in reactor production test IP-351-AP) and also to determine
the over-all pressure loss (front header to tube inlet) for the assembly.
The data are presented in HW-66773.

The over-all pressure loss for the new assembly was compared to that for
the assemblies presently used on the reactors, lt was found that the
loss in the new assembly is only about 35 percent of that for the present
C assembly, 50 percent of that for the HDF type assembly, and about equal
to that of the present K Reactor assembly. This means that significant
flow increases could be realized by using this new inlet nozzle assembly.

Critical Flow Studies. In performing calculations for a reactor hazards
e_luation, it usually becomes necessary to know the flow rate of steam-
water mixtures. A knowledge of such flow rates is necessa_7, fcr example,
when prmdlcting the events following a rupture of the primary coolant
system. If the pressure difference is large, then critical flow occurs
and the flow rate is i_lependent of the pressure drop above a certa_
critical value.

Critical flow rates can be calculated from theoretical considerations,
but it has been found that such values are often many times less than
actual flow rates as determined experimentally. In preparation co

OECL4Sg/FIf
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obtaining experimental critical flow rates at pressures between 1000 and
2000 psi, an apparatus was built and data were obtained for steam-water
mixtures from pipes of 1/2 and one inch ID at pressures between 15 and
100 psia. Reduction of the data gathered during July and August _as
undertaken and the results were correlated.

The critical mass velocities, G, were correlated in the usual fashion
by plotting the ratio of the observed mass velocity to the mass velocity
calculated from the homogeneous flow model versus percent steam. This
correlation was compared _ith data obtained at the University of Minnesota
(Isbin, Moy, and DaCruz - AIChE Journal, 3, 361-365 (1957))which, at the
present time is being used extensively to predict critical mass velocity
in reactor and other geometries, and recent data obtained at the Univer-
sity of Washington. The present data exhibit _ little pressure dependence
over quality ranges of 100% to 20% and below 2%, and this checks well
with the general trend of the University of Washington _ata. Between
2% and 20% a strong dependency exists between G observed/G calculated
and the critical pressure. For example, a decrease of the critical pressttre
from 100 to 50 psia in this quality region will increase the G ratio by as
rechas 50%.

In the quality range between 10% to 15% an increase in quality will cause
an increase of the G ratio. This was unexpected. Although the University
of Wash_on data are incomplete in this quality range, similar behavior
is exhibited. _he University of Minnesota correlation indicates no
pressure dependence whatsoever. _Lis correlation also indicates that a
maximum value of the G ratio of apprc_tely 2.7 occurs at zero quality.
In the present investlgatica, 15 data points were obtained at qualities less
than one percent, all of vhich had G ratios greater than 2.7. The maximum
value attained for this ratio was 5 ._ at 0.4% quality.

_he values indicated for G observed/G calculated by the University of
Washington data agree well with the present investigations in the quality
ranges from 0-2% and 20-75% (maximum deviation of 4%). However, at about
50% quality the present results deviate from the University of Minnesota
correlation by 80% to 100%.

Possibility of critical flow was also examined for flow through _- and
6-1nch valves in the nearly closed position. These valves are used in
controlling the front headers flows on the present reactors and the
critical flow characteristics would make a difference in valving proce-
dures during a contamplated method of charging fuel elements. The results
of flow tests indicated that from ii0 glnnto 240 gpm at upstream pressures
of 50 psig to iOO psig and downstream pressures from 0.5 psig tD IO psig
there would be no critical flow in either valve.

mael st=ue,

Attenuation M_asurements. It was previously reconn_nded that the steel
plugs in the air (dry) tubes of B Reactor be replaced with concrete-
filled bayonets for improved neutron shielding. During the last shut-

down the three central air tubes were shielded with bayonets filled with
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iron-serpentine concrete with a density of about 265 ib/ft3. Subsequent
measurements at the front face have confirmed the predicted two-fold
reduction in neutron dose rate. A further reduction is expected when
the remaining three air tubes (fringe tubes ) are similarly shielded. It
is currently planned that this technique will also be applied to the air
chaumels at C Reactor. _ere is a strong incentive for reducing front
face dose rates at the production reactors because of the considerable
amount of time spent by operating personnel with supplemental controls
during reactor operation.

Shleldi_ Instruments. Calibration of the Perlow neutron spectrometer
for use in shielding studies has continued at the 300 Area Ion Acceler-
ator Laboratory. Difficulties in reproducing data when changing methane
gas pressures iu the chamber have been resolved by i_provements in gas
filling technique. Reproducibilitles of + 1% are now being achieved.
The thir_ Perlow chamber has been received from ANL, and final assembly
is iu progress. Ali three chambers will be calibrated at the same time
when the positive ion accelerator next becomes available. This cali-
bration is expecte_ to cover a neutron energy range from 50 Kev to
about 1.2 M_v.

B. -

Research an_ development in the field of plutonium metallurgy continued in

support of the Eaafozd 234-5 Buildlug Operations and weapons developmentprograms of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately
via distribution lists appropriate to weapons development work.

@
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C. REACTOR DEVELOPMENT - 4000 PROGRAM
, ,,, ,, ,, ,, | =,,i i ii

1. PLUTCHIUMRECYCLEPROGRAM
i l i i ,iu i i

Plutonium Fuels, Development

PRTR Fuel Fabrication. After the rupture of a Zr-2 clad Pu-Al rod in
t_e autoclave, it was decided to refabrlcate the last 15 clusters of
the criticality load from the new Zr-4 tubing rather than risk further
contamination incidents. Two hundred sixteen fuel rods have been pro-
cessed through autoclaving requiring only wire wrapping sad final
assembly. The remaining 8_ rods will be completed by October 1.

Fabrication of Pu-AI elements for the PRTR power loading continued to
be bottlauecked by delayed and out-of-speciflcation deliveries of fuel
Jacketimg. Of the 200 35-mii wall Zircaloy-_ tubes received to date,
only 60 have fallen in the close tolerance (0.002") category. The
surlier is confident that the dimension problem has now been solved,
however.

Other steps in the fabrication of the power loading proceeded routinely.
0he humdred and eight AI-Pu billets were cas_ and 398 extruded Pu-Al
cores were ¢ra_a to a range of final diameters. This range _s set by
the cla_ dimensions and the specified tube-to-core clearance. The
greatest measured difference between the -_x_ and minimum diameters
of all cores drawn through a particular size die was 0.0001 inch.
_ree rejects were attributed to the drawing operation.

Au external foot switch and a speed control device were added to the
equipment which is used for pointing the lead end of the fuel cores.
A hydraulically operated rod cutter was installed to replace a haud-
operated cutter for cropping the drawn rods to length, lt was deter-
mimed that a sustained production rate of 36 cores per eight-hour day
for two-mau operation was a realistic figure for scheduling the use of
the hooded draw bench a_i for purposes of cost amalymis.

For the first time Zr-2 end brackets exhibited white corrosion produc_;
after autoclaving. Au entire autoclave load of six sets was rejected..
_he first 33 sets previously autoclaved had been 100% acceptable. Au
attempt is being made to recover the reject brackets by grit blastlug_,
vacuum annealing, etching, and re-autoclaving.

Autoclave No. 2 was successfully decomtamimated in two working days
using a mixture of alkaline complexing agents and a submersible ultra-,
sonic transducer. The estlm_ted contaminated level after rupture was
7.5 x i0I0 d/m assuming that 0.05 gm of plutonium was corroded. After
decontamimatiom to au average nonmeasurable level of 500 to I000 d/m,
a trial rum was made for 48 hours with a du_ fuel load at 400 C and

@ .
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1300 psi. The rods ex_bited no sign of surface contamination, and
the Zircaloy oxide coating was black and uniform. Two more runs have
been m_ie iu autoclave _ with full loads of M_rk H type PRTR fuel
rods with 100% acceptable results.

Fabrication Development. Two AI-Pu extrusion billets were cast from
high exposure plutonium for i_ation capsule experiments. TWo
selxtrmtebatches of high exposure plutonium oxide were used for sts-_ting
material, one batch contained 13 w/o Pm-240, and the other batch con-
taimed 29 w/o Pu-240. _he P_ oxide was reduce_ by AI iu presence of
cryolite directly to the required alloy co_positiom 'whichwas 3.12 w/o
total Pm for the 13% 240 plutonium aud 3.91 w/o total Pu for the 29%
240 plutonium. Aualyses of the 3.12 w/o alloy imlicated that the Pu
recovery iu the alloy was 96%, four percent was lost to flux and skull.
Analyses of the 3.91 w/o alloy were not received. Radiation readings
through the lead-glass shielding on the hood front was 2 mr/hr., which
is similar to readings obtained using lower exposure Pu; however, the
total quantity of high exposure plutonium iu the hood was only 180 grams.

The swage was used part of the month for sizing tubing, but some work
was dome on oxide swagiug. Four rods were respectively reduced in area
27.4, 29.0, 41.6, a_i 42.5 percent. Density samples were taken from
the middle a_i e_d of each rod. lt was found that the middle of the

rods reached a high density, 89.6% theoretical, after the 27.4% reduc-
tlom. The ez_Is,om the other ham_, did not achieve a comparable
density, 89.4%, until the 41.6% reduction had been effected. If the
emzlscould be brought to high dauslty as fast as the center section, a
considerable amount of swaging time could be saved with reduced wear
and tear on the tubing. Experiments with inert end plugs (MgO) have
already been started to explore this possibility. Also, new vibrating
techuiques have been developed which allow tube loading to a density
of 8.1 g_cc. Further studies are being run to determine the effects
of the higher starting density. It has already been determined that
higher density results iu a greater elongation aud more wall thinning
for a given reduction iu area.

With the present e_i cap design there is a tendency for the wall tc
thin Just over the end of the cap. It seems likely that *_histhinning
(dowa to 22 mils iu some rods) cam be successi_Allyovercome by changing
the cap design and coumterbore technique.

(_ygau_urauium ratios were rerun on three batches of fused oxide,
Norton, original Spencer "Hi-Fired", aud a new shipment of Spencer-
i_ased. The analyses were run both by oxidation sad coulom_ter.

olu Ratio OIu Ratio

Norton 2.026 2.019
Spencer "0" 2.015 2.006
Spencer "N" 2.004 _.002

UNCLASSIFIED
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Recently published data from Bettis confirms our analysis previously
reported of a U409 phase in the Norton material and to a lesser extent
in the old (type I'0")Spencer material. The comparative abundance of
this second phase in the Norton microstructure co_pared to the Spencer
type "0", which has a co, arable oxygen content, can possibly be ex-
plained by the mauufacturing techniques used. While Norton is k_owa to
slow cool thmlr oxJ.desafter fusiau, using a batch process, Spencer is
known to have a cautluuous process, lt cau be surmised that the latter
process should include a quenching step to be practical. If this con-
Jecture is right, the Bettis phase diagram indicates that the excess

oxygen would not appear as U409, but would be absorbed as a UO2 defect
structure. From theory one would predict that a structure such as that
found in the Norton material would not behave well under irradiation.

Before any appreciable amount of oxide showing this structure is loa_ed
into reactor gr_le assemblies, its characteristics will be more tBoroughly
imvestlgated.

Aluminum cla_, AI-I_Abesa-imgbillets are being fabricated for the co-
extrusion of eight-foot long rods of 9/16" diameter. The cores are
being configured to predict the flow of metal through a streamlined die
with a 60-degree entraace augle. Work is also under way to evaluate
Zr-cla_ extrusions containing Zr powder plus PuO2. Initial extrusions

contain UO2 Imstes_ of PuO2 for handling purposes.

Fuel Evaluatiau. Twelve UO2-PuO2 capsules were recharged into the
for a_tiomaA irrm_lation. _ae capsules ha_ acquired am exposure of 1300-
1800 MMD/T. _ne goal e_osure now is set at 5000 MgD/T. One of the
specimens ruptured, lt ha_ operated for about one week in the L-5 posi-
tion. The Zircaloy-cla_ capsule had a hole (i/2" wide by 3/4" long) mmar
one em_ a_ visual inspection disclosed that some of the core material
was missing. The capsule contained three sintered aud ground UO2 -
5.67 a/o PuO2 pellets. Density of the pellets was 91 percent of the
theoretical value, luvestigation showed that the thermal neutron flux
iu this positiau was 2.2 x i01_ nv. Under the requested flux, 2 x 1013 nv,
the fuel sample would have generated 19 kw/ft sad ha_ a heat flux of
_0,000 Btu/ht- sq ft_. _he ruptured capsule is currently being traus-
ferred to HAPO for rs_iommtallurgical examlmation.

Radiometallurgical examlmation of irr_ate_ Pu-AI clusters is cautinui:j
in support of PA_'R. M_asurmmmnts taken au the cores of the irradiated
thr_e-ro_ Zircaloy-cla_ cluster which ha_ as _Ach as nina mils gap be-
t_eau the core a_ cladding indicated that no chauges ha_ occurred due to
irradiation. Also, there was no a_reciable difference in pre- a_i post-
irradiation density determlmatioms ma_e on the core m_terial. _hese
results would indicate that evau though excessive gaps existed, the core
did not attain the te_rature necessary to promote swelling.

A Pu-AI ZircsAoy-cla_ seven-ro_ rupture experiment is being proposed aud
designed for the ETR _x3 loop. lt is planned to operate the element under
maximum P_ condltiaus a_ intentionally rupture the cladding at.full
power. The point of rupture will be located in a flux of 1 x I0A_, and
the associated heat flux at this position will be about 300,000 Btu/ht-ft_.

UNCLASSIFIED
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Experiments designed to investigate the reactivity and irradiation
characteristics of the self-shielded and Phoenix fuel concepts are
progressing. The mechanics& design of the Phoenix reactivity change
experiment is completed, and fabrication of the parts is under way.
Some of the alloys to be used are being cast. Physics and heat trans-
fer calculations are still being made of the various proposed Phoenix
fuel concepts.

U02 Fuel Develo_t

P_ Fuel Elements. The swaged 19-rod U02 cluster fuel element being
irra_llatedin the ETR developed a cladding leak after approximately
25 days of irra_atlon at a heat flux approximately 170% of the maxi-
mum anticipated in PR_. The test was continued for 12 hours after
the initial fission gas release, four hours of this time at full power.
The discharged bundle will be returned to Hanford for examination.
This test will provide valuable hydriding data as well as fission gas
release data which is directly applicable to PRTR operation.

Capsule containers which will be attached to P_ fuel elements have
been fabricated. These holders will contain Pu-Be and Ra-Be source

capsules for PR_ physics tests. They can be remotely assembled and
disassembled.

Fabrication Develc_mment. Attempts to weld 75-railround wire on ).068-
inch CO tube by the continuous seam welding process were unsuccessful.
Evaluations of the welds included mlcrogral_h,macrograph, autoclave (PRTR),
a_i shear strength tests. Satisfactory strength for the Joint was
attained; however, the micrographs show a marrow crevice of approximately
four-fifths of the contact area with the remaining one-fifth as weld
nugget. The weld width varies from 0.003 to 0.009 inch in the seven
samples tested. Because all Joints had a high crevice-to-weld ratio,
it was concluded that even at low contact pressure and low current the
rate of wire deformation always exceeds the rate of nugget growth.

Distortion is one of the major problems in attaching spiral wrapped
wire (75-nil) to 0.563 inch CO tubes by the Thermatool high frequency
welding technique. Tests for weld quality have involved 15-mil wall
tube, and the distortion problem has been of secondary interest. Dis-
tortion was expected to be eliminated by increasing the wall thickness
to 30-nil. Recent 30-railwall tests demonstrate that, even with sub-
minima& weld current and moderate hold-down pressure, distortion is en-
countered. These tests involved stainless steel which has a coefficient

of thermal expansion three times that of Zircaloy-2. It may be possible
to reduce the distortion by using Zircaloy and striving for an optimum
heat balance between wire and tube, or by preheating the tube and post-
heating the tube and wire to relieve residual stress.

Further studies were made to determine the effects of particle size
composition on the density of vibrationally compacted U02_ A series
of three-size mixtures of fused U02 were compacted in eight-foot long_
0.575 inch II)Zircaloy tubes on the 5000-pound-force vibration system.
The particle size ranges selected for the coarse_ medium, and fine

UNCLASSIFr_n



UNCLASSIFIED A-21 HW-66960

fractions were, respectively, -6 +12 mesh, -35 +65 mesh, and -200 mesh.
Screen analysis of these fractions after blending, however, showed that
some particle size reduction had occurred; 23% of the coarse fraction,
for example, had particle sizes less than 12 mesh.

Mixtures were prepared with compositions ranging from 55 to 75% coarse,
2.5 to 25% medium, and 15 to 35% fine. Ei@hteen 3-kilogram mixtures
were compacted at frequencies that were varied continuously between 75
and 4000 cps, and at accelerations to 100 g at the shaker table. The
highest density underthese conditions (90.5% T.D. bulk U02 density) was
obtained with the mixture consisting of 62.5 w/o coarse, 17.5 w/o medium,
and 20 w/o fine. The average particle densities of the three separate
fractions and of the composite mixture were 10.68 grams per cc (97.3% T.D. ),
corresponding to a compaction efficiency* of 93% for the rod having the
highest density. The lowest density was 87.5, and most of the mixtures
were compacted to greater than 88.5% T.D., indicating that variations in
particle size composition have a relatively small effect on compacted
density up to a fairly high density and become more important at the
highest densities. For example, a mixture consisting of 50 w/o (-6 +i0),
12.5 w/o (-i0 +20) mesh, which was screened from the coarse fraction and
mixed with the as-blended medium (17.5 w/o), and fine (20 w/o) fractions,
had a compaction efficiency of 93.7%.

Results, however, do not conclusively define the optizzmmratios of the
several size fractions, because of variations in the rate of filling the
tubes, and in the vibration conditions. These variations are reflected
iu gamma absorptometer traces, which show minor irregularities in the
distribution of U02 in the rods having lower densities. These irregular-
ities can be prevented by a proper match of feed rate and vibration
conditions, or corrected by additional compaction time.

Remaining components for the vibration system have been received recently,
and the final checkout is being completed. Compaction of Various mixtures

be repeated, using identical conditions, and gamma absorptometer
traces will be com_m_ with plots of acceleration versus frequency for
each rod, and with visual and photographic observations.

A program was conducted in cooperation with Atomics International for
vibrational c_actlc_ of uranium carbide in 0.010 inch thick stainless
steel cladding. Eleven kilograms of fus_edUC (-4 mesh) supplied by A.I.
was crushed, screened, and blended under au argon atmosphere. Particle
size cc_mpositionselected for co, action was as follows:

5o w/o -6 +zo

,,/oo -zo,2o
Z7.5 ° / -35 +6520 w/ -200

* ensity of the powder
employed times i00.

UNCLASSIFIED
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Preliminary exA_-Atiau of the material ludlcated au average particle

A plastic glove box was fabricated to permit loading and compaction of
the material in an argon atmospherm. Five, 9/16" CD, O.010 wall,
stainless steel clad rods were fabricated. Four were two feet long,
and the fifth was eight feet long. Bulk fuel densities are listed below.

DENSITY _ VIBRATIC_ALLY COMPACTED UC
aiN i i l l ii

Compaction

NO. Length(ft) Bulk Densit_., Efflcienc_r r
/cc

1 2 11.65 85.5 90.6
2 e 11.58 85.o 9o.1
3 2 iI.67 85'.6 90.7
4 2 11.63 85.3 90.4
5 8 11.69 85.8 90.9

*Based oa 100% T.D. being 13.63 g/cc.

Welded end closures were effected without serious difficulty, using
specially designed end caps.

Welding of end caps to five and ten-rollstainless steel tubing by the
Magnetic-Force Welder has been tried with some success on the ten-roll
material, according to metallographlc results. The standard end cap
for this welding procedure an_ several variations of a new design were
investigated. The new cap was tapered to permit a press fit. The weld
occurred between the side of the tube and the cap. This type of cap
apparently allm_nates the uneven heat distribution between the thin tube
and the cap.

One problem encountered in these attempts was splitting of the collets
holding the tube. No welding occurred where these splits were located
adjacent to the tube. With the lO-rolltubing, the unwelded areas vere
eliminated by simply rotating the tube slightly and reweldlng.

Difficulties were encountered in making M_g closures of lead-containing
PR_ design test fuel elements. Subsequent studies reveal that the CD
of the cladding varied and the tubing wall thickness was not within
tolerances required by the machine. For each set of machine settings,
there appears to be a critical range of acceptable tubing dimensions.

Hot swaging continued to show promise for compacting to high densities
U02 having poor packing characteristics. Fifteen Zircaloy-A clad fuel
rods containing -i00 mesh fused U_2 were successfully swaged at 850 C.
The fuel rods were resistance heated Just prior to and during the
swaging. The swaged UO2 densities were 90-91% T.D. For comparison,
this particular powder vibrationally comgac_s to only ,_55% T.D., and
cold swages to-. 80% T.D.

UNCLASSIFIED
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Two hot-swaging problems were solved: (i) Fuel rods for hot swaging were
normally plugged with short lengths of asbestos rope to contain the powder
during swaging. During heating water in the asbestos was driven off at
600 C and vaporized. High internal gas pressures resulted and often
caused or contributed to rupture of the hot, soft cladding near the end
plugs. The use of Fiberfrax or similar water-free insulating material
to plug the ends of the fuel rods has solved this problem. (2) The
graphite brushes used in the resistance heating unit us_mlly become red
hot during heating of the fuel rods. Damage to the fuel rods sometimes
resulted. These brushes were replaced with copper-bonded tungsten carbide
brushes which have higher thermal and electrical conductivities. These
new brushes remain relatively cool during operation. No i_aelrod damage
attributable to these brushes has been detected.

Corrosic_ Studies
,,,,i

The Effect of H2 Pressure on H_Iridin_ of Zircaloy-2. lt is known that the
rate of absorption of dry hydrogen gas into a bar_, unprotected Zircaloy
surface is approximately parabolic with pressure. In order to investigate
the effect of H2 pressure on the rate of kydriding in the presence of H20
vapor, vapor-blasted vacuum-annealed Zircaloy-2 coupons were exposed at
400 C to 0.i mm H20 pressure with i0, 5, I, and 0.i mm H2 added, lt was
found that at l, 0.i, and 5 mm HS pressure, the HS pickup reached a
constant value after about 24 hours. After 2_ hours when the Zr02 film
is formed, hy_ding is relatively pressure-independent. The extent of
initial hy_iding increased with increasing H_ pressure due to hydridlng
during the unprotected early portion of the reaction. Furthermore, the
extent of initial hydriding was greater in experiments with a larger area
of Zircaloy surface present in the system, presumably due to local de-
pletion of the H20 vapor concentration at the _urface. _his points to
the dynamic nature of the inhibition reaction; it is only water supplied
to the metal surface which is effective in slowing the rate of hydriding.

Effect of C_6en on Corrosion H_Irogen Pickup (pH i0). To determine the
effect of oxygen, if amy, on the corrosion product hydrogen pickup of
Zlrcaloy-2 and Zircaloy-4, several samples of each alloy were exposed to
300 C, pH I0 water in two different autoclave systems. Hydrogen gas was
removed from both systems, but one was maintained at a standard Hanford
inlet oxygen concentration in the water of three to four ppm, while the
other system was maintained at less than 0.I ppm oxygen. Except for four
samples which had relatively short exposure times, the percent of corro-
sion product hydrogen picked up was low for both series of tests, ranging
7% or less in three to fmur ppm oxygen, and 10% or less in 0.I ppm oxygen.
From these tests it is concluded that the low h_Irogen pickup of Zircaloy
samples in refreshed Hanford autoclaves is due primarily to low hydrogen
overpreslure rather than to residual oxygen in the system.

Chromium Platln_ of Zirconium. Dicumene chromium plating compound (ob-
tained from Union Ca_bid'eChemical Corporation) was vaporized into a
purified streeunof argon which passed through a two-foot x i/2-inch
diameter Zircaloy tube heated to about 320 C. The inside surface of the
tube was coated with chromium which varied from two microns (0.08 mil)
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thick near the inlet to 0.6 micron thick near the outlet. The thickness

of the coating was detexmLinedby stripping small segments of the chromium-
coated tube anodlcally in a sodium hydroxide solution. Hydrogen analysis
of other segments of the tube (including the chromium coating) shcwed no
h_gen pickup by the tube during the plating operation. The resistance
of the Hanford-a_Ixliedcoating to hydrogen permeation has not yet been
determined. Experiments now in progress will attempt to produce a coat-
ing of uniform thickness cn the inside of a Zircaloy tube for evaluation
as cla_ for ceramic fuel.

Zircaloy Fre_timg Corrosion Tests. The Zircaloy-2 fretting samples under
test at _16 C and a pH of i0.0 (using Li0H) were removed for examination
after 1690 hours of exposure. Both samples were suspended vertically
inside Zr-2 tubes with am initial clearance of 20 mils. Normal loop vi-
bration was supplemented on one specimen with an imposed vibration of
three c_s. _he penetratlons observed on the Zr-2 members exposed to the
supplemental vibration rS_ged from five to ten mils. The control members
had l_-uetrationsof about two mils. However, the components in the
c_trol test were not contacting,each other when removed; therefore, this
penetration of approximately two mils may be low. The samples were re-
charged for contlnu_i testing.

Structural Materials Developmaut

PR_R Process Tube Monitoring. Ali 85 procems tubes in the PRTR reactor
were examimmd intermmlly with the MArk I monitor. Two m_tually per-
_cular inside diameters were measured, and the tubes were inspected
visually with a television camera and a movie film recording of each tube
was made. The total time required to inspect all tubes including
equipment set-up was about 170 hours. The ID varied along the length of the
tube by about 0.010 inch. Although the TV camera system used for this
examimAtion did not perform weil, it was observed chat many tubes showed
water marks and rust on thmir inner surfaces. One tube had a rather rough
ID surface. (_ mau_ tubes the nozzle is mounted eccentrically with the
tube. In at least some3 if not most, of these instances, the gasket was
pulled out by the inspection probe. The problems encountered with the
monitoring equipment during the first inspection are being remedied be-
fore the next inspection, tentatively scheduled for mid-October.

PRTR Process Tube Cree_ Rates. Annealed 20-1nch long samples of PRTR
_r-2 process tubes were tested at each of three temperatures and two
pressures for a 48-hour period. The results to date are as follows:

Perma-,entDeformation
Temp. After Removing Load

IAOOpsl _oo psi

45oF  one o.oo4"(o.ll%)
55oF " o.oo4"(o.ll )
650 F " 0.006" (0.17%)
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The BMI tensile creep tests of annealed Zr-2 strip at 550 F and F and
650

at a tensile stress equivalent to llO0 psi internal tube pressure would
exhibit about O.l_ deformation in about 48 hours and about 0.25% deforma-
tion at a tensile stress equivalent to 200 psi internal pressure. Thus,
the first-_tage creep deformation for the PRTR process tubes is lower than
for flat strip specimens, presumably due to the grain orientation and bi-
axial loading of the tubes.

Ste_l Cladding Materials. Non-destructive testing of 3/4" CD x O.010" _mA1
x 12" long sample tubes, TIG welded by Airline Welding and Engineering from
Fe - 7.6 Al - 5 Cr alloy strip, proved that these tubes a_e free of defects
and acceptable according to specifications.

Sample tubes of the same dimensions but with 0.020" wall thickness, TIG
welded by th_ above compamy fram AISI 406 SS strip, were butt welded into
48" lengths. Although the welds of these tubes %rarenot perfect and rather
brittle, one tube was reduced in the as-welded condition in four successive
cold swaging operations, without intermediate annealing, from 3/4" to
13/32" CD. This indicates that it shomld be possible to fabricate fuel
capsules from the 406 SS, as intended, by charging 3/4" CD welded tubes
with U_2 a_d swaging them to finished dimensions. Welded tubing 0.563" CO
x O.OlO" x 12" of these alloys is on order for experimental capsule fabri-
cation by vibratory compacting of U02.

Ultrasonic spot welding of cold rolled 0.010" thick Fe - 7.6 Al - 5 Cr alloy
strip produced metallurgically sound Joints with no signs of grain growth.
Determination of the physical properties of such welds is required.

Allegheny Ludlum Steel Corporation representatives plan to submit and
discuss a proposal regarding the hot extrusion and finish drawing of
seamless tubes from conventional and modified AISI 406 stainless steel

and Ferral type experimental alloys on October 6, 1960.

Radiomet.a.llurgyLaborator_ Studies

A 7-rod Al-Pu cluster has been photographed, examined, disassembled, and
the individual rc_Ismeasured for length and diameter (RM-656). No serious
hydriding was found in the clacldi_ of a purposely defected Zr-4 clad U02
element (BM-611). Examination of a PuO2 capsule showed little rec._stalliza-
tion of the ceramic compacts indicating a lower temperature during irradi-
atiau than predicted (RM-654). The Lamprey rare gas collection equipment
has been calibrated, installed, and operated successfully. Except for the
difficulty in obtaining a vacuum tight seal against the side of an irradi-
ated fuel element, no major problems remain, and there is no obstacle to
carrying out a mumber of fission gas runs with this equipment in the near
future.

Results and interpretations of these examinations will be reported in more
detail in connection with the respective development programs served.
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Therm_l _dzaulic Studies

Problems of a _ Leak Downstream of the Flow _nitor in a
Process Tube. If a _ leak should occur in a reactor process tube,
the result would be an increase in flow through the inlet piping in-
cl;,_a_ the flow meter but a decrease in flow past the fuel elements.
The concern, if such a leak should occur, is whether the increase in
flow through the flow monitor is sufficient to cause a high flow trip
and a reactor shutdown if the flow past the fuel elements were reduced
to a point where boiling burnout would occur.

A calculation of such an event is of interest in the hazards evaluation

for any reactor. Therefore, a general analytical procedure was de-
veloped to treat this problem. The method will determine the terminal
conditions reache_ following a small leak from a reactor process tube
and also describe the ._Y_,m and minimum flows during the time before
steady state conditions are reached.

This procedure was applied to the PR_ and the results were described
in _-643_o_ev I.

PR_ Pro_ect Mmna_nt and Design

Faase III FR_R Contract. The Phase III portion (reActor complex and
power piping) of the P_ construction was terminated on September 12,
with the contract completion, excluding acceptance test performance, at
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an estimated 98% according to AEC determination. Termination of the
contract permitted the startup program for the PRTR to commence while
the remaining construction is completed by CPFF contractor, J. A. Jones
Construction Company. The welding and sniffer testing of the temporary
construction opening in the containment vessel was completed prior to
termination of the Phase III contract. Listings of all Phase III con-
tract items which were left uncompleted by the contractor have been pre-
pared.

The J. A. Jones work (Phase III-A) on the va_.iousmechanical system_
stopped on September 20, because of a labor disturbance involving the
pipefitters. The primary pumps were readied for installation prior to
this date. Preparations are in progress for cleaning and flushing the
primary moderator and refelctor systems ag soon as _ork resumes.

During hydrostatic testing of the 26" and 12" steam line upstream of
pressure reducing valve, the expansion portion of the llne failed. The
contractor hsa procured the bellows sections and tie-rods from Cook
Electric M_uufacturimg Compsmy and field assembled the Joint. The con-
tractor procured am addltiomal unit and hydrostatically tested before in-
stallation at 675 psig. _e entire effluent system up to the PRV will
be retested at 675 psi.

The river pump 70-day run-in test was continued with no apparent dif-
ficulties.

During Design Test 54, process tube Inspection, 15 tube-nozzle gaskets
were pulled out of piace by the inspection device. Gaskets have been
deformed sufficiently by normal tightening so that they are sligh_y
smaller in bore than the process tube. Although no difficulty has been
encountered in charging and discharging fuel elements in the laboratory,
new gaskets with a larger bore have been procured and will be used to
replace present gaskets as necessary.

lustallatiau of the rotating shield has disclosed minor interferences
as the result of the paint coating. Operation of the shield during the
process tube inspection design test was satisfactory after the paint
was _ off the high spots.

The dry gas system blower was shipped from the vendor's plant with minor
leaks not repaired. The leaks will be repaired after installation.

• Design for the new location of the high pressure helium compressors has
been completed. Design of additional helium con_ressor instrumentation
to detect dia_ failure is started.

lustallatiau of the permanent sectiau of the thermal barrier iu the
lower access room disclosed a very poor fit between the barrier and
the wall. The Faase Ill contract specifications had called for the
barrier structure to be constructed to the "as built" dimensions of
the wall. The structure has beau successfully altered to provide a
good fit between the movable and permsaemt portions of the barrier.

@
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Loadout Cask. The PRTR fuel element shipping cask has been returned
from the National Lead Company to Industrial Products Engineers for
final finishing. A study of the radiography results disclosed a
shielding weakness at the plug end of the cask. The weakness was de-
termined to be due to the design of the plug rather than to a casting
void. The plug will be modified or replaced, as determined by the results
of further shielding calculation. .-

Fuel Element Examination Facility. The W. F. and John Barnes Company
continued to encounter difficulties which delay the assembly .andtest-
ing of the primmx_ manipulator. Excessive wear was noted on the chuck
drive gears after a short time in service. The cause of the wearing
has not been determined.

Minor modifications are being made in the viewer components that go into
the control console to clear interferences found on the installed console
sections.

M_in.t.amice aug _ckup Building. The contract for the M & M Building
was awarded to George H. Grant Construction Company on September 19,
1960, in the amount of $633,700. The contract includes the PRP Critical
Facility Structure, the PRP Rupture Loop Structure, and the PRTR Stack
Filter Structure. The contract period is about eight months in duration.
The contractor has performedlayout work and excavation is scheduled to
start at month's end.

lustrumautation and Control. The vendor of the rupture monitor elec-
tro'cs system is experiencing difficulty with background pickup from
the switching circuits, and this problem is delaying final testing and
delivery. He is currently revising the circuitry in au effor+_to
eliminate the pickup problem. Representatives of PRTR Operations and
of Nucleonic.Instrumentation Operation are to visit the vendor to eval-
uate the status of the system.

The assembly of the mechanical portion of the rupture monitor system
was progressing well until the current J. A. Jones labor disturbance
involving pipefitters. Currently, nearly all work is stopped. The
rotameters were received, and a partial shipment of the needle valves
was due on September 26. The solenoid valves were to be shipped prior
to September 30. Preliminary work on the wiring of the unit was to
begin the week of September 26 but not much progress can be made until
the pipefitters complete the assembly step which is currently about half
done. Completion of the system appears to hinge on the labor disturbauce
rather than the material delivery problem which had been limiting.

Work is currently under way on the installation of the reactor radiation
monitoring _ystem. Both preamplifiers for the startup channels had
been furnished by the manufacturer with the wrong gain and had to be
returned for modification. Return shipment was to be made by the end
of September. The log count rate meter for the permanent startup
channel had several cut wires which resulted in the instrument chassis
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being at about 220 volts above ground potential. It is believed that it
had been done by the manufacturer when it was returned after the first
checkout for correction of a power supply malfunction. The damage will
be repaired locally3 and the manufacturer will be furnished a complete
case history with pictures.

Light Water lu_ection S_stem. The design of the automatic operation of
the emergency light water injection system and the second piping system
were analyzed to insure proper operation in cases of two simultaneous
failures. Necessary revisions are: (I) additional equipment for the
second (low) pressure H20 injection system, (2) an emergency blowdown
valve for the primary system for use in event of medium size leaks (50-
150 gpm), (3) isolation valve between the emergency water line and boiler
feed piping for cases of failure in the boiler feed piping, and (4) an
increase iu emergency water pressure. Valves are being ordered; the best
means of increasing emergency water pressure is being investigated.

PRP Critical Facilit_ (Pro_ect CAH-842). Design of the in-cell components
_ was continued. Drawings of the reactor tauk assembly, the moderator tank,

and the poison injection system are being circulated for a_proval.

Development of the flux fuses or sensing devices which are to trigger
the poison injection system is under way. Both bi-metallic switches
and meltable fuses are being investigated.

It has been decided to use the regular PR_ shim rod motor in the control
rods. The a_Justable weir will use the same motor with a different gear
reducer hea_. A larger motor will be required for the safety rods.
Negotiations have not been completed; however, it is planned that orders
be placed with Western Gear for these motors within the next two weeks.

Bids were received from United Aircraft and Bendix for the synchro units
required for the control rods, safety rods, aud adjustable weir. The
total Bendix bid was for $_7,085 and United's bid for $14,405. Both of
these bids are high, au_ further negotiations s_e being started in au
effort to reduce the cost of this position indicating equipment. The use
of a slide-wire potentiometer is being investigated for use au the safety
rods; however, accuracy requirements preclude the use of a potentiometer
for the control rods.

Fuel Element Rupture Test Facility (Pro_ect CAH-867). Bids received for
major _ equipment durlug the month are sunmLrized as follows:

Project Proposal
Item Estimate Low Bidm

Immersion Heaters HLH-I $ 34,000 $22,750 (M_atgcmery Bros.)
Circulating Pumps F_P-la,lb 70,000 89,70_ (Aldrich)
Regenerator (HLHX-I) i00,000 61,700 (Struthers-Wells)
Zircaloy Pressure T_be 10,000 5,229 (Tube Reducing -

does not include

material)
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lt m_y be necessary to rebid the heater package because the apparent low
bidder excluded the specified high temperature connection wire i_ his
bid. The actual price of the 9umps my be somewhat greater than that
indicated because the low bidder did not include structural pump bases as
required by the specifications. Only one bid was received for the Zr-2
process tube assemblies. As a result, the AEC will negotiate with Tube
Reducing on the final cost.

Specifications an_ purchase requisitions for the loop storage tank, de-
oxygenator, chemical feed system, cleanup system deionizers, makeup
system dmionizers, an_ heat exchanger ELHX-2 are being routed for approval.

Drawings of the test section outlet nozzle were completed and issued for
comment. Tentative design for the tube inlet assembly was completed, and
drawings are being prepared. Comment drawings of inlet and outlet access
spare piping have been issued.

Negotiation for daalgn of the water plant and holdup tank by an outside
architect-engineer is in process.

Over-all completion of the GE portion of the detail design is 32%.

Design and Com_caent Testing

PR_R Fu_ling Vehicle. Fabrication of the replacement fuel element shroud
assembly is complete. A thermocouple installation for measuring fuel
element surface temperatures while positioned in the fueling vehicle has
been designed.Work instructions have been issued for installing the fuel
element surface thermocouple, gamma monitoring alarm system, skirt over-
travel safety cables, emergency hydraulic bridge brake, air cooling filter
shielding, and replacement air cooling coil.

PR-10 - Prims_ Loop Mockup. The malfunction of the high pressure seal in
the spare _ primary process pump was found to have been caused by failure
of the "guidebearing in the 350 h.p. drive motor. Excessive vibration
cauaed some heat checking of the rotating face although no serious damage
was observed. _e pump was re-assembled after bearing replacement using
the slightly damaged seal components without relapping. The high pressure
seal is operating _ormally after au _iditional 378 hours this month, for
a total of 1952 hours.

The pump was started with full suction pressure of 1025 psi, and, as on a
previous occasion, the leak rate from the high pressure seal assumed a
higher rate of 1.1 gallons per hour. The pum_ was operated for 140 hours
without any noticeable chauge in rate. The pump was shut d_ and re-
started at 600 psi suction pressure and resumed a no__ai leak rate of
O.1 gallon per hour. The thrust reversal resulting during a hi@h pressure
start apparently causes the higher leak rate.

The prototype pum_ with the self-adjusting seal _ssembly has operated for
a total of 2724 hours without incident. The leak rate is 0.7 gph at

conditions of steady, high temperature loop operation. An order has been

UNCLASSIFIED



UNCLASSIFIED A-31 HW-66960

placed for one of the four optional self-adjusting seal assemblies for
future t_sting in the spare PRTR pump. The option for the other three
assemblies has been extended for an additional six months.

The Aldrich injection pump has now operated 1_88 hours with the R/M Vee-
Flex rings. The packing glands, which have been adjusted twice during

• the month, now have leak rates of 220, 1800, and 200 ml/hr.

Process T_be No. 586-6063, which contains a prototype 19-rod cluster
element, has been operated for 375 hours and 17 thermal cycles during
the past month for a total of about 4125 hours at simulated reactor con-
ditions.

Process Tube Seal Ex_rience. Leakage results from the Single Tube Proto-
type and the Flexure Test Loop seals have remained essentially unchanged
during the past month. The Flexure Loop operation was shut down
September 16, and the test pieces removed for gasket inspection. It has
been found in the reactor that gasket extrusion and inner spiral ring
buckling causes gasket projection and interference in the process tube
bore. Test operation of the Flexure Loop will be resumed when new
gaskets with an enlarged ID are received.

PR-_O - Shim Control Mockup. The shim control drive with western Gear
Motors was operated for a total of 1115 cycles during the month, which
is equivalent to about 112 hours of continuous operation. Some tendency for
the drive to Jam during the last cue hundred cycles was observed. This
jamming, when it occurred, could be released by reversing the direction of
travel momentarily, a_ then the drive would continue to function. This
drive was disassembled to determine methods of installing a small brake on
each motor to prevent possible drifting.

A brake on the lower en_ of the lead screw immediately above the lower
bearing block was tried. This brake consisted of a spring loaded hard
rubber brake shoe in contact with the aluminum lead screw. This brake

worked satisfactorily; however, methods of equalizing the radial thrust
and controlling the torque applied by the brake are being investigated.

l_R ation of the Western Gear motor was stopped after it was exposed to
gamma, lt was returned to the _14 Building and has been set up for

testing. Testing of the motor is not yet complete.

Four drives have been received from A_, Sam Jose. This leaves only one
drive yet to be delivered.

PR-TO - Helium Compressor Test. A Hanford rebu/It oil pump using a
hardened steel liner an_ piston without rings was operated for 150 hours
and was found acceptable for reactor use. Leakage rate throughout the
test remained con-taut at abou_ 35 ml per minute. _ee pumps have now
been run in and approved for high pressure stage compressor operation. A
fourth pump is now being prepared for testing. This pump, if satisfactory,
will provide two complete sets of pumps for reactor operation.
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PRTR S_ecial Reactor Tools. Remote locations, radiation hazards, and the
necessity of performing certain maintenance operations through the rota-
ting shlel_ requires the use of special tools. Some of these special tools
have bemn turned over to reactor operations personnel while others are
still in the design and testing stage. The following special tools have been
delivered to the PRTR Operations group:

1. _ Shim Rod Electrical Disconnect Wrench and Discharge Tool,
SK'3-gAo7 and H-3-13389. These tools are used to remove and
replace the am_enol connector on top of the shim rod and to
provide a hook for the C-D machine to remove a used shim rod
assembly.

2. _ Shim Rod Flange Wrench, H-3-13350. This wrench is used
to remove and replace the three socket head screws holding
the shimrod assembly to the top shield.

3. PR_ Jumper Nut Wrench, SK-3-9_08. PRTR Nozzle Nut Wrench,
SK-3-gAI7. These wrenches are used in removing or installing
a _t_xper.

4. PR_ Miscellaneous Wrenches, SK-3-9424.

(a) Nozzle Nut Torque Wrench

IbclJumper Nut Torque WrenchJumper Spreader
(d) Nozzle Cap and Set Screw Wrench.

Wrenches (a) and (b) are used in conjunction with the Jumper Nut
Wrench and Nozzle Nut Wrench for first loosening and last tighten-
ing of the nozzle and Jumper nuts. Wrench (c) is used to spread
two Jumpers apart to give sufficient clearance for the Jumper Nut
Wrench. Wrench (d) has two interchangeable heads; number one for
removing and replacing the nozzle cap, and number two for removing
and replacing the Allen lead screws holding the inlet bellows in
piace.

5. _ Seal Cap Wrench, H-3-13390. This is a wrench used to loosen
and tighten the three socket head set screws in the nozzle cap.

6. PRTR Splash Guard and Installing Tool, H-3-13692. The splash
guard is a funnel which is screwed into the top of the nozzle,
after the cap is removed,and allows fasmer removal of the fuel
element without loss of the heavy water.

7. I_ Process Tube Nozzle Gasket Replacement Tools, H-3-13387.
These tools are used to lift the process tube nozzle assembly
above the rotating shield. The assembly is then clamped in
place, the nozzle removed, and the gasket replaced.
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8. PRTR Fuel Elemmnt Basket Stand, H-3-13388. This is a device which
holds the loadout cask basket in a vertical position to receive
the irradiated fuel elements.

9. PE_R Core Saw, H-3-13366. PRTR Cut-off Saw, H-3-13365. If it
is necessary to discharge a process tube fuel element assembly,
the core saw is used to cut off the nozzle elbow and hold-down

bolts to free the process tube from the reactor. In the case
where the process tube cannot be completely raised into the charg-
ing machine, the cut-off saw is used to cut off that portion of
the process tube which extends below the charging machine.

Special tools which are in the design, fabrications or testing stage are:

i. Loa_-O_t Cask Gate Wrench. The cask used to transport irradiated
fuel elements to the separations plant must be opened and closed
under water because of radiation hazards. The load-out cask gate
wrench will perform this function. Fabrication of this tool is
95% complete.

2. PRTR Load-Out Facility Han_r Replacemaut Tool. When the ir-
radiated fuel eiemauts are placed in the cask basket (which is
then placed into the cask), the long fuel element hanger is
removed and a small lifting bail attached to the top of the fuel
element. The Hanger P_lacament Tool is used to accomplish this

in two steps: (I) the tool.is used to pull the pin or pins hold-ing the long hanger to the fuel element; (2) the tool is then used
to pick up a lifting bail and pin and attach them to the fuel
element. Design of this tool is complete, and fabrication has
been started.

3. Process Tube-Nozzle Alignment M_m_Irel. lt has been determined
recently that very accurate alignment is required between the
process tube and nozzle. To accomplish this, am expanding mandrel
is being designed which, when inserted into the assembly, will
maintain the alig_nt of the process tube and nozzle while the
flange bolts are drawn up. Design of this tool is 50% complete.

PRTR Unit Motion Study. The necessity of maintaining alignment between the
primary shields and calanclriarequires that periodic position checks of
these components be ma_e.

The camera which has been modified for photographing the unit motion indi-
cators has been tested. A few minor modifications to the camera will be

required before it is released to reactor operations.

Installation of the reference targets for the optical measuring system has
been started.
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Design A_rsis

Safeguards Review. The PRTR was reviewed again by the General Electric
Reactor Safeguards Council at their sixteenth meeting on September 8. Pre-
sentations were made to the Council on three subjects:

I. Su;_lement i to the Final Safegus_ Analysis, KW-61236, SUP i.
2. Plans for the staztup program.
3. A prelimi_ description of the gas-cooled 1oo9.

_he Council recemmended that visual alarms be added to indicate the closure
status of the single freight door and the sluice gate in the fuel haadiing
passage. Althou_ some concern was e_ressed about the problem of satis-
factorily com_leti_ safety checking sad construction inspection after the
premture tez_tion of the construction contract, it was concluded that
present plans seem to be sAequate.

The Council further conclu_ledthat there seems to be no reason why the pre-
l_m_-_y critical testing az_ design power testing of the PRTR should not
proceed as 91aam_d. lt was requested that the PRTR Sub-council be informed
about progress of this testing at the point of first critical operation,
the point of first operation at i _, at first attainment of full power_
a_ at say other point if significant deviation from predicted operating
com_litiomashould be observed.

PI_ Safe__ Anal_ses. Analog computer studies of various PRTR nuclear
excursions were conducted to su!mglementprevious studies.

A study was made of fuel temperature during a startup accident under the
following comlitioms:

1. The reactor was lolled for full moderator level operation
with shim rods in.

2. All shim rods had been withdrawn, reducing the critical
moderator level to 3.75 ft.

3. The moderator was then raised at the maximum possible rate
with the rate of moderator level increase being controlled
by the gas balance system pilot valve.

The results of this study indicated maximum fuel temperatures of about
320 F. Studies of the consequences of various step and ramp reactivity
inputs were conducted for completing the "Uniform Reporting Form for
Accident Analysis" proposed by the General Electric Reactor Safeguards
Council. These studies indicated that a step reactivity change of about
13 mk or a ramp change of about 19 mk per second would be required to
melt Pu-A1 cores. A step of about 19 mk or a ramp of about 25 mk per
second would be required for melting of UO2 cores or melting of fuel
element Jackets.
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For the PRTR the maximum ramp input, obtained by _imultaneously withdraw-
ing shim rods and raising moderator level, is less than one mk per second.
No means of inserting a step reactivity increase is known.

PRTR Startup Preparations. The report of the IPD team which audited the
PRTR Startup and Operating Plans has been received. This report (HW-66559)
contains some 30 recommt_ndationsand about 20 additional suggestions which
are currently being studied. These recommendations and suggestions are not
such as to significantly affect the schedule for the startup program.

Detailed procedures for the first fourteen critical tests have been com-
pleted and reviewed in conjunction with the Critical Test Sub-council.
A scram transient test is to be appended to Critical Test l0 to comply
with recommendations me_e by the IPD audit team. The objective of this
added test Is to measure the transient neutron flux following a scram while
the moderator level is rising (from sub-critical level) at the maxi_m_mrate.

Plamnimg and review of Power Tests is ccatinudmg in conjunction _-Iththe
Power Test Sub-coumcil. The Xenon Poison aud Shielding Adequacy Test
descriptions have been rewritten in greater detail.

PRTR l_slC s Anal_ses. A study of power generation and neutron flux in
both the gas and rupture loops has been completed. Mmmim_m values of
i.i x 1014, 7w4 x 1613, anl 4 x 101B n/cm2-sec were calculated for the
unperturbed thermal, epithermal, an_ fast fluxes, respectively. The peak
power density for a Mark I fuel elemant at both loop positions was calcu-
lated to be 180 kw/ft. Details of this investigation are given in HN-66604.

Several additioms_ two dim_asional, thrme-group calculatioms of the PR_R
core have been performed. Cases considered were for fresh (unexposed)
fuel and for burnout times _f SO and 60 days. Iu each case the loading
_s 51 U02 elements aud _ Pu-AI spike elemauts, with moderator at full
height. A report suzm_rizimg all of the two dimensional calculations made
to date is being written.

A solution has been obtained to the problem of predicting changes in
effective _zAltilxlicationdue to variation of reactor parameters. This
is an extension of earlier work which now includes a three-energy group,
multi-region model of reactor systems. The perturbation method used
indicates the sensitivity of ima_luenceon multiplication of each parameter
in amy region through the integral of products of group-flux and group-
adjoint flux distributions (aud their gradients) in that region. The
thrme-gruup, one dimausional diffusion theory reactor code (for the IBM-709)
FLUX-WEIGH_ is now being m_fied to include this calculatiomal option.

A calculatiomal review was msre of the shielding placed outside the contain-
ment vessel to reduce radiation through the large steam line penetrations.
lt was concluded that the shielding was adequate as plamned. Calculated
dose rates outside the vessel were found to be less than 20 mr/ht through
the hole and less than one mr/ht through the bulk shielding.
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Plutonium Fuel l_a_sicsStudies. A calculatlonal study of mixed oxide fuel
elements (_'U_) II' h_ been completed for varying mixture percentages and
densities. Cladding materials considered have included Zr, Cd, Ta-Zr, and
Hf-Zr. Varying Pu-240 content for fixed PuO2 content has also been studied.
Most of the mixtures studied show strong self-shielding effects. These
calculations are being used by Plutonium Metallurgy Operation in the design
of rabbit capsules for i_ation in the MI_, as part of the program for
development of promising l_lutonium-bearingfuel concepts.

PRTR Operations Planning

Preparation of PRTR Operating Standaz_s continued. Fifty-five of the 91
staudaz_s pertaining to the reactor have been issued. Review and approval
of the _ Operating Procedures by the PRTR Startup Council continued..
Sixty-four of the 92 procedures have been approved.

An extensive electrical system study program, which began in June, was
competed. The object of this program was to train one nonexempt engineer-
ing assistant on each shift to troubleshoot electrical circuit problems.
The D20 Inventory Procedure for _ heavy water systems was completed
during the month. The two PRTR engineering assistants, who had worked in
the Radlometallurgy Building to gain experience in inspecting and handling
irradiated elements, returned to PRTR this month.

Training continued with emphasis on Operating Procedures and the Electrical
M_uual. Considerable on-the-Job training is being accomplished during
Design Testing.

Spare diaphragms and check valves for the Hofer helium gas compressors
have been received. Other spare components are not yet available. Auto-
clave Engineering, the U.S. i_porter, indicates that parts delivery from
Germany is unreliable. Autoclave plans to mauufacture spare parts in this
country to relieve the parts shortage.

Card indexes, which catalog all equipment changes and system acceptances,
are being adjusted to reflect Phase III-A work. The various systems are
being cataloged to provide flexible records of system acceptance _ith ex-
ceptions.

The starting battery for the diesel pump was found to be damaged through
failure to add sufficient w_ter to the cells while this equipment was in
the custody of the Phase III contractor.

Installation of the temporary shop is in progress by Minor Construction
forces. Currently, the lack of shop facilities limits the effectiveness
of the Plant Forces group.

Design Tests. Performance of design tests started September 12, 1960.
During Design Test #12, Secondary Coolant System - Miscellaneous, the
process water pumps were found to be misaligned. In addition, the pumps

vibrated excessively. It was necessary to completely overhaul all three
of the pumps before they could be operated satisfactorily. M_ch difficulty
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was experienced with the automatic cycler and valves on the water softeners
before these units could be tested successfully.

The primary _ystem ion exchanger was replaced remotely under Design Test
No. 37, Ion Exchange System, with little difficulty. A number of welds
were found in the piping from each of the four ion exchangers to the ex-
tension piping in the containment vessel which prevented the passage of
the internal pipe cutter. _hese extensions will be replaced by Minor
Construction prior to operation of the coolant systems.

Design Test No. 43, Moderator Storage Tank Volume Determination - H20, was
satisfactorily completed. Surveying for the locations of remote targets
for the unit motion readings under Design Test No. 35, Unit Motion, was
started.

Five Design Tests were essentially completed during the month:

Design Test No. l0 - Raw Water System
Design Test No. 17 - Compressed Air System
Design Test No. 22 - Effluent System
Design Test No. 32 - Air Locks
Design Test No. 33 - Communications and Alarm System.

Approximately five _ercent of the design test work has been completed to
date. HW-619OO-A RD, _ Design Tests, Test Performance Issue, was issued
during September.

Power Tests. A schedule for the preparation of the detailed test descriptiom
for the individual Power Tests and for the preparation of the detailed proce-
dure for each test was prepared by the Power Test Sub-Council. By month's
end four test descriptions had been presented to the Startup Council. Five
more will be presented early next month. Adherence to the present schedule
will result in the Power Test descriptions being completed by December 31,
1960.

Critical Tests. Preparations for Critical Test performance continue. Agree-
ment was reached with Security for storage of fuel in the containment vessel
during the testing program. Test procedures for the first group (i_ tests)
were completed and are currently being reproduced. Instrumentation for the
test is being installed in special cabinets and instrument cables are being
fabricated. Data books and data sheets are complete. Material procurement
and fabrication are on schedule.

Design and Construction Liaison. The Test Engineer visited the Struthers-Wells
plant to inspect the Gas Loop ex-reactor components to determine if adequate
access room for maintenance work would be available if the package were in-
stalled against the wall of B Cell, as presently planned. Inspection indi-
cated that maintenance access to the components located near thr:back of the
packages would be difficult. Layouts are being made to determine if it is
feasible, both economically and time-wise, to relocate the equipment pack-
age to allow access from both sides. If it is possible to improve access,
the costs and personnel exposure required for maintenance will be materially
reduced.
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2. PLUTC_IUM CERAMIC RESEARCH
l t i

Experiments during the past month have been directed toward determining
the effect of calcination temperature and water content of hydrogen on
the structural stability of plutonium dioxide. Oxide powders were ob-
tained by calcining plutonim _ oxalate in air at 150 C increments over the
reage 150-1050 C. Pellets of these various powders were heated at ilO0 C
in h_gen containing from 0.45_ to greater than two percent of water
vapor. The initial data showed densities to be inversely proportional to
the amount of water vapor in the gas. X-ray diffraction showed no sub-
oxides present in any of the samples, and lattice parameters of the Pu02
phase were very near 5396 A, which indicates no oxygen loss during heating. •
The samples were then heated to 750 C in oxygen. Extrapolation of weight
gain data showed that a very slight reduction had occurred to all samples
duriag the hydrogen sinter. The oxygem/plutonium ratios averaged about
1.99 with a low of 1.972. With this slight reduction, there was no appar-
ent correlation between O/Pu ratio aa_ calcination temperature or water
content of the gas. Experiments at higher temperatures and in vacuum are
preseatly being carried out.

Stoichiometric PuC was pre_are_ by reacting alpha-Pu metal with carbon at
1150 C in vacuum. _e lattice pareamter was 4.970 A, which corresponds
to the carbon-rich end of the PuC phase field. A very small quantity of
Pu02 was present and is probably the remmims of am oxide coating on the
metal Im_ticles. No PuaC3 was noted. _e material, upon removal from
the furaace,_ms extremely pYrOlmhOriC,and data are presently being obtained
on the "deterioration" of plutonium carbide iu air. A sample of I_Ametal
plus carbon plus 50% UC was heated at 1150 C in effort to set data on soiu-
bility in this system. The temperature was apparently too low since both
a UC and PuC phase resulted. Homogenization at 1600 C for four hours ga_
what al_ax_d to be a single phase. Resolution of this phase was difficult
since due to the pYrOl_horicitythe sample was not polished. The lattice
parameter of this phase was 4.971 A, which is about 0.005 A greater than
that calculated for the PuC - 50 w/o UC solid solution_

A new top plate for the thermal conductivity apparatus has been designed.
_his plate, which is water-cooled, is presently being built. It is
anticipated that this new part will eliminate many of the vacuum problems
with _hich the program has been plagued.

Discussions have been carried out with PMO and BMI personnel pertaining
to the possibility of thermal conductivity measurements on irradiated
ceramics cont-_n4_ plutonium. BMI would build a device which would be
operated within a dry box inside of a hot cell. Samples about 1/2" dia.
x 5/8" long ha_e been proposed and would be acceptable. The possibility
exists of using UO2-PuO2 specimens which are presently available after
MrR irradiation to about 2000 M_D/T. A major difficulty, hcvever, will be
in extracting a specimen suitable for conductivity measurement, since flat,
parallel ends and a smooth surface are required.
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In the investigation of the PuO2-Zr02 system, x-ray diffraction patterns
have been received for 18 sintered specimens ranging in coraL._tion from
0.5 w/o pu02 to 95 w/o Pu_2. Photomicrographs indicate a two-phase region
at 0.5 w/o Pu02. The intensity of the (I/l) monoclinic reflection was
measured as a function of Pu02 concentration and used to quantitatively
analyze the two-phase (monoclinic-tetragonal)region for the monoclinic
constituent. This (iii) line disappeared at approximately 40 w/o PuO2.
The sin@le-phase tetragonal region extends to 72 w/o Pu02. In all higher
concentrations of P_02, the solid solution is cubic, indicating that the
Z_ is in solution.

3. URANIUM DIOXIDE FUELS RESEARCHi ii

Fuel Evaluation
,i i ii

A very small amount of hydride w_s observed in Zircaloy-4 cladding (low Ni
content) during post-irradiation examination of the fourth deliberately
defected and irradiation swaged UG2 fuel rod. The hydride (( I00 ppm maxi-
mum H2) was localized near the 0.006 inch defect hole. The hydride con-
centration was much lower than that observed in the previous defected fuel
element irradiations using Zizzaloy-2, even though the irradiation condi-
tions were more severe than those of any of the previous defected element
tests. The preliminary results from this series of tests indicate that
Zircaloy-4 is more resistant than Zircaloy-2 to hydriding during irradia-
tion of a defected UO2 element.

A 7-ro_, swage_ U02 cluster purposely defected with four 0.006 inch holes
is being irradiated in the ETR at a ms_ surface heat flux of a_proxi-
''_'"475,000 BTU/ht-ft2 _3_ swagel U02 fuel element contains PRTR rods

clad in both Zircaloy-2 saldZircaloy-4 (low Ni content). Maximum amounZs
of fission products release occurrmd duriz_ the first part of the irradi-
ation, primarily after the first _ower cycle. The coolant temperature
during the irracliationhas been approximately 125 F. The coolant tempera-
ture will be increased to 7500 F before termlnatinn of the test.

Swaged UO2 capsules have attaine_ estimated exposures up to 19,000 ;.[_D/T
in ETR-_.

Basic Studies

_e outer, finned aluminum cladding for "Prometheus I" (ultra-high core
temperature fuel element test) h_s been received. The tantalu_ inner
tubing is on order.

Single crystals of UO2 have been sectioned into 0.050 to 0.060 inch thick
slices for irradiation in the ETR. Pre-irradiation electron microscopy
studies of this material are being completed.

Establishment of the high temperature electron microscopy laboratory pro-
ceeded satisfactorily. The laboratory space has been completed according
to original plans. Accessory equipment has been received (including
vacuum evaporator and quartz liquld-reagent still), and is being installed
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and adapted for specific applications. The JEM microscope was received
and preliminary installation completed, including provision for three-
phase power, rumming m_Itiple-cable wiring between the microscope and its
remotely located power supply, and conmection of water cooling lines.
Assembly and testing of the microscope is scheduled coincident with the
arrival of the vendor's physlclst_emgineer, abmut October 1.

Measurement of thermal conductivity has contimued au the nam-irradlated
U02 sample prel_ by sintering material compacted on the 300-ten press.
_e measurements (at BMI) have beau made to 1300 C; the values obtained
continue to fall betweau the curves established in earlier work on iso-
statically pressed and extruded samples

No further measurements have been made on irradiated U02 at BMI, following
recent refurbishing of their hot cell. Irradiated specimens removed from
the Hanford reactor in June, havimg a burnup of about 0.05%, are ready for
shilmmaut. Additional samples removed from the reactor earlier (at about
0.02% buraup) am_ broken during removal from the capsule will also be
shipped to BMI; measuremauts on these pieces probably will be made using
special adaptors iu the existing apparatus at BMI. Attempts are currently
under way iu Radicmetallurgy to griz_ the broken end of several pieces to
a suitably flat condition.

The melting points of uranium dioxide samples irradiated to vari_as ex.
posures have been determined. A plot of melting temperature versus burnup
shows a ms_ melting point at about 0.06 a/o burnup of the uranium.
The ms_ciz_moccurred at approxlm_tely 135 C above the melting point of un-
irradiated U02. A gradual decrease iu melting temperature to 2800 C, for
material haviug 1.74 a/o buraup, was observed. The change in volatility
with irradiation follows the same trend as the malting point but decreases
initially. Crystal growth by vapor deposition occurs with irradiated UO2
as it does with umlrrs_iated material, but higher temperatures are required.

A new hooded enclosure was designed for the furnace to reduce possible
personal hazards arisimg from work with UO2 irradiated to very high
buraups. A furnace which permits measurement of specimen temperatures,
while observing the specimen from the side of the tungsten filament, has
been designed sad built. This furnace will facilitate taking motion
pictures of specimens from the side, against a dark background, while
taking temperature measuremauts slmultaueo_mly.

Electron micrographs of U02 compacted to high density by high energy
impact, using a Dymapak machine, reveal the presence of micropores
caused by the residual gas tx_pped iu the U02 powder. Although the
capsules containing the U02 are sealed iu vacuum after heating them to
600 C, it is possible that the excess _gen contained in non-stoichio-
metric U02 is liberated at the temperature of compaction (ii00-1200 C).
Future experiments will determine if this is the case.

@
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4. BASIC SWELLING STUDIES
H .i

.Theirradiation of general swelling capsule No. _ containing four natural
uranium spheres has continued at a control temperature of 550 C. Com-
ponents in this capsule still retain their original integrity. Capsule
No. 5 containing tvo natural and one three percent enriched sphere oper-
ated at a control temperature of 525 C under continued irradiation during
the month. Numerous problems concerning external equipment have arisen
in connection with this latter capsule. The loss of one thermocouple
occurred when the power to the heater was interrupted due to a circuit
checkout at another part of the reactor. This thermocouple loss was be-
lieved due to the thermal shock to the capsule during the accidental power
outage and the subsequent sudden re-application of full heater power when
the blown fuse was replaced. A spurious AC signal is also occasionally
being picked up by the thermocouples on this capsule causing errors in the
temperature indicating equipment. The behavior of the capsule has revealed
that placing specimens with more than one enrichment in a sin@le capsule
results in very large longitudinal temperature gradients. In this instance
temperatures differ by 150 C between specimens. Capsules assembled in the
future will, therefore, contain specimens of but a single enrichment.

The assembly of a general swelling capsule containing three split, hollov
cylinders of natural uranium is in the final stages. Two of the cylinders
are as-machined from the extruded ro_ and contain fine but oriented grains
while the thir_ was oll _uenched from 730 C after machining and has a
large grain size. Further assembly and testing of the metallographic
swelling capsules, which are also part of the over-all swelling prog._mm,
have been postponed to allow for delivery of some redesigned components.

Optical and electron microscopy are being used as a direct means for deter-
mining the size and distribution of pores in irradiated uranium. Such in-
formation is needed for understanding how gas atoms migrate, coalesce, and
grow into large pores. The following table lists pertinent s_elling data
for uranium as a function of post-irradiation annealing. The uranium
specimens had been irradiated under restrained conditions at a core tem-
perature of approximately 550 C and a periphery temperature of 350 C to a
burnup of 0.29 a/o prior to the annealing. Inspection of the table re-
veals good agreement between the experimentally dete.-m_ined_/y ratios
(immersion medium was tetrabramoethane) and the pore void fraction values
determined statistically from electron micrographs. Since the pore void
density values increase and then decrease with increasing annealing tem-
perature, it is obvious that at the lower annealing temperatures, gas
agglomeration into observable pores occurs. At the higher annealing
temperatures, pore elimination occurs by one of two processes: (i) resol-
ution of gas atoms from small pores and precipitation on larger, growing pores_
(2) growth of large pores which consume nearly stationary smaller pores.
Which of these two processes is applicable should be determinable from com-
parison of the pore size frequency curves which have been prepared for the
specimens studied.
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The densities of two unrestrained specimens irradiated in a NaK environment
to nominal buraups of 0.03 a/o and 0.07 a/o are 18.89_ and 19.049, respec-
tively. The precision and accuracy of the individual measurements made
have been amalyzed asi were foum_ to be good. The apparent increase in
density from the initial value of 19.01 g/cc cannot be explained at present.
The sa_e ham been ground down to half the original size for additional
metallogral_ and density determinations.

_G IN URASIIR_DUE TO POST-IRRADIATION ANNEALING*
..... i , i

Ave.

Specimen Pore Void Pore Void Vol./_ore

History _ _/_ Fraction. Density/A_3 _ 3

Pre-irradiati_ 18.92 ........
Post-irracliation 18.62 0.016 0.028 3.05 0.009
6oo c Anneal 17.68 O. O66 O. O68 7.72 O. 009
650 C Anneal 17.20 0.091 0.096 6.16 0.016
700 C Anneal 17.18 0.092 0.098 2.96 0.033

*Specimens were hel_ at annealing temperatures for one hour; heating and
cooling rates were 50 C/hour, and these were reduced to i0 C/hour within
a 400 range of the trsmsformation temperature during the 700 C anneal.

Iu-reactor swelling experiments of Zircaloy-2 clad uranium fuel rod_ with
selected uranium temperatures, claddimg thicknesses, and exposures a_e being
camlucted employing Na_ filled, temperature monitored capsules. Five swell-
im_ capsules GEH-14-98, 14-99, 14-101, 14-i04, and 14-105, are presently
being irradiated in the _ with goal exposures in the range 0.25-0.31 a/o B.U.
Exposures and average center uranium temperatures for the fuel rods in these
capsules through _ cycle I_3 are, respectively: 0.25, 0.09, 0.29, 0.25, and
0.36 a/o B.U., and 500, 290, 450, 600, 335 C. A sixth capsule of similar
design, GEH-14-102, was charged in the ETR mt the beginning of cycle 30.
Center uranium temperature is _5 C. Two swelling capsules GEH-14-97
(o.41 B.U.,and650C) 14-103 a/oB.U.,and3000)
awaiting examln_tlon at the Padicmetallurgy Operation. Density decreases
up to 3.1% were measured on three Zircaloy-2 clad fuel rods irradiated in
NaK swelling capsules. These were irradiated to a burnup of 0.25 a/o a_
center temperatures ranging from 480 to 525 C. Three other fuel rods Ir-
radiated under identical conditions but which suffered cladding failures
mt some time during the irradiation have density decreases in the range 3o7
to 7.3 percent. The difference in density changes between the failed and
unfailed fuel rods may demonstrate the effect of exterr_l restraints on
uranium swelling. The minimum nominal cladding thickness in the unfaiied
fuel rods was O.020".
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5. IN-REACTOR MEASLrEEI_2S OF MECHANICAL PROPERTIES
n ,

The creep measurements of a Zircaloy-2 specimen In-reactor are continuing
In the single prototype capsule. No new creep rates have been obtained
since the last rates were reported due to transient operation of the re-
actor and capsule malfunction. Loss of helium to the capsule occurred
during the month due to an external pipi_ leak. Loss of helium removed
the stress from the sa_le. During the time the helium leak was being
repaired, the capsule was checked for helium leaks sad none were found.
That test revealed the numerous radiation-resistaat ceramic seals in the

capsule are still helium tight sad that no leak has developed in the bellows.

The capsule is now back iu operation and will contInue for at least another
month before it will be removed aud replaced by a new capsule. The creep
rate at 33,000 psi and 500 F stress should be established during this month
in the prototype capsule.

The new, second-generation capsule will be charged early in October to
begin the next series of in-reactor creep tests. Final checks made on
the mechanical extensometer in the second-generation capsule have been
completed. The mechanical system performmd quite weil, reproducing within
three micro-inches over the operating temperature range of the capsule.
Duplicate components used in the mechanical extensometer have been life
tested. The limiting component is the 20,000 to one gear box. The first
few gear boxes lasted only about 50 hours. Reduction of the operating
speed increased the life expectancy to i00 hours. _is 100-hour life will
be adequate to accurately check the electrical transducers every few days
for a period of a year. The life of the gear box limits its use to that
of a secondary stsadard iu this set of capsules.

Extensometry (the measurement of specimen elongation) is still the major
problem in the capsule design and construction. Extensometry also accounts
for the largest single portion of cost in the capsules, as well as the dif-
ficulty of capsule assembly. Sillier methods of extensometry are being
considered. 0me method is a linear variable transformer which is now being
bench tested. The linear variable transformer is of radlation-resistaut
construction and has demonstrated 20 mlcro-inch sensitivity at room tem-
perature. Elevated temperature tests are now in progress. Another method
of extemsometry, which has been proposed, is a cavity resonator whose fre-
quency of resonance is changed by increasing the length of the cavity.
_e length change of the cavity would be coupled to the elongation of the

, specimen, and the change iu frequency of resonance would then be compared
to a standard cavity also iu the capsule, lt is predicted that the method
would be capable of i0 micro-inches sensitivity. Apparent advantages of a
resonant cavity system are: combined sensitivity and range, ali metal
construction, and light weight for reduced gamma hea_Ing. A system com-
bining a sensitive transducer with a precision screw for range extension
is being mocked-up in the laboratory for evaluation at the present time.

@
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6. GAS _ S_JDIES

EGCR Burning Hazar_ Evaluation. Data from initial experiments on the
EGCR graphite oxidation prototype demonstrated several combustion
characteristics of the reactor. The data must be normalized to actual
reactor camSzLtionsto be al_ie_; however, the following trends should
still be valla.

(I) Runaway (or uncontrolled temperature rises) can occur with
gral_Litetemperatures as low as 400 C am_ inlet air at room
temperature. However, the temperature rise rate is slow,

to about 650 C (equal to or less than 1 C/mim). Thus,
a considerable safety factor is provided.

(2) When a severe runaway has been established at a gz_ite
temperature at or above 740 C, the grmphite temperature
rises ex_a_entially. Increasing the air flow up to ll-fold
se_ amly tO make the runaway more severe rather than
azTest its course.

Gra_hlte Air G_i_atian. E_perimauts to date Imlicate ganga irradiation
significantly incres_es gra_hlte oxidation by oxygen at temperatures up
to 650 C. An increase of cxldation rate by a factor of 16 is noted at
650 C. However, since the activation energy of the gamma enhanced re-
action appears to be i0 to 15 kcal/male lower than the thermal rate,
the relative importance of the irradlation-induced oxidation becomes
less as temperature increases.

Oxidation of SiC-Coated Graphite. The first group of SiC-coated
graphite rod_ from the Carbo_dum Company that had been in reactor
au_ receive_ al_roxlmately 3000 _TD/AT exposure was tested for oxida-
tiau resistance. _he sa_es were exposed at 1000 C with au air flow
of one cfb. Five ssm_les were tested - one failed after less than 75
hours az_ the other four ran 244 hours with no signs of failure. Fail-
ure was i_iicated by excessive weight loss of the graphite.

Thermal C_climg of SiC-Coated Graphites. As part of the coatings eval-
uation _rogram, five g_hite spheres coated with siliconized SiC by
the Minnesota Mining an_ Manufacturing Company were thermal cycled in
air from 200 Ctto 1200 C at six cycles/hr. After 58 hours, one sphere
had developed circular cracks and showed a weight losso All others
showed no cracks and a slight weight gain of two to three _milligrams.

Microwave Activation of Nitrogen Gas. Studies of the weight loss r_te
_0'fgr_l_hitein flowlng nitrogen (700 pressure) activated by a microwave
discharge are continuing. The specific weight loss rate appears Co
decrease with an increasing number of hours in the glow. Total times
in glow from approximately 1.5 to _4 hours have been used giving weight
loss rates in the range of 2 x i0"* to 8 x i0=_ gm/gm-hr.
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Surface Oxide Formation. Studies are continuing on graphite surface
oxide formation in flowing COo and CO systems. Preliminary results
using CO as the gas show a well,ht Gain of 4.15 mG in 87.5 minutes at
800 C. The rate of approach to equilibrium is of the same order of
magnitude as in the CO2 system.

GETR Irradiation of EGCR Graphite. The H-3 capsule in the GETR is
scheduled for removal after four cycles of irradiation on October 3.
Samples in the capsule will be measured and then prepared for re-
insertion into the GETR. Part of the samples will be replaced with
actual EGCR graphite, which is now available.

Gas Loo_ .ProjectManagement and .Design (Project CAH-822). The gas loop
completion date has been extended to June 30, 1961, by AEC Directive
No. AEC-145-Mod. 4, dated September 13, 1960.

Final testing of the l_ase "A" assembly (gas loop proper) was perTormed
by the vendor, Struthers-Wells, during the early part of September. The
pneumatic and leak tests were successfully completed except for one
Fisher-Governor and two General Kinetics valves and bellows, which
showed leaks. These were removed from the loop and returned to the
suppliers for repair. After repair the items will be shipped directly
to HAPO for reinstallation. Shipment of the Phase "A" subassemblies
is expected to start about mid-October and extend over a two to three--
week period. The flow tests required for the loop were deleted be-
cause the primary blowers were not available from Bristol-Siddeley. No
further progress with the primary blowers for the gas loop has been re-
ported by Bristol-Siddeley. Details of the primary blowers were for-
warded to the General Engineering Laboratory to determine what assist-
ance GEL could provide on the blower problems.

Installation of the 2400-volt metal-clad feeder switchgear which will
feed backup emergency power from the 384 Building emergency turbine-
generator to the Gas Loop and Fuel Element Rupture Test Facility in
PRTR has been completed.

Gas Lo_ Component Testin$. The prototype process tube was installed
in the 314 Building loop mockup and the main loop piping completed.
Recirculation of helium in the gas loop shroud was unsuccessful due
to excessive pressure drop in the two main loop heat exchangers.
Pressure drop in the heat exchanger directly downstream from the com-
pressor is approximately l0 psig at 0-74lb/hr helium flow (total com-
pressor capacity). Total pressure drop of the entire system cannot
exceed l0 psig, and it will be necessary to replace the heat exchangers
or add heat exchauge units iu parsllel with the existing exchangers
prior to system operation. The Roots-Comnerville blower has operated
satisfactorily thus far.

Cycling of the Solar Aircraft gimbal Joint continued during the month.
The furnace was shut dowa September 21, when a small leak was detected.
Location of this leak has not yet been dete.-mttued.A pin Joint fur-
nished by Arrowhead Products will be tested next.

t

UNCLASSIFIED



UNCLASSIFIED A-_6 HW-66960

Equipment for monitoring in-reactor movement of the PRTR high pressure
tube relative to the shrca_itube is being irradiated in a production
reactor. O_e of the Fen_ml line detectors failed after reaching an
accumulated neutron dose of 1017 nvt. The other instrument is still
operating with au accumulated exposure of over l020 mvt.

Irradiation Effects on Nickel-Base Allo_s for Gas-Cooled Loop Facility.
Nickel-base alloys will be used as in-reactor structural materials for
the gas-cooled loop iu PRE_. Am important factor in the performance of
candidate materials such as Inconel, Inconel 702, Hastelloy X and
Hastelloy R-235 is the effect of irradiation on mechanical properties.
Thin washer samples of a number of alloys were exposed for 30 days to
a reactor environment similar to anticipated service environments.
Surface reactions or excessive deterioration of any washer sample would
preclude further tensile property evaluations of that alloy. Post-
irradiation visual inspection of the washer samples revealed no excessive
surface reactions, and average percent weight gain ranged from 0.88% for
AISI _06 stainless steel to 0.026_ for 304L stainless steel. The four
nickel-base alloys of interest gained 0.036% to 0.0_2%. The three-month
exposure tensile specimen capsule containing the nickel-base alloys has
been discharged and is being opened in P_diometallurgy.

7. GEAPHITE HIGH _ IRRADIATION DAMAGE STUDIES
i

_crosco_y. A workable electron microscopy method for studying selected

areas on gral_hitespecimens before and after irradiation has been de-velol_d. The specimens are prepared by hand or Syntron lapping techniques
followed by a cathodic etch. Areas of interest are then referenced with
a marking pin mounted on an optical microscope. Graphite fragments pro-
duced during scribing are removed with repeated application and stripping
by Formvar replicating films. A series of light micrographs are then
taken of both the graphite and negative carbon replica at magnificat_ons
of 50 to 750 X. These serve as guides in locating and mounting carbon
replicas of the selected areas on grids for electron microscopy. A two-
stage petrographic microscope is used for aligning the replica with a
grid opening. The high resolution of the electron microscope results
in a considerably different impression of the structural details of
graphite than given by light microscopy; however, an area of interest
referenced by light micrographs has been identified with the electron
microscope and photographed at magnifications up to 40,000 X. The
sample will be replicated by several different methods for comparison,
and then will be irra_liatedto am exposur-_of 500 to 1000 MND/AT at
30 C for the initial post-irradiation studies.
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D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Damase Annealing Studies

Radiation damage r_covery is being studied for a number of metals, namely
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel. One anneal has been made to date in evaluation of the n_w isothermal
annealing fixture. A zirconium specimen was annealed for five minutes at
550 C under a helium pressure of approximately four psi. Heatup time was
39 seconds, and cooling time was 33 seconds. Integrated time at temperature
was 5.66 minutes, in contrast with best results on the order of 9.0 minutes
in the old fixture. Further tests will be made in dynamic vacuum and in
helium at 25 psi.

Post-annealing x-ray studies have been completed on isochronally-annealed
titanium specimens, annealing having been terminated at 575 C. The specimen
with an exposure of 1.1 x 1019 nvt showed au expansion along the A axis and
a contraction along the C axis (relative to the unirradiated specimen), and
decreases in microhardness and electrical resistance to values considerably
lower than the control values. The specimen exposed to 1.5 x lO20 nvt showed
complete recovery of lattice parameters but retained a slight amount of line
broadening. The probable cause of the apparently anomalous behavior of the
irradiated specimens is the difference in interstitial impurity contents.
The control specimen and the high exposure specimen contained nearly four
"times as m_ch N2 and 02 as the low exposure specimen.

A second microhardness recovery stage was observed in copper at 425 C for
both exposure levels (0.09 and 1.5 x lO20 nvt). Irradiated molybdenum
specimens exhibited a major microhardness recovery stage at approximately
815 C. This recovery does not appear to be an overaging effect.

E. CUSTOMER WORK

Radiametallur6v Service

The examination of a ruptured I&E element has been completed. The failure
was caused by a side hot spot that penetrated the C-64 aluminum alloy can wall.

A second element, which was classed as a side-other rupture, has been examined.
The failure occurred under the male end cap. swelling collapsed the inner
tube and broke the outer cladding at the base of the core. The point of
water entry was found to be a pin hole in the male weld (RM-409).

An aluminum stud welder has been ordered by FPD for installation in one of
the 327 Building hot cells to permit evaluation of the effects of irradiation
on the bond strength of aluminum clad fuel elements. Aluminum studs will be
welded to the cladding on irradiated fuel elements and then pulled in tension
to test the bond area between the cladding and the uranium core below the stud.
Modification of the stud welder for remote operation and in-cell installation
will be necessary.
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Metallo_raphy Laboratories

A cracked section of stainless steel tubing removed from KER Loop 4 was
examined during the month. The failure occurred at a weld in a tee-section
where the possibility of high thermal stresses as well as mechanical stresses
appeared to exist. The failure was attributed to thermal fatigue although
sections from other parts of the tee and the loop will be examined to de-
termlne whether stress corrosion crac_ contributed as a cause.

Ali samples for the AlSi annealing study which were to be azmaaled for periods
greater than one day have beenJ_eat-treated. The balance of the samples will
be annealed for periods as short as fifteen minutes up to one day. The
shorter annealing tests will be conducted using molten lead as the heat
transfer medium in order to minimize the effect of time required to heat the
samples to the annealing temperature. Tests recently completed show that
lead has no adverse effects on the samples resulting from prolonged contact
at high tem_ratures. This confirms information obtained from the phase
diagrams which show that lead and aluminum are m_tually insoluble.

Natural flake graphite sin@le crystals were thinned or cleaved by means of a
"scotch tape" technique and examined by means of transmission electron
microscopy. Mbire' patterns and dislocation movements were observed. Dif-
fraction patterns of one micron aresswere obtained.

Sables Processed Durin_ the, _6_nth:

Total samples 409

Carbon replicas

Photographs

Micrographs 390
M_crographs 114
Electron Micrographs i00

Special Fabrication_

A total of 1440 coextru_ed fuel rods have been shipped to the Savannah River
Laboratory as scheduled. The final 96 rods needed to complete this work
were shipped during the first week in September. Evaluation experiments have
continued during the month. An x-ray absorptometer was set up to measure
variation in plutonium content along the length of a rod. Preliminary re-
suits show that the plutonium variation is about what would be expected from
the variation in cladding thickness. Mmtallographic specimens taken from
transverse sections of a rod showed significant grain size variations. The
larger grains being on the central portion of the rod. No marked degree of
segregation was observed.

Design and fabrication of several experimental coextrusion billets are pro-
grassing. Aluminum cladding components for the I&E element have been
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fabricated. Several aluminum 7.4 w/o plutonium cores have been cast and
machining of the configuration is now being completed.

Fabrication of eight 4-rod clusters containing UO2-Pu02 pellets for
Westinghouse-Bettis reactivity studies is nearing completion. About 200
pellets containing up to one w/o Pu02 were sintered at 1500 C to densities
near 90 percent of theoretical. These pieces were centerless ground to
0.3565 -+0.0005" diameter and end ground via a rotating chuck and diamond
wheel to give smooth parallel faces. Seven pellets of a given composition
were loaded into four rods by the cowbag technique. End caps were then
welded into place. Special care was taken not to contaminate the welding
chamber, as each plastic filter plug was monitored and was found to count
from 20,000 to 40,000 d/ro. The closures were made using 35 amperes, and
15 volts, in helium atmosphere. The speed of rotation was eight rpm. The
end caps were then turned to give a small nipple and four rods were inserted
into the end bracket to give a cluster. Spot welding by the tungsten inert
gas process was used to tie the cluster together.

NPR Charg_ _ch_e
J

Fabrication of the prototype charging machine has been delayed pending IPD
decisions on the following matters:

1. Prototypiag a reduced or full size mchiue.
2. Driving the fuel monotube across the "C" elevator rather than

installing tube extensions during loading.
3. Providlmg overpressure relief on the nozzle adapter rather than

incorporating a fail safe header valve.

Long term procurement items have been held up pending clarification of the
above items.

Limited activity has been continued in completing the positioning cylinder
which is now being set up for testing. Detailed drawings of the shortened
charge machine frame mud carriage are 40 percent complete.

Final arrangement drawings of the nozzle adapter were completed and estimates
of fabrication costs were obtained.

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTR_ RESEARCH AND DEVELOPMENT OPERATION
i i ii i i i

M0_I_LY REPORT

,196Q

FISSIONABLE Y_1!_IALS - 2OOO PROGRAM
i i i i mlPll

Nuclear Safety in FR)
---- ii

At the request of the Engineering Operation, the nuclear safety of changes pro-
posed in the Core Recovery Operation and the shipment of C-6 sludge for 0.96_
enriched uranium were reviewed. In the Core Recovery Operation (NS 3.06_),where
the aluminum Jackets are chemically stripped off of _Ject cores, it was pro-
posed that the number of uranium cores processed per batch be increased from 672
up to 1088. This change was approved on the basis that the height of uranium
being processed is of a safe slab height and that the new batch size is 73_ of the
minimum critical mass.

In the offsite shil3nentof 0.96_ U-235 scrap metal and C-6 sludges the present
specification limits a railway shil_nentto twelve barrels containing 200 lb. each
of either of these materials. Since the C-6 sludge is safe in unlimited quantity,'
the specification (NS 3.10) was rewritten to this effect. A minor change was also
made in the specification for metal scrap. This change permits the shil3nentof
any number of barrels of scrap, provided the total weight of scrap uranium in the
shipment does not exceed 2400 lb. These changes will provide more flexibility in
the shipment of these materials back to the vendor.

REACTC_

Effect of Absorber on Neutron Energy Spectrum

In the investigation of the effect of an absorbing cylinder on the thermal neu-
tron flux spectrum in the surrounding nonabsorbing moderator, the improved solu-
tion for the case of 1/v absorption has been progrsmmed for the I3M 709 and
several test cases have run satisfactorily. This improved solution for 1/v
absorption was obtained as an intermediate step in a solution for resonance
absorption, which is more important but _ch more difficult to obtain. The im-
proved solution is based on a more accurate analytical apprcximation to the
blackness of the absorber than was used in the original solution to the 1/v absorp-
tion problem. In both the original and improved solutions, the calculation pro-
ceeds in two steps: a) the evaluation of expansion coefficients in the series
solution, and b) with these expansion coefficients, the determination of certain
descriptive integral quantities, such as total flux and effective neutron tem-
perature. In comparing results of the original and improved solutions for the
ssme test case, it was found that the integral quantities agreed within a per-
cent or less, although sizable differences in the expansion coefficients were
obtained. This good agreement in the integral quantities is considered a veri-
fication of the soundness of the assmnptions in the original solution.
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Debugging of HYN, the Hanford version of the multigroup neutron diffusion theory
code FN, is contd--. HYN is needed to provide, in FORTRAN lan_e_ a multi-
group diffusion theory code allowing transfer probabilities fran s_7 group to all
other groups. _he _aJor debugging effort_ at present is to reproduce with HFN the
results of two sample problems run with FR. An exact duplication of results is
not expected in view of our information that the results of the sample problems
were not obtained with the same version of FR as that on which HFN is based. In
analyzing one o_ these problems_ a two group, three region reactor model, EFN yields
fluxes and reactivities within 0.1 percent of the FN results. This is considered
satisfactory a_reement at present. In the second problem, an infinite medium
thermal spectrmn calculation, EFR yields the same" general trend in the flux as a
function of energy as does FR_ but the _e_nltudes of the calculated flux variations
agree very poorl_.

An additional check an this s_ectral calculation was devised after noting that in
an infinite, hanogeneous s_wtem, the ,mltigroup diffusion equations reduce to a
set of si_taneous_ llnea_, algebraic equations. In view of this fact, the
spectr_n calculation was run on an existing progr_n designed to solve simultaneous
algebraic equations. Although the H_ fluxes are geners_ closer to the simultan-
eous equation results than are the FN fluxes, none of the calculations s_rees very
well with either of the others.

It is believed that the dA_erences between HFffa_i FN may be due to different
round-off errors in the two codes. A large portion of the spectrum calculation
difficulties in _ mentioned last month _as in fact traced to round-off error.
For exsnrple,it was discovered that in one subtraction, roughly six si_nlficant
digits in the flux value were being lost. Since that discovery, the equations in

were refox_Alated in an attempt to reduce round-off error. The HFN results
now under discussion were obtained with the new equations, lt is believed _hat a
similar reformulation nntsthave been made in the version of FN used to obtain the
s_nple result. Since these reform_ations may not be identical, r_maln!n_ dif-
ferences in round-off error between the two programs could account for the dif-
ference in results. The rasolution of the differences between the simult_ueous
equation and HFN results is still being sought.

Modifications which provide for a shortened form of the output have been made to
the local version of Crisscross, the General Atumlc's cross section averaging pro-
grsm. The input formats were chan_ed in order to circumvent an annoying peculiar-

• Ity of _ which caused the previous formats to skip cards under same condi-
tions.

Bu_s discovere_ durin_ the month in the nuclear data tape code have been elimi-
nated.

Some preliminary work on the assig_nent of storage for the Hanford version of C-5,
an ANP slowing down spectrum code, has been done. This work has been slowed some-
what because of the need to improve the data on the existing nuclear data tape.

Several runs to generate three group cross sections usin_ both NUDATA and C-3 led
to the discovery of errors in each code° Both codes have been corrected and
reccmpiled and are bein_ checked out. A two group, nmultiregiontest case was
run on both the AIM-5 and Y-3 diffusion theory codes; evaluation of the results
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has not been completed. A study of the SOS programming methods ham begun in pre-
paration for effective use of the RBU code when it becames available° Knowledge
of these programming methods should also prove valuable beyond their usefulness
for RBU utilization.

Computational Fro6ra=nlmg Services

VTOCL, the monitor version of _KL, the production code for exponential pile data
reduction, is beix_ extensively revised to meet the extended needs of its users o
Data error detection techniques for this code are also being refined, in order to
reduce the effort spent by Reactor Lattice Physics personnel, the principal users,
in locating such errors° COFI_, the :cosine-fittlng companion of BKL, is awaiting
its turn for conversion, reformulations and refinement of error detection.

..ErponentialPile Measurements of Large Diam_er Fuel _ements

A rather large effort has been expended during recent months on measurements of
extrapolation length am a function of source position, exponential pile size, cell
position, and number of d_ta points included in the horizontal cosine fit° These
studies were undertaken because the variations in measured extrapolation lengths
were a source of considerable uncertainty in measured bucklings. Same conclusions
can now be reached based on data taken in an 8 foot pile with tube-lh-tube fuel
elements at a lattice spacing of 8 3/8 inches.

The variation of extrapolation lensth, ks as a function of the mumber of points in
the cosine fit and source position waa studied. For the clustered source, k in-
creased fram 2 to 4 inches as the number of points in the fit was decreased. For
split sources with the same type of traverse, X averaged 0.9 inches. This shows
the typically high _ of the clustered source and indicates same systematic error
in data analysis caused by, perhaps, the lack of the fast source term in the har-
monic correction. The fast source correction is more important for the clustered
sottrces.

Thermal and epithermal k's were studied with split sources. The epithermal k's
were consistently higher than the thermal k's. Epithermal k varied from 1.6 to
4 inches as points were dropped and thermal k's remained relatively constant at a
value which averaged I.I inches. This co_firms previous suspicions that k is
energy dependent. The variation in epithermal A as points were dropped also indi-
cates a position dependence. The source position effect on k was studied in the
stand_ pile in order to eliminate cunpllcations due to multiplication and cell
fine structure. The same effect of larger A for clustered sources appears°

Measurements have been taken in a i0 x 8 foot pile with the tube-in-tube fuel at
a lattice spacing of 14 9/16 inches. The amount of graphite at the edge has been
varied to determine the error resulting frum not reproduclng the exact half-lattice
at the edge of the pile since all buckling measurements before about 1958 had vary-
ing amounts of graphite. The k's measured are unrealistically high, but the buck-
llngs which are calculated with the measured k's agree with each other and with
small pile measurements. The reason for this agreement is not understood°

Exponential Measurements.._for N Reactor

Construction of the NPR mockup exponential assembly is c_mplete. Prelim/mary meas-
urements on the dry lattice Yield a buckling of 27 x 10"Ucm'_° An estimated extrapo-
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The final value for the diffusion len6th L in the NPR mockup__fuel and con-
trol rod c_._els empty is 83.0 cre. The diffusion length LO without voids is cal-
_nllated to be 52.8 ca (standa_ pile-corrected to a density of 1.7 _n/c_). The
ratio L/L o = 1.57 CCn_A_S favorably with a Behren' s streaming correction of 1.61.
The LO quoted in the =c_thly report for August 1960 is in error.

Plans for me-__-uring the effect of fenced water density by flllin_ the water chan-
nels with _hTlene balls have been _roppe_ in favc_ of using the PCTR for the
stu_. The water density will be reduced by ad_ aluminum or ms_nesium, with a
measured correction for the effect of the absorption rate in the added metal.

PCTR Measurements for N Res_tor
l |i --

Measurements of Lattice Parsmeters
m,i |

Messurements have been completed in the PCTR with the water-cooled NPR fuel element
in the comlensed gx_phlte is_tice of 7.56 inch spacing. The lattice parameters
investigated were kM_ P, f_ and E. Alsos ca_um ratio measurements with g_Id and
copper foils were m_de in the fuel and several positions in the graphite moderator
to yield Infor=ation about the neutron spectrum through the lattice.

The reactivity coefficient of copper poison was determined at two positions in the
lattice, and a v_lue of km was calculated for each set of data. Both values of kw
given in the table below _re prelln_ since more elaborate interpretation of the
flux data is to be made, and nceLinalvalues of the volumes of the cell components
were use_, rather than the directly measured quantities. Also the value with
copper close to the f_el a_se_ly needs further correction for flux perturbations
that occur with this arrangement.

Poison nea_ F_el Poison at Boundary

_, ,,
"fly" poison required for

= "L 8.7o 7.953

a.o7
1.o8 .o7o

A prel__y value of 0.886 for the thermal utilization, f_ agrees well with the
value 0.885 calculated from the ZDIO_ code. The flux traverse calculated from the

P3 method, usim6 a neutron temperature of 429°C, reproduced fairly well the experi-
mental traverse throughout the lattice.

Measurements for the mockup 'latticehave begun. The spectrum has been _tched for
the wet case with a slightly hi@her cadmium ratio than in the condensed lattice
due to the difference in the location of the copper in the cell.

Flux Traverses in a Heated NPR Lattice

Ezperiments in the PCTR or the TTR thermal column are planned at high temperature
conditions. Because a recirculatin_ pressurized system is complex and expensive,



B-5 3"_-66960_ ;.

a simpler static system has been proposed. Sealed process tubes containing fuel
elements and water would be inserted in the previously heated graphite mockup.
Foils would be irradiated when the water temperature reached the selected value.
A layer of lampblack aroumd the process tube would prevent too fast a rate of water
temperature rise.

Erperiments designed to determine the feasibility of this approach were completed
durimg the month.

Au investigation of the air flow throu_ a 1/16 inch wide anmulus around an NPR
process tube showed that 20 to 40 CFM could be forced through this aanulus with a
pressure drop of 3 psi or less. The cooling capacity of this amount of air is
sufficient to control the temperature of the process tube assembly with a rise in
cooling air temperature of apprazimately 50°C, if the tube block is Imsulated from
the heated graphite by 1/8 inch of lsmpblack. The heat transfer fram a flat surface
to air at the above required flow velocity lles well within the requirements.

A graphite temperature of 700°C az_ process tube assembly temperature of 300°C
were assumed for the above investigation.

Ymstrumentatlon and Systemsi

Instrumentation determinations are nearly complete for specifying the design of
the slow-scan gsmma energy spectrameter portion of the NPR Fusl Failure Monitor.
lt wall be similar to that origimally proposed for the developmental HLO dual

scammimg monitor. Most of the desi_m problems arisimg fram the decision to cambimethe slaw-scau system with the IPD develope_ Geiger tube system have been resolved
by a cooperative effort with IPD-lustrumaut Development aa_ CE_JO-Imstrumentatiom
Design.

Joint HLO-IPD field testlug was comcluded on the prototype Dual-Probe NPR Scintilla-
tiom Buildimg Area Monitor. Performauce will be satisfactory if the instrument is
properly applied to the possible various NPR building locations. Wlth typical_
mormal, continuous phototube anode currents less than about five microamperes,

errors (drift) of less thau two or_three percent per month of operation were noted.
Iu addition, total exposures of l0_ roentgens did not affect the instrument accur-
acy or calibration. With the dual-probe umlt available, Judicious rauge selection
by high voltage a_Justmemts should permit correct aa_ a_e_te operation im most
NPR buildlmg locatioms. The omly requirement for extreme reliability s_i lack of
drift error is the stated ome of holdAug the normal, continuous, phototube auo_e
current to less tham about five mlcroa_peres. This is one-fourth ikullscale on
the associated meters. Apparemtly, several NPR b_uildimglocatioms, such as the
Iuner Ro_ roa_, charge-dlscharge areas, a_i the ball rummel have widely
radiation levels depemdiz_ upon reactor power level. Iu these areas, it would be
advisable to use the newly desigmed logarithmic,servo-controlled, sclutillation
area monitor which autam_timally re&Aces the phototube high voltage as the radia-
tion dose-rate increases. This system holds the phototube auo_e current to about
two mlcroamperes under all dose-rate com_litioms,th_s producing the desired rella_
bility and extremely low drift error. This umlt is presently being tested and
camplete circuit diagrams should be available iu October. If the servoed log unit
is not desired or proves to be inadequate, the previously tested dual-probe umlt

cam easily be used by employimg a high voltage cut-off relay im the low-level(sensitlve) probe umlt to deenerglze it at mormal up-reactor levels. Such a



system would provide complete coverage without having cont: normal photo-
tube auo_e currents _cee_img five microamperes.

All development work, except minor detector housiz_ modifications, is complete
on the prototype NPR Bets_Gamm_ Scintillation Air Homltor. Instrument drawlmgs
have been stqrted by Instrumentation Desi_, C_O. Sealing (air) troubles on
the ort_ _esigne_ detector head forced, a new, modtfie_ design.

Operating @ata On the lO0-D reactor, in the form of chart records and tabulated
datap have been collected for _ts for the reactor automatic control systems
stud_, lt is planned to plot several of the variables on a common time scale to
facilitate correlation of the information. Arra_ements also have been made to
obtaim lh-core flux measurements from a group of lh-core gamma and neutron flux
monitors to be imntalle@ soon iu IO0-EN reactor by IPD Equil_ent Development Opera-
tion. The valum of this information would be imoreased if a simultaneous recording
of rod position and instantaneous flux level could be obtaime_. The possibility of
attachiz_ some suitable type of transducer to the rod position indicators will be
imvestigate_.

A meeting was held with interested people to determine whether digital computer
codes capable of providlmg accurate solutions of the one-group reactor kinetics
equations were available, lt was decided that further attempts to obtain accurate
solutions by analog computer techniques should be made before attempting to use a
distal program, lt was expected that use of the digital computer would be very
expensive for this type of exploratory problem. The analog problem board is being
rescaled iu am attempt to improve its accuracy, and new rums will be scheduled in
the near fmture.

Until recently it had been possible to show a strong probability that the reactor
kinetic equations with sim_osidally v_ reactivity always have umst_cle solu-
tions. Towards the end of the month a rigorous proof, satisfactory to au ex_ctizg
mathematician, that this is so has been found. A paper on this has been written
and is rea_ for typing. This refutes some statements published by Argonne°

The stu_ has been extended to show that a large reactor, which may be represented
by several smmller ones coupled together, may, iu scum cases, be less stable than
am_ of the smaller ones. This seems to refute statements made by APED at "San Jose
(it is possible the statements may have been mlsunderstood). "

A further extension has been made to the stud_ of the effects of temperature fe_=d-
back. This is Just starting. The results will be of immediate usefulness to
reactor control system analyses.

Amalo_ sism_ation of the _ confiner pressure _cursion problem was completed_
and the results given the customer. A memo_ presenting this problem aud its
solution was prepared and issued.

AmaAysis of the NPR system has been started. Au electronic model of the reactor
primary loop has been designed a_i built, but has not been checked out as yet due
to laak of _.c_puteravailability. Parts of the NPR system have been and are beizg
analyzed by the General Electric General Emgimeerim_ Laboratory aud by Goodyear

Aircraft The local will differ a for
stu_ through capability analyzin_°

scram au_ other fast transients by use of the new magnetic tspe transport lag
simulators iu the Analog Cmmputer F_milityo
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Au analog analysis of the NPR Pressurizer has been started° This is a detailed
study of the Pressurizer alones without it being tied into the primary loop.

The reactor speed of control problem was programmed on the EASE computer for the
old reactors and C reactor.

A study was made of the feasibility of using a tunable microwave cavity as a
displacement transducer for in-reactor metallurgy creep measurements. The stud_
showed that a cavity with a length and dlemeter of two centimeters operating at
30 K_C/sec should have a m_n_.,_,resolution of better than i0 micro-inches. The
added c_nplexity of such a device may be more than offset by the insensitivity
to radiation and high temperature.

During the month a meeting of the C--EControl Systems Steering Group was held at
HAPO. Several papers were presented on control problems of various reactors, the
separation problem, and fuel preparations and the group were taken on a tour of the
FRTR and Plutonium Fuel Pilot Plant. A number of HAPO people attended the meeting.
To take advantage of the presence of experts in the control field_ five who had Q-
clearance were taken out to KE Reactor to discuss the problems peculiar to the
control of the larges graphite-moderated reactor.

SEPARATIONS
,i i

Plutonium Critical Mass Facilit_

Mass Physics are proceeding _o check out the operability
Personnel of Critical

of the equilxnentin the facility.

The vendor of the in-hood reaotor components for the initial critical mass experi-
ments has indicated shipment of these components would be made during the week of
October i0.

A meeting was held on September 22 with representatives from CPD, CE_¢0, and EL0
to discuss certain modlfic_tions which are expected to result in an improved
facility. As a result of the meeting_ several modifications are to be made prior
to startup, as part of the startup costs; these changes would be ecpecially diffi-
cult to make if plutonium were _ the system. This work is not expected to delay
the initial criticality experiments.

Modifications which are planned or being considered are as follows:

_x_ Hood

In order to permit maintenance of the suction and discharge valves in the mixing
hoodt an access port will be provided in the floor of the CCmlm--_mentdirectly over
these valves.

Storage Tank Vents

The storage tanks in the reactor rc_n are now vented through a single CWS filter
to the room air; this is believed to be Inadequate for contamination control. The

tank vents will be connected to a manifold and piped to the reactor hoods The
@

vent manifold will be l_ovided with a single in-line filter.



Process ZA es

Ali process lines are constructed of 304-L SS tubing with fittings. Although the
fittings are the best available_ they do not guarantee a no-leak system° The possi-
bility of back welding these fittings was discussed. If it is feasible to back weld
them, this will be done; CE_UO will investigate this item further.

Valves
i,ll

There are a number of tubing valves which are located exterior to the reactor
hoods. A criterion in the design of the system was that ali process lines should
drain back through the manifolds to storage tanks with the entire system as flexible
as possible to permit future cl_es in the flow diagram. The cost of reloacting
the valves in hoods for improved contamination control appears to be excessive.
Further considerations will be givent_othis item by HLO.

lt was pointed out that even aSI welded Joints do not insure a leakproof system,
but the integrity of a welded system should be superior to one with fittings.

The hazards report ("Sum_ Report of H_zards of the Hanford Plutonium Critical
Mass Laboratory", RW-66266) was ccerpletedand copies were transmitted to the C_n-
mission for review. Approval was requested of the Ccumlssion to begin operations
•when the checkout of the equipment indicates that such operations are feasible.

The Council for Review of Operations toured the Critical Mass Facility on September
27. The purposes of the Council are to co_uct an audit of the laboratory opera-
tions with respect to safet_ a_d to make recommendations governing operating proce-
dures a_. methods.

i

NPR Transfer Cask - Critical Mass Safety Evaluation,llnl

Final shipment was received of the one percent enriched uranium for experiments
to evaluate _Aclea_ safety of the NPR transfer cask. The shipment was ccmpleted
with delivery of the outer tubes for the tube-in-tube type fuel elements of the
NPR.

A series of experiments were made for determlnim6 the buckling and critical mass
of these fuel elements in light water. These experiments were conducted in the
exponential pile facility located in Room 15-A of the 326 Building. The buckling
was measured with four lattice spacings with the complete tube-ln-tube assamblyo
The buckling was also determined for these lattices with the outer tube only.

Measurements were also made in three of the lattices for evaluating the extrapo-
lation lengths to be used for the water reflected assemblies. This was done by
measuring the relaxation length of the neutrons in the exponential piles for each
of several different pile loadimgs; since the m_terial buckling is independent of
pile size_ it is possible to evaluate the extrapolation length from the above
procedure.

A hexagonal patten was used for the lattices which were fully water reflected°

The fuel elements were encased in 20 rollthick aluminum tubes for insertion in
the lattice assemblies.
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The preliminary results of the exponential experiments are summarized in the fol-
lowing table° The critical mass values which are given were calculated from the
measured bucklings with the values of k shown in the table; values of k marked
with au asterisk were estimated from data given in BNL-C-759_°

The preliminary results indicate the outer tube by itself to have a slightly
higher maximum buckling than the ccmplete tube-in-tube assembly° The outer tube

also has the smallest mi_ critical mass (about four toms of U for an H20/U
volume ratio of about 2.6 ). Further, for_he case of the outer tubes only, the
buckling still has au appreciable value when the fuel elements are in contact
as bound together in a bundle (about 500 _ B less than optimum)o The critical
mass is considerably higher, however, because of both the smaller buckling and

H_O/U ratio for this case ( _ 7.7 tons U).

The minimum mass for the complete tube-iu-tube assembly is about 5.3 tons of U

for an H20/U volume ratio of 1.8; the maximum buckling is about 2400 _ B° These
values were obtained by normalizing theoretic values to the experimental data
points--_toobtain more complete curves for estimating the maximum and minimum
values.

The buckling of the tube-in-tube assembly is negative for the case of the Z_Ael
tubes bound together iu a bundle.

BUCKLING AND ESTIMATED CRITICAL MASS FOR NPR
_/BE-IN-_YBE TYPE FUEL _S IN LIG_ WA%_R

liI III I I IIII i lla,l I

Estimated Minimum
H20/U E_trapolation Buckling Critical Mass

Volume Ratio Length (M) IlO-6cm-2) (S_herica& Geometryl

Complete Fuel Assembly 0°68 8.61 am.* -550 Criticality not
possible

1.35 7.80am. 2o9 8°oztonsu

1.93 7°66 am. 2_55 5.60 tons U

2.56 6.85 am.* 1447 10.10 tons U

0_ter Tube _ 1.60 8.51 cn. 1931 7o71 toms U

2.6A 7°34am° 2433 A.o6tomsu

3.51 7.70 am. 1All 8o09 toms U

.A7 6.52eta.* 151

Since the proposed transfer cask will have a maximum loading of 7400 ibo U, which
is 70 percent of the estimated minimum critical masst the cask is safe on a mass
basis. The recommended nuclear safety specifications for the cask are as fol-
lows:

OEClSSIFID



a) The enrichment of the fuel before irradiation should exceed 0°95%
u-z35.

b) The size of the fuel tubes should be within 2% of the dimensions given
in _-666oz.(I3

c) The case should be limited to loa_ of either tube-in-tube elements
or outer tubes. (Xnner tubes alone are excluded until the nuclear safety
calculationsare completed.)

d) The quantity of uranium in a cask at one time _ust not exceed 7500 Ibo
(equivalent to 24 tube-in-tube element bundles )o

e) The interns& dimensions of the cask should be within 5_ of the dimensions
given in SK-i-26886 (i.e., _4 in. by 42 in. by 88 in.).

f) Steel sheets should be used to separate _uadrants in the cask; however3
a neutron poison in the steel is not required.

These regulations are scmewhet flexible1 but would require further study before
changes could be made. For exs_le, the purpose now intended for the steel sheets
separating quadrants is to limit the number of bundles that could be placed in the
cask; these sheets could be umitted if another safe and inflexible loading az'rauge-
meritwere specified. ,.

@ •Further calculations are to be made to determine the nuclear safety of transport-
ing the inner tubes alone, and to determine the max_ enrichment level of unir-
radiated fuel elements for which the cask is safe.

Criticality Hazards S_ecifigations

safety in
Nuclear Safety Specifications covering the Plutonium Recycle Test Reactor Opera-
tlon were reviewed and approved. The titles of these specifications will be as
follo'_:

E-i Rules for the Store_e and Transportation of A1,,.2.2 w/o Pu Alloy
FUel Elements

K-2 Rules for the Storage and Transportation of Natural or Depleted U02
Fuel Elements

K-3 Rules for the Accrual of Plu_onium in-PRTR _rocess Equipment

....... :,. ,+._+,:.'.'_.:j. ::'. .... .,_ . _ .' .. : ....... .... ......

",__' "._.'_.+ ' _ :__ "+" • '_.;,..' _"" "'.U.",+ i_+ _ _.:.;.;.. .'.', ;. ,
+...,.

ii 111 11111 ii111 ,

i) J.W. Nickolaus, Billet,, Design_for NPR F_el Elements, RW-66601°
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Data Correlation - Development of Nuclear Codes for Criticality Calculations

Further work was done on the development of a Monte Carlo Code for hcmogeneous
infinite systems (HISt,). This code will be used to study the neutron spectrum,
fission distribution (energy at which fissions occur)_ absorption distribution,
mean life of neutrons, and migration areas of homogeneous infinite systems.
Most of the computation loops in the code have now been debugged° The NU DATA
subroutine developed by J. E. Schlosser was shown to be reliable for computing
i00 group cross sections from the HY_ data tape° The M_xwellian distribution
selection technique was rewritten so that a selection takes place with the genera-
tion of two random numbers. The Von Neumanm method previously used required the
generation of two or more random numbers before a selection took place° The new
selection technique is presently being debugged.

The 18-group cross sections for use with the 9-Zoom m_Itigroup diffusion code
have now been revised and a new library tape generated° Problems to test the
new cross sections are being run. An immediate result, though tentative, _hows

that the limiting concentration of Pm in Pu-H20 mixtures which can be made criti-
ca& is 7°3 g_l. While this value agrees with some independent calculations, it
does not seem to agree with the recent PCTR measurements. This point will be
explored further.

Some trial runs on the three-group cross sections generated by the C-3 code
indicate the need for some revision of the cross sections used in that code.
The extent of the needed revision is being determined by trial problems with
chamges in the three-group parameters.

Criticality ,Studiesin SuFport of Processing Power Reactor F_els

Prelimin-__yresults of the measurement of km in the PCTR for a three percent
enriched uranyl nitrate mixture with a nomi_. H/U atomic ratio of 9 have indi-
cated the necessity for making a measurement with an _U atomic ratio of 13 o
Work was begun on the preparation of a uranyl nitrate mixture with this H/U
ratio. The purposes Of these measurements are to determine the effect of

nitrate on the value of k_ and to evaluate the limitlng concentration of the
solution for which km becomes unity°

Neutron Leakage Studies,|,

A formal report dealing with estimating the neutron leakage from bare sub-
critical plutonium solutions is being worked on. The primary amalysis in this
report has considered only Pu-239 solutions° As a supplemmntary effort, au esti-
mation of the effects of a small percentage of Pm-240 content was considered
desirable. The effort was confined to estia_timg the chamge in neutron leakage
from the 14 _n., 15 cre.,and 16 cre.radii bare spheres used in the work on Pu-239
solutions due to including 5 percent Pu-240 in the plutonium° The results indi-
cated that the neutron leakage c_s from a slight increase at concentrations
far below the original critical concentration to a decrease at concentrations
near the original concentration. For the 14 cre.and 16 cre°spheres the decrease
in leakage was about 45 percent at 95 percent of the previous critical concentra-
tion, while the decrease in the leakage from the 15 cre.sphere at the ssme per-
centage of critical concentration was about twice as great° This difference In
behavior is attributed to the fact that, near the volume of the 15 cre.sphere,
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a small _e in the critical volume, c_ by the presence of _-_-_ produces
a much larger change in the _1_ ratio at critics& than does a similar change
near the volumes of the 14 mn. and 16 mn. spheres. Am estimate was also made
of the effect on the results of uncertainties in the values of critical volume
as a function of P_-239 concentration. 1% Indicate_ that one percent uncertainty
in the critical volume at a given H/Pu ratio produced not more than a !0 percent
uncertainty in the neutron leakage fran a 14 mn. radius bare sphere.

spectro=,

The source vacutnn interloc_ of the mass spectrometer for this progrsm was again
installed on the spectrometer after the parts had been lapped together in the
hope of eliminating the intermittent binding previously encountered. The source
pressure obtained after this modification does not appear to be significantly
different from that previously obtained. No further binding has been encountered
to date. Studies are being made to attempt to determine the cause of electrical
breakdowns frequently observed in the source of this spectranetero Observations
to date indicate a correlation of electrical breakdown and the emission of elemen-
tal rhenium ions from the filament.

N_/_RON CROSS SECTION PROGRAM
i i i iii

Cr_sta_,_pe_,,,raneter _e_,_i,on

A new gas ionization besm monitor chamber for the _ spectrometer which uses a
thin boron deposited foll was tested and calibrated. The collimating apertures
which were used to improve the pulse resolution had too low a geometry factor for
the available boron foll thickness and were removed@

A labor_tory grown aluminum single crystal was mounted for use on the DR spectro-
meter. The counting rates per resolution interval obtained with the _40_ diffract-
ing planes were about 25 percent of that obtained with the beryllium crystal
previously in use. The counting rates are large enough for the transmission
measurements which are being undertaken to determine the burnout of cs_Imlumin
same pile irradiated control rod material.

Slow Neutron Scatteri_

The series of measurements of the energy distribution of 0°247 ev neutrons scat-
tered from roam temperature w_ter was canpleted with additional measurements at
3, I0, and 30 degree scatterlug angles° The analysis of these measurements has
not been ccmpleted.

A new series of measurements has been started on the scattering of 0.0995 ev
neutrons fram water. The energy resolution which is used is about 0.007 ev.
Energy analyses near the elastic peak have been made for scattering an@les of
3, i0, 20, and 30 degree_.

Measurements were made which verified that the windows of the water sample holder
were deflecting to the extent that the effective sample thickness was about twice
that which was desired. The holder has been modified to correct this defect o
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Fast Neutron Cross Sections
i

The assembly of the slit boxes for the Van de Graaff has been completed, and
the precision alignment system installed in the accelerator building. Several
design changes were found necessary. The system was evacuated to better than
10-7 mm Hg before installation.

Mechanical alignment of the beam tubing is nearly cc_._lete. The portions
finished so far are mechanically consistent within 1/4 mm. Most of the electri-
cal hookup is in place, and the system will be tested as soon as the installation
of the second remote positloner is finished.

REACTOR DEVELOPMENT - 4000 PROGRAM
.ii i i i i

FLUTONIUM RECYCLE
i i

Low .EzposurePlutonium Lattices

The planned irradiations in the 10-1/2-inch graphite lattice with 1.8 w/o Pm-Al,
19-rod clusters, were completed. The foll data is being processed on APDAC-Io
They are needed to comr!ete the km measurements on this lattice°

Preparations are being made for a similar set of irradiations in the 8-3/8-1nch
graphite lattice, to begin durimg the second week of October.

S't:;a.-_up =.E_periments

Final drafts of the Detailed Procedures for Critical Tests i, 2, and IR have
been prepared. Iu order for the procedures to correspond to the test sequence
which is currently planned, Critical Test 2 has been divided into three parts
_A, 2B, and 2C. Tests _ 2B, and 2C are approach to critical experiments with
the moderator at full level, 3/_ of full level, and 1/2 of full level, respec-
tively.

Critical D_cility of the PRP

The tentative plans for the _R-R_F experiment are to use four Pm-Al samples
with different concentrations of Pm-240. Each sample will be irradiated for
4 or 5 _R cycles and reactivity measurements in the RMF between irradiations
will be made° The reactivity of the irradiated sample will be compared to the
reactivity of the "empty" RMF an_ to that of am identical unlrradiated sample.
Iu addition, it may be possible t_ separate the poison and fission effects by
calibrating the RMF with two samples which differ only in the amount of poison
material, e.g., boron.

The measurements will be made by pers_ of Phillips Petroleum under the
guidance of the Hauford representative at Idaho Falls.

Single Rod E_perlments

A prel_m!_R_y stu_ has been made of the feasibility of PCTR measurements of km
and f on a single fuel rod cell surrounded by a buffer zone of fuel rod cells
of a dlff_rent type. The advantage to be gained is that measurements could be



made on a single cell even if en_@h material were not available for a full nine
cell arrsy. The problem is that it becomes more difficult to obtain the proper
flux envlro=nent for the test sample. It appears that such experiments could be
done with accuracy cumpar_ble to present PCTR measurements of km and f, but at
the cost of an increase in reactor time required to do the experimento lt also
appe_3 that a series of such measurements could be made quite rapidly if one
is aL_le to afford a considerable loss in accuracy. This might be use1_Ll in per-
formim8 a rapid survey of the e_Tects of relatively small changes in sin@le fuel
elements •

Analysis of Finite Heterogeneous Lattices

A rou@h dra_ for a writeup on heterogeneous reactor calculational methods in
finite lattices using matrix inversion techniTAes was started during the month
and the first pa_ was completed. S_ne difficulties were encountered in the
matrix inversion routine being investigated. These difficulties appear when
other zeroes appear in either a row or column containing a zero on the main
diagonal. A restriction has been imposed which rearranges the matrix to prevent
tILLs occurrence.

 eutron sp,ectru,,, ,u e.s.

a. Detector Foils of Lutetium
i J

Data have been obtained for various thicknesses of lutetium frcm which the
cadmium ratios of the lutetium isotopes can be determined. These experiments
were conducted in order to discover if a discrepancy between the measured and
calculated values for the resonance integral of Lu-175 is due to self-shleld-
ing effects. The results of the measurements are not yet available°

Epithermal-subcadmium resonauce integrals for Lu-175 and Lu-176 have been
calculated. These csJ.culationsassume a slowlng-down spectrum which has been
measured by Johaunson et al. The calculations were made with the program
ACE. For the calculatio--n-_nlnth-order polyucmlal was used to describe the
slowlng-down distribution of neutrons°

The data which were obtained in lead and n_tural uranium assemblies have
been analyzed. These data were obtained under the same experimental condi-
tions as the data which had been obtained earlier with plutonium and uranium
foils. Thus, a cmmparlson of the two techniques is possible in a spectrum
where the Ma_wellian distribution is distorted. In the assemblies the dis-
tortions were large enough so that the different weighting properties of the
two detectors (Lu or Pu-U) result in different values for the spectral index°

b. Neutron Rethermalization

I. Graphite E_periments

The rethermalization cross sections of graphite are being determined
from traverses of the thermal activity of copper which have been taken
across a temperature discontinuity in graphite° These cross se:tions
are obtained from an analysis which uses a two-thermal, one-fast group
diffusion model. During the past month the data at roan temperature have
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been fit using the diffusion coefficients calculated previously and
either of two schemes for obtaining a good fit°

In both methods the thermal diffusion parameters are those calculated
from fundamental cross section data, except for the absorption cross sec-
tion in the fuel region. The latter is found by iteration. In the first
method the fast diffusion parameters are calculated from fundamental
cross section data. In the second method the fast diffusion parameters
are adjusted so that the calculated fast flux fits a traverse of the epl-
cadmium activity of gold. Here it is assumed that the gold traverse is
a satisfactory measure of the distribution of the source of thermal neu-
trons. After the fast flux is fitted the absorption cross section in the
fuel is adjusted to yield the fit of the thermal flux to the copper traverse.

Both methods yield calculated curves of the thermal flux which agree with
the experimental traverse within counting statistics. However_ the first
method yields a calculated curve of the fast flux which rises approximately
25_ faster than the observed traverse of the eplcadmium activity of gold.
The second method requires an absorption cross section in the fuel which is
lower by approximately 30_.

The significance of the latter two conditions is difficult to evaluate at
this stage of the analysis.

Several I_M runs have been made on the experiments which had temperature
discontinuities.

2. Water Ezperiments

The preparation of traverse data for analysis with FIT-1 is nearly comp-
lete. The analysis m_st a_m/t the completion of the analysis of the graphite
experiments, since the graphite cross sections are to be used as known in-
put parameters.

A summary entitled "Neutron Rethermallzation Cross Section Measurements
in Water" has been accepted by the American Nuclear Society for presenta-
tion at the Winter Meeting in San Francisco on December ll-14, 1960.

Reevaluation,,of Effects Caused by ,Poisoninga _ core

A study has been made of the interpretation of _ measurements of kw for the case
iu which the addltiom of poison p_bs the neutron fltm_distributio_ in amy or
all of the various components of the test cell. The study was made in order to

examine the method of amaAysis of experiments involving a large Kex aud conse-
quently a large mass of coffer poison.

Au analytical expression relating Kex to flux perturhatioms lm the various cell
components was derived. Numerical application of this expression to the results
of the EGCR, 2.6 w/o enrichment experiment for example i_llcate that flux perturba-
tions contribute 0.001 to km and this is due entirely to the change in the modera-
tor flux.



The expression was also employed to indicate quantitatively the effect of placing
poison at a position other than at the cell boundary. The effect on km of a
possible change in _ was neglected. A test case was used for which P_ calculatel
flux traverses were available. This was a 2-i/2" solid fuel rod in a_10-1/2"
lattice. Appraxlz_tel_ 17 _n of stainless steel per c_ of length was placel
around the process tube. In both the wet and dry cases_ the contribution to km
due to flux perturbations in other than the moderator was appraxim_tely 0.001 .
± 0.0005.

i_ is concluded that there is little reason for selecting one region over another
for location of the poison based strictly on flux perturbations. However, in order
to avoid cha_es in _t the poison should be located such that a moderating material
separates it fraa the fuel.

Instrumentation and Systems Studiest i i ii i

Calculations were canpleted concerni_ a possible "last ditCh" safety circuit
system for the Plutonium Recycle Critical Facility. The most pranislng unit appears
to be a thermostatic switch plus fissile material. Alternate methods include melt-
able f_ses and bi-metallic strips e_ploying fissile material. For the thermo-

static device,Qa time-to-coerate of 0.i to 0.2 seconds can be obtained for a flux
ch_e frcm i0v n _n'2sec"I to lOl0n cm-2sec-I bY calculation.

Calculations were completed concern_ U02(in Zircaloy tubing) pac_ density
me_nts by _ r_y absorptcmetry using various radion_clldes and associated
scintillation detectors. Au instrument design proposal was submitted to the
Cersmic Fuels Operation.

A moc_p of the cell traverse mechani_n for the PRTR Critical Tests was _onstruc_ed.
This mechanism will be placed inside the calandria through one of the access holes o
After being placed, a short section of tubi_ containing activation foils m_y be
raised to a horizontal position and located to bisect a cello The mechanism will
preserve all gas seals. The zoc_p can be used as is, but will be rebuilt with _S
aluminum when it arrives. The electronic equil3nentnecessary for the extra count-
ing channels has been obtained and the checkout and interconnection of _hese units
has begun.

Tests of the PR_ Unit Motion Camera indicated excessive internal reflection
whiCh reduced the contrast of the inw_e. The condition will be correctel by in-
sertlug blackened brass tubes as liners. The tubes will be threaded to trap the
light that strikes them. One such liner has been made and tested° BY _anparison
with the liner, a black paint looks bright s_ produces glare. Fabrication of
other liners is in progress.

The Mark I inside diameter measuring probe was used for continu_s traversing
measurements on all PR_ process tubes. The M_rk I probe configuration and
guide assembly are bein_ modified preparatory to a second set of measurements
to be made after test pressurizing of the process tubes° About half of the M_rk
II (radiation resistant) probe assembly a_ associated equil_nenthas been received
fr_n the _ufacturer.
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A Magnaflux _W-400 eddy current testing instrument has been received and will be
utilized in ms_ the PRTR gas gap measurements. Same of the original instrument
circuitry is being modified and additional logic and readout circuits are being
developed in order to adapt the _-400 to the dual coll probe being fabricated
for this unique eddy current application. The switching clrcultry_ for alter-
mately interrogatizg each dual coil probe, has been designed, fabricated and satis-
factorily tested. Fabrication of the probe assembly is 90 percent cmmplete and
should be ready for mockup testing by early October. The calibrating test Jig ham
been fabricated au_ satisfactorily tested. Present semsitivity_ accuracy, linear-
ity of operation, and drift using the modified _-400 in conjunction with a mockup
dual probe assembly s_e as follows:

Maximum Resolution - 0.0005 inch - _n_-,_ displacement (shroud tube
with respect to process tube) consistently
detected. (Gain setting at maximum.)

Sensitivity - 0.140 volts/O.OO1 inch movement of shroud tube. (D.C.
output of FN-400 available for direct coupling
to Visicorder.) Gain setting at normal_

Accuracy - ± 0.003 inch. (Reproducibility of output over a total
shroud tube travel of ± 0.250 inch frmm normal
center spaclz_.)

Liuearity - ± 0.014 inch. (_imum output deviation frmm a straight
lime over the ± 0.250 inch total travel of
shroud tube. ) Non-llnearity errors will be cali-
brated out of actual in-reactor output.

Drift - Less thau ± 0.002 inch per hour. (Gain setting normal,
measured at several shroud tube positions.)

Note that the above data were obtained under ideal laboratory conditions, and
only the parameter under consideration was varied. In-reactor conditions will
later be slcmuls_tedto obtain more realistic data.

The analog PR_R Safeguards Analysis was completed with satisfactory results.

Evaluation of the PR_R Controller period control has not been completed, lt has
been determined that logarithmlc si_ation of the PR_R kinetics with portabl_
analog equilznentis not feasible because of insufficient stability in the elec-
tronlc m_itipliers. No alternate method has been decided upon as yet.

A tape reel mechanism is being ad_ to the magnetic tape recorder which is to
be used for PR_R prce_ neutron lifetime me_ts by reactor noise analysis.
Noise analysis techniques require the averagin8 of data over long periods of
time for accurate results. The tape handling mechanism will facilitate accurate
analysis of reactor "noise", using a relatively short-term sample of the noise
signal, by allowing repeated playback of the ss_ple into the analysis equip-
ment in a mln_-,_ time.

DEClaSSIFIED
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A two-section_ direct-coupled orthonormal filter based upon the Laguerre ortho-
gonalized exponentials was built for use in the first application of ortho.
gonalized exponentials to the analysis of the broadband eddy current test signals.
First tests will be made using basic filter time constants equal to 25 micro-
seconds. AddAtlonal filter sections will be added as needed to give additional
cumponent readouts. The filter is now being brou6ht into operation with the rest
of the broadban_ eddy current test eclui_aent, includi_ a time domain amplitude
sampling circuit which will be used to pick off the values of the orthonormal
components of the "si_al being analyzed. An attempt will be made to ellmin_te
need for the time reversal operation on the signal by using a test probe current
driving function made up of growi_ exponential components.

A six-sectlon a-c coupled orthonormal filter was designed and is being built.
This filter, being a-c coupled, will be more stable than the direct coupled type.
The nature of the circult_ however_ does result in a different weighting factor
which causes the successive orthogonal components to decay more rapidly than in
the case of the direct coupled filter which has a weightlr_ factor of unity. The
effect of this change in weighting factor is not known, but it is believed that
the advantage gained _l stability and the simplicity of the circuits will offset
differences due to the weighting factor.

Modification of a lathe for rotating test pieces and scanning them with an
inaction heatimg coil a_ infrare@ radiometer during heat transfer tests is
nearly complete. Two indnctlon heaters are being considered for this applica-
tion. One is a Radio Frequency Corporation i0 EN unit being loaned to HAPO for
evaluation. The main advantage of this unit is that it is designed to efficiently
provide high power density in a marrow region from a single turn work coil. The
other heater is a Lepel 7-1/2 EN umit_ and is available at HAPO for part-tlme
use. The latter unit is not capable of inducing more than one-half EN in au
aluminum sample from a single turn work coil. However_ 0°7 EN was induced in
the sample usix_ a close-woum_ flattened, two-turincoil of 3/16-inch ccpper
tubing throu_ a 9:1 impedance matching output transformer, lt may be possible
to further increase power densities available with this machine by further
development of flattenedl m_Itiple-tura, close-woumd coils.

Since it is necessary to move the work coil with respect to the induction
heater during sca__ flexible leads must be used. Originally it was thought
that motion of such flexible leads would chauge the loading on the output of the
heater. However_ tests have shown that no appreciable change due to motion of
the flexible leads occurs when they are used to connect the Lepel 7-1/2 EN heater
to the primary of the output trsmsformer. The coil and transformer must then
be translated as a sire@leunit.

Modificatioms of the infrared radiometer to utilize a si_e 13-inch elllp_i-
cs& mirror are being made. The chopper assembl_ will be placed at the source
r_ther than at the detector because of geometrical limitations° The adv_nts_e
of using a single mirror is that it eliminates a secondary mirror used in the
previous system to extend the focal point of the system behind the primsa_j.
Such a secondary causes prohibitive magnification of aberrations when used wlth
large aperture optical systems.

i,̧ , .
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A general purpose infrared radiometer is needed in the development of special
purpose radiometers and for general laboratory measurements of surface tempera-
tureso This radiometer must be sensitive to small, rapid temperature cha_es
to be of maximum t_sefulnessin a broad range of problems such as_hermal bond
testing of fuel element self-support _elds, and monitoring of temperatures dur-
ing spot welding or impact extrusion. Arrangements are being made to obtain a
cumnercial general purpose radiometer utilizing a refrigerated detector. This
inst_=ent will be sensitive enough to detect chamges of apprcximately 0.3°C,
with a time constant of 2 x 10"* second, in 50°C surfaces having an emissivity
of 0.5. The sensitivity will, of course, increase with increasing system time
constant (to be adjustable), and temperature and emissivity of the surface being
observed.

Several versions of a simplified inductive thermometer have now been tested. A
transistor model exhibits the least circuit noise, the noise being equivalent to
less than l°C temperature chaage of aluminum° Probe vibration induced noise has
been reduced to about this same value by use of the oscillator-ampllfler type of
circuit in which better control of the effect of probe-to-metal spacing variation
can be obtained. Wlth this arrangement, variations in outpAt signal under scan-
ning conditions are observed which are attributed to point-to-polnt chamges in
electrical characteristics of the aluminum cans being used as test specimens.
These variations are of the order of one prcent electrical conductivity, repre-
sentlng an equivalent temperature signal of about 2.5Oc in al,m_:m.

Two inductive thermometer circuits of the latest design are being built in the
shop for use with two separate probes for evaluation for differential surface
temperature measurements in heat transfer test applications.

N_JTRON FLUX MONITORS
ii i i

Investigations and calc_lations continued concerning plutonium alloy in-core
neutron flux monitors° Initial calculations, for 25°C temperatures, using
known cross-sectlons for the various plutonium isotopes, indicated a detector
lifetime exceeding 90 _d_Tswith negligible change in response at a thermal flux
level of 5 x l0I_ n cm'2sec"l. Later calculations, at a temperature of 600°C,
with the known cross-section chamges included, indicate appreciable changes are
possible at this elevated temperature. Calculations now show a predictable
lifetime is possible though not at as constant a level output as originally
indicated by roam temperature using only various plutonium isotopes in the
alloy. Investigations are now progressing on a past history independent flux
monitor perhaps using a cum_riuationalloy of plutonium, uranium, and thorium
isotopes. This type of approach may require maintaining a flux-versus-time
plot to give an advantage of extensive lifetime.

Plans are being made to obtain same equipment for investigating a possible micro-
wave technique for neutron flux monltorlng.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES
i ||ii

Atmospheric Physics
0

Editing of the mass and exposure data compilations from the 1959 field experi-
ments in atmospheric dispersion and transport continued. Va_'iancesof crosswlnd
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dosage patterns at distances of 200, 800, 1600, 3200, 12,800 and 25,600 meters
from the source were cunpute_ and the variations with distance studied graphically.
In addition, the variation of maximum dosage on a given arc with distance was
exsm_. At the month's end, possible causes of anomalous behavior of these
distributions were under Investi_tion.

A review of our cooperative progrs_ with the Air Force Geophysical Labora-
tories was held September 12-16, i_0. The status of the Green Glow reports
were reviewed au_ changes indicated where necessary. Information was received
that an additional $271000 (previously reported as $25,000) will be transmitted
to the AEC for use by the Atmospheric Physics Opera_ion for continued development
of a two-color technique for atmospheric diffusion studies, a problem of m_tual
interest. The principal initial use of the techui_ue is for the simultaneous
release of a tracer at two levels on the Meteorology Tower to study the effect of
height of release on the groun_ level dosage patterns.

In the current series of field experiments aimed at studying dispersion and trans-
port, four additional tests were obtained yielding data of horizontal and vertical
distributions to a distance of 3200 meters from the source.

The precipitation scavenging investigations are presently concerned with the
efficiency of raindrops to collect and retain zinc sulfide tracer particles.
Plans are now underway to conduct a diffusion experiment in natural rain and
collecting samples for analysis.

DOSIMETRY

A magnetic tape spectrum stripper was installed on the pulse height analyzer at
the whole body counter. This device permits recording spectra on magnetic tape
and also permits insertion of known spectra back into the analyzer. Some minor dif-
ficulties are still being encountered in the subtraction mode of the stripper.

Previously, half of the pulse height analyzer was used for storage of the back-
ground spectrum. Now the background spectrum can be stored on magnetic tape
through use of the spectrum stripper. The entire analyzer is thus available
for use in counting. This ham permitted inclusion of higher energy gamma rays

emitted by h_cnamsubjects. The first result _ been the discovery of four newcases of Na_ deposition. Two to II mMc of Na2 were observed. Two of the sub-
Jects were counted the day after their initial count in the howe that observation
of the decay of the radioisotope would confirm that it was Na2Ao Both subJects_
however, had more of the isotope on the second day than on the first.

Special margin-punched cards _ere designed and fabricated for keeping data ob-
tained frcm the whole body counter. The punches in the margin of the _ard permit
sorting of the cards by serial number_ date, results of the examination or char-
acteristics of subject. The cards are now being used as the primary record at
the counter. They have to be supplemented by a separate card file by name of
the subject on which are listed the serial numbers of the counts that have been
made on them. The data obtained in routine counting in 1959 and the first half
of 1960 have been transferred to the punched cards. The cards permit r_pid sort-
ing for averaging, preparation of histograms and searching for covrelatlons.
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A new Nai scintillation counter_ the ssme size as our present one# was received.
lt is being mounted in a position beneath the bed used for scanning type counting.
The input to the pulse height analyzer is being modified so that either counter
may be used separately or both counters may be used together@

In an experiment run overnight a i0 mc Co60 source placed 18 feet outside the iron
rome increased the background of the whole body counter by a few percent. This
was higher than anticil_ted but not high enough to be of amy concern. This test
was performed as a matter of our own interest and to help the University of Nash_
ington plan their whole body counter.

The rate of elimination of Cs137 has been studied for two subjects° The elimina-
tion has been exponential with half-lives of 63 and 95 days°

The positive ion Van de Graaff performed satisfactorily during the month. The
alignment of the accele_tor was checked a/_er it had been opened for maintenance
to the ion source. No change in alignment was observed° The accelerator is in
the midst of a scheduled sh_tdowa for installation of a new positioning device
and a new analyzing chamber.

A study was completed of the response of the precision long counters to radioactive
neutron sources. The study confirmed the reproducibility of the counterso One of
the precision long counters was compared with the long counter that has been used
as a staudard for Hanford neutron dosimetry. The precision counter appears to
have a better energy sensitivity than the old st_ counter° A neutron source

and calibrated B_ tubes ware transferred to the National Bu,z'eau of St_ to
get them started on their portion of the precision long counter program.

The current output of the helium ion source being devel_ed for the Van de Graaff
was considerably improved by substitution of a better oscillator circuit.

A set of small tissue equivalent ion chambers was cumpleted for use in neutron
depth dose studies.

The efficiency for neutrons of a silicon p-n diode manufactured at _u_ford was
measured. Recoil protons were detected frum a sheet of tissue equivalent plastic
placed in front of the diode. The efficiency was 5 counts/torero°

A second rsdium source used in instrument calibration at Hanford was measured in

the gsmma ray calorimeter. _he result indicated a source strength 1._ less than
the value now accepted.

New high voltage resistors were received far the besm sweep device for the elec-
tron Van de Graaff. A _ foil to reduce radiation losses was installed in the
electron besm calorimeter. It reduced variations in the calorimeter calibration
to O.l_ per day.

INSTRUMENTATION
i

Erperiments_ _d_ringsevera_ temperature inversions_ have established the radon and
thoron (86P__-_ and 86P__*) all_ha-to-coincidencecount-rate ratio as being lO:lo

.
This Inf_rmatlon _ permit comgletion of the present development project con
cernlng the colncidence-ty_e all,ma air monitor. The stated ratio cam be modified
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by vsa_ the coincidence gate width to arrive at an optimum figure which can,
m_terially, determlme the ultimate airborne p_239 detection level ability of the
instrument. BF selection, the optimum gate width was found to be 200 microseconds,
and this permitted an accurate balance (null condition) to be obtained throu_
several moderate inversions proving that the radon-thoron effects can be effectively
cancelled electronlcsAly. Both digital and analog type readout circuits are being
investigated to determine the most accurate and reliable method. All clr_uitry
is transistorized.

Fabrication was started on one experimental prototype personally carried, alarm-
lng, selectable level, dosimeter extending from 0-200 mr with selectable alarming
increments of l0 mr over this range. The unit can be read out visually at any time
or read on a standard HAPO charger-reader. The instrument employs a self-reading
"pencil" dosimeter, a fiber _11_-_n_tor, a CdS cell detector and completely transis-
torized circuitry.

E_periments continued concerning the CaY2:Mn thermoluminescent dosimeters, Includ-
ing obtaining data concerning response versus gamma energy from eight Kev to 100
Eev. The present experimental packaging approach gives an acceptable energy res-
ponse flatness from 20 Kev to I00 Eev. lt is expected that this can be improved
with a new package, now in develol_nent,to aid In readout of the device° Methcd_
were established to simplify the packaging of the dosimeters for production fabri-
cation. With each experiment cumpleted, the potential usefulness of the device
appears more attractive.

EXl_erimentalfabrication is nearly complete on _wo prototype miniaturized gross
alpha detector instruments employing a 0.75 inch diameter P_N silicon surface
barrier diode as a detector and six transistors in an amplifier and headphone
driving circuit. The cc_rpleteInstrument is a lucite tube one inch in d_!.ameter
and about ten inches long, thereby produclmg am extremely compact device for
genera& gross alpha monitoring. There are no gamma interference effects even at
l0 r/ht dose rates and the alpha geometry approaches 20 percento Tests rill start
within two weeks and the prototype units .willthen be ready for demonstration.

E_perimental fabrication is nearly completed on two prototype scintillation,
completely transistorized beta-gsmma dose-rate meters of the miniature battery
operated portable type. These umlts use a solid-state chopper input plus
transistorized amplifier, high voltage supply, etc° The units are a linear,
_Alti-rauge type with decade ranges from O-1 mr/ht up to 0-10 r/ht or other
ranges as desired. Field preference seems to be 0-5 mr/ht for the most _ensi-
tire range.

Equipment has been procured to provide a vacuum system for use in alpha energy
analysis work using the P-N silicon surface barrier diodes. In addition, some
1000 ohm-cn silicon materi_l was received to permit experimental fabrication of
more units. Also, s_ne Li_ was received to provide material for _perimental
fabrication of s_ne neutron energy analysis detectors using the same silicon
diodes. Work is progressing rapidly in t'hisfield of investigation with _xten-
sive usefulness foreseen for the devices at HAPO°

All necessary ccmponents have been received and are rapidly being assembled for
the experimental electron beam deflection control instrument for use with the
negative ion Van de Graaff accelerator.



The experimental servo-controlled logarithmic scintillation remote area monitor
is c_plete in bread-board form studis presently being tested. High gain RCA
6655-A phototubes will be used in an effort to cover# logarithmically, four
decades fram one mr/ht to ten r/hr. The only problem remaining is to success-
fully hold the cathode to focusing grid voltage constant with chauges in over-
all high voltage. This can be accampllshed with a shelf-life battery or with
Zener diodes. In addition_ au experimental campensatlmg circuit _as developed
foruse at highdoserates (over 2 or 3 r/ht).

Au experimental transistorized circuit using 300 ME transistors was devised as a
direct solid-state equivalent of the vs_aum tube "White" cathode follower used
for multiplier phototube work° The circuit is now being tested. The solid state
unit should handle very fast pulses (one nauosecomd) without difficulty°

Experimental work is progressing on a transistor-driven mechanical (miniature)
chopper in an effort to reduce chopper noise and permit low level signal (d-c)
currents to be used° At present_ the chol_r noise level is equivalent to about
10-9 mlcroamperes. This is a factor of l0_ better thau the noise level for best
solid-state choppers°

The development work is nearly camplete on the mlmiature GM tube detector_
apprazimate dose-rate integrator device possibly to be used as a personally
carried, alarming, apprazimate dosimeter. E_perimental prototype fabrication
is scheduled to start as soon as the proper miniature relay cam be obtalmed.
Investigations have started on another personally carried alarming, selectable
level (0_200 mr) dosimeter using am ion chamber (25 ce) and an inverted sub-
miniature tetrode in au effort to reduce leakage currents which contribute to
reading errors.

An estimate of the cost of a study to improve the reliability of the whole body
counter multichanuel analyzers was prepared and sent to Radiological Physics
Operation.

Consultation was given on the spectrum stripper for the whole body monitor
pulse height aualyzero lt was fotmd that a simple c_e could overcame a
design difficulty am_ make the system operate properly.

WASHINGTON DESIGNATED PROGRAM

Isotopic Aual_es

The mass spectrmmeter for this program operated at about 125 percent efficiency
again this month. Three days were spent in speotrumeter maintenance and test-
ing.

Further analysis was done on the comparison of the isotopic aEalyses of ___
natural uranium obtained on this spectrumeter with the 'best values" obtained _r_

elsewhere. The previous monthly report_ HW-6664_B, page B-21, erroneously _
credited a best value of (0.7196 ± 0.0006) atam percent to KAPL. This result
is actually the best value from Oak Ridge obtalmed fram the document K-IR01o _._
The _ group reported three val_es: 0._3 ± 0.0009, 0.T214 ± 0o0013_ am_ _
O.7244 ± 0.OOll.

Themmzora,valu wasOo7Z88± o.ooo8.  ohe'OakRi e aua

I1
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Hanford values e_ee within the stated errors.

This array of results indicates that a small but significant b_ oes result
from analyses performed on different mass spectrcmeters.

TEST REACTOR OPERATIONS-- , , . ,.

Operation of the PCtR contlnmed routinely during the month on a two-shlft basis.
There were no unscheduled shutdowns.

The NPR condensed lattice experiments for ke# f_ p, ¢_ wet and dry and the Plutonium
Recycle Program Pu-AI fuel in a lO-i/2-inch graphlte lattice experiment for flux
traverses were completed during the month.

The NPR "mockup lattice" experiment for ke_ fl P, ¢_ wet and dry was started during
the month.

The operation of the TTR was limited to the irradiation of one group of foils for
calibration purposes in support of NPR experiments.

CUSTOMER WGRE

Weather Fcrecastin_ ,,,,andMeteorolo_ service

_ of Forecast Number Made _ Reliability
8-Hour Production 90 84.9
24-Hour General 60 86.6
Specie& 91oi

September was warmer and drier than normal. However, there was nothing unusual
or extreme.

Instrumentation and Systems Studies

The complete, closed-loop calciner temperature control system, using the corrected
process model, was simulated on the analog ccmputer. The results of tests made
to determine the system responses to various types of disturbances were sum-
marized in a memorandum. The cust_ner (CPD) is now planning to install the recom-
mended control equipment on the actual process°

Work has been started on an X-ray diffraction peak integrator for FPD. An effort
to utilize the instrument's electronic counter was cQmplicated by a background sub_
traction requizement. A mechanical counter with a subtraction solenoid has proven
to be too slow. The probable solution will involve an electronic or mechanical
integrator attached to the instrument peak recorder°

The reference system, for evaluating the Schaevitz DES-lO0 (micro-displacement
readout) system, is being slightly modified in order that it can be accurately
calibrated before being placed in service as a reference system. The DRS-IO0 is

being evaluated for the Physical Metallurgy Group and will be used for making in-
reactor creep measurementso

e
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The multi-level in-cell beta-gamma monitors and the air filter monitor for Chemi-
cal Research and Development Operation were completed_ calibrated, tested, and
delivered to the 325 Building for installation.

The Pu239 (17 Kev X-ray) Wound Probe for Records and Standards Operation, ELO,
is being revised to provide better resolution and sensitivity with the four-inch
diameter by three-millimeter-thlck Nal crystal. Tests have shown the unit capable
of detecting about 8,000 d/m Pu239 through one-eighth inch of flesh-simulatlng
lucite. It is hoped to improve the sensitivity by a factor of five for field use
although the present detectable amount limit is considered adequate for routine
field inspection of wounds.

A scintillation, transistorized, portable gamma energy analyzer of our design,
which has been in the HAPO portable instrument pool for a year, was modified tc
provide drive for a one-milliampere chart recorder. This work was done for the
Radiation Protection Operation, HLO, to provide am alternate unit for aircraft use
at the Nevada Test Site. The regular, previously designed, transistorized airborne-
sensitive gamma monitor (gross) will also be used in the tests.

Ten RCA 6655-A phototubes were tested and graded according to signal-to-noise
ratios_ resolution, etc. for personnel at the 234-5 Building for use with their
multi-chanuel energy amslyzero

Assistance was rendered and electronic instruments (amplifiers, high voltage
supplies, etc.) were loaned to the Biology Operation for use in studies of S_5

uptake in plant leaves o
..Optics

Radiomatic Head for Purex Dissolver
,i i ii

An investigation of methods to detect a 16-square-inch 400°F body in a 200°F
backgrou_d is being conducted for CPD. A memo has been written describing the
problem and discussing a possible solution@

Work Autl_orizationsReceived
. III '|l I

io Pr_Lde drawings and specifications for NPR periscopeso

_o Design length measuring device for i05-C Fuel E_amlnation _cilltles.

3o Adair;mlcrophotumeter for the Biology Operation for use in dosimetry studies.

Radiation Ratio Pyrmmeterlm,

The met_lograph l_/rumeterwas installed for preliminary testing. Temperatures over
the 500°C to lO00°C range were readily monitored and the output of the pyrometer
was used.to control the temperature of the specimen in the hot stage of the metal-
lograph0. The pyrometer is now returned to the Optical Shop for final wiring and
improv_ent of appearance.

The FPD e_,Ic_rusionpress pyrometer has been completed as far as the electronic and
mechanics_lassemblies are concerned. The lenses and filters are now being installed
and prepe_rationsare being made for testing the unit. Details of the design of an
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aperture which will linea_ize the output of the pyrc_eter have be worked out.
Circuitry which autc_aticall_ phases the l_rrc_eterwith respect to the 60 cycle
power line has been developed.

Sho_ Work

A total of 501 _ours work was performed, clurir_ the four-week period (August 28 -
_t_ber aS). o_ t_, z_ wasr= _D, 8_ _or _, _ torc_, 5_ for_o,
a_i lO_ for Code 0710.

The work immlud_1:

i. Fabricationo_f 20 glass bearinss for CPD. •
2. Fabrication of a periscope for IPD.
3. Fabrication of one ra_Lation ratio pyr_eter.
4. Resurfacin8 four pump seals.
5. Fabrication of a probe for air gap measurement.
6. Modification of two telescopes for 23_.-5 Building.

..Az_c_ic_mputerFac_It7,o_rat',o_

The major problems on the analog ccmputers this month include:

1. _ sa_e_ _ls.
2. Reactor Ezcursion Studies.
3. NPR Pressure Confiner.
4. Speed of Control.

The tape trs_c_t units were received back on plant this month. They have been
partially checked out. A complete checkout of the units a_alnst our specifica-
tions will be made d_ October.

The cce_er operations breakdown is as follows:

Cmrputer Operati0n'

GEDA 52 hours up
" _ hours idle time

. 0 hours unscheduled downtime
24 hours scheduled downtime

• _ hours total

EASE 116 hours .-up
16 hours idle time
36 hottrs unscheduled downtime

0 hours scheduled downtime
hours total

• 36 hours of this was because the EASE computer
was not working and both c_nputers were needed
to solve the problem.
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The large amount of idle tlm_ was due to the need to use the EASE ccmputer or
both computers.

Fabrication is proceeding on the amplifier test unit to be used to test the
operational amplifiers in the G_DA and EASE computers. At present several EASE
amplifiers are inoperative. They will be repaired with the aid of the ampli-
fier test unit since there is no other way to power the amplifiers outside the
computer.

Tests have been completed on the 51 bad 12AX7's and the 18 bad IRAU7's removed
from the EASE computer 1148 amplifiers since April, 1960. No predominant mal-
function was found in the tubes. Only three of the 12 AUT's showed amp bad charac-
teristics; thirty-two 1RAX7's appeared poor.

Goodyear has flmsily agreed to sell us certain replacement ccmpoments for the GEDA
computer. Fourteen printed circuit cards, a stabilizer ccsmmtator assembly and
patchbay board have been ordered. Fabrication of the amplifiers on the printed cir-
cult cards will be done locally.

Instrument Evaluation

1. Acceptance tests were completed on 65 C-P instruments and on 13 Model II,
634 Building Area Monitors.

2o Field tests continued satisfactorily on the prototype Model II transistorized
(llne-ol_rated) "Scimtrau" instruments which, by merely changing detector
probes, cam be used as &esired for alpha, beta-gamma, and neutron monitoring.

3. Field tests continued satisfactorily on o_hecombined (prototype) transistor-
ized cart-poppy replacement for use with either air-proportional or scintilla-
tion probes for alpha monitoring.

4. Field tests were started on the combined alpha, beta, gamma scintillation
transistorized hau_ and shoe counter. Tests at lO0-D indicated that some lead
shielding would be necessary because of extreme background (gamma) condition.
The instrument, which needs no lead shield in providing a_equate sensitivity
in most plant locations, is now being slightly modified with the required
shielding for use at 100-D am_ other high-background locations.

5. Drift tests were completed on the commercial Victoreen dual logarithmic
count-rate meter (with a center ratio meter). The tests showed a drift of
18 percent of one decade on the log scale per day. This is too excessive for
on-the-lime field use; howevers laboratory use under controlled conditions
would be possible.

_er
PHYSICS AND IN_ RESEARCH

AND DEVELOPMENT

PF Gast:mcs
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IRRADIATIONPROCESSES

Radioisotopes in Reactor Effluent Water

Chemical Forms of Reactor Effluent Water Radioisotopes - Paper electrophoresis studies

of Mn-56 and As-76 containing species in reactor effluent water indicate that Mn-56
is present as manganous (Mn++) ion. As-76 is present as both the arsenate and the

arsenite ions with arsenate the predominant ion at the time of measurement, which is

several hours after leaving the reactor. The arsenlte species does_not migrate in

the background electrolyte, which was 1 x 10 -2 M NH_N03 and 2 x i0"_ M Na0Ho

Reactor Water Treatment Studies - A small laboratory water treatment plant modeled

after the reactor water treatment plants was successfully operated at one-half gallon
per minute for the month. Tests were completed on the use of aluminum nitrate f!oc-
culant as a substitute for the alum presently used. Results of these tests show that

use of 26 ppm AI(N0_)_.9 H20 _ reduce the arsenate in influent water by a factor of
nine or more over tSe=reduction presently obtained by the alum flocculant treatment.

In order to determine if this would result in a corresponding reduction of As-76 in
the reactor effluent water, one-half reactor tests with high concentrations of

aluminum nitrate and alum flocculants were started this month by IPD to test the
effectiveness of these treatments.

Uranium Oxidation and Fission Product Volat-ilIzation

Experimental work was continued to study the effects of irradiation level on the

release of fission products from overheated uranium fuels. The irradiation level of

the uranium samples now being used is about i0,000 times greater than that used in

the low level work. To date there is little information which would lead to a con-

clusion that the concentration of fission products has any significant effect on the
percentage of fission products released although there is some indication that the

release of tellurium may be less and the release of strontium slightly more than
predicted from trace level work.

Plans were completed and experimental equipment almost readied for the study of kinds
and nature of particu3Lte matter r_leased from overheated fuels.

NPR Effluents

Attempts to effect removal of phosphorus from phosphoric acid reactor decontami_.ting
solutions by passage through a bed of limestone chips were unsuccessful. The calcite

increased the pH of the solution to 4.0. With an initial NaOH neutralization to pH
9.5, passage through the bed reduced the pH to 7.8 without appreciable phosphate
removal° These experiments indicated that a limestone bed would be unsuitable for

the predisposal treatment of phosphoric acid cleaners. Equilibrium experiments con-

ducted with CaCI 2 and CaSO 4 indicated that up to 90 percent of the phosphorus could
be removed, but only when the cleaning solution was initially neutralized with NaOH.
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Reactor Effluent Treatment
, ,,

The pilot scale aluminum turnings bed accumulated 840 hours of operation at a bed flow
rate of 3.8 feet per minute. At this time the bed was removing 68 percent of the As-T6,
87 percent of the Zn-65, 57 percent of the P-32, and about 25 percent of the NP-239°
The significant removal of Np-239 was unanticipated from laboratory tests. Pressure
drop had increased from about 0.I inch per foot to 0.24 inch per foot, the increase
largely due to effluent basin sludge coating the first few feet of the bed. This
could likely be pre_ented in a full scale application but cannot be easily avoided in
the pilot scale facility because of the location of the basin intake to the facility.
A maximum dose rate against the bed structure of 470 mr/hour was reached. Tests were
begun at a flow velocity of six feet per minute. Radiation from the tank soon reached
i100 mr/hour.

The 30-foot long bed is as effective in decontaminating reactor effluent as the labora-
tory work indicated, except for Np-239 which was being retained to a greater degree
than was indicated in the laboratory.

SEPARATIONS PROCESSES
__

Feed Preparation

Dissolution of NPR Fuels - Instantaneous dissolution rate determinations were made for

the dissolution of_ extruded uranium in nitric acid - uranyl nitrate solutions simu-
lating dissolution to two molar uranyl nitrate. Rates obtained were comparable to
those for current production ingot uranium as well as extruded uranium containing
small amounts (0.05 percent or less) of alloying constituents,: such as iron, silicon
or zirconium. They were several-fold higher than rates similarly obtained for
extruded uranium containing one to two percent zirconium.

Solvent Extraction

Solvent Evaluation Studies - A series of isoparaffinlc hydrocarbons produced by the,

Ashland Oil and Refining Company was studied as possible diluents for use in the Purex
Process solvent. These hydrocarbons are reported to be exceptionally low in oleflnlc
content. Tag closed-cup flash points for the sixteen samples available ranged from
147 to 181 F (F.P. for Shell E-2342 - 151 F). Specific gravities ranged from 0.761 to
0.785 (Sp.Gr. Shell E-2342 = 0.801). Tests made to date indicate the Ashland Oil
hydrocarbons are less susceptible than Shell E-2342 to undesirable chemical degradation
on exposure to nitric acid - nitrous acid solutions. Fission product retenticn in
solvent containing chemically degraded Ashland Oil was significantly less in batch
contacts simulating Purel first cycle than when degraded Shell E-2342 w_s used as
the diluent.

Purex First C_cle Scrub Studies - The effects of scrub nitric acid concentration and
uranium concentration in the solvent on scrub section decontamination in the Purex

first cycle extraction column were studied. A sample of Purex HSP (organic product
from first extraction column) was found to be 0.292 M in uranium. When this organic
phase was scrubbed four successive times with i/5 volume portions of scrub solution
containing 3 M HNO , gross gamma E°avalues increased from 1.0 to 7.9 in the series.
In similar co_tact3 with the scrub containing 2.0 M HNO_, gross _a_ma E° values
increased from 0.22 to 4.8. With organic uranium _once_tration increased to 0.38 M,

gross gamma E° values increased from 0o18 to 3.1 for 3 M HNO3 scrub and from 0.16 to



2.0 for 2 M HNO3 scrub. Both increased uranium saturation in the solvent and decreased
acidity in-the scrub improve scrubbing efficiency. Attempts to improve scrubbing
efficiency by adding inert zirconium to the scrub solution were not successful.

WASTE TREAtmENT
, H|,

Semiworks Batch Waste Calciner
,,, , ii

Three runs have been made to date in the pilot-scale batch calcination facility with
pots eight inches in diameter and four feet tall. The feeds for the first two runs
were simulated Purex-type acidic wastes, with sulfate to salt nitrate mole ratios of
0.5 and 1.35 for the first and second runs, respectively. (Previously reported
laboratory findings indicated that a sulfate to salt nitrate ratio in the feed of
greater than one is needed to form a melt at about 850 C. ) The third experiment was
a melt-down study of the granular Purex waste produced in a fluidized bed calciner.
The simulated acid waste fed to the fluid bed calciner h_d a sulfate to salt nitrate
ratio of 0.55. A quantity of anhydrous sodium sulfate was blended with the granular
calcined waste such that the equivalent sulfate to salt nitrate ratio of the liquid
feed to produce the mixture would have been 1.4.

Highlights of the pilot-scale runs are.

1. The melt formation behavior in the pilot plant is as predicted from the
laboratory studies: melts formed when the sulfate to salt nitrate ratio in
the waste solution (or equivalent) was about 1.4, and did not form when the
r_tio was 0.5.

2. Foaming is excessive when operating with a high solution level in the pot.
During the second rum, some foam-over occurred and the conductivity probes
used to indicate solution level were shorted out by calcined foam. Foaming
was not a problem in the first rum where a shallow solution level was maintained.

3. A higher temperature is required to produce a melt from a sodium sulfate -
fluid bed powder blend than from a melt-formlng aqueous waste. Melting
occurred at about 875 C in run 3 and at about 825 C in run 2.

4. Central cracks and fissures form when a melt solidifies and cools. A gap
of about 20 mils was observed between the solids and the pot wall.

5. Upon solidification, a layer of yellow, crystalline solids formed above the
brlck-like calcine in rum 3. The volume of the yellow solids was about twenty
percent of the total.

6. The bulk specific gravities of the melts were 2.45 and 2.3 compared to 0.85
for the porous, non-melting calcine.

7. A thermal conductivity of 0.4 BTU/(hr)(sq.ft.)('F/ft.) was measured for a
piece of solids from the second run.

8. No significant .potcorrosion was evident in any of the runs.

Fluid Bed Waste Calciner Prototype

Operation of the fluid bed calciner has continued with a feed of simulated high-acid



Purex waste solution. (Nominal feed co.m_sitlon is: H+ 6.C14,Fe+3 0o25M, AI+30olOM,
cr+3o.o M_, so4" o.oi_,  .OM_o7

Three runs were completed in which the feed nozzle(1) was mounted at the apex of sn
inverted hollow cone which in turn was mounted on the bottom of the calciner heater
section. This was done to determine the feasibility of using the atomizing gas
stream in the dual-pu_se role of atomizing the liquid feed and fluidizing the bed.
This technique would greatly reduce the volume of calciner effluent gases to be
processed. The runs exhibite_ only limited success. _his was primarily because the
relatively poor atomizing gas d/stribution of the nozzle resulte_ in localized areas
of quiescent be_, even at mo4erately high atomizing gas-to-feed volume ratios of i000.
(Fee_ rates were 12 to 15 llters/hour.) Other observations are:

i. Build-up of nozzle lumps does not occur at the higher atomizing alr-to-feed
volume ratios (approximately I000), but does sometimes occur at lower ratios.

2. Mixing of the calcine in the cone with that in the calclner proper is adequate
to prevent caEing in the cone at the higher atomizing air flow ratios.

3. Calcine particle size even at the lower atomizing air rates is relatively
small (approximately 60 percent of the calcine passes through a 48-mesh screen).

Two runs were performed in which the fee_ was InJecte_ through an extended-tip nozzl_
locate_ five inches below the stagnant bed height (compared to about two inches in
most previous runs). Comparisons to the previously tested nozzle position show that:

i. Powder bulk density (tapped) increased from about 1.4+ to 1.5+.

2. Fluidizing air flow rates requlre_ for operable bed agitation is increased
about ten percent (to 0.7 ft/sec, superficial velocity).

3. Atomizing air-to-feed volumetric flow ratios required to prevent lumping at
the nozzle increase by about thirty percent (to 450).

4. The number of particles of the larger sizes (greater than 35 mesh) that are
built up in layers rather than by agglomerating appear to increase somewhat°
Total large particle formation rate does not change significantly°

Another run was Performed with the nozzle in the lower position but with the calcine
removal from the bottom of the calciner bed rather than from an overflow line. Pre-

liminary observations indicate no significant change in calciner Performance and
calcine properties compared to those with the overflow llne. However, this scheme has
the potential a_vantage of minlmizln6 build-up of large particles in the calciner
because the powder is removed from the location where the larger particles tend to
accumulate.

(I) Spraying Systems Company set-up 4B with the outside diameter of the atomizing
gas annular orifice being 0.1360 inch.
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Radiation Stability. of Calcined Solids

In connection with the stud_ of radiation stability of calcined waste solids it has

been necessary to obtain a measure of the efficiency with which the beam from the Van

de Graaff generator is absorbed in the sample. The use of ce_Ic sulfate dosimetry
was accordingly extended to high level5 (doses up to 9.5 x I0° rad) and to dose rates
of 6 x 104 rad/sec. It was found that only about 30 percent of the beam current is

absorbed. (The rest is presumably stopped by the window and sample holder or scattered

by the air. ) Conversion of beam current to absorbed dose for solid samples will be

somewhat more uncertain due to lack of mixing in the sample and inability to deliver

energy uniformly. Samples representing the major proposed types of waste have been
prepared and irradiated, but the gases produced have not yet been measured and
analyzed.

Observation Wells
,,, ,

The Hatch Drilling Company completed two of the three well drilling projects under
Contract AT(45-I)-1607 during September. These two projects called for the construction

of nine wells, three in the 200 West Area and six in the i00 Areas. Ali nine of these

wells were drilled adjacent to new ground disposal facilities for ground water monitor-

ing purposes.

At month end the Hatch I_rilling Company had completed three of the ten wells on Project
CAH-885, and were drilling on three others. Two of the three drilling rigs are being
operated two shifts per day at sites 699-37-82-A and B, 20 feet apart_ Here_ the two

_ells will terminate in different aquifers showing different potentiometric head.
_Changes in head with time in those two aquifers can then be compared to determine the

degree of interconnection between them as it might affect the potential movement of
wastes at depth in the deeper aquifer.

Well 699-S-ll-E12, two miles north of the 300 Area, encountered artesian water within

the upper 46 feed of the basalt series. The well now flows about 1.5 gal/min, at an
aititude of about _00 feet above sea level. The well lles within the area recommended

as a site for a well field for a 300 Area independent water supply system.

The source of the head and the water is not known. Localities where the water table

lies appreciably above 400 feet altitude, and where aquifers in the basalt are so

located as to he rechargeable, completely surround the Hanford WorMs area but at

distances greater than about eight miles. Studies are underway to determine if the

waters may be originating in the Columbia Basin Irrigation District east of Hanford
and passing beneath the Columbia River as cross flow and underflow. The evident

continuity of the confined aquifer from the recharge area to the well site, the rate

of flow, and the permeability of the aquifer are of interest as they may concern dis-
posal of wastes within the basalt series.

Only minor changes were noted in ground water contamination patterns in the vicinity of
t he 200 Areas over the mon_n. The eastward movement of contaminated ground water

under the center of 200 East Area has become more pronounced. Recent increases in
beta-emltter concentrations in wells north and south of the Hot Semlworks mark this

location as the current eastern edge of this particular ground water contamination

zone. Radioisotopes at this location originated in wastes discharged to the 216-BY
cavenged waste cribs approximately one mile northwest of the Hot Semiworks. The
riginal southward movement of the _round water from beneath the BY cribsite has reverted
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to sn eastward movement during the past six months. The shift is probably due to the
increased effect of the 200 West Area ground water mound on the movement of contaminants
under 200 East Area.

Disposal to Ground

Cousultations were held with Chemical Processing Department regarding the use of the
_.6-T-28 crib for receipt of decontamlm_tlon wastes. It w_s recommended that two
addit_onal wells be drilled near the crib. Some contamination has been detected with

a scintillation probe in an existing well near this crib. The contamination is in a

band at about 30 to 60 feet from the surface and is supposedly spread by the caliche

layer. A soll column test with 27o6W decontamination waste was completed and showed

no detectable Sr, Cs, or Pu breakthrough to 16 column volumes. However, more meaning-
ful soil column work wBs planned to study the actual condi'_ion. These experiments will

use contaminated soils from the new wells together wi_h solutions displaced from the

cascade tanks (containing Bis_Ath Phosphate second cycle waste) by the decontamination

solutions which are led into them. In this way, the actual waste to be cribbed (tank

effluent) which my be quite d_ffer_nt from the decontamination waste (tank influent)
will he studied in its reaction with the contaminated soils associated with the crib.

Laboratory equilibrium stltdles were made on the adsorption by soil of nuclides from

the Purex organic waste going to the A-2 crib. Preliminary =esults indicated good
adsorption of strontium, alpha emitters, and zirconium-nlobium, but no removal of

cobalt. C0-60 level in the samples analyzed was two to three times MPC.

TRANS_ EL_ AND FISSION PRODUCT C__i

Strontium Recover_

Purex Plant Flowsheet Studies - Although the lead carrier - oxalate metathesls flowsheet

for the recovery of a strontium rough-cut in the Purex head-end equipment gave excellent

yields in laboratory experiments with synthetic i_, performance in hot-cell and plant
runs with plant IWW was unsatisfactory. Carrying of strontium on lead sulfate was

satisfactory, but losses in the subsequent oxalate metathesis and product precipitation

steps were excessive - apparently because of difficulty in dissolving the lead sulfate
coupled with interference by sulfate in the later steps. A series of flowsheet modifi-

cations were explored in arriving at a solution to this problem. Approaches tested
included: changed precipitation conditions (to minimize the amount of lead sulfate

uued), thorough study of the nitric acld-oxalic acid metathesis, caustic-tartrate dis'
solution of the sulfate cake, sodium hydroxide meta_hesls and leaching prior to oxalate

precipitation, acetate leaching of lead, elimination of lead through use of a rare

earth carrier, and carbomate metathesis. The carbommte metathesis proved quite satis-

factory, and can be readily carried out in the Purex centrifuges. Use of hot (60 C)
1 to 1.5 M sodium carbonate removed sulfate and converted the sulfate cake to a mixtureII

of lead, rare es.-%h, and strontium carbonates with loss (in the laboratory) of less
than one percent of the strontium. The carbonates are readily dissolved in dilute
acid, and a Judicious choice of solution volumes results in sn o_late supernate
(strontium product) volume only one-fourth that of the initial IWW. This volume

reduction at this point eliminates the need for a strontium concentration step prior

to 2_-CR storage, thus effectlng a significant saving in time cycle.

The two-cycle carbonate metathesis flowsheet proved entirely successful in the plant
(Purex run #5). Overall strontium recovery was 85.3 percent, and decontamination

factors from Zr-Nb, Ru-Rh, Ce, and Y were 15, 242, 22, and 58, respectively° The time
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cycle was only three days vice 5-1/2 days °previously This shor time cycle

will make possible processing of all of the strontium from the inventor- of aged metal
rather than the 50 percent which would have been possible on the fo._mer flowshee_o

Further laboratory work has shown that a combined 5 M NaOH - 1 M Na2C03 metathesis
may be somewhat better than carbonate alone° Strontium losses are still less than

one percents but the bulk of the lead is also removed° This would be of particular

advantage in an integrated flowsheet in which it was desired to recover cerium and/
or promethium as well as strontium.

The major flowsheet problem remaining is determination of the best way to concentrate

the strontium, after return from 244-CR_ for shipment to 325-A or the Hot Semlworks.

It is impcrtant to use a carrier-free precipitation to avoid complicating the puri-
fication cyc.le. Preliminary experiments suggest that solubility losses may be

higher than are tolerable and indicate that au evaporator would be very desirable
for Semiworks and B Plant use°

Laborato_ Solvent Extraction Studies - Experiments were performed to develop chemical
flowsheets for solvent extraction isolation amd purification of strontium-90o Feed

for the process is the solution which will result from "crude cut" processing of

Purex IWWo Solvent for the process is di(2-ethylhexyl) phosphoric acid (D2EHPA) in a

Shell Spray Base diluent containing some TBP. Feed stability studies, single batch

contact studies and mimi-mixer-settler runs were m_de with solutions simulating those
expected to result from the "crude cut" procedures.

Dilute crude cut solutions (0°25 _I Sr) were stable tows_d solids formation at pH's

up to three when made 0.25 M in tartrate. At higher pH' s, solids believed to be

+_artrate salts precipitated. Similarly, solids precipitated at pH's below 2 when

concentrated (2.0 g/l Sr) crude cut feeds were made 0°25 _M in tartrateo Concentrated
crude cut solutions were stable at pH values of four or greater when made io0 M ium

acetate or 0°3 - 0.5 M iu citrate.

Single batch contact studies indicate that the first extraction cycle can be operated
successfully at either low pH (ca. 2) or high pH (4-5) with acetate buffered feeds°

Similar studies indicate good first cycle performance at low pH with citrate buffered
feeds°

Two miui-mixer-settler runs were made in which a sinmulated concentrated crude cut

solution, made 0.4 _M in citric acid and adjusted to pH 3 with sodium hydroxide_ was

used as feed. The extractant was 004 M D2EHPA - 0.15 M TBP in Shell Spray Base o
Scrub solution was 0.i M citric acid. The mixer settle-r was operated with seven

extraction and five scrub stages. Flow ratios were feed:scrub:organic equal 1o0:0.6:1o6o

Under these conditions 99.9 percent of the calcium present and only 0.7 percent of
the strontium were extracted.

In similar mini runs a concentrated crude cut solution made 1.0 M in acetate and

adjusted to pH 2.8 was used as feed. Radioactive tracers were us-ed to follow mos_

of the elements expected in the crude cut solution. At feed_scrub:organic flow ratios
of 150"30:150, about one percent of the strontium and barium, 20 percent of the
ruthenium and 80 to I00 percent of the cerium and zirconium-niobium were extracted.

Calcium results are not yet available. Data from these mini runs indicate that

__c quate separation of calcium and strontium and considerable purification of strontium
be obtained in a low pH first solvent extraction cycle°



To prepare the strontium product for shipping it is proposed to precipitate strontium
carbo_te from the product solution (acetate or nitrate) and filter it directly into
the shipping cask. Strontium carbonate precipitated without digestion at pH 9-10 was
not retained on a coarse sintered glass filter. With Celite added (one part by
weight to two parts Sr) and the slurry digested 30 minutes at 80 C, greater than 99°5
percent of the strontium was retained on a coarse sintered glass filter° No changes
in _hysical properties were noted on heating the filtered solids 36 hours at 375-550 C.
The cake was easily dispersed in water with slight agitation.

Pilot Plant Solvent Extraction Studies - Scouting studies to determine the feasibility
o-frecovering _gacurie quantities of Sr-90 from Purex 1WW by solvent extraction
techniques were started in 3-inch glass pulse columns. (Solvent extraction techniques
and terminology are employed, But the m_ss transfer mechanism involved is that of ion
exchange in a llquld-liquid system.) The tentative process consists of two extraction-
strip cycles employing di(2 ethyl,hexyl) phosphoric acid (D2EHPA) or the sodium salt
(N_D_KP) as the extractamt, a feed of simulated Purex IWW fission product crude cut,
a sodium acetate-acetic acid scrub and a nitric acid strip. In general, the process
relies on the extractive and stripping behavior of the various IWW constituents as a
function of pH to enable the required degree of separation sad varification of stron-
tium from the other constituents. Zm the first extraction cycle the strontium,
calcium, sad part of the rare earths, yttrium, sad some iron sad lead are extracted
and scrubbed at a pH of _ to 5. In the strip column the strontium and calcium are
selectively stripped hack into the aqueous phase. After concentration sad pH adjust,
meritthe pre_omlmately strontlum-calcium solution is fed to the second cycle extraction
column where the calcium is preferentially extracted mt a pH of 2 to 3 and the strontium
is retained in the aqueous phase. (It may be desirable, depending upon contamlnsmt
extraction characteristics and other process considerations, to reverse _he above order
of the extraction cycles.)

The studies to date have consisted of extraction column capacity sad efficiency tests
using au acetate-buffered system. The column used has a 12-foot extraction section, a
6-foot scrub section, and am all stainless steel cartridge° Fee@, extractsat and
scrub compositions tested are as follows:

Concentrations (MolaritT_

Feed Extr_ctaut Scrub
-- -- i _l_,, ,,, , ,

No. 1 . No. 2 No. 1 No. 2 INo°! No° 2
i i i ,

HNO3 1.0 2.0 D2EHPA 0o_ - NAc 0oI O o06
Sr 0.006 0.025 NaD_HP - 00_ NaAc - 00i
Oa 0.025 0.I0 TBP 0.2 0.2 pH 2°7 5
re O.018 O.072 (Diluent is Shell E-2342)

0.037 0.037

Pb O.002 0.,029
Feed Adjustment

Tartric
Acid 0.2

NaAc l°0 0.5-1.0
NaOH - to pH 2 to 5
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Preliminary observatlons are "o C-9 __CL__._/_E HW-66960 _

l_ A processing rate of 50 g/br Sr in a 3-inch diameter column is assured and 75

to 100 g/hr Sr is possible (usin_ a feed of 0°025 M Sr) with the aqueous phase
continuous o

2o Column capacities with the organic phase continuous are 50 to 75 percent of
those with the aqueous phase conti_uouso

3o The dispersion noted during aqueous-contlnuous operation appears more uniform
and stable than that observed during organlc-continuous operation° However,

phase disengaging times are longer in the former case (due at least in part
to the formation of an interface crud not observed during organic-continuous

operation ).

4° At the conditions tested with the high pH flowsheet: (a) greater than 90 percent

of mbe Sr and Ca are extracted, (b) more than half the uncomplexed Fe and Pb

are extracted, (c) stripping of the Sr and Ca is essentially complete and pro-
vides a decontamination factor from Fe of at least 20, (d) a single batch

contact of the strip-column organic effluent with sodium carbonate-sodium tar-

trate results in greater than 95 Percent removal of Fe from the organic°

5° At the conditions tested with the low pH flowsheet: (a) less than three Percentof the Sr is extracted, (b) less than five Percent of the Fe and Pb are

extracted with tartrate-complexed feed; about half the Fe and Pb are extracted

in the absence of tartrate, (c) about one-third of the calcium is extracted°

6° The primary problem encountered to date is the partial preferential wetting of

the stainless steel columns internals by the organic phase°

Strontium Purification
, , _

The A-Cell wan reported last month was completed. Despite formation of some precipi-

tate in the columns early in the run (this precipitate was dissolved and further

precipitation prevented by lowering the _egasser temperature) and a moderate amount

of _ssing late in the run, excellent purification was achieved. Lead, calcium, and

strontium eluted in that order with over 94 percent of the strontium recovered at a

concentration of 1.2 g/l and free of any detectable trace of i_city, i.eo, "spectro-
graphically pure o" These results serve to firm up the process which will be used iu

the 325-A production effort.. The only variable which it has not lwen feasible to test

is the possible effect of radiation on the resin; however, dosage calculations and

the best available resin exposure data indicate that resin degradation should not be

a serious problem.

The larger columns, feed pump, and feed and waste tanks are on order and delivery of

all components is expected by mid-October. Install_tion should be completed by

month end° Shade-down and tracer level runs are planned for November with production
runs scheduled to start in early Decmnber.

important advantage of the EDTA ion-exchange strontium purification process for

future B Plant use _s the fact that promethium can be purified in the same equipment

with the same elutrlant and very nearly the same flowsheet. Thus the equipment can
serve a dual purpose.
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strontiumShl,1_ment,

It was reported last month that cerium, too, loads strongly onto Decalso., Although
the radiation limit associated with off-site strontium shipment in STT's has been

relaxed, cerium will continue to limit strontium shipment. A number of complexing

agents were investi_ted in au effort to prevent cerium absorption while allowing
strontium to be retained. EIEA w_s the most effective° In the presence of as little
as 5 g/l of ED_% and fo_ pH's ranging from 3-5 to 8.0, the absorption of cerium was

practics/.ly nil. The distribution coefficient, KD, of strontium from the same
solutions rsaged from,7.R at pH 3.5 to 1.26 at pH 8°0, suggesting that EDTA can be

used to simultaneously prevent absorption of cerium and to control loading of

strontium (to "smear" the strontium out over the entire bed to prevent hot spots )o
o

Several strontium solids, which are candidate_ for f$_ter cask use, were irradiated
in the Van de Graaff generator to dosages (10 _ to 10 Au R) comparable to those expected
in shipment. Compounds tested included strontium hydroxide, strontium oxide,
strontium oxalate, strontium carbonate, and strontium sulfate. None of these appeared
to be entirely satisfactory.

The samples were dried in a vacuum oven under conditions simulating the projected

cs_sk drying techniqu_a, then placed in irradiation ampules, evacuated, sealed and
irradiated. After irradiation, they were placed on a vacuum line, opened, the

essure build-up measured, and the evolved gas collected for n_ss spectrographic

alysis. TotAl volumes of gas collected per gram of sample were as follow_

conmound Dosage(a) ,ceof Gas (S_)/g_le

SrO 5.8x 109 0o023
Sr(0H)2 8 x lO9 2.21

• SrCzO4 5 x 109 53.5

SrCO 3 (Dried i00 C) 2 x 109 9.57

(Drle2ooc) 2 . Io9 7.lo
SrSO4 7.5x i09 8.36

It might be noted t_t although strontium oxide evolved far less g_s after irradiation

did the other compounds, it released copious amounts of gas and exhibited violent

ebullition during sealing. It is also the most difficult compound to prepare (m_de by

heating strontium hydroxide to 6.50C ).

The _s evolved by the sulfate sample was primarily water, indicating incomplete

drying despite heating for several hours at 200 C under high vacuum. The strontium

oxalate gave mostly CO and CO2 as expected. The strontium hydroxide yielded water
(33 percent), oxygen (46 percent), hydrogen (9 percent), and nitrogen (9 percent).

The carbonate samples g_ve hydrogen (49 and 77 percent) and CON (_0 and 18 percent).
Since oxygen was not found in the products of the carbonate irradiation, the hydrogen

may well be due to presence of a bicarbonate.

The above results are being Considered from a cask design and hazards standpoint byCPD Facilibies Engineering. Consideration is probably limited to strontium carbonate
and strontilun sulfate since the method used to prepare strontium hydroxide (precipi-

tation by chilling a caustic-neutralized strontium nitrate solution with ice followed

by filtration, washing with alcohol, and oven drying to remove water of hydration) is
not feasible for Purex use.
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0_omethium Purification

ro supplement the A-Cell runs made several months ago on purification of promethium

_y the EDTA ion exchange process, a laboratory-scale run was made with Pm-147 and
_m-2_l tracers added. (The earlier runs had contained non-radioactive stand-ins for

all of the fission product rare earths except promethium, which has no stable isotope° )

The promethium concentrated, as expected, between neodymium and samarium, and the
americium eluted ahead of samarium. These results substantiate the previous work
and indicate that there should be no americium contamination of the product.

Slurryrying

A heated pot, containing an agitated bed of refractory solids has been successfully

used to dry a water slurry on a continuous basis o To test whether a satisfactory
bed could be established in an empty pot, a heavy slurry of calcium carbonate was

charged into the pot and evaporated to dryness° No lumps were found in the residual

powder and there was no evidence of caking or sticking° On the basis of these tests,

an agitated pot appears to be suitable for the evaporation and drying of a water

slurry of refractory solids.

Sal_ C._ystallizatlon and Dr_i_

SUCCessful attempt was made to crystal_ize an_ dry a water soluble chloride salt
eding a brine into a bed of molten s_'_ containe_ in the agitated pot. A

brine consisting of 200 g NaCl/1 was fea at l0 ml/rain into molten agitated sulfur
maintained at 150 to 200 C° Operation was smooth and uneventful for about one hour

at which time the agitator bound. Examination of the resultant bed showed that about

25 percent of the salt had dispersed into the sulfur while the remainder had settled
and caked onto the bottom of the Pot°

ANALYTICAL AND INSTRt_/_AL CHEMISTRY
,, ,

luTCell Gamma S_ectrometer

The gamma spectrometer installed in A-Cell of the High LeVel Radiochemical Facility

has been partially calibrated an_ was used to follow the results of B-Cell runs,
numbers 4 and 5 (strontium recovery). In this way it was Possible to determine the

fraction of the Ce-l_, Zr-Nb-95, and Ru-103 remaining after each step in the process°

Repeated counting of samples gave values reproducible within five percent; however,
correlation with Analytical Laboratories results was somewhat poorer° Nevertheless,

the in-cell spectrometer has proven very valuable, even at the present state of cali-

bration, for giving a very rapi_ indication of the progress bf the in-cell experiments°

Flm photomet o .,Ca c±umt strontlumand

The amalymis of calcium, strontium and barium by flame photometry was reviewed because
of difficulty the Analytical Laboratories had experienced in assaying the samples

from the A-Cell strontium purification run. Ability to determine these elements in

presence of each other, by suitable correction for interferences, was reaffirmed.

ision for calcium aud strontium was well within five percent and that for barium

slightly greater than five percent. All of the samples were re-analyzed and satls-
factory and consistent results obtained.



Scintillatin G Glassesj,

The two samples of scintillating glasses previously described have been tested for

alpha response. Quantum efflciencies for alphas for the NRL and 96 percent silica
@lasses, 0.07 inches thick, are about 7.5 percent and 3.2 percent that of ZnS(Ag)o
These are adequate for routine counting if low-nolse components are used° Compari-

son of oi_r c_terlstlcs include: peak-to-valley ratios of about 52 and 5.5 as
compared with about 8°7 for unprotected ZnS(Ag) and about 2°8 for Teflon-covered

ZnS(Ag) (as used in "contact alpha" counting), pulse height resolutions of about

percent and 59 percent compared with from i00 to 130 percent for ZnS(Ag), and
approximately I00 percent efficiency (because of their homogeneity) as compared with

approxlmately 50 Percent efficiency for the ZnS(Ag)@

With respect to alpha response the NRL glass is superior to the 96 percent silica

but the latter is cheaper and probably more chemical resistant. Self-absorptlon of
light is the main cause of the lower output of the 95 percent silica; this may

perhaps be overcome by usln_ very thin sections which are practical only for alpha
counting.

Both the NRL and a low silica (50 percent) glass have shown satisfactory chemical
resistance to decontamination procedures following exposure to plutonium solutions in

0.l M_ o3°

Z Plant Centrifuge Tests

Efforts were made to improve the quality of the products discharged from the centri-

fuge when operated at 6000 RPM (3000 G). TWo influencing conditions were changed:

(I) the crystal size of the influent feed was increased, and (2) the residence time

through the machine was increased. As a result, the effluent liquid was clear and
contained only 0.08 percent solids as compared to 0.6 percent reported last month°

However, the solid product discharged from the machine contained about 35 percen_

moisture, too high for satisfactory handling because of stickiness°

The centrifuge equipment is being modified to provide means to pass 3 cf: of 50 per-

cent air-steam mixture at 250 C countercurrent through the machine° This is to
s imulate the intended plant _practice wherein the calc.iner off-gases will discharge

through the centrifuge°

234-5 Reclsz_tlon Facilit_ Pulser

A plug-piston pulse generator equipped with a 6-inch diameter pile graphite piston,
has ope rated 3-1/2 million cycles pulsin_ CAX in a simulated solvent extraction

column. During this service, the pulse volume ratio has remained near unity_ demon-

stratin6 that (I) the pulse leg vents adequately without special venting prov!sions_

and (2) the simpler plug piston (as compared to the spilt-ring-sealed piston) is

satisfactory for pulsing small pulse columns. Pulser operation will continue, to

define the point at which the volume ratio changes signlficantlyo

Non-Metallic Materials Evalu_tlon

Aclar, a "fluoro-halocarbon" product of General Chemical, was tested in boiling 37
percent hydrochloric acid, in a boiling 1 M nitric acid - 7 M sulfuric acid solution,
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and in a 47 percent nitric acid, 3.5 percent hydrofluoric acid _Ition at 30 C

This material swelled approximately l0 percent in the boiling solutions but was

unaffected by the HF-nitric acids° Aclar is a thermoplastic sheet material suitable

lcr tank linings o So far as is known it is presently available only as f£!m and
sheet°

Several locally heat-sealed vinyl bags were tested with Recuplex CAXo The solution

softened the plastic severely and penetrated the seam after a very short time° The

same test, repeated with bags made of polyethylene, showed no leakage at the seams or
softening of the parent material even after 27 days o

Corrosion by Purex 1WW

Five of the experimental nickel-base alloys prepared by BMI were evaluated for use
in boiling Purex waste solution (IWW). Ali specimens were evaluated as weldments -

both self-welded and when welded to 304-L stainless steel. Tests were made in

boiling synthetic IWW. Corrosion of the base metal was not greatly less than that
cf 304-Lo No preferential attack occurred at the fusion zone where the nickel-base

_alloys were welded to 304-Lo Two of the self-welded samples were attacked prefer-

entially in the weld metal, possibly because of loss of inert sl_rge gas during
welding° The corrosivity of 1WW to 304-L and the nlckel-base alloys can be reduced

markedly (as much as 10-fold) by conversion of Ct(VI) present to Cr(III)o One way
of obtaining this reduction is to reflux 1WW which has been 0°05 M in ferrous
ammonium nitrate and 0oi M in sulfamic acid.

Anodic Passivation
Hl

Studies exploring possible applications of anodic passivation as a means of corrosion
control in HAPO process equipment were initiated. Passivation of 304-L stainless

steel in 67 w/o H2SO4 at 25 C was attained in 20 mln° at a current density of 3°4

m amps/sqocm° Once established, passivation was maintained at a current density of

<3 u amps/sq.cm° No reduction in the corrosion rate of 304-L in 65 w/o HNOq or
synthetic Purex waste (IWW) was obtained regardless of the current density (_est

sample anodic ). The effect of small currents (_ i00 u amps/sqocm° ) with the test

specimen either anodlc or cathodic was to increase the corrosion rate for 30ANL

in boiling 65 w/o HN03o •

Corrosion Resistance of Vanadium Brazed TI-_0_-L Joint

Samples of Joints in which A-55 titanium was Joine_. to 304-L stainless steel with a

vanadium braze were exposed to 65 w/o HNO 3 at room temperature for 72 hours° During
this time the braze material was corroded so badly that the base metals had separated.

PROCESS CONTROL IEVELOPMENT

C-Column Test Facilit_ and Studies

Modifications and improvements to the pulse column test facility were completed this
month° Overall smoother operation has resulted from these changes, and the time

required to make a column profile run reduced. In particular, the change has im-

proved the ease with which the mid-column ans&yzers can be moved from port to port.

rently, runs are in progress to determine the degree of control that can be main-
ned over extended periods and the reproducibility that can be expected for runs

having identical conditions.
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Calciner Furnace Control System

The existing Leedm and Northrup "CA_ controller will be used to automatically
control the Z section shell temperature of the K cell calciner using the control

system and controller settings determined by analog simulation. A remotely driven
sli_e wire has been ordered for use in programming the set point of the controller

during automatic start-up and shut-down. Calclner feed section shell temperatures
are now set by open-loop programming of the power to the furnace, whereas the

finish section shell temperature will be adjusted by directly programming the con-
troller set point. Further work re,_ins to be done, before installation of the set

point programmer, to ensure synchronization of the finish section and feed section

shell temperatures during start-up and shut-down.

The automatic control system and analog computer determined controller settings will

be tested in a plant run in which the controller temperature set point will be man-
ually s_lJusted at the 25 F/ht rate during start-ups and shut-downs. After the remote

set point programmer is installed and calibrated, it will be used to automatically
adjust the set point of the controller.

Electrode Seal

A combination seal-insulator is belng developed which will permit the installation

of conductivity electrodes directly into a steel pipe. This design is being developed

for a prototype installation in the Purex 13P sample stream. The seal-insulator is

made by increaslng the diameter of the bo_y of a "Swagelok" fitting to the inside

diameter of the ferrule. The metal electrode sealed in polyethylene tubing, which
serves both as a seal and insulator, is inserted into the modified fitting. -A seal

cf this type has withstood 90 psig air pressure without leaks for a period of ten days.

NON-PRODUCTION FUEL REPR(EESSING....

Feed Preparation

Shear Studies - The feasibility of in-cell remote shear blade changing was explored
us-lng a General Mills msm/pulator and a conventional impact wrench. The in-cell

blade_chauge is believed practical, even with a standard blade bolting assembly,

with the following modifications:

i. Flat-head thru-bolts rather than slotted flat-head screws should be used for

blade holding.

2. The shear platen should be provided with Jackbolts for breaking the blade
loose.

30 A gaging fixture is required to ascertain blade position.

U__02Leachin_ Studies - Studies of nitric acid leaching of UO2 from chopped fuel
elements have been completed. A report, HW-66788, "Nitric Acid Leaching of Uranium

Dioxide in a Recirculating Dissolver," is being issued.

Materials of Construction DEc__S/,_EDe-Corrosion tests on the BMI experimental alloy HAPO-20 following heat treatment at

various temperatures were made to determine the optimum aunealing conditions.



Corrosion rates in boiling 1 M HNO - 2 M HF and 65 w/o HNO 3 varied_gnly slightly-- 3 --

as the annealing temperature was varied from 1250 F to 2150 F. Test pieces (1 in. x
2 imo x 1/8 in. ) were held at temperature one hour before cooling• There was no

significant difference in the corrosion rates for rapid (water quench) and slow (air

quench) cooled samples. Considerable grain growth occurred in samples annealed at
2-150 F. An annealing temperature of 2050 F is recommended.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONII_ RECYCLE PROGRAM
. ,. .

Fused Salt Spectrophotometu 7

The study of the visible and near-infrared absorption spectra of uranium(IV) in molten
alkali chloride-aluminum chloride systems has been continued. In the cesium and

potassium systems containing excess alkali halide the follnwing conclusions have been
_entatively drawn:

1. There are at least three species present: UCla, UCI4, and an unidentified
species having major absorption peaks at 2340, 2020, 1587 and 1215 mu.

2. The ratio UC14/UC1 _ increases with increasing temperature.

3. At 490 and 588 C, the ratio of the unknown species to UCI_ is greater in

CaCI-AICI 3 than in EEI-AICI 3.

_° Estimates of enthalpy and entropy changes for the reaction UCI 4 + 2CI'---_
UCI_ are -i.0 kcal and 12.2 e.u., respectively.

The usefulness of the heated cell holder for the Cary Model 14 spectrophotometer

emphasized the need for a matching unit for the reference beam. Despite a design

problem arising from severe spatial limitations, an improved unit was built which,
in preliminary tests, has performed very well.

Electrodeposition of UO_ from Low Temperature Melts

A i:i molar NaCI-CaCI 2 eutectic, MP - 505 C was investigated as a possible melt for
the salt cycle process. There was no detectable dissolution of U308 at 550 C and the
melt was heated to 800 C for this step. Electrolysis at 550 C produced a fine-

dendritic UO 2 deposit with an ox_gen/uranlum ratio of 2.131. The high ratio is in
agreement with the impression that the presence of hydromlde(moisture) in the melt

increases this ratio, as the CaCl 2 is very hydroscopic and was probably not completely
dried before electrolysis.

The terns_y system NeEI'KDI'_AICI3 (MP _ 90 C) has "oeen studied but without much
success. Some dissolution of UO 2 occurs as a result of reaction with AICI_o At 90 C
the rate is very low, even with the addition of C12, but at 300 C the rate-of dis-

solution with C12 is considerably higher than that with NeEl-EEl at 700 C and even

without C12 it is too high to allow electrodeposition of UO2. Depositions from a
five percent solution of U02C12 in the ternary were tried at 145 C and 350 C without

ccess. Attack of the anode was considerable with either carbon or silica carbide

Odes •



Study of the KClZmCI2 system (eutectlc MP - 235 C) is currently in progress. The
rate of dissolution of UO2 in the melt at 300 C is very slow, less than O.1 percent
in SO minutes. Ad_litionof one mole percent TiC1 resulted in a great increase in
rate which w_s more marked as the quaatlty of KEl was increased in the vicinity of
the eutectic composition. These results are included In the accompsmyim4_table. Iu
order to achieve these _.issolutionrates, the melt h_d to be thoroughly dried. Dry-
lag with C12 durlmg the dissolution _oes not appear to be adequate. Zm fact, chlorine
does not al_ear to be as effective in drylmg this system as HCl. The capacity of the

system for U02Cl2 is conslder_ble. Twenty weight percent of UO2 was dissolved in a
ternary contalmi_ one mole _ercent thallium chloride at 300 C. However, upon
staudlng for 16 hours at this temperature, about five weight percent precipitated out
and cow,ldnot be re-dissolved by am extensive chlorine sparging.

Acceleration of Chlorine Dissolution of UOoi i, i ii

The rates of dissolution of UO2 by C12 gas at various concentrations of TiC1 were
determlmed sad are listed in the accomlmmying table.

Two other substances have am accelerating effect similar to that shown by TIC1:
namely, FeCl_ amd CuCl_. Their effect is also listed iu the table. Like TI+-T1+3,

the EMF's fo_ Fe+2-Fe+_ aud Cu+-Cu+2 fall between the EMF's for Cl--1/2 C12 aud

UO2-U02+2. The minimum concentrations of TIC1,.CuCI2sad FoCI
required to increase3

the rate of dissolution by a factor of l0 are 0 3, 0 5 sad 0 90 mole percent,
respectively.

uezDissoun_0waApS

ZaOl2.KE1 System: Effect of KEl Content at 300 C

Mole Percent U Dissolved in 30 Mim.,

g/logsalt
_c__A __A

l.O 46.5 52.5 o.27
1.o _9.5 49.5 o.3_
l.O 52.5 _6.5 o._6
O.0 50.0 50.0 O.Ol

NaCI.,,KEIS_stem: Effect of Thallium Addition a_ 700 C

_ICI NaC1 KEl

6.2o _6.90 46.90 l_. 7
3.oo _. 50 48.50 lO.5
1.42 _9.29 _9.29 6.2
o..5o. 49.75 _+9.75 l. 9
0.2_ 49.875 _9.875 O. 98
0.0 50.00 50.00 0.125
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UO_ DISSOLUTION BA_S (co _2_

NaC1.KCl.S[stem: Effect.o; copper Addition at 700 C

Mole Percent U Dissolved in 30 Min.,

.................. . _g/lO g Salt ..........
CuCI_ NaCI KEl

i.oo _9.50 49.50 2.98
0.50 _9.75 49.75 1.40
o.o 50.00 50.00 o.ie5

NaCI.KEI System:..Effect of Iron Addition at 700 C

2.00 49.00 49.00 4.2
1.oo 49.50 49.50 i.50
O.50 49.75 49.75 O.64
O.0 50.O0 50.OO 0.125

Further evidence that the acceleration in rate of dissolution of UO2 is the result of
n_whirespective cation being raised to it_ higher oxidation state by the chlorine,

owed by oxidation of the uranium by _his cation, was provided by an experiment
cha known quantity of cupric chloride was added to a suspension of UO2 in

KCI-NsCl at 700 C. After two hours, 60 percent of the stoichiometric amount of
uranium had been dissolved (without the addition of chlorine).

Molten Salt Polarograph_

The polarographic reduction waves for the rare earth M+3 ions previously reported have
been confirmed. The samarium wave which appears as a distorted single wave was
analyzed as two waves using the HeprovsEi IIEovic equmtion (which ass'uaesthe reduction
product has a variable activity). Two straight lines were obtained,'one of which
indicated an "n" value of 1.02, the other 1.99. These correspond to the reactions

Sm+3 + e" Sm+2

sm+2+ 2e" Sm (metal)

Half-wave potentials vs. the one molal AgCl electrode were -0.672 and -0.891 volts,
respectively; the latter is approxlmately 1.2 volts more negative than the deposition

potential for U02_ dependlng upon the U02CI2 concentration. This close proxlmi_y
indicates care may be required to prevent _eposition of samarium with U02.

The existence of a second reductlon wave on top of the U02+2 wave has to date not been
explained. It may be due to en increase in "effective electrode" area brought about
by the nucleation of small crystals at less active sites at the high potential. The

itial reduction wave itself does not follow a theoretical equation, but it appears

involve a two-electron change in which the product deposits at nearly constant
activity.



Electrol_ic Preparation of Large Sin_e UO_ Crystals

Efforts this month have been centered on attempts to deposit single crystals from the

low-temperature melt, ZnCI2.K_I , between 200 and 250 C rather than the higher melting
K_I-NaCI system. Several electrodes have been tried including bright surfaced

platinum, single crystals of ar_-melted U02, and single crystals of electrolytlcally
deposited UO 2 mounted in a platinum holder. NO crystals of si_Iflcant size have
been ob_ued. Some difficulty hss been experienced as the result of the transient
electrical effects introduced by the on-off temperature control system° A new
control system utillzing continuous proportional control will he put in service
shortly.

Continuous Ion Exchange Contactor_l_evelopment

Adsorption /Anetics for Thorium Nitrate Complex - As exl_ected, increasing temperature
increases _he ra_e of a_'orptlon of thorium nitrate complex from nitric acid solution

by an anion exchanger (Permntlt SK). Diffusion coefficients for adsorption from

seven molar nitric acid solution containing 2.43 g/l thorium were 9.23 x 10"9 and

30.0 x 10-9 sq.cm/sec, st 24 and 65 C, respectively. At 12 6/1 thorium the rates

were 8.4 xn_O-9 and 25 x 10-9 sq.c_sec, for the same temperatures. The activation

energy for adsorption calculated from these data is cs. 2°65 K cnA/mole. This value
is in the proper range to sugges* an aqueous diffusion process as the rate controlling
mechanism.

Elution rates were mLtch gre&ter than adsorption rates. Diffusion coefficients for

elution increased from 0.65 x I0-7 to 8.15 x 10-7 sq.cn_sec° at 64 C as nitric acid
concentration was decreased from 3-5 to 0.5 M. The elution diffusion coefficient was

5.1 x 10-7 sq.cm/sec, at 25 C and 0.5 M__03_

Further equilibrium dlstribu'_ion data have been obtained extending the aqueous thorium

concentration rs_xge to from 0.2 to 12 g/l in seven and eight molar nitric acid at 25

and 64 C. These data continue to fit the model, proposed in the August report,
relating distribution coefficient to thorium loading on the resin° Distribution

coefficients decrease as the temperature is increased.

Jiggler Contactor - Compaction of resin in the adsorption section of the Jiggler con-

tactor, which exceeds that heretofore achieved, was attained this month. The pulsed

resin now appears (by visual observation) to move as a completely p_cked bed. This
action considerably increases the possibility for approaching the ultimate theoretical

efficiency. The superior compaction is affected by means of a check valve installed

in the rafflnate Jack-leg line. During the suction stroke of the pulser the liquid
previously supplied in part from the Jack-leg now m_st come from the intermediate

section and the "C" column. This positive movement of liquid exert_ drag on the

resin beads which move into the "A" column. As a consequence of this action, an
increased quantity of elution acid must be supplied to the "C" column.

Several runs simulating the plutonium anion exchange flow sheet proposed for use in
233-S Building were made to determine the operatlng characteristics of the "A" column
alone. During these runs, eluted resin was fed to the "C" column from an outside

source and loaded resin issuing from the scrub section of the "A" column was withdrawn

from the system. The feed contained about 5 grams/liter thorium. The pulser operated
at 6 cpm with the amplitude appropriate for the flow velocity. (The amplitude require-

ment increases with flow rate to overcome the tendency of the resin to fluldize with
resulting turbulence and channeling. )

IECI SSIFITD
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Two runs at about one-half Redox flow velocity equivalent (240 ml/mln, feed flow
rate) at an amplitude of 1.4 cm yielded waste losses of 0.60 percent and 0.03 per-
cent at resin flow rates of 43 and 55 ml/rain.,respectively. During two runs at
three-quarter capacity equivalent, air entered the column through leaks and caused
channeling of the raffinate as evidenced by fluctuating waste loss. The secoud of
these two runs became hydraulically stable despite the air leakage and yielded a
waste loss of 2.1 percent. Resin flow rate was 65 ml/mim and pulse amplitude was
1.9 cn. At full flow sheet equivalent waste loss was 0.12 percent. Resin flow
rate was 17_ ml/mlm with a_pulse _itude of 2.2 cn. These runs ranged from 4 to
6 hours in duration.

To supply the increased quantity of elution acid required (0.5 M nitric acid in this
system) a constant-head, gr_vlty-feed tank has been installed. -Initial hydraulic
tests indicate that this means of acid introduction can provide slip acid during
the continuously changing pulse cycle in addition to that acid required for desorblng
the thorium. This new technique appears preferable to that of a constant feed rate
system. With the latter system, more turbulence is introduced into the resin at the
bottom of the column due to the continuously changing requirement for slip acid
during the pulse cycle.

Salt Cycle Process

Pilot Plant Quantities 0f.Electroly_Ic.UO2 - About 90 lb. of electrolytic UO2 have
been produced since startup of the unit in July. A typical analysis of the UO2

product produced this month from the starting material U02CI2.H20 is 30 ppm chloride,
i65 ppm sodium, 80 ppm potassium, 150 pl_ncarbon, and an oxygen _o uranium ratio of
2.015. Batch sizes have averaged 4.5 lb. of UO2. The apparent reduction in the
chloride content compared to previous values is due largely to an improved analytical
technique for this low range of chloride concentrations. The carbon concentration
h_s been lowered by careful removal of corroded graphite from the electrode before
removal of the product. In one batch, 30 percent of the carbon was found in the
minus 200 mesh fines which constituted less than one percent of the product.

Ceramics Evaluation - Eight ceramic crucibles were tested in the Salt Cycle process
environment consisting of a hydrogen saturated molten barium-potassium-sodium chloride
salt mixture. Of the eight crucibles, two were purchased off-site and six were
fabricated locally. The test, unless terminated by earlier failure, was of five days'
duration at 800 C. The results of the tests were as follows:

i. Norton's Mix M-208, a MgO product increased 1 percent (0.368 gm.) during the
test. There was a small amount of salt outside the crucible at the completion
of the test. This salt probably aid not percolate through the vessel but
rather, splashed over the top. The splashing occurred when the small amount
of hydrogen introduced to the crucible ignited.

2. The Carborundum Company's i00 percent magnesia product, Ma_nifrex 0340, lost
no solution by percolation and aid not change wed@ht significantly.

3. Two LRS-2 crucibles of local fabrication were tested for the full five days.
Both were 90 percent Mg0 - i0 percent Td0. Neither changed weight to any
significant extent nor was either permeable.

@
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4. Four o_aer locally fabricated crucibles failed immediately. They were:

(a) yttria stabilized zirconia, (b) 99.99 percent yttria, (c) calcium zirconate,
and (d) calcium fluoride.

The melt percolated through the first two crucibles within 24 hours. Despite a very

careful, slow heat up period the CaF 2 crucible broke from thers_l stress.

Salt C_cle Corrosion Studies - Sa_es of 406 stainless steel, INOR-8, FDRL-102, TJ-0.2
I_I,Ni-o-nel, Inconel, Elgilloy, niobium, Alfenol, Thermenol, Alumel, and Armco 17-7 PH

were exposed to an _l-sparged eq,1_-_!=_ NaCI-_CI melt at 750-800 C. Exposure periods

were about six hours in each case. Thermenol (16 percent Al - 3 percent MO-Fe)

corroded at about i00 _tls/mo. Alfenol (12 percent Al-Fe) corroded st about 150

mils/mo. Ali the other alloys corroded at rates of 200 or more mils/mo. Further
investigation of aluminum bearing alloys will be made.

RADIOACTIVE _SIINE FIXATION
,m

Radiant-Heat S_ra_ Calcination

The spray calciner was returned to service after replacement of the Inconel section
(which failed while processing Zirflex w_ste). The first several runs demonstrated
the feasibility of calclning a mixture of siDAlated IWW and 0WW (organic wash waste).

The resulting alkaline zMw_tre calcined smoothly but various amounts of sugar were
added to test its effect. Addition of TBP and diluent (which might accompany OWW)

caused no difficulty, and _here was no detectable corrosion of the calciner - in
marked contrast to pot calcination experiments on this combined waste where very
severe corrosion was experience_. The powder product from the spray calciner runs was
sintered to a density of 2.0 _cc by heating to 800 C.

Filter cloths are now available in high-temperature resistant, non-corrosive materials

such as glass, quartz, aluminum silicate, aluminum oxide, etc. Their flexibility

would allow a filter cake to .break off easily during a blov-back cycle. An apparatus
was accordingly set up to test the filtration _performance of these materials with

spray calciner powder. First test was with a^qusrtz cloth. Pressure drop was quite

small, 5 to 9 I of water at 4.6 ft. 3/rain.ft_. Initial decontamlnation factor was

_Aite poor (value of 8) but i_roved as a coating of powder built up to a value of
700 after 25 minutes. Average decontamination factor was 21.4. Actually, _perform-

ance in practice should be better than in the test since the method used to create

the suspension picked up only the smallest particles. Further tests are planned.

A preliminary design has been completed for a combination spray calciner - pot
calciner to be built in A-Cell of 325-A. Certain features of the in-cell spray

calciner will be tested on the cold demonstration unit before the design is frozen.

Mineral Reactions
•,, ,, ,,,, ,

The use of mineral replacement reactions as a supplement for ion exchange on zeolites
in decontaminating low-level wastes was under study. Suspended solids or organic

emulsions in some low-level wastes were found to interfere seriously with zeolitic

adsorption of radiostrontium. The calcite-phosphate reaction is known to be suitable

for removing radlostrontium or other hone-seeklng isotopes from solution and initial
experiments indicated that the reaction is less affected by suspended organic material

than is adsorption. A decontamination factor of 60 for Sr-90 was attained with a

i
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100-gram bed of calcite receiving Purex waste tank condensate containing 0o01 M

phosphate. This is about three times the D.F. previously attained by adsorption on
clinoptilolite.

The removs_l of ruthenium from solution by a bed of iron filings was found to be

affected by the oxygen content of the solution. The ruthenium is removed by the

hydrous ferric oxide formed by corrosion of the iron. An increased corrosion rate

and greater ruthenium removal was achieved by saturating the solution with oxygen.

The behavior of ruthenium in wastes is dependent on its chemical for_. Experiments

were performed to obtain information concerning the applicability of experiments

with ruthenium tracers to waste problems. Ruthenium solutions were prepared by dis-

tilling the tetraoxide into nitric acid. The uptake of ruthenium from these solutions
by iron filings at pH 2, 5, 8 and ii followed the same trends as previously obtained

with RuCl 3 tracer. This tend_ to Justify these tracer experiments as a means of
studying _uthenium uptake by this method.

Condensate Streams
Jr --

Spot samples of Purex Tank Farm condensate waste taken over a two-month period were

analyzed to further characterize the waste. Constituents present which were not

previously determined included 1 to 25 ppm sodium, 1 to 12 ppm chloride, 1 to 15 ppm

nitrate, and 1 to 20 ppm nitrite. During an abnormal operating period, when un-

neutralized high level waste was added to the hi@_ level waste tanks, a sample was
taken of the aqueous phase of the condensa+_ waste in which the pH dropped to 2.7

from the norm_ value of about 9. This latter samlxle had a nitrate concentration of

260 ppm and nitrite concentration of ii00 ppm.

In Micro Pilot Plant runs it was found that neither Canadian apatlte nor 1/16 inch

pellets of Linde molecular sieve type 4A were very effectual in removing strontium
from the condensate waste. The strontium decontamination factors achieved were 6

and 5, respectively. The equipment was readied for an extended run at what is

predicted to be optimum conditions using clinoptilolite as a bed material.

BIOLOGY AND MEDICINE - 6000 PROGRAM
, ,, ,, , i ,

Geology and H_drology

The first three wells completed on Project CAH-885 encountered basalt on an avenge
of 8 percent deeper than predicted, one well (699-15-15) at 72 feet deeper than the

predicted 650 feet. Significant local changes in the interpreted configuration of
the basalt surface and of the _alt structure have resulted. These changes may

locally affect interpretation of ground water and potential waste movement both
within and above the basalt series.

The simultaneous drilling of two wells, 20 feet apart, at site 699-37-82, to test

the characteristics of two separate aquifers, is providing information on the relative

efficiency and effectiveness of a BUcyrus Erie 2_ churn drill machine (equivalent

to the Speed Star 71 machine long used at Hanford) and the larger Bucyrus Erie 60L

of the same general type. The Hatch Drilling Company, owner of both machines, is
studying their performance as well as comparing the samples taken throu@h use of

them. Different operating characteristics m_y result in somewhat different smnples.

_°



Experimental results obtained from-a laboratory flow model were used to check the

validity of the numerical solution of a partial differential equation that was
derived last month for the description of a flow system containing liquids of differ-

ent densities. The theoretical and experimental density distributions did not agree
well, so attempts were made to use transformed stream functions. The use of two

different stream functions resulted in good agreement between calculated and experi-
mental results. One of the solutions is preferable because the assumptions used
fit a broader range of conditions. These equations will be useful in definitions of
flow where waste solutions with density Freater than that of water are put to ground.

Preparations were made to install experimental plastic piezometers in well W-11-2

for measurement of potential at different depths in the well. The well was perfor-
ated this mouth from the 325 to 510 foot depths.

The computer program for the solutions of flow equations was advanced by the finding
of a system of restraints which may allow convergence to the solution for the
imbibition case. Problems involving drainage and steady state had previously been
solved. The partial differential equation describing partially saturated flow was
ex_ended to the three-dimensional axi-sy_netrical case and the resulting expression
is being incorporated into the computer program.

8011 Chemist17 and Geochemistr_

Kinetic measurements on the diffusion rate of cesium in clinoptilolite and erionite
indicated that cation selectivities of open zeolites are not based on differences

in relative diffusion rates. The diffusion rate of cesium in erionite is approximately
the same as in clinoptilolite, while the latter zeolite is many times more cesium
selective than erionite.

Heats of reaction for the Cs + - Na + exchange in clinoptilolite and erionite were
found to be ve_/ low. Similar low heats of reaction for open zedlites were reported
by other workers in the zeolite field.

Molten salt-zeolite experiments indicated that at least part of the structural water

of clinoptilolite was less firmly held than compax_ble water of the other open

zeolites. Consequently, the cation selectivities of clinoptilolite are probably based

on favorable stereochemical relationships between this water_ the cation adsorption
site, and the exchanging cation.

Results were reported last month on the soil adsorption of ionic rare earth nuclides
at pH below three. Anomalous results for promethium that were reported have been
redetermined and it was found that promethium adsorption by soil is the same as
that for cerium and europium adsorption at each concentration, lt has now been well
established that under conditions of significance in waste disposal, oxidation
states of rare earth nuclides are the same. The adsorption and precipitation reactions
appear to be very similar also so that, in general, soil studies with one rare earth
species can be applied nearly as well to the others.

Field Apparatus Development

Arrangements were completed for inspection of several wells using stereoscopic

photography. This work will be accomplished by Hill and Ingman Consulting Engineering

Company in connection with a contract for similar pipe examinations cn the project.

DECLASSITED



Wells were selected and contact responsibilities assigned for work. The

inspection may point out the need for well renovation but is primarily scheduled to
evaluate the photographic technique in this application.

A well was extensively perforated using shaped charges preparatory to equipping it
for a study of piezometric head at different depths in the water table. Assistance

was given in designing the test and selecting instrumentation for the stuc47.

Two engineers witnessed deep well formation fracturing tests near Oak Rid_eo
Injection of radioactive wastes into the fissures formed in high pressure hydraulic

fracturing appears to have good possibilities for certain kinds of wastes at care-
fully selected locations.

A sensitive commercial flowmeter recently received was tested for possible use in
measuring vertical currents in wells. The device proved capable of measuring

fractions of a milliliter per minute with a full scale reading of 0.7 ml per minute.

The test to date showed drastic shifts in the zero flow reading which may prove a

serious drawback. Possible causes of this instability and correction are being
investigated; other approaches to the problem were reviewed.

Micromeritics
,

Re-entrainment of ragweed pollen (20 u diameter) from the walls of a 1-1nch aluminum

pipe was measured. The pollen partlc _ J were deposited by turbulence in air streams
at selected velocities. Subsequent re-entrainment into clean air at various velocities

was measured. At velocities lower than _oout i0 ft_sec, no re-entrainment occurs,whereas at 22 ft./ssc, nearly all particles are re-entralned within 20 minutes.

The 20 u particles required significantly higher velocities than did 30 u lycopodium

spores for re-entrainment of a given fraction. The data assisted in establishing
flow rates below which larger particles will be effectively retrained; this is an

important consideration in evaluating sampling line losses.

A commercial portable air monitor for particulate material was evaluated for detector

efficiency and mechanical leakage past _he collector. Recommendations were forwarded

to the user for improvement.

A.K. Postma presented a paper at the American Industrial Hygiene Association meeting

in Richland, September 9, entitled "Turbulent Deposition of Particles in Sampling Lines."

Radiation Protection Studies
, ,,

Experlmental determinations were made of the protection indices of 18 amino acids which

predominate in animal and vegetable protein. The protection indices differed by

factors larger than i000 in some cases. The two substituent groups on these molecules

show_ the highest protection indices and, hence, the greatest free radical scavenging
ability are the aromatic, and sulfur-containing groups.

Chemical Research and Development
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BIOLOGY OP_ATZON

A. ORG/_,_ZZATZONAND.P_SO_T_L

J. F. CZ_e of the Plant Nutrition and Microbiology Operation began a one-ye_
leave of absence in August to accept an assignment with the International At_nic
Energy Agency in Tunisia.

R. L. Uhler of the Plant Nutrition and Microbiology Operation began a one-year
assignment with the Radiobiological Laboratory in Letcombe Regis, England, under
the direction of Dr. R. Scott Russell. Dr. David Barber of the Laboratory in
England began his one year assignment in this laboratory in the first exchange
program.

P. L. Hackett and B. J. McClanahan of the Biological Analyses Operation
began one-year leaves of absences to take post-grad_ate studies at _'ashington
State University.

D. H. Willard of Pharmacology began post-grad_ate studies at Wayne University
in August under a fellowship.

Dr. H. V. Koontz from the University of California at Davis joined the Plant
Nutrition and Microbiology Operation on Sept. I for a one-year temporary assignment°

Dr. W. H. Rickard, from the University of New Mexico at Las Vegas, joined the
Radioecology Operation on September 13, 1960.

B. TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination
• |i

Concentrations of 1131 in _he thyroid glands of Jackrabbits were approximately
two times greater than those observed one year ago. Values follow:

_c/g Wet Th_Toid Trend
Location _ Maximum Factor

Prosser Barricade 7 x i0"h 8 x I0"_ . 2
2 mi SW Redox 2 x i0"_ 3 x I0"h - 4
Wohluke Slope I x 10-h 2 x I0"h - "

Columbia River Contamination
i i, ml i i

Concentrations of gross beta _uitters in Columbia River organisms collected at
Hanford were approximately five times those observed one year ago. Values of
indicator organisms follow:

)_c/gWet Weight Trend
Location Organisms Average Maximum Factor

Hanford Minnows (entire) 5 x 10-2 8 x 10-2 . 2

UNCLASSIFIED
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Fallout Contamination

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

Total Beta Trend

Sample Type Average_c-__Material Factor

Bone" 9 x I0_ . -9
Feces 7 x 10"6 -3
Liver 6 x I0"6 -3
Muscle 5 x 10-6 -4

Effect of Reactor Effluent on A_Aatic'Organismsnan|,, i i i

New equipment needed for resumption of tests on toxicity of reactor
effluent is not yet in place at the IO0-KE laboratory.

Aerial survey of salmon spawning in the main stem of the Columbia River in the
environs of the Hanford Operations were initiated. Spawning was started
approximately three weeks earlier than usual. On September 28, 40 nests were
observed, all of which were iu between Priest Rapids and the I00 K reactor area.

C. columnaris
i

Extensive sampling of a wide variety of minnows from the Columbia River drainage
and some of the associated storage areas failed to show wide-spread infection
of the fish by columnaris. In this particular sampling, infected fish were
obtained only near the mouth of the Snake River. No infected fish were obtained
from the 100-H Area where fish infected with columnarls had previously been
identified. Water temperatures were close to_0 U F.

BIOLOGY AND MEDIEINE - 6000 PROGRAM
i mn ,llUl t i i

M_-'TA_3OLIS_,TOXICITY, AND _TSFEL_. OF RADIOACTIVE MAT_RI_J_S

Zinc

Experiments were initiated to study the intracellular distribution of Zn65.
These experiments are designed to evaluate the possible effects of short
range radiation from heavy concentrations of zinc within the cell. The
temporal sequence of zinc distribution is being determined in the livers
of partially hepatectomized, starved, and control rats. Attention is also
being directed at the dorso-lateral prostate. Autoradiographic, cytochemical_
and electron microscopic techniques will be employed.

UNCLASSIFIED
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Strontium

The technique of in vivo perfusion of rat intestine is being employed in experiments
to study the absorption of calcium and strontium from the intestine and the
excretion of these elements into the intestine. Preliminary results indicate that
the ratio of strontium tm calcium absorbed is a function of the calcium content

of the perfusate. Primary effort has been directed toward the development of the
method and the stndy of such factors as flow rate and perfusate volume.

Radioanalysis of tissues of trout administered s_O-Y 90 orally for 21 weeks
showed that the strontium distributed essentially as expected. The concentration
in hard tissues was on the order of 1000 fold higher than in the soft tissues;
and the concentration in plasma was a_ut twice that of whole blood. The isotope
was administered at three different levels (0.5, 0.05, and 0.005 _c/g of body
weight per day) and the resulting concentrations in the fish were in reasonable
proportion to the rate o_ administration. While this indicates that the mechanisms
involved in uptake and deposition were not grossly altered even at the highest level,
it is anticipated that more exacting studies in this area will demonstrate
differences caused by radiation damage.

An improved method of tattooing trout for identification of individuals is under
development. Progress was made in the development of a metabolism tube technique
for trout.

A review of the chronic toxicity study in miniature swine resulted in a modification
of the bleeding schedale and of the supplemental vitamin and iron compound administration
to young pigs. The frequency of bleeding was redmced so that, in the future,
ssmpling will be done at six weeks, three months and six months of age, and
thereafter at six-month intervals. When hematological changes ocaar, more frequent
bleeding will be scheduled.

The vitamin supplement will be discontir_Aedwhen animals reach thirty months of
age since hypervitaminosis-D might result with continuation of the supplement.
Following injection with commercially available injectable compounds of iron-
dextran, some young animals died with what sppeared to be a hypersensitive reaction
or iron toxicity manifestation. The type of compound and time of injection were
changed and the dose reduced.

(A number of sows have shown a severe temperature rise within 24 to 48 hours after
farrowing. The cause of the fever has not been evident in ali cases. In three
cases, however, it was sho_n to be a mastitis. Bacterial culture and antibiotic
sensitivity testing revealed the causative organism to be am Aerobacter aerogenes
strain, susceptible only to chloromycetin. The three sows had been housed together
and two were litter mates.)

Cesium

The effect of soil moisture on uptake of Cs137 was studied using bean plants growing
in Cinebar soil. Plants were grown initxally on soil held to a uniformly high
moisture content, and near the end of the experiment some of the soils were allowed
to dry to previously determined moisture contents. In this way, data were obtained
for uptake by plants grown on dried soil as compared with plants grown throughout
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their cycle on fully moistened soil. Cesium content per unit dry weight of plant
tissue was clearly increased by drying the soil. The greatest increase was noted
in Stem tissue indicating that this may be an effect of translocation within the
plant as well as total uptake. No data were obtained from roots since it was
impossible to free them from the soil.

These results are in genAral agreement with those reported last month when the
moisture stress was applied by using NaC1 to increase osmotic pressure in the
substrate.

Neptunium

Over a 21-da_ period of observation, retention of intravenously injected Np237
followed a pattern ver_ similar to that observed for plutonium. At the end
of the 21-da_ period,43 per cent of the initially injected dose was retained
in the animals.

There was no significantly measurable absorption of neptunium from "Paducah Dust"
fed to rats as e_ther the dry dust or a water suspension. From these preliminary
studies, a maximal absorption of I per cent could be inferred.

Fifteen rats were exposed, by inhalation, to "P_iucah Dust". The total dose is
not known; however, one rat died after one week and another after two weeks.
Chemical toxicity of some of the "impurities" is suggested rather than radiations
from Np237.

Plutonium
i

Additional studies of the effect of EDTA on the decontamination of plutonium-
contaminated wounds in rats have given results which are less clearly indicative
of au enhanced absorption from the wound site. Difficulty in producing
reproducible wounds and wour_itreatment procedures results in quite large
variations between animals, lt seems safe to conclude that EDTA will result
in no great harm and probablyproduce no great benefit. The scab which forms
at the wound site contained approximately 70 per cent of the plutonium remaining
after decontaminatlon.

Such observations were similar to those obtained from work with pigs. Up
to 90 per cent of the intradermally injected dose of one or five _c of Pu239
appeared to be readily removed with the scab mass which appeared during the
first week after administration. About 50 to 60 per cent of the administered
dose (0.2 or 0.004 #lc)remained at the site of injection at three weeks post-
injection. Three months post-lnjectlon 30 to 40 per cent of the administered
dose remained. These values were obtained by external monitoring of different
animals, using a thin sodium iodide crystol and a single channel analyzer.

Applying this monitor, a preliminary study was made of the probable effects of
energy and indirectly the depth of injection on counting efficiency. Using a
constant window width count rates from an unshielded Pu239 source were compared
with those ob _In_d when the source was shielded with paper one-quarter of an inch
thick. The coun_ rate from the shielded source was 70 per cent for lower energy
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counting and 95 per cent for higher energy levels, as compared with counts from the
unshielded source. Because of the low energy of gamma radiation from Pu239 (17 Kev)
these results suggest that at the higher energy levels only radiation from the
contaminants of the plutonium was being monitored. By using absorbers and counting
at different energy levels, however, it ms_ be possible to determine the amount of
Pu239 present.

Radioactive Particles
| ,ll

Despite controlled visitor aud employee traffic through the dog colony area_
puppies born this summer, have become infested with ear mites and ascarid
ova. Infestation of the puppies either occurred from the bitches or from
migration of parasites from adjacent runs. The latter can be corrected with
installation of proper barriers. Otherwise, the puppies are healthy and show
a good weight gain. Ali dogs are being treated for parasites.

Solubility tests of Ce02,particles are being completed prior to exposure
of dogs and rats to Ce_O 2 aerosols. A thermal precipitator was designed for
collecting aerosol samples from exposure chambers directly on electron-
microscope grids. Several features not found in commercial instruments were
incorporated in the design to facilitate collection of radioactive aerosols
from a chamber near the position of intake by the experimental animals without
loss of particles by impaction on walls of the collecting t_bes.

Results of studies with dogs inhaling plutonium dioxide suggest greater
r_tention when plutonium was inhaled as a d_st than when inhaled as a fog.
There was no significant difference in the initial deposition. The fraction
excreted in urine was greater for plutonium inhaled as 0.2 micron particles
than for one micron particlesand also increased inversely to the total plutonium
deposited. In several dogs the total percentage of the dose excreted in urine
one week after exposure to 0.2 micron particles reached 6 per cent, compared to
a maximum of 0.6 per cent for one micron particles. This observation requires
confirmation because of its possible be%ring on the interpretation of human
bioass_ results. This was initiated by the exposure of three dogs. Nine
others will be exposed next month.

Gastrointestinal Irradiation Injury

Seventy-two rats were employed in studies to complete the investigation
of the effects of radiation on PVP excretion via the gastrointestinal tract.
Briefly, these studies have indicated that the enhanced loss of PVP via the
intestine is occasioned only when a portion of the gut is dlrectly exposed.
Indirect effects due to histamine release may enhance the effect. Administration
of cysteine will prevent the PTF loss. Removal of bile by mesns of a fistula
reduces PVP excretion probably as an indirect effect of the resulting dehydration,
and because FVP, which seaches the lumen of the intestine, is not flushed out.
Radiation _parently has no effect on absorption of PVP from the intestine.
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Microbiological Studies

The difference in retention of cytoplasmic constituents by haploid _ diploid
yeasts was dnplicated this month. To further evaluate the possibility that
retentivity is umder direct unclear control, cells were treated with cysteine.
Under the conditions used, the cysteine produced no effect on survival, but did
modify the retentivity of materials by the cells. These data suggest that there is
no direct relationship between survival and retentivity.

Field operations at Chariot site d_rlng the Ice-free season were completed.
Processing of data and samples collected during the field operation was initiated.

HA Kornberg-es
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C. Lectures
i

a. Papers Presented at Meetings

P. A. Olson, "Toxicity of Hexavalent Chromium to Fish," Annual Meeting of the
Pacific Nor%hwest Local Section of the American Industrial Hygiene Assoc.,
Richland_ Washington, September 9, 1960.

°.

R. F. Foster, "Inadequacies of MPC's for the Gontrol of Radiation in the
Environment,, September i0, 1960, Annual Meeting of the Pacific Northwest
Local Section of the American Industrial Hygiene Assoc., Richland, Washington
(presented by J. W. Vanderbeek).

M. P. FuJihara, "Laboratory Transmission of C. columnaris to Trout and Salmon,"
• Society of American Bacteriologists, September 9, 1960, Gonzaga University,

Spokane, Washington.

R. T. O,Brien, "The Effects of X-ray Doses on Retentivity of Haploid and
Dipl0_ Yeast," September 9, 1960, Society of American Bacteriologists,
Gonzaga University, Spokane, Washington.

L. K. Bustad, "Radiation mad Aging," Anm_al Meeting of Pacific Northwest
Sect_n of the Industrial HygieneAssociation on September i0, Richland, Wash.

b. Off-Site Seminars

H. A' Kornberg, "Fallout," September I, 1960 - AEC Fallout Meeting, Health
and Safety Laboratory,New York, N.Y.

c. Seminars (Biology)

L. K. Bustad, "Effects of Radiation on the Central Nervous System," Sept. 20.

R. C. Thompson, "Report on Conference on Biological Aspects of Metal Binding,"
Sept. 20, 1960.

Dr. Harry Kroll, "Removal of Radlostrontlum from Rats with Chelating Agents,"
Sept. 28 (Research DirectQr of Eltex Research Corporation, Providence, R.I.)

L. K. Busta_, "Biological Effects of Radiation," Research and Development
Unit of Naval Reserve, Camp Hanford, September 13.

D. Publications
i m i

a. HW Publications

Horstmau, V. O., O. S. R_eer arzlL. K. Bustad, "Th_id Uptake in L,,ambsFollowing Administration of In Vitro and In Vivo I J -Labeled Milk, Docum_t
HW-66817 (UNCLASSIFIED) Sept_ber I, 1960-_-_ess).
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b. Open Literature

Hackett, P. L., T. W. Galbraith, C. A_ Bennett, and L. K. Bustad, "Changes
iu Blood Consti_Aents iu Sheep Followiug Prolonged Daily Administration

of I131,. m. _. Vet.Res..21(84):775-781(1960).-

Sulli#an, M. Y., P. L. Hackett, L. A. George, and R. C. Thompson, "Irradiation
of the Intestine by Radioisotopes," Radiation Nesearch i__3,3_3-355 (1960).

Thompson, R. C. and R. F. Palmer, "Strontlum-Calciu_ Interrelationships in
the Mature Rat," Am. Journal of Plant Physiology _9_ 94-102 (1960).

Hungkte, F. P. and R. L. Uhler, "Relative Availability of Some Sr90

Compounds in Soil,w Nature 187,-252-253 (1960).
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_o_s _SmA_CH AND _SlS OPm_ATI0_
MOntHLY REPORT- SEPTEMBER, 1960

ORGANIZATION AND PERSO_XEL

Effective September 26, W. L. Nicholson accepted an assignment as Visiting
Associate Professor of F_hematics at the University of Idaho. He will be

at the University until approximately the end of January.

OPERATIONS RESEARCH ACTIVITIES_

Input-Output Si_ti0 n Model

First calculations supporting a simplified model have been made. The results,

in general, pointed out The need for a reasonable theoretical relationship to
be established before converting the d_T_ to linear form. More data have been

col_ected and learning curve theory has been reviewed in an attempt to establish

such a relationship.

Business SystemsStudlesii •

Three meetings of the Plant Improvement Task Force were attended. A modification

of the form of last year's submittal has been generally agreed on. Revisions

of the cate_ry definitions as outlined in the related OPG are underway.

OPERATIONS ANALYSXS STUDIES
i i i i

Quality Cer_iflcation Program

IBM smmarization of data has been completed for data from all Q_allty Certifi-

cation tubes measured to date. Analyses will be performed on the data during
October.

Optimization of Reactor Operations

Preliminary york was done in connection with schednling of reactor outages

to result in greater time operated efficiencies. This will involve exploring
means of decreasing the number of unscheduled outages which should result in

greater efficiency in performin6 outage work.

Process Tube Leaks

A mathematical model has l_en developed to relate probolog activities to external
corrosion leak rates. Some of the assumptions made in the development of the

model are b_sed primLrily on supposition in the absence of pertinent data. The
model is intended to indi=a_e qualitatively the effect on fu%_tre leak rates of

following a given probolog schedule, and to point out which data, required for

a complete sumlysis_ are missing. A rough draft report is being prepared.
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Z Plant Information Stud_

P_rogramming for the developmental computer system is continuing. Revision and

modifications to acco_nodate process specification change have caused some delay.

This aspect of computer pro@Twming will continue until final implementation design

is readhed for the Z Plant process system.

Reliability Studies

Statistical and mathematical analysis of a proposed _PR prototype safety circuit

system has been completed and reported. The methods used were motivated by the
theory of Markov Chains and consists of a set of matrix "operations" on given

error probability matrices for the component devices. Error probabilities were

evaluated for existing systems and for four proposed systems.

Diffusion Studies,

An investigation was begun to develop numerical techniques appropriate for obtaining
approximate solutions to the nonlinear diffusion equation when applied to relatively

simple geometries and standard boundary conditions.

STATISTICAL AND MATBEMATXCAL ACTIVITIES FOR OTHER HAPO C0_ONE_S
,_ li i i i • i ,i ,in

Fuels Preparation Dep_nt

Assistance was provided in designing a test to determine a can-core annulus
optimum with respect to fuel element characteristics of Interst. This represents

an extension of preliminary experimental work performed in this area last year.

A proposed experimental procedure was outlined in connection with the determination

of optimum canning cycles for use with four-inch I and E enriched fuel elements.

Data were analyzed from an experiment conducted to determine the effects on braze

layer porosity of hydrogen content in the fuel element core. In reporting the

results, it was pointed out that the consistent appearance of low 'Y-ratios,"

when testing for differences between ingots, and the knowledge of error estimates
from previous work indicated the existence of a lack of randomness .among the

experimental units, probably due to too large a block size. This obscured any
differences between ingots having different hydrogen contents that may have existed.

Subsequentlyt assistance was given in the design of additional tests to investigate
this effect.

Irradiation Processing Department

During discussions concerning the acceptance sampling of panellit gages it was found
that the operating characteristic: curves presently being used were prepared several
years ago_ and are no longer applicable due to changes in the acceptance sampling
procedures. Revised curves will be prepared.

Two tubes of nickel plated fuel elements were measured at C-basin_ once before_ and

once after cleaning, in order to estimate film losses. This also afforded an

estimate of the reproducibility of the C-basln profilometer, since the truedimensions should be little affected by the presence or absence of film. These
reproducibility data were evaluated and the results submitted to appropriate IPD
personnel for action.
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Work on the theoretical corrosion model for I and E fuel elements is continuing°
Difficulties encountered arise from the implicit form of the relationships° It

is expected that the eventual solution will depend on utilizing am electronic

computer.

A series of meetings was held to discuss the construction of a mathematical model

of a reactor suitable for studying the phenomena of perturbations and cycling°

Continued mathematical aid was given in connection with studies which employ

linear programming as a tool.

A document has been issued which discusses a mathematical method of evaluating

the maximum number of coolant pressure genes which may be simultaneously by-passed o

and tripped without invalidating a scram signal on any other unby-passed gage°

This study,was made to determine the effect of removing the coolant pressure monitor
row relays on the number of by-passable gages in a proposed coolant pressure

monitor system.

Chemical Process lm6 Department

The first two of a proposed series of meetings were held with 234-5 Development

personnel to acquaint them with statistical aspects of experimental design.

A document proposing the use of part-by-part acceptance of final product parts

was issued. The consumer has been notified of the change in demonstrating

c_nformance to specifications.

Assistance is being provided personnel engaged in analyzing count data from the

256 channel analyzer. Initially, this will consist of recommending a course of
action with respect to the desirability of obtaining a special purpose computer

to assist in the data analyses. It is anticipated that assistance of a more
general nature will be provided at a later date.

Further work in connection with the analysis of _PID data to compare present
methods with the minimum variance inventory method is being delayed until the

first part of 1961 to permit the accumulation of more data.

STATISTICAL AND _ICAL ACTIVITXES %l','n_ HL0

2000 Pro_ra m

Corrosion Studies

Work continued on the analysis of AI-Ni-Fe alloy corrosion experiment. The

analysis should substantiate the aluminum corrosion parabollc-linear theory
and will estimate the individual sample induction times.

Chemical Development

Work continued on the construction of mathematical models for the loading and

unloading of resin spheres which have been immersed in thorium solutions.
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Fuels Development

Study of the mathematical theory of the metallurgica_y-ldeallzed ct inuously dis-
located crystal continued.

4000program

Swelling Studies

Work continues on the rough draft final report in connection with evaluation of

electron micrographs of cross sectioned irradiated uranium specimens.

Nondestructive Testin_

Further consultations were held on mathematical methods of interpreting thermal
signals received from certain nondestructive fuel element tests°

Chemical Effluent Technology

An attempt Is lbeln_ ma_e to_ 0btain(_solUtionsl to the h_od_mic problem of fl_w
on an inclined, water table in the presence of a contaminated source.

6000 Program

Biolo_

Application of the multicompartn_nt migration model to data from a rat experiment

involving a single admlnistrstion of W-18_ was completed_ with the emergence of
several facts which should be of significant interest in planning similar experiments
in the future.

General

The results of a six-day pilot work sampling study of the Analytical Laboratories
weekly salaried personnel were analyzed. It was found that the procedure outlined

for conducting the full scale study was satisfactory and this study was initiated.

Analysis continued of data from high energy antl-coincident gas sample counting

instruments to devise a good method of estimating background.

MISCELLANEOUS

An informal lecture was given to interested plant personnel on the philosophy,

structure, and possible applications of the General Electric Manufacturing Simulator.

Carl A. Bennett, Manager
OPERATIONS RESEARCH & SYNTHESIS
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PROGRAMMING OPERATION

A. REACTGR DNVELOPI_ - 4000 PROGRAM

i. PLDTONIUM RECYCLE PROGRAM
, , ,

Cycle Analysis

Computer Code Development. Testing of the Monte Car_o with energy group
importance weights was carried out during the month. This indicated the
need for small revisions in the expectation beam routines, which were
incorporated. The only remaining changes contemplated in the main por-
tions of RBU before distribution of the code through the SHARE organiza-
tion are a few revisions in the informatlon supplied to the output tape,
which will make possible a more intelligible output list. The output
code will require slight revision to conform to these changes. The RBU
Monitor is currently being modified to accommodate some special input
error routines which were written during the month. The input code is
still not completely debugged, but with the new error routines the re-
maiming development should proceed more rapidly than has previously been
possible.

The Meleager code was cha_ed so as to allow a primt-out of reactor fuel

compositions at six month intervals. This change permits an easier eco-nomic amalysls, as AEC use charges are set up on a six month interval.

The spectrum computation method of re-evaluatlmg Westcott 8 an s fac-
tors described previously was successfully compiled on the ZRM-709 and
is now ready for use.

The Puck code development for analyzing equilibrium plutonium recycle
in a broad spectrum of reactors is being debugged before major runs are
nmde. In addition to updating the reactor physics portion (GPR) to be
comparable with the Meleager code, changes are being made in the sequence
of operations to achieve a more efficient over-all program. _,t the same
time, the nomenclature in _ • code itself is being defined so that others
can use the code with more ease.

The gau_l logic applied in HLO fuel cycle analysis to date and the new
codes beim6 developed were reviewed by J. L. Wheeler of Argonne National
Laboratory in a recent visit.

Fuel Cycle Analysis. A preliminary study has been completed which inves-
tigates the feasibility of extending exposure lifetime by more efficient
irradiation of fuel elements. The plan consists of _k.iz_ two or three
long sections of fuel element and placing the sections in a time-constant
flux distribution. After a certain total exposure, the column would be
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removed a_. re-assembled - putting new sections in for the highly burned
parts and reversing (end-for-end) the lesser burned sections. Results
indicated up to 18% higher total exposure in some cases.

An estimate was made of plutonium production from power reactors (non-
military), both here and abroad. The estimates will be used to calculate
the probable total amount of plutonium which will become available during
the next ten years.

The neutron econom_ of thermal reactors is adversely affected by the
introduction of stainless steel and other alloys of significant cross
section which tend _0 offset their value in reactors. Consequently a
method was developed of rapidly evaluating the allowable amount of
specific materials in a variety of thermal reactors with various eco-i

nomic climates.

Analyses of alternative Jacketing materials should be made with each
set of conditions optimized. Even so, the answers are affected by the
nuclear reactor type (neutron savings) and by the economic model (dollar
savings). As a consequence, an endeavor was made in this study to opti-
maze and to examine the exchange of zirconium and stainless steel in a
variety of generalized reactors and economic climates so as to bracket
the feasibility of such exc_s.

One of _ie?aAzplest;0_S_ya_s,that ce_n_,.l:e,"uaed_,ass_mesa; !_ogey_ full--sure
and equates the total fuel cycle costs for zirconium and alternatively
Jacketed fuel and solves for the allowable difference in Jacketing mate-
rial prices.

This study compares fuel costs that are minimized for each set of basic
economic and nuclear parameters. From plots of the minimum fuel cost of
a reactor as a function of the thermal utilization as affected by various
Jacketing materials and corresponding costs, constant fuel costs lines
are drawn from which allowable Jacketing costs can be determined. Table I
is a selected summary for a 19 element U02 cluster, water cooled and
variously Jacketed, with D20 moderator.

TARLE I

Allowable Ja.cketin_Thickness at Canning
_lb. Uranium

DePreciatln_ Asset Interest Rates
Material 12_ 4_

Aluminum 0.266" O. 313"
Iron O.017" O. 020"
Stainless Steel 0.015" 0.017"
Nickel O.009" O.010"
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Table II shows various combinations of cladding materials and interest
rates that will yield the same minimized fuel cost as zirconium jacketing
at $50/lb uranium fuel fabrication and Jacketing charge. The table is
based on $19.50/lb uranium assumed Jacketing cost of the alternate mate-
rials.

....TABLE II

(b) Enrichment Exposure(c) Fuel Element
M4n_m_zed fo at Mini- at Mini- Fabricating
Total Thermal sized Total mlzed Total & Jacketing

Jacket Fuel Cost(a ) Utilization Fuel Cost Fuel Cost Cost

 n/Kwh Wt. U , u....
simluZess 2.8_ 0.8l 1.35 z3,70o 19.5o
Steel

Zirconium 2.84 0.95 1.06 17,209 50.00

(a) Fuel cost is computedfor: graded discharge, current uranium
price schedule, $15/gram fissile plutonium credit, l_%/year
depreciating assets cost, and l_/year non-depreciatlng asset
cost.

(b) fo = thermal utilization computed for hot clean natural
uranium enrichment.

(c) (There are coincidences, of course, where the minimum fuel
costs will occur at essentially the same exposure.)

Also note, as summarized in Table II, that the minimum fuel cost occurs
at a different enrichment an_ a different fuel exposure for each set of
conditions. Different answers would result if the same fuel exposure
were used for stainless and zirconium Jacketing. The fact that the fuel
exposure for a minimized fuel cost is less for stainless steel than for
zirconium is often overlooked. If the cost of Jacketing with stainless
is the same as with zirconium, then the fuel exposure at minimized fuel
cost would be greater for stainless steel as well as the fUel cost itself.
Zt is pertinent to note from Table I that with lower interest rates a
greater thickness of Jacketing material can be used for the same total
mlnlm_zed fuel cost. This sensitivity to interest rate is related to
the cost of enrichment in the reactor which is also reflected in the
specific power. The higher the specific power the lower the enrichment
costs per Kwh which will permit greater use of parasitic materials.
Over the data range reported here, the relationships are highly lin-
earized by virtue of examining the mtntm_zed fUel cost. The amount of
parasitic absorber cannot be increased forever in a nuclear reactor by
merely payi_ greater enrichment costs. The neutron yields of the fissile
isotopes are fixed and enrichment beyond certain levels (5 to 10% fissile)
cannot raise the reactivity any further to compensate for unlimited
parasitic absorption.
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Other Activities

The first quantity (i00 grams) of high exposure (16% Pu-240) plutonium
was received for use in the Plutonium Recycle Program physics tests.

Although the exact schedule for procurement of the kilogram quantities
of 20% Pu-2_143compositions plus other multigram amounts of even more
highly exposed material has not been firmly established, extensive con-
tact with Savannah River and C_ people improved our understanding of
the possibilities for ob_ining a firm schedule in the near future. If
agreement is reache_ by others ths_ the GRNL facilities can be used when
available early next year, the R_R-ETR, specific assemblies at Savannah
River, and special "dregs" of earlier campaigns at ORNL can then be proc-
essed and obtain_i under schedules satisfactory for the Plutonium Recycle
Program. In addition the possibility of availability of Canadian material
has arisen. Although the latter material is not essential to the program,
it could be very useful particularly if its Pu-240 content is high.

Activities related to PR_ startup included review and analysis of proc-
ess specifications, operating procedures, and power tests. Investigation
of long te_m reactivity effects was undertaken to provide integration of
the initial power test phase with the long range program of reactor
operation in support of the Plutonium Recycle Program.

The final draft of the Plutonium Recycle Program Annual Report, Fiscal
Year 1960, was completed. Local distribution should take place about
October 15. Off-site distribution will be held up for patent clearance.

A study of representative non-aqueous chemical separation processes (pryo
processes) from the waste volume standpoint was completed. The report is
ree_ for issuance. A significant conclusion is that these processes
are insufficiently defined from a process engineering standpoint to per-
mit am adequate estimate of waste volumes. However, with the information
at hand these volumes expressed as ranges appear to be generally much
higher than today's aqueous process wastes, and especially so, if the
latter wastes were to be calcined to solids. Further laboratory results
are needed before a more precise and adequate basis £s at hand to assure
satisfactory _¢ocess comparison. ,

2. SPECIFIC FUEL CYCLE ANALYSIS

The results of the M_leager computations of batch recycle cases for
the A_vanced Pressurized Water Reactor (_) have been edited and placed
in tabular form on duplimats. A preliminary write-up of the physics
portion of the program as well as a few typical graphs have been pre-
pared. Final preparation oftthe report involves incorporation of the
economics section and final ed/ting.

UNCLASSIFIED



The detailed generalized nuclear _rocess code being developed for spe_
cific fuel cycle evaluation is undergoing initial debugging and checks
against the simplified code, "Qu_._k". Comparable output has been obtained
but because of "Q_u_k's" logic sim_lificatlons exact agreement is not
possible. A rigorous ham_ calculation debug of this problem and more
sophisticated problems will be made before using the code.

The _ study results reported last month were augmented by analyzing
the affect on plutonium value of various uranium price schedules, fuel
element fabricating and Jacketing costs, and interest rates. As indicated
by this and other studies, the value of plutonium is essentially propor-
tional to the value of top U-235 product asi hence to various uranium
price schedules. Plutonium values in the _ range in _he vicinity of
$14 to $16/gram fissile material as nitrate with the present price sched-
ule. If the price schedule is reduced 25%, the calculated values _n the
_ drops 25% or down to $10.50 to $12/gram as nitrate. The value of
plutonium is scarcely altered by changing the use charge from _ to 5%.
The use of a uranium price schedule with natural uranium at 50% of th_
present price and uranium cascade separative duty at 75% of its present
value yields plutonium values on the AI_ of $8.40 to $9.60/gram fissile
as nitrate. Additional fabricating costs for plutonlum-bearing fuel have
less e_ct_,on._J_he_alue.'.o.'_ pl_tonlum:'_na._p_ut_omlenr_ch@d_d_ ....',
than in most reactors studied because of the relatively high enric_nnent
level of the AI_ (3.5 wt. %).

With the present uranium price schedule, the value of plutonium in the
drops from $14/gram fissile uranium with no plutonium fabrication

premium to $7/gram fissile at a $70/ib uranium plutonium fuel fabrication
premium. Reductions in the uranium price schedule seriously alter the
allowable fuel fabrication premium as this premium applies after the
price schedule alteration is taken into account.

Previous to this month, _ economic results were computed by hand.
To permit moxm rapid and precise comparisons the analysis with sczne,refine-
ments was progzamned for the Zm4-709, debugged and applied to secure the
foregoing results. The code is named "Quick" and determines fuel costs
for batch irradiations by s,_w,4n_the following items:

i. Reactor burnup costs (net)
2. Pu-241 decay costs
3. AEC use charges
4. Separations costs
5. Process losses
6. Fuel element fabricating and Jacketing costs
7. Economic interest costs.

The sum of these terms is the_ divided into charges that are independent
of plutonium value (term A below), charges which are a function of the
unknown value of plutonium into the reactor (term B), a_flthe charges
depending upon the unknown value of plutonium out of the reactor in
term C.
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Fi - Ai + Bi Xi.1 - CiXi

Where Fi = fuel cost, mills/Ewh

Xi.1 - plutonium batch value into reactor at step i

Xi - plutonium batch value discharged from reactor
at step i

(Xi.1 an_ Xi are generally dlfferent)

A, B, and C are coefficients which depend upon the fuel exposure, fabri-
catlu6 charges, interest rates, etc. This relationship is the major out-
put of the "_Ai_k" cc_e as punched cards far processing in code "Puve"
which determines the value of each plutonium batch. Puve achieves this
by simultaneously solving the foregoing equation for a sequential series
of plutonium recycles in a specific reactor starting with a uranium enriched
case with boundary conditions that the total fuel cost Fi will be the same
for a given series and either: the final two plutonium batch values must
be equal, or the final plutonium batch value is set to a more arbitrary
condition such as zero or $_.50/gram_(the latter is an estimated value
of plutonium in fast breeders with the present uranium price schedule).
in a@lltion to ana_ing the effect on plutonium value of varying the
uranium price schedule anl fuel fabrication an_ Jacketing, variations
were made of the sepmrmtions cost, rmtio of Pu-241 to Pu-239 values and
operating efficiencies.

Other Actlvlt_es
, ,, i |

A study of the processing costs for the fuel from the "Russian Super-
heat Reactor" was completed. After the graphite sections have been
stripped from the fuel assemblies, this stainless steel clad fuel may
be processed by comventiomml techniques - Sulfex or chopping and nitric
dissolution fol_owed by TBP type solvent extraction in the conceptual
plant. No problem is antlcIpated during the dissolution of the mag-
nesium matrix type fuel or in the solvent extraction of the magnesium-
uranium solution in TBP. A fuel processing campaign on an annual basis
is more economical than more frequent campaigns.

B. OTHER ACTIV_IES

Assistance was rendered in arranging 39 visits (involving 326 persons)
through _ and ELO facilities.

M_nager, Programming
LH McEwen:dl
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RADIATIONPROTECTIONOPERATION
Mom oF

A. ORGANIZATION AND PERSONNEL
,i H

J. R. Bovimgdau, D. McConmon, and L. D. Williams were added to the rolls of the
Radiation Monitoring Operation duringthe month. One employee was transferred
within Radiation Protection Operation to provide additional Job experience.
The force of the Radiation Protection Operation totals 138.

B. ACTIVITIES
,,rH

High-level ground contamimation up to 15 fads/ht a_d perso_el contamination
up to 150 mrads/hr occurred duri_ the course of l_e testing at t_e_lSI.A
Diversion Box at the Purex Pleat on September 30. A leaking connector in the
Diversiau Box permitted steam which was being used to apply pressure to the
line under test to escape resulting in dispersal of contaminated steam and air
to the surrounding viclmity. Spotty particulate contamination was discovered
several thousand feet down wind from the Diversion Box Including the 200-E main
gate area. Eleven employees at the Diversion Box site had skim and nasal
contamination. Skim decontamination and nasal irrigation were successful in
removing all external contamination fram the involved employees. Examination

of the Ii employees in _ Whole Body Counter showed the presence of measurableamounts of Zr95 and CeI- The maximum amount of either radionuclide detected
was less than one per cent of the maximum permissible body burden, lt was
necessary to barricade roads and reroute traffic until the roads within the 200-E
Area and main highway 43 could be decontaminated. The roads were released and
opened to traffic au the aftermoau of October i. Slight particulate contamina-
tion on some buses which were iu the vicinity of 200-E main badge house on day
shift was reason for the checking of 13 homes im Richland for people who had
been working in ROO-E Area at the time of the contamination spread. All of the
homes a_i subsequent surveys of private vehicles were found to be free of con-
tamination. Temporary sprinklers were set up at the Diversion Box site to
prevent further spread of the cautamimamt after the incident.

Three cases of contaminated minor injuries occurred. One case involved a
contaminated sliver in a slight wound in a CPD employee. Removal of the plu-
tauium sliver a_ excisiau of the wound area removed all but 0.O0_ pc. Two
other minor cases of plutonium depositiau were confirmed bri_iz_ the total
au record to 26_ of which 259 occurred at HAPO. There are 190 employees
currently on the active rolls with plutonium deposition.

Five employees were examined in the Whole Body Counter as a rewult of plant
incidents where facial and nasal contamination resulted. In all cases, no
sigmificant internal deposition of radionuclides was detectable.
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A substantial modification of the Whole Body Counter instrumentation has
been the addition of a spectrum stripper. _M_,sdevice permits the use of the
full 256 channels of the analyzer by taking a background count and then sub-
tracting it from the gross count. Previous practice has been to use 128
channels of the analyzer for the background count, store this count, and even-
tually subtract it frum the gross count which was made on the other 128 channels.
This improvement now pemmltf improved detection of higher energy gamma emitters.
Since the spectrum stripper has been in fu_l operation, small amounts ranging
from two to eleven millimicrocuries of Na"k*have been detected in several I00
Area employees during their routine checks in the Whole Body Counter. This
amount is less than one-tenth of a per cent of the maximum permissible body
burden. The source of the Naa4 is the I00 Area sanitary drinking water.

A detailed background survey of the PRTR site, to include evaluation of air,
water, and vegetation samples; particulate deposi%ion; background dose rates;
and counting of assigned Personnel in the Whole Body Counte__ was scoped and
initiated. The study will be conducted over a four to five week period to
allow an evaluation of related meteorological phenomena.

The resident Radiation Monitoring staff was assigned to the PRTR facility.
The cuaprehensive buil_ing Radiation Work Procedure for the PR_R was approved
aralissued. Rwllation Work Procedures for design tests and several Radiation
Work Procedures for criticality tests were cumpleted.

Appropriate contacts with superviai_u h_e been scheduled after a review of
radiation generating machines in the 300 Area_revealed that approximately 80
Per cent were being operated with outdated or nonexistent Radiation Work Pro-
cedures.

1131 emission to the environs exceeded the weekly control limit of I0 curies
from August 14 through September 17, 1960. The average weekly emission rate
was 15.96 curies with a maximum weekly emission rate of about 20 curies.

A proposal that certain project roads be made available to the public was
reviewed. The findings of the June 1959 comprehensive study on specified
routes through the project were applicable to this most recent proposal with

. certain exceptions. One of the proposed routes in the latter proposal is
not desirable because of heavy traffic of project vehicles hauling radio-
active liquids.

A study of emergency limits for Columbia River water concentrations in conjunc-
tion with suggested actions was completed. Conclusions of particular interest
from the study were: i) I131 is the controlling radionuclide. 2) Considera-
tionsof youmg children result in the most restrictive limit. 3) The most
important control is prevention of significant concentrations of I131 from
being introduced into sanitary water systems. This latter control can be
accomplished by alerting downstream users of river water. A study to identify
current users was started.
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A Film Dosimetry Information Exchange meeting was held at HAPO on September 20,
21, and 22, 1960. Personnel from ten AEC sites presented their respective film
dosimetry programs. A reference paper entitled "Film Dosimetry Information
Exchange" presenting the HAPO film dosimetry system was prepared for the meeting.

The study of the latent image fading of Du Pont 508 and 555 film indicated that
there is less than i0 per cent fadin_ in a 12-week period for radium gamma
doses from 120 mr to l,O00 mr. Studies of other properties of Du Pont 508 and
555 films are continuing. A 25-mii thick tantalum filter in front of Du Pont
508 film was found to exhibit a linear density-dose relationship of 60 Kev to
i Mev. The two most promising approaches to discriminate mixed doses to various
gamma and beta energies are being thoroughly studied. Preliminary tests indicate
that the neutron tract NTB film is about 15 per cent more sensitive than the N_A
film for 1.25 Mev neutrons. Am investigation was started to determine the influ-
ence of gamma energy response of the neutron track films.

Neptunium bioassay procedure development continued. The current initial
extraction procedure carries only about one-half of the neptunium present in the
solution. A change in the reduction step either iu technique or to a more vigor-
ous reducing agent was planned as a means of making this method more quantitative.

Development of small volume sample urimanalysis methods continued. Unacceptable
variation by a factor of two in the distribution of results from preliminary
sets was partially ascribed to errors in technique and insufficient training
of technicians. The end objective of this effort is to permit on-plant sampling
for the bioassay program for the majority of the samples.

The rate of elimination of Cs137 was studied for two persons. The elimination
appeared to be exponential with half-lives of 63 and 95 days.

A Seminar on the USAEC vs. Northway-McVey litigation, popularly referred to as
the Kellogg Incident, was conducted by Mr. J. R. Horau, Director - Health and
Safety, Idaho Operations Office. The health phyjics aspects of this case, in
particular, the use of radiation protection records indicated the value for a
critical review of the quality and purpose of radiation protection records at
HAPO.

The new RP0 display was completed and shown at the regional meeting of the
American Industrial Hygiene Association held in Richland this month. The
displ_y was moved to,he Desert Inn at the request of Cummunity Relations where
it will remain for about one month.

A detailed proposal was submitted to the Counsel's office concerning contrac-
tual control of radiation protection matters of any collateral contractor
having employees at Hanford.

C. EMPLOYEE RELATIONS
,p i ,

Four suggestions were submitted by personnel of the Radiation Protection Opera-
tion during the month bringing the year-to-date total to 31. Four suggestions
were evaluated and rejected. Ten suggestions submitted by RPO personnel are
pendix_ evaluation.
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There were four medical treatment injuries during the month for a frequency
of 1.81. No security violations occurred during September.

Radiation Protection Training included: Exempt personnel att_:ndinglectures
and meetings on PRTR training, USAEC vs. Northway-McVey Seminar, demons_ra_i0_
of Model II Scintran, and HAPO Geology and Hydrology lecture conducted by
R. E. Brown.

HW-66026 "MPC's for Ingestion of Rare Earths in Columbia River Water" by M. W.
McConiga.

HW-66e87 "Evaluation of Radiological Conditions in the Vicinity of Hanford"
April through June, 1960, by Radiological Evaluation Working Group.

HW-66778 "Analysis of Radiological Data for the Month of August, 1960" by R. L.
Junklms.

HW-66979 "Monthly Report - September 1960, Radiation Monitoring Operation" by
A. J. Stevens.

"Waste Control at the Hanford Plutonium Production Plant" by R. F. Foster,
R. L. Junkins, and C. E. LInderoth for presentation by R. F. Foster at the Water
Pollution Control Federation Meeting in Philadelphia on October 2-6, 1960.
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@
ENVIRONMENTAL MONITORING - RESULTS - (Mid-August 1960 - Mid-September 1960)

Activity Monthly

Sas_le Type _ Location _ Average Units

Drin_ Water

100-F Ares Isotopic 0.7 % MPCw-GI*
Separations Areas Gross Beta 8.6 x i0-8 _c/cc .
P_sco Isotopic 5 -3 _ MPCw-GI**
Kennewick Isotopic < 0.7 _ MPCw-GI**
Richland Gross Beta < 3.0 x 10-8 _c/cc

Columbia River Water
.... , i,,

Above IO0-B Area Gross Beta 8.0 x i0-9"** _c/cc
100-F Area Isotopic 1.3 % MPCw-GI*
Hanford Isotopic 2 •0 _ MPCw-GI*
P_sco Isotopic 14 _ MPCw_I_*
McNary Dam Gross Beta 1.0 x i0"6 _c/cc
Vancouver, Washington Isotopic < 0.3 % MPCw-GI**

r_ se_aratlonsAreas Z131 5.7x i0"13 _c/cc
1131 Sepe._ationsS_cks 1131 1.8 Combined curles/day
Active Particles - Project -- 3.5 l_le/lO0 m3
Active Psa'ticles- Environs -- 0.2 pile/lO0 m_

Vegetation (Control limit for vegetation is 10-5 _c II31/g)

Residential .131 < i.5 x 10-6 _c/g
Eastern Washin_on and

Oregon 1131 < 1.5 x i0"6 _c/g
Fission Pro_uc_s less Gsmm_

IISl - Wash. and Ore. Emitters < 1.0 x i0-5 _c/g

*The % MPCw-GI is the percent of the maximum permissible limit for occupational
exposure to the _st_oin_estinal tract calculated fr_ drinki_ wa__r limits
con_Lued in F_S _book 69.

**The _ MPCw-GI is the percent of the m_-_m pe__mlsslbleconcentratio_ for
persons in the nei_borhood of controlled ar_s for continuous exposure to
the _s_rointestinLl t_act calculated from drinking _ter limits contained
_ _s __o_ 69.

***This loc_tion is now sampled quarterly. The most recent result is table_.
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EXPOSUREEVALUATIONAND RECORDS

Exposure Incidents above Permissible Limits

Whole Bod_ Localized
September " 0 0
1960 to Date:_ i 3

Gamma Pencils

Pencils Paired Readings Paired Readings Lost
Pr_essed IO0-RaO mr Over R80 mr Readings

September i0,898 393 7 4
1960 to Date 136,094 2,089 37 Le

Betal-Gamma Film Badges

Badges Readings Readings Readings Lost Average Dose
Processed I00-_00 mrads 300-500 mrads Over _O0 mrads Readings Per Film Packet

September 10,861 1,049 229 46 36 i4.23 19.74
1960 to Date 101,750 8,223 1,526 379 516 11.29 17.89

Neutron Film Bad_es
Film Readings Readings Readings Lost

Processed _0-i00 mrem 100-300 mrem Over 300 mrem Readings
Slow Neutron "'

September 3,216 0 0 0 I0

1960 to Date Ii,2_5 3 o o _A
Fast Neutron
September 370 67 2 0 0
1960 to Date 1,580 143 32 0 21

Whole Body Counter
Male Female September 1960 to Date

GE Employees ------

Routine 7o 9 79 647
Special 17 0 17 37
Terminal 0 0 0 1

Nonemployees 5 1 6 41

Pre-employment 2 0 2 i0

Total 9_ i0 i04 736

Bioassa_ September 1960 to Date
Plutonium: Samples Assayed ° 675 5,918

Results above 2,_2x 10-8 _c/sample 45 370

Fission Products: Samples Assayed 635 5,799
Results above 3.1 x 10-5 pc FP/sample 13 23

Uranium: Samples Assayed 161 2,428

Confirmed Plutonium Deposition Cases 2 15"

*Bringing the total number of plutonium deposition cases which have occurred
at Hanford to 259.
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Uranium Analyses Following Exposure Following Period of No Expomare
Units of i0"W wc/U/cq Units of 10-9 _c U/gc

Number Number

Sample Description Maximum Average Samples M_ximum Average Samples

Fuels Preparation 7.6 2.2 43 5.3 1.7 45
Fuels Preparation* 0 0 0 0 O 0
Hanford Laboratories 18 4.2 30 12 3.2 31
Hanford Laboratories* 0 0 0 0 0 0
Chemical Processing - 1.4 1.4 I 1.9 1.3 3
Chemical Processing* 6.2 5.8 2 3.6 2.7 2
Special Incidents 0 0 0 - - -
Rand 0.9 4 - - -

*Samples taken prior to and after a specific Job during work week.

Thyroid Checks September 1960 to Date
Checks Taken 0 179
Checks above Detection Limit 0 5

Hand Checks

Checks Taken - Alpha 33,303 285,229
- Beta-gamma AI,209 402,753

Skin Contamination
Plutonium 29 200
Fission Products 48 352
Uranium 3 39

C_AL m I0 S
Number of Units Calibrated

.September 1960 to Date
Portable Instruments
CP Meter 983 8,254
Juno 272 2,
GM 776 7,053
Other _ i,621

Total 2,224 19,570

Personnel Meters
Badge Fi'lm 600 11,9_
Pencils - I,912

other 337
Total 937 17,53B

Miscellaneous Special Services 832 .._

Total Number of Calibrations 3,993 42,331

_ion Protection

AB Keene:Ec:_
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LABORATORY AUXILIARIES OPERATION
, ,,

MONTHLY REPORT ° SEPTEMHER,1960

GENERAL

There were no security violations charged to the Operation.

There were no major injuries; the minor injury frequency rate was 1.97,
which is considerably below average experience.

TECHNICAL SHDP8 OPERATION
,,, ,• ,,,

Total productive time for the period was 2_,354 hours. This includes
17,15_ hours performed in the Technical Shops, 4,5_5 hours assigned to
Minor Construction, 198 hours assigned to other project shops and 2,_57
hours assigned to off-site vendors. Total shop backlog is 22,103 hours,
of which 60_ is required in the current month with the remainder distri-
buted over a three-month peziod. Overtime hours worked during the month
was _.5% (883 hours) of the total available hours.

Distribution of time was as follows:

Man-hours _ of Total

Fuels Preparation Department 5,193 21.3
Irradiation Processing Department I,663 6.8
Chemical Processing Department 764 3.1
Hanford Laboratories Operation i_,800 60.8
Construction Engineering & Utilities 1,623 6.7
Miscellaneous _ i.3

Requests for emergency service declined to a more normal level, requiring
an overtime rate of 4.5%.

One machinist was added to the shop force with no current open requisitions.

The subcontracting of work to outside shops continues to be used as a means
of leveling off peak work loads. The cost and quality of work produced in
the Technical Shops and work produced by outsidm shops are comparable.

Security performance was considered satisfactory with no violations. There
were five medical trea_,,entinjuries, which is on the low side of the level
forecasted for this period.
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RADIOGRAPHIC _ESTING OPERATION

ACCOm_llshments

A total of 5,165 tests were made, of which 999 were radiographic (in-

cluding x-ray and gamma-ray) and 4,166 were supplementary tests. Out
of a total of 2,725 man-hours, 749 (27.5_) were in connection with radio-
graphic tests, and 1,946 (72.5_)wereusedon supplementary tests. The
supplementary test work included: penetrant (fluorescent O.D. and I.D.);
stress analysis; surface treatment (steam-detergent cleaning and vspor
degreasing); and ultrasonic (flaw detection, core integrity, bond testing,
and thickness measurements).

The number of pieces handled this month totaled 3,055 items. The feet
of material represented by these items amounted to 36,496 feet. Work on
tubular components continue_ to amQunt ta account for a large percentage
of _he footageof material tested.

Work was done for 18 organizational components representing most of the
operating departments and service organizations. A total of 43 reports
were issued detailing test findings with conclusions and recommended action.
Radiographic Testing Operation was consulted on 37 different occasions for
advise and information on general testing theory and applications for other
than the Jobs tabulated in Part - II Testlng Statistics.

It is anticipated that preliminary pickling and autoclaving of a full size
NPR process tube will be accomplished soon. The No. 1 autoclave and the
pickling system was successfully cleaned and tested using coupons. Four-
teen pieces of zircaloy were pickled and autoclaved using a 36 hour cycle.
Examination of the pieces for film integrity was encouraging in that the
desirable black oxide coating was achieved without staining. Upon com-
pletion of several minor equipment modification items on the pickling
system it will be possible to condition a number of ftull-slzedtubes by
pickling (those having numerous penetrant indications). It is hoped this
pickling experience will be helpful in training the Kaiser craftsmen to
_ssure successful operation at the pickling station.

With termination of the contractor work at the PRTR and with J. A. Jones

completing remaining work, I_ is now involved in actual radiographic
work in addition to the liaison work which has been done to date. A con-

siderable contribution is being made by RTO field crews at the reactor
areas in stress analysis work. Currently, Jobs are _ing on at F, DR,
and H reactors.
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Considerable development effort has been expended on the ultrasonic
testing of sheath tubes to demonstrate equal reliability of the test
throushout the tube wall (i.e., equivalent signals from outside and
inside surface discontinuities) and to demonstrate acceptance of minor
surface irregularities (i.e., scratches, dents, etc.), Success has
been achieved in reliably and reproducibly recording 4 railI.D. and
0 .D.standard notches at the same time resolving 2 railnotches on the
same surfaces at the same instrument settings.

The laboratory facilities in the 306 Building have been occupied.
Assembly of the 2 mev Van de Graaff x-ray unit has been started and
progress to date has been encouraging.

Testing Statistics

No. of Ft. of Weld No. of

Component Tests or Material Pieces Description

CE&U 353 177 353 Film interpretation of radio-
graphs by weld-X Corporation of
California at the PRTR site.

CPD 30 2 2 Radiograph long seam on filter
unit (Fission Products Transport)

4' long x 2' 0oD. x i/2" wallCarbon Steel; Radiograph welds
on filter unit _O" long x 18"
O.Do Carbon Steel.

FPD 2 2 _ AI Clad U Fuel Elements.

HID 3,588 33,114 2,481 .505" I.D., zr-4 fuel samples;
9/16" O.D., zr-2 Clad tlD2;Thermo-
couple in U fuel: Thermocouple

314"O.D.,slstubing
weld: 1/2" O.D., mr-4 clad Pu
Fuel; Unfinished TPU Rods;
Finished TPU rods; .680" I.D.,
zr-4 tubes; ._95" I.D., ar-_
tubes; Inconel, Monel s/s tubes,
•505" dia. x i0' long 2" dla. x
_' long; Develop exposure tech-
niques on sid radiographic speci-
mens; Make set of density stds;
Perform audlgage survey of s/s
pressure vessels in the 300 Area;
One vessel in 314 building; 21
vessels in 325 building.
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No. of Ft. of Weld No. of

T,e,,sts ,, or Material Pieces Description

IPD 1,104 3,19 207 Radiograph welds on 2-1/2" Sch 80
"Tee" in 1706 KXR Bld_; Cell #i,
2, 3. 316 s/s; Radiograph one
2-1/2" Sch 80 pipe weld from cell
#_, A & B pos. 316 s/s located in
1706 EE Bldg; Radiograph welds on
Elmo-8 Ion-Exchanger Columns. 6"
& 3" Sch xx Strong, Carbon Steel;
Radiograph welds on 2-i/2" Sch 80
lug ring sleeves, four positions,
single wall, carbon steel; Radio-
graph welds on two I05-C aluminum
charge seaters; 3-1/4" O.D. x 57'-6"
long zirc tubes NPR type; S_ress
analysis on the crossheaders, risers,
& downcomer of 105-DR reac+_r.

JA Jones 88 43 8 Radiograph weld qualification coupons
A & B positions; Radiograph 3/16"
instr leads at bottom (Calandria-PR_R

 ta,  ',z65 3,o55

CONSTRUCTION OPERATION
,.. ,, ..

There were 65 existing J.A. Jones Company orders at the beginning of the
month with a total unexpended balance of $163,293. Fifty-six new orders,
eight supplements and adjustments for underruns amounted to $257,691. Ex-
penditures during the month on SID work were $143,835 (Includes C.O. Cost).
Total J. A. Jones backlog at month's end was $27Vj149.

Summary

HL CE&U

Unexpended Unexpended
No. Balance No. Balance

Orders outstanding beginning of mo. 63 155,684 2 7,609
Issued during the mo. (lhc.Sup.& Adj.) 56 257,691 0
J.A. Jones Expenditures during mo.

(inc. C.O. Costs) 143,835
Balance at month's end 46 27V,149 i 7,609
Orders closed during month 73 67,213" i 132,475

* Face Value of Orders Closed

J.A. Jones pipefitters returned to work 10-3-60.
UNCLASSIFED



FACILITIES ENGINEERING OPERATION

There were 13 authorized projects at month's end with total authorized
funds of $2,741,265. The total estimated cost of these projects and those
awaiting AEC approval is $5,966,000. There Were two new projects authorized,
one new project proposal submitted to .the Commission, and five projects com-
pleted this month.

The following summarizes the status of HID project activity:

Number of authorized projects at month's end 13

Number of new projects authorized during the month: 2
CAH-901 Structural Material Irradiation Test E_alpment
CGH-907 Strontium-90 Interim Program

Projects completed during the month: 5
CA-744 Metallurgy Development Facility-306 Building

Addition
CGH-860 Access for PRTR Fuel Elements-327 Building
CAH-86_ Shielded Animal Monitoring Studies, IO0-F
CGH-877 Pyrochemical Test Facility, 321-A Buildimg
CAH-878 Additional Facilities for Isotope Studies on

Animals 141-C Building Addition

New project proposals submitted to AEC during month i
CAH-914 Rattlesnake Springs Radioecology Facility

New projects awaiting AEC approval: 4
CGH-832 Full Scale Physical Constants Test Reactor
CGH-874 Consolidation of Plutonium Metallurgy°Facility
CGH-902 Uranium Scrap Burning Facility
CAH-91_ Rattlesnake Springs Radioecology Facility

The attached project report details the status of individual projects.

En_Ineerlmg Services

Engineering work performed during the month included the following listed
major items as well as scope engineering for project proposals.

Title Status

329 Building Ventilation Mod. Work progressing to completion. Pipe-
fitter dispute has delayed completion.

Pressure Vessel and Code Piping- This is a contlnuln_ work program on
Engineering & Inspection Service HID vessels, pressure systems and re-

lated safety devices. Periodic audio-
g_ging is nearly complete.

Glove Boxes, 325 Building Fabrication is complete end appurten-
ances are being installed.
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Title Status
,,

Equipment for Critical Mass Studies Materials on order. Detail design is
about 88_ complete.

Fire Detection System - 314 Bldg. Installation work essentially complete.

Criticality Alarum - 300 Area Installation work about 95_ complete.

Improvement to Animal Waste Dis- Design work complete. Field work in

posal System progress. Pit complete & conveyor

to be installed during October.

Horizontal Control Bod and Drive Design w0rk is in progress.
for Tamper Tank (Critical Mass)

Basement Access Enclosure - 325 Bldg. Engineering complete.

Air Conditioning Stu_7-222-U Bldg. Engineering work is complete.

Operating Spare Parts - 30_ Bldg. List of spares has been completed.

Irradiation Studies Loop Design co..replete.Fabrication in progress.

Breakaway Corrosion Loop Design in progress. Procurement has
started.

Review of Pressure Systems, PRTR Primary and secondary systems nearing
completion. Helium system is _lso

being examined.

Misc.Anlmal Quarters & Pasture lO0-F Field work in progress.

Canopy Design - lO0-F Demign complete.

Design special dust filters - 306 Design _ progress.

Intercom Syste m - 231-Z Building Design has started.

Coolant Systems Development Lab. Conceptual design has started.

Cooling System - 314 Building Design is complete. Costs are being
reviewed.

_Drafting and Design Services

Effective October i, 1960, ali drafting requests will be by work order form.

Work load in central drafting room (3706 Bldg. ) is constant with heavey
backlog. Branch offices in 306 and 308 Buildings have steady work loads

with heavy backlog in 308 office, and some work being supplied to 306

office from central
drafting room.

UNCLASSIFIED



.Jl
J

__. CLASS!FIED H-7 HW-66960 ,_

Major design and drafting work in progress includes the following:

1. High Level Utility Cell - 327 Bldg. - Special Tools (50% complete).
2. PEP Critical Facility - Detail of in-cell piping, ventilation, in-

strumentation and electrical work (19 dwgs. - 90_ complete).
3. Physical and Mechanical Properties Test Cell - 327 Building - Special

equipment design (35 dwgs. - 50_ complete).
4. Structural Materials Irradiation Test Facility - design - (25 dwgs.

required - 30_ complete).
5. Loading Dock Enclosure - 37-1Building (3 dwgs. - completed).
6. Test Equipment for Gas Cooled Reactor - (10 dwgs. required - i00_

complete).
7. Strontium Purification Project - Work underway.
8. Fuel Element Wire Wrapping Machine (12 dwgs. required - 93_ complete).
9. Shipping Cask - 500 gal. capacity - complete.
10. Spilt-half mechanism, Critical Mass Laboratory.
LI. Control rod mechanism, Critical Mass Laboratory.
12. Thermal precipitator- (5 dwgs. required- 20% complete).
13. PRTR special tools - (approx. 45 dwgs. - 25% complete).

In addition to the above work, miscellaneous .m_11 design-drafting Jobs are
in progress.

Approximately 150 drawlngs includimg sketches, work sheets, and formal
drawings were completed durlmg the month of September.

Plant Maintenance and Operation
Costs

Aunt  0recast
Bldg. & Mach. Maint. $ 24,474 91.0
General Malnt. 6,224 121.0
Improvement Malnt. 3,596 142.0

Total Malnt. $ 34,29_ i01.0

Janitor Services $ 16,573 97.0
Operators 12,178 93-0

Utilities - Steam. $ Ii,617 92.0
- Elect. Till8 I01.0
_ Other " "2iiOIl_ ii2.0

Total Utilities $ 39,78i 103.0

Engrg. Serv. & As-Builts $ 4,483 ii8.0
Administration 3,000 I00.0

,o,3o9 lo5.o
Aual_sis of Costs

The costs for the second month of the fiscal year are slightly above
the forecasted remount. However, these e_penditures were on planned
work which is being performed now because of availability of manpower.
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Miscellaneous
,.i _ i ,

Approximately 24,000 square feet of prints were reproduced during the
month.

The total estimated value of the i0 requisitions issued durin6 the month

was$10,500.

Intenlive rehabilitation of 306 Building heating and ventilating system
continued during the month.

Air balance in 329 Bu_1_ng is in progress.

A_lit_onal ventilating air is being added to 325 Building basement mezzanine.

A system for renovating steam control valves for better building temperature
control is being forsmlated.

Clean-t_ of the south side of 314 Building has begun. The cyclone
separators and miscellaneous unused equipment was removed to burial or

controlled stora6e.

The exterior trim of buildlngs 3"_4, 3730, 3745"A and 321 have been painted.

Studies have been initiated for filtration of the exhaust from beryllium
hoods.

An investigation was made of 308 Building waste disposal,and a crib waste

line has been designed to connect 308 with the grid by 325 Building.

A survey was con&Acted to determine the quantity and quality of future water

requirements for the 300 Area HID laboratories.

Maintenance budget items were reviewed with AEC representatives.

Work was initiated to rra-roof four buildings during the second quarter.

_CHNICAL INFORMATION OPERATION, n ,

Progress was made on the proposed new access system for the control of
access to documents in the Classified Files. A meeting was held with HO0

personnel at which a tentative outline of the new system, prepared by
Technical Information, was discussed. A number of revisions were agreed

upon, and will be incorporated into a second outline now in preparation.

Another meeting with the HDO is scheduled for October.

During the month a cumulative llst of unaccounted for R & D documents from

other AEC installations was received and checked against Files' records.

Out of 184 document titles listed, Classified Files found that 2 had been
declassified and I had been destroyed.
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Revisions of the Hanford Guide topic covering neutron spectra were
proposed. Since the epithermal and fast neutron spectra for the older
Hanford reactors can be computed from unclassified data, classifying
the spectra does not s_pear Justifiable.

Routine inventory of Files' holdings has been discontinued for an indefinite
period and the inventory clerks have been assigned to the Files' micro-
filming program. They are presently devoting their time to (I) preparing
documents for microfilming and (2) destroying a large number of process run
books, shift supervlsor's log books, dispatcher's log books, etc. which are
of no further record value and will not be microfilmed. Microfilming is
scheduled to begin October 3.

R & D documents which had been backlogged in 300 A_ea Duplicating are
reaching Files in larger quantities than can be handled. One day 8
documents were received in Files. Internal copies are being distributed
as soon as the report is received; external copies are being mailed out as
fast as they can be wrspped. Two overtime periods were worked to help
handle the load.

In September the Library began using a new form, "Request for Library
Procurement - Subscriptions". The form has enabled the Library to in-
trod_ce a greatly i_roved subscription orderlng routine. All three
parts of the new pre-carboned form can be completed with a single typing.
The first part replaces the old procuzmment card. The second _art re-
places the purchase requisition. The third part replaces the two-part
"Subscription Receipt Acknowledgement" form on which the recipients:
an assigned periodical informs the Library that it is being received.
Formerly each of these forms hsa to be completed Reparately. Under the
new procedures the second (requisition) copy of the form ges directly to
the buyer in Purchasing, reaching him the day after being completed in the
Library.

Work Volume Statistics
, ,

August SePtembe r
Document Distribution and Files
....... ,

Documents routed and discharged (copies) 19,347 14,453
Documents issued (copies) 12,566 15,227
Documents sent off-site (capies) 7,597 6,597
Document reserves filled (copies) 667 586
Documents picked _ and delivered 20,764 16,679

Document Accountabillt7
Holders of classified documents whose files
were inventoried 307 425

Documents inventoried in Files (copies) 25,530 0
Documents destroyed or retired (copies) 4,561 8,349
Documents revised (copies) 1,16_ 1,078
Documents pulled and documents filed (copies) 8,041 10,511
Documents reclassified 663 467
Accountable copies of SECRET and DOCUMEFJ_D
CONF_I_L documents on-site 215,465 212,761

UNCLASSIF_
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August September

Reference an& PubLication

BooMs added to the collec_ion (volumes) 296 136
R6a_7 reference __entlona answered by pro-
feulonal staff ZOO 235

Literature searches by professiQnal staff 89 67
Reports abstracted (titles) 304 2b_2
Formal reports prepared (titles) 17 17
Off-site requests for HAPO zeports (copies) 450 277
Reports release_ to CAP (titles) 48 _2 ,

L.lh.raryAcquisitions and, Cir_ation
Books ordere ( lumes) 49B
Periodicals ordered _ 91
BooMs circulated (volumes) 1,676 2,148
Periodicals circulate_ (issues) 3,221 4,745
Inter-Library loans 72 92
Films borrowed or rented 12 22
In_Astrial film showlngs 6 5 83
Bound periodicals added to the collection 88 293

7 Co ec  n:

Main Librar_ W-lO Library I08-F Library Ind. Medo Total

No. of booms 30,027 8,536 1,666 2,016 42,245

No. of bound

periodicals 14,221 9 1,686 97 16,013
i,, • , , --'

_,2_8 8,545 3,352 2,113 58,258

Classification and Declassification, , , .,,,,,,,.,,

August September

Documents, including drawings and photogrsphs
reviewed for dowmgradiug or declassification 696 203

Documents and papers (Imtended for oral pre-
sentation or publication) reviewed for sppro-
priate classification 40 39

Documents submitted to Declassification

Branch, Oak Ridge 265 75

Mana6er

JL Boya:Jw
UNCLASSIFIED
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PROFESSIONAL PLACEMENT AND
PmLA'iO SPRACTICESdPF.aA ION.

MDNTHLY REPORT

GENERAL

As of September 30, 1960, the staff of the Hanford Laboratories totalled
1372 employees, including 667 exempt mud 705 weekly salaried. Of the
total, 572 possessed technical degrees, including 345 B.S., 124 M.S.,
and 103 Ph.D.

The medical treatment frequency for September was 1.21 as compared with
1.48 for the preceding month. There were no disabling injuries or
serious accidents during the month. There was one security violation,
bringing the total for the year to date to 24, as compared with 33 for the
corresponding period last year.

R. H. Scott served as technical session chairman for the Fifth Annual

Conference, Pacific Northwest Section of the American Industrial Hygiene
Association held in Richl,-d, September 9.

PROFESSIONAL PIACEMERT

During September there were two visits byPh.D, candidates seeking
employment. Three offers were rejected, including an XPD offer to an
inexperienced Ph.D. physicist and HLO offers to am experienced Ph.D.
physiological chemist and an inexperienced Ph.D. metallurgist.

Plans are essentially complete for the participation of HAPO scientists
and engineers in Ph.D. recruiting at 21 campuses this fall. HAPO will
coordinate Company Ph.D. recruiting at six campuses.

Four Technical Graduates were added to the rolls, four accepted permanent
assignment and three terminated, including one Engineering and Science
Program member, and two returning to school. At month's end there were
75 Technical Graduates on the roll, including 5 members of the Engineering
and Science Program. Over-all Company requirements for engineers and
scientists in engineering, manufacturing, and marketing appear at this
time to be about the same as those for last year.

EMPLOYMENT

There were 16 weekly salaried vacancies filled during the month, including
three internal transfers. At month's end, there were 2_ weakly salaried
vacancies in HID.

TRAINING

A second seminar in Business Operations in our Changing Environment wasbegun with 16 participants, lncludd_ one from CPD and one from the AEC.

UNCLASSIFIED
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T. G. Marshall, M_ger, Professional Placement and Relations Practices,I

tramsferred to General Engineering Laboratory on September 30, 1960.

Actimg MAnager
Professional Placement
am_ Relations Practices

RS Himmelright:imh
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Au__Se__. Nonexempt Transfer Request _ Sept.

Requisitions Transfers

At end of month 22 24 Active cases at end of mo.77 81

Cancelled 1 2 Cancelled 1 0

Received 19 20 New 0 4

Filled 23 16 Effected l 0

UNCLASSIFIED
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t

C - Technical Graduate Program
Month endln_ SePtember 90_ 1960

TG Program

Number of Personnel on Assignment 75
(HAPO Tech Grad Program .........70
(Western District E.P ........... 5

Distribution of Asslgnments by Departments

IPD 29
HLO 19
FPD ii
CPD iO
CE_UO 4
C&AO 2

Distribution of Assignments by Function

R&D or Engineering 47
Other 28

UNGIASSIFIEDi i i
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FINANCIAL OPERATION MONTHLY REPORT

mn_z_m_ z96o

Personnel

There were no personnel changes during September.

Activities

GENERAL ACCOUNTING

Arrangements were made for HL0 employees in the 700 Area to pick up cash advances
and travel tickets in the 703 Building.

Travel for FY 1961 is runnimg approximately l0 percent ahead of the year earlier
level attributable entirely to increasing travel to professional society meetings
as shown below:

Isr Quarter Ist @uLrter
n z_6z ,n l_6O

_rips 314 286
costs $63890 $63680
Professional.Society _ravel $Ii 000 $ 5 400

Funds available for off-site courses were 76 percentspentand committed at the
end of the first quaffer.

Classification activity for the month Included the review of 837purchaserequis-
itions and 853 work orders for capital or expense determiDation, compounding,
work review, whether taxable or nontaxable and for reimbursability. This repre-
sents a sharp increase over the previous two months.

Project unitization reports were issued during the month on the following projects:

CGH-879 High Pr._ssure, High Temperature Autoclave Facility,
306 Building $45 633

CGH-661 Additional Heat Generation Facility, 189-D Building _ 334
CGH-840 Sheet Metal Shop Annex, 328 Building $ 35 373
0GH-848 Geological and Hydrological Wells $ 52 172

Following approval of Project CGH-907 - Strontium 90 Interim Program, it was
necessary to cha_ge the status of the Hot-Semi-Works Facility to Plant and Equip-
ment In Service. _ais facility had only recently been reclassified in a Laid-Up
status of Condition IV - Plant and Equilz_-utNot Used and Currently Not UsefUl -
Dead Storage.

In connection with the physical inventory of the Hot-Semi-Works facility the
physical count is complete and the reconciliation is in Progress. This inven-
tory included ali fixed property within the perimeter of the Hot-Semi-Works
exclusion area fence, including movable property and the buildings which house
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such property. The physical count was taken by C&AO and HLO Financial personnel
assisted by HLO custodial personnel. A report of results will be issued upon
completion of the reconciliation which is currently being performed by C&AO.

All field work in connection with the inventory of movable cataloged equipment
in the cu_ of the Radiation Protection Operation is complete.and the recon-
ciliation is in pro_ess.

Nucle_T Materials Accountix_ a_vised us of the forthccmlng Survey 18 of which
Pax_ I will aons_s_ of a verification of HAPO inventories of normal uranium,
tritium, deuterium, _ enriched lithium as of the end of October 1960.

Fifty-five items valued at $21,_56 were received at the Laboratory Equipment
Pool during %he month of September. Five items valued at $3,906 were withdrawn
by the custodians and sixteen items valued at $8,266 were placed in lieu of
placement of requisition. There were 482 items v_lued at $192,364 in the Pool
at month end.

Equipment activity initiated this fiscal year is running well ahead of last
fiscal year. A campmrison of Appropriation Requests processed through the first
_er of both yeses is shown below:

FY 1961 F_ I_60 Net Gain

_r ofAR's .68 ,38 30

Total Allocation $2 837 000 $2 310 500 $ 526 500
% ofNewActivityto

Allocation 23% 17%

We currently have approximately 65 percent of our total allocation expended or
committed. Based on recent contacts with the R&D components, it is anticipated
that October's activity will substantially increase this percentage.

The Financial Plan for Plant Acquisition and Constxmction has been received by
Contract and Accounting. Hanford Laboratories' portion for FT 1961 other than
General Plant Projects, which are on a first come ..first served basis, includes
the following:

1961_ Ge_ _t (mu,o _,_al) _ li6 ooo
ELO Portion - Shielded Analytical Laboratory 750 000

PR_ - Increased to $13,500,000
Directive to be received,shortly cover_ increase

Biology Improvement Project $ 340 000

The _clal _ for the operatln_ budget, which includes equipment funds, has
been received by the local AEC. be information will probably be forwarde,_to
GE during the senond week of October.

UNCLASSIFIED
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COST ACCOUNTING

A revised authorization was received from HOO-AEC during the month for the Gas-
Cooled Reactor Program. Am additional $306,000 was authorized, increasing the
total amount to $1,006,000. Authority to proceed on the proposed long term
irradiation and creep measurement activities was granted in this supplement.
Changes in authorized funds for other programs are anticipated when HO0-AEC
issues a revised Financial Plan to HAPO.

The request for preparation of the FY 1960 Mid-Year Budget Review was received
from Contract Accounting. A letter was issued to Hanford Laboratories manage-
ment explaining the requirements and the manner in which the review will be
accomplished. The September Personnel Forecast, submitted on September 30, will
represent the personnel requirements, upon approval by the General Manager -
HAPO. ChL*rentplans indicate that the budget will be submitted to the Msmager -
Hanford Laboratories for his review by October 21, 1960.

Three special requests from off-slte were received by Hanford Laboratories
during September as follow:

(i) Am additional $45,000 for Plutonium Imhalation Studies, sponsored by the
U.S. Air Force. This increases the FY 1961 authorization to $67,000.

(2) To fabricate 335 Pu-AI foils for Edgerton, Germeshausen, and Greerj Inc.
in the amount of $15,000.

(3) For shil_nentof two graphite bars to California Institute of Technology
in the amount of $50.

One program code was established and the title of another was changed during
the month of September. They are as follow:

Program Code Title Remarks

•57 Experimental Gas-Cooled Revised authorization of re-

Reactor searc_ and development program
sponsored by Division of Reactor
Development.

•77 Gas-Cooled Reactors - Title changed from Reactor
Other Graphite Studies.

Conversion of cost accounting practices fr_n manual applications to electronic
data processing is progressing satisfactorily. All arrangements and procedures
have been completed to place the distribution of Drafting Operation costs on
the HAPO work order system, effective October 3, 1960. Other components within
Hanford Laboratories that perform services for other on-site co_ponents, and are
not already utilizing the HAPO work order system, will be placed on this system
in the near future. Special accunnzl_tloncodes for prototype costs will also be
placed in the EE_ system, effective October 3, 1960.

Action as indicated occurred on the following projects duriDg the month:
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New Funds Authorized ELO

" CG-785 Y_-Reactor Studies EcRulpment,IO0-K $ 49 000
CGE-805 High Temperature Tensile Testing Cell, 327 Bldg. 20 000
CAH-888 _/olo_' Labora_ory Improvements (20 000)*
CAH-901 Structural Materials Irradiation Test EquIpment-

"E_I_" _ 104 000
CGE-907 S%ron_ium-90 Interim ProgrQ. 420 oo0

*Detailed desl_ to be performed by an AEC,
A-E Contractor.

Physlca! Comple_ion Notices Issued
CGH-860 Access for PR_ Kel Elements, 327 Building
CA-7_A Me4_llurgical Develolm_nt Facility, 306 B_ilding Addition*

*A_ servicesonly.

Construction C_.!etion and Cost Closin__ Statements Issued
CGE-840 Sheet Metal Shop Annex, 328 Building

_aere were 56 new authorizations for $235,284 and 8 supplements for $22,407,
issued to J.A. Jomes Construction Comg_ during the month. These authorizations
include a release for _L25,000 on Project CGE-907, Strontlum-90 Interim Program.
Work was ph_sically completed On 74 authorizations and 47 authorizations amount-
ing to $277,149 were still open at month-end.

GENERAL

Work continued o,,the review of Research and Development stature in Hanford
Laboratories. Interview discussions were completed with six scientists and data
assembled _ccord_ to the st_ plan. Cooperation by the contributors has been
excellent.

There was one security violation during September.

Payroll Statistics

Number .of HLO ,_l._,ees Non-
Changes.IX_u_ _n_ _b._l, Exempt

Additions and _ransfers In 29 15 14
_,_v_s ,ma_-,_ers out 6? . 28 4z

.EmgloTeeson I_:I_:,3..I. at _k}n_-End _ 667 70_

Overtime Paints During Month September August
,.

Exempt ' $ 8 825 $ 5 196
_on-_empt z8 4z7 zT 428

!.
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Gross Payroll Paid During Month September August

Exempt $ 581 436 $583 584
_on-Ex_t ,,,431 505 _56,o48

Participation in Employee Benefit September August
Plans at Month End Number Percent Number Percent

Pension Plan 1 215 99.4 1 223 99.5
Insurance Plan

Persomal Coverage 1 363 99.8 1 369 99.8
Dependent Coverage 976 979

U.S. Savings Bonds
Stock Bonus Plan 75 37.1 77 38.5
Savings Plan 91 6.6 90 6.4
Savingsmud SecurityFian 1 054 85.9 1 060 83.7

Persomal Accident Insurance 795 58.0 789 57.3

Insurance Claims _ September August
Number Amount Number Amount

, ,,,

Employee Benefits
Life Insurance 0 0 i 14 781
Weekly Sickness and Accident 5 317 16 855
Comprehensive Medical 94 4 431 28 2 715

Dependent Benefits

Comprehensive Medical ____ 13 956 57 5 038

Good Neighbor Fund September

Number Participatlmg 947 953
Percent ParticilxLting 69.Q% 67.5%

Acting Memager - Fimance

October 12, 1960
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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

E. J. Middlebrough Underwater Impeller, 9-2-60

R. F. Maness A Multi-Purpose Alloy Composition

O M.C. Lambert Method for Increasing the Rate ofDissolution of Uranium Oxides by

Chlorine Gas in Fused Salt.

F. R. Zaloudek A Device to Improve the Function of

Thermometric Devices in Long Tubes

and Thermometer Wens.

_" _Hanford Laboratories
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