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BUDGETS AND COSTS

Costs for June were $2,916, 000, an increase of $i, 013,000 from May.
Fiscal year costs were 96% of the amounts currently authorized to Hanford
Laboratories.

Hanford Laboratories research and development programs have the follow-
ing cost-budget relationship for FY 1960.

(Dollars in Thousands) Cost Budget % Spent

J HLO Programs
2000 Program $ 638 $ 615 104%
4(_>0Program 7 8_3 8 208 96

5000 Program 608 609 "lO()

_ 6000 Program 2 200 2 200 100

; _ 289 1.1 632 97
-_ FPD Sponsored 10 10 100

IPD Sponsored 3 473 3 510 99

CPD Sponsored 1 762 1 909 92
$16._ _34 $17 061 97%

" RESEARCH AND DEVELOPMENT

I. Reactor and Fuels Research and Development

The Phase IIIportion of PRTR construction is about 92% complete
versus a scheduled i00% based on a contract completion date of

June 24, 1960. Final inspection of the river pump facilitywas made,
and the facilityis expected to be accepted in July. The four PRTR

primary process pumps have been returned following successful
modification by the vendor. Sixteen PRTR shim control assemblies
have received operational tests and are now available to the reactor
contractor.

Design funds for the Fuel Element Rupture Test Facility (Project
CAH-867) have been authorized by the AEC.

Preparations for PRTR startup are continuing with writing of Critical
Test and Power Test descriptions and Startup Process Specifications.
An independent audit of plans for startup and operation of the reactor
is currently underway by an IPD team.

Very preliminary results from in-reactor defect tests show that

Zircaloy-4 is less prone to hydriding than Zircaloy-2.

DECIASS/F/ED
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"
- Cold swaged UO 2 fuel specimens have achieved an exposu _f

16, 500 MWD/T without failure.

Electron micrographs of UO 2 compacted to 99.4 percent of theoreti-
cal density, in the Dynapa_, show that plastic deformation and
particle growth occur.

Final assembly of thirty 19-rod l:'u-A1 fuel elements, previously

I delayed because of Zircaloy etching and autoclaving difficulties,is

t now proceeding at a steady rate. The autoclaving and etching problems
associated with the startup of new facilitieshave been resolved.

I An insulating coating, duPont J-400, applied to the outside Zircaloy

i cladding surface is being used to improve the density of injection

i cast Pu_Al rods. Equipment is being readied to produce two 19-rod

I Pu-AI PRTR clusters by this technique.

i! A Zircaloy clad 3-rod cluster of corrosion resistant Pu-AI with a
9-mil diametral gap has been successfully irradiated for 32 days at

fullpower in the GEH-4 loop.

Essentially pure Pu2C 3 has been prepared from Pu metal powder and
carbon. Attempts to make PuC from PuO 2 and carbon have been
unsuccessful.

In a frettingcorrosion test of PRTR Zircaloy at 316 C, the rate of
frettingattack decreased with time.

PRTR process tube monitoring techniques appear promising for the
non-destructive measurement of the tube wall thickness and the gas

gap with the shrQud tube. In the testing of electronic components,
vacuum tubes and tunnel diodes are more resistant than transistors

to high gamma doses.

No measurable hydriding of Zircaloy-2 occurred in 43 days of exposure

at 350 C to a simulated NPR gas atmosphere containing 0.05_0 H 2.
Although hydriding has previously been demonstrated at more stringent
conditions, a 0.005-mil thick Cr coating, vapor deposited from di-
cumene chromium, reduced the rate of hydriding 1000-fold at 500 C.

Both the in-flux and out-of-flux portions of the Zircaloy-2 tube removed

from KER-I after 2-i/4 years in-reactor show substantialrecrystalliza-
tion;hence, this effectis not believed to have been irradiation-induced.

Hydride content was less than 50 ppm.
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Satisfactory straightening of NPR tubular fuel employing a three-
roll straightener has been demonstrated.

The" fourth deliberate rupture test (in ETR) employing a tubular element

was terminated after 30 minutes at which time the loop activitywas

20 r/hr.
The application of mechanical force during the brazing of NPR end

I caps results in an improved product employing about one-tenth the

i,4 braze required using capi_lary_,techniques.

Heat transfer experiments were continued to determine the bo_ng
burnout conditions of flows and heat generation rates for the _:aPRtube

and tube type fuel element. Twenty-eight boilingburnout poh_ts were
obtained that are applicsbleto the middle cooling annulus of the fuel
element.

I_ Neutron attenuation and gamma dose measurements as a function of
temperature have been completed for iron-serpentine concrete with
a density of 265 Ib/ft3.

The EGCR graphite irradiation capsule installedin the GETR in late

May operated satisfactorilythrough the firstGETR cycle with measured
graphite temperatures ranging from approximately 350 to 750 C.

The addition of two volume percent C12 gas to air elevated the graphite
ignitiontemperature over 150 C, and successfully controlled combus-
tion when the graphite temperature exceeded I000°.

2. Chemical Research and Developmen t

Work has been initiated to develop an all stainless steel cartridge to
replace the "zebra" cartridges of the Purex HA column scrub section
and the Purex HS column. Although an all stainless steel cartridge is
probably less efficient than the "zebra" cartridge, acceptable per-
formance appears possible.

Construction of a pilot plant batch waste calciner is about 80 percent
complete.

Attempts to measure nitrate decomposition under irradiation have been
unsuccessful to date because of limited gamma source intensities and

difficulties in estimating beta source intensities.
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- Two primary separation processes for isolatingstrontium-90 from

Purex wastes have been found practical. Both involve sulfateprecipi-
tation.

Technetium-99 is absorbed strongly on Dowex-i anion resin from syn-
thetic Purex waste supernatants. About 20 percent of the technetium
entering the Purex plant leaves with the uranium product.

The Chempump, equipped with a hy,_ro clone to by-pass solids from the
bearings, pumped sn estimated 15,000 pounds of sand before excessive
bearing wear was encountered. This is a solids load equivalent to 20
years of "normal" separations plant service.

Substitutionof steam for air as the sparge gas in Sulfex dissolutions
resulted in more uniform and more rapid dissolution rates of stain-
less steel.

In Salt Cycle studies one-pound lotsof electrolyticUO 2 are being pre-
pared for fuel development and evaluation. To date low melting chloride

systems have not been satisfactory for producing electrolyticUO2. lt

was confirmed that uranium (IV) is needed in NaCl-KC1 melts to promotereduction of the oxygen/uranium ratio while equilibrating non-stoichio-

metric UO 2. Experiments have been started to study scavenging of
fission products from NaC1-KC1 melts.

Strontium decontamination obtained on passing aged decladding wastes
through clinoptilolite exceeded that for cesium, possibly because of
phosphate in the waste. Re-examination of the effects of irradiation on
clinoptilolite shows that at 109 R the cesium equilibrium coefficient at
25 C is reduced, but at 55 C is increased. Erionite is less selective
for cesium and strontium than clinoptilolite.

High level operation of the High Level Radiochemistry FaciLity was
initiated on June 30 with the introduction of one gallon of Purex lWW
into Cell "B".

3. P__vsics and Instrument Research _ment

In the NPR program, the full-scale mockup of the scanning type fuel
failure monitor is operating satisfactorily under simulated NPR condi-
tions. The NPR prototype Linear Remote Area Monitor System was
completed and delivered to IPD for test installation. Some cost reduc-

tion modifications to the Logarithmic System have not adversely affected
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- its operation during a test period just completed. An improved light-
ing system was devised for the NPR process tube inspection borescopes.

Calculation of control strengths in the NPR will be aided by two com-
puter codes acquired offsiteand now being adapted for thisuse. Mean-
while, materials are being received for exponential and PCTR measure-
ments on the NPR lattice.

In the nuclear safety program, the Critical Mass Laboratory was
accepted, with some minor exceptions, from the contractor. External

contamination of the building, which resulted from activitiesnot under
HLO control, is being cleaned up and isnot expected to interfere with
use of the facility. The experiments on 2_/0enriched uranium continued
and were supplemented by measurements on 2.6_0 enriched oxide rods.
Substantial improvements were effected in the performance of the mass

spectrometer for use in the plutonium criticalmass program, and
neutron instrumentation for the experimental assemblies was completed
and is undergoing test.

In the Plutonium Recycle Program, physics parameters of a variety
of lightwater moderated plutonium fueled latticeswill be measured

in the initial series of experiments in the PRCF according to plans
recently drawn for startup of this facility. Development work continued
on a variety of instrument problems including calibration of the rupture
monitor, camera equipment for the Fuel Examination Facility, a
periscope for the PRCF, in-reactor process tube diameter and gas
gap measurement, and final evaluation of the controller.

An increase in the rate of examination of subjects for whole body
radiation is promised in studies conducted using the present shielded
room as a shadow shield. According to studies completed this month,
the background radiation in such an arrangement "is acceptable. This
would allow establishment of a second exara/nation station outside of

the present one. Meanwhile, in the neutron dosimetry program, signi-
ficant improvement in the reproducibility of precision long counters
was achieved by substitution of aluminum for brass.

Work continued on the phosphorescence technique for assaying the
amount of zinc sulphide, tracer collected on filters during atmospheric
transport and dispersion experiments with running of the "Green Glow"
samples scheduled for the near future.

A meeting of the AEC Meteorology Program Leaders was held at
Hanford, June 20-22.
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" Progress was made in the development of a number of r "ationpro-

tection instruments and on instrumentation for biology research includ-

ing the personal dose alarm, air monitoring, solid state detectors,
and measurement of Pu 239 in blood streams.

In the nondestructive testingprogram, improved interpretationof the

signal in terms of structure of the test piece is the aim of combined
theoretical and experimental work now under way on broadband electro-

magnetic testing. Efforts to improve the fuel element heating system
for thermal bondtesting are also in progress.

In the area of improvement of basic knowledge, experiments are now
under way to measure the effecton neutron energies produced by dif-
fusing from hot graphite to cooler water and a companion theoretical

• program is studjvingsimilar effects resulting from absorption of neu-
; trons in fuel elements and control rods. Experiments on the scattering

of neutrons from water have been resumed following achievement of
', improved performance of the neutron spectrometer. A computer

program has been written for the solution of the non-linear reactor
" kinetics problem..

4. Biology

Contamination of Columbia River lifeforms was about six times

greater than those observed a year ago while contamination of terres-

trialforms showed no imp_or%ant changes.

Local Columbia River salmon seem to be more sensitive to columnaris

. than salmon obtained from hatcheries elsewhere. Whether this is

due to species difference or to difference in size (localfish are smaller)

is not known, although resistance appears to increase with size and
weight.

"t

t Recent results indicate that ten percent EDTA and Tide enhancesJ

1 deposition into liver of plutonium from wounds in rat skin. Urinary
I

excretion also increased with such decontamination procedure. The

net effect of the treatment on the hazard is yet to be determined and
the results are yet to be cor_irmed.

3:

Interesting results in GI radiation injury included the observation
that tumors developed in small intestinesof animals whose exterior-

i ized tract was exposed to 1500 to 1900 r. None developed in animals
' whose exteriorized tracts were exposed to 900 to 1300 r.

-|

l

I
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5. Programming

A survey evaluation has been made of the several "partial decontami-
nation", pyrochemical reprocessing methods now under development
at various sites. The salt cycle process under development at Hanford
appears to have many advantages over others.

The availability of large blocks of IBM-709 computer time was ex-
ploited to achieve substantial advance in the computation of reactivity
effects of plutonium enrichment. More than 360 cases were analyzed.

A presentation was made to DRD personnel on progress in estimating
the economic utility of plutonium as a fuel material for the advanced
PWR.

A study was made to determine the practicality of a plutonium isotope
! separations method based on nuclear magnetic moment properties;

only fissileisotopes have nuclear spin and thus exhibitmagnetic
moments. Itappears that with magnetic deflection equipment of
special design, separation of isotopes may be technically feasible.

TECHNICAL AND OTHER SERVICES
t

A document was issued in which the probability of operating a given reactor
for a specified time period without shutdown was determined, conditional
upon current rupture potentialof the reactor. This was an extension of
previous work which had, as a firstapproximation, assumed constant rupture
potential,and will be useful in the scheduling of reactor outages.

Following officialacceptance by the AEC of the General Electric Company
bid for the necessary computing equipment, the Z-Plant Information Study is
now being reactivated.

A mechanism for the Redox dissolution process has been formulated. This

mechanism is based upon the cathodic reduction of nitricacid by nitrous
acid as the rate determining reaction in the dissolution of uranium.

A recommendation to adopt part-by-part acceptance testingrather than a
tolerance statement was prepared for review by CPD personnel.

A mathematical model of a proposed Continuous Fuel Element Measurement
device was constructed and analyzed to determine the abilityof the machine
to detect and quantify desired information on fuel element dimensional
irregularities.

I

.°



- Widespread particulate contamination in the 200-E Area occurred following
burial of defective equipment from the Purex plant. Dense ground contamina-
tion gradually diminishing from the point of origin in the IndustrialBurial
Grounc_ extended in a band approximately 2.5 miles wide to a distance of
several miles° southeast and outside of the 200-E Area. Nominal control

of movements of vehicle and personnel was required. No significantexposure
of personnel is believed to have occurred. Repetitive surveys indicate that

ground contamination movement is slight.

There were no new cases of plutonium deposition recorded in June. The
totalnumber of deposition cases that have occurred at Hanford remained
at 256 of which 187 are currently employed. One CFD employee sustained a
minor injury while machining plutonium. About one maximum permissible
body burden of Pu (0.04u_) measured in the wound at the Whole Body Counter

was reduced to 0.01_c PU with excision. Treatment with a chelating agent
(diethylenetriaminepentaacetic acid) was started to minimize deposition
from the wound site into the bone.

There are 24 currently active projects having combined authorized funds
in the amount of $24, 786, 500. The totalestimated cost of these projects is
$29,318, 000. All but two of those authorized are on or ahead of schedule
and none are more than three percent behind schedule.

Building modifications at C-25, White Bluffs, for-processing NPR tubes
have been completed. Equipment modifications and installation is going for-
ward "but progress is slow and many items arestill not available for use
in testing.

Modifications to the Library and Files building were completed at month's
end. The changes will provide improved working space for the technical
publ/cations .group with offices for the Patent Attorney located adjacent to
the area. These arrangerne nts are made possible by the continued reductien
in the clerical force.

Final acceptance of the CoD tractor's work on CG-731 - Critical Mass Labora-

tory was conducted on June 20, 1960; only minor exceptions were noted.

This project will be closed with accruals for s_rtup and installation of the
reactor components which will be done by J. A. Jones forces.

Project CGH-790, High Level Radioactive Receiving and Storage Addition -
327, is complete with exceptions. The painting of the new basin was unaccept-
able and rework is nearly complete.
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. SUPPORTING FUNCTIONS

Ten Zircaloy-3 ingots in inventory were reduced to $7.00 per pound to
reflect their realisticvalue. Thi_ resulted in a write-off to cost of $40, 000.

As of July 5, 1960, 746 or 55.5% of the employees eligibleto participate
were enrolled in the new personal accident insurance plan.

HLO facilitiesclosed out of equipment and construction work in progress
during June totaled $7.6 million.

, . ,, : • ,. _ , • . ... • . ': ... . ; • _.' . .

As of June 30, 1960, the staff of the Hanford Laboratories totalled 1, 382

employees, including 669 exempt and 713 nonexempt. Of the total, 573
possessed technical degrees, including 352 B. S., "11"7 M. S., and 104 Ph. D.

The medical treatment frequency for June was 1_55 as compared with 1. 77
for May. There were no serious accidents. There was 1 security viola-
tion during June, bringing the total to 11 for the year .to date.

During June a Doctor of Veterinary Medicine and a Ph. D. pharmacologist
reported on the roll. Eight Ph. D. candidates visited Hanford for inter-
views. Two offers were extended to Ph. D. 's and two offers are currently
open.

With the completion of the campus BS/MS.recruiting, 83 acceptances have
been received for program assignments, resulting in an acceptance rate
of 43%. Thirty-nine of these new Technical Graduates reported on the roll
during June, and there are 29 yet to report during the summer. At month's
end there were 73 Technical Graduates on Program rolls.

Forty nonexempt vacancies were filled during the month. With the receipt
of 28 new requisitions and the cancellation of 5, there are currently 20 non-
exempt vacancies for which 4 are in process and 4 transfers are pending,

leaving 12 candidates yet to be procured.

DECLA$SIFIE, ,ord Laboraiories

HM Parker:PFG:mlk W_TH DELETIOHS
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A. FISSIC_AHLE _ - 2000 PROGRAM
i i

1. METALLURGY PROGRAM

Corrosion Studies
i m

H_Iridia6 of Zircaloy-2 in Simulated NPR Stack Gas. Two groups of
Zircaloy-2 coupons were exposed for 43 days in helium gas contaminated
with 0.05% H2 and 0--03%CO. _hls gas was prepared by passing tank
helium over NPR graphite at 800 C where the traces of water in the gas
were converted in pe_t to hydrogen and carbon mon.oxide. _e Zircaloy-2
samples were held at 350 C and 300 C while the gas flowed over them at
a slow rate. Hydrogen anal_mes of the samples indicated no detectable
h_ogen pickup in 43 days on either autoclaved or etched Zircaloy-2.
From this test it is concluded that the system 0.05% He, 800 C graphite,
an_ 350 C Zircaloy-2 is a .m_chsafer operating zone than the 5_ H2,
1100 C graphite, and 400 C Zircaloy-2 system which resulted in hydrid-
ing failure in 53 days in earlier experimauts. It is planned to con-
tinue the experiments for several more months to establish that the
system is not hy_ridlng at a rate undetectable for short exposure, but
still unacceptably fast for the designed NPR tube life. .

Zircaloy-2 and Zlrcalo_-4 Corroalon and _ Pickup. In the _ast
data obtained at HAPO for the COXTOSion of ZArcaloy-2 in 400 C, 1500
psi steam have shown a lower hy_gen _icku_ than relxn_ed at Bettis.
However, the tests at the two sites em_oyed 4ifferent lots of Zircaloy-
2. To resolve this difference, a sample of Bettis-fabricate_ Zircaloy-2
was obtained an_ tested at HAPO. _he corrosion rates foun_ at Bettis
an_ HAPO a_e almost _&entic_l. However, again, HAP0 data for hydrogen
pickup are lower than Bettis data. Even more significant is the slope
of the hy_ogen picku_ versus time curves. At three days the hy_gen
pickup was essentially the same for both HAPO an_ Bettis tests. How-
ever, after "_,..--'eedays %J_/_hydrogen picku_ rate was significantly
slower in the HAI_)e_rlmmnt; resulting after 42 days in 16-_ercent
of the theoretical a_Lrogen absorbed c_ed with _ _ercent in 'the
Bettis test with Zircaloy-2 from the sum lot. _e reason for this
difference has mot been resol_. Possibilities are: (i) error in
hymen analysis - however, the analytical laboratory reports goo_
checks against _roved Zircaloy-2 stan_Mu_Is;(2) autoclave operation,
where zeal differences exist. _e EAP0 autoclaves are operated un_er
refreshe_ c_m_Itions, whereas the Bettis autoclaves are static. _his
undoubtedly results in some of the corrosion product h_ being
swe_t out of the HAPO autoclaves. If hydrogen overpressure is respon-
sible for "the observed _//Terence in h__Lug during corrosion, then
data from a refreshed system would not be applicable to a system with
a substantial _en ovez_ressure. Furthermore, it will be important



to determine whether a similar effect is seen in water systems rather
than steam. _here are also other differences be_een the HAPO and Bettis

autoclaves, such as physical size and oxygen content. A prcgram is being
started to ccn_are static versus refreshed autoclave operation_.

Zirco_ium-H_ogen Reactions. Zircaloy-2 re,acts with hydrogen rapidly
zt 500 C in the absence of any protective film or oxide-forming reagents
such as oxygen or water. _ese oxide-forming agents are not compatible
with hot g_aphite and_ therefore, a pro_ective film which would protect
the Zircaloy fr_n h_drogen pickup would be very useful. Chromium plate
applied by a vapor deposition process o_ Zircaloy-2 is being evaluated
for this purpose, be coupon used in this test was experimentally
plated by the Union Carbide Chemical Corporation, utilizing a di-c_nene
chromium vapor-deposition process.

Iu cns evaluation test, the very thin (O.005-mil) coating slowed down
the h_ogen absorption rate in pure dry hydrogen at 50C C appraximately
lO00-fold. A plated coupon exposed to 400 C steam at i500 psi for 6_
hours gained 15 m_/dm2; the coupon had a predominantly shiny y_llow
metallic color instead of the typical black oxide for Zircaloy-2. This
coating ewLluation work is continuing and will include au attempt to
produce and evalttatethicker coatings, as well as study of the mechanism
of protection.

Fuel Element Rupture in Steam. A coe_ruded Zircaloy-2 clad, uranium
core rod element sample was "pinhole defected" and ruptured in steam at
300 C and 10(X)psig. _Ihe rupture was viewed in t_ sight glass facility
and time-lapse movies were made. _ae induction period was 51 minutes.
be rupture rate attained after about one-third of the sample had cor-
roded was 3.8 grams/mlnute. During this stage the core was obse._ to
be burning with a re_-oremge heat estimated at about 700 C, although the
inlet steam temperature was 300 C. The steam temperature was lowered
until it condensed to water (about 285 C) at which time the rupture rate
increased to 12 grams/minute for several minutes until the _ was ter-
minated. Rupture rates attained in water at 300 C are about 1.5 to t-so
grams/minute, after a 50-n_n_e induction period. _ae higher rates in
steam (aud after steam condensation to water for this experiment) are
probably due to increased core temperatures caused by the heat of b,Arnimg.

I RadiometallurF_rLaborator_rStudies

Examination of the irradiated, defected rod which was used for decontam-
inaticm studies in the irradiated ._Aptureprctctype facility revealed

| that the rupture had progressed along 40% of the rod. _his element was

ii used. to simulate NPR shutdown ccndltions. A tube-in-tube coe_ruded
_[ fuel element which ruptured in KER was foun_ to have a badly "_rped inner

tube. Rapid corrosion of the clad_ occurred at the point of contact

between the concentric tubes, causing failure (RM-568). Examination of
two coext_led 7-rod clusters continued this month. One sample from the .

- area of a rupture showed the cladding to have failed in tension. Another

sample showed a line on the outside of the cladding ies_ir_ away from

i
i
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the failure. The Zircaloy was necked d_n, and the urauium had cracxed

- in the vicinity of the line. Analysis indicated a burnup of 3_00 MWD/T
(P_M-562). Five additional enriched u__auiumswelling sa_es were removed
from NaK-filled Zr-2 capsules _thout incident. Longitudinal cracks were
found _u the cladding of three samples (RM-559). Two Zr-2 specimens were
examined to determine possible intergranular corrosio_ caused by decon-
tamination procedures. No corrosion was found (RM-407). Three sections
of the KER Loop 1 process tubing have been received aud examined for
internal defects located by in-reactor boroscope examination. A detailed
examination of the sectioned tubes failed to reveal au_ of these defects
with the exception of one small pit, four mils deep. M_tallographic
examination of the first two sections revealed partial recrystallization
and a layer of large grains along the outside ed_e of the tube (RM-330).

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

Basic Metallur_ Studies

Mechanical and Fa_sical Properties .ofM_terials. _ne physical properties
of a zirconium-_ Nb-_ Sn alloy are being determined ._ order to evalu-
ate the applicability of this material as fuel element cladding. Jominy-
type end quench hardenability tests have been carried out on specimens
i/2" in diameter aud 2-1/2" lang. Structures and hardness found in these

end quench tests depend on the temperature from which the speclz__s arequenched and the cooling rate obtained along the test ba_. A ,_I,,_
hardness of lqg 94 was obtained near the quenched end of the specimen
heated to 975 C prior to quenching; a hardness of Rg 91 was attained in
the specimen quenched from 950 C an_ Rg 85 in the specimen,quenched from
850 C. The hp-_ treatability of this la!loyis attributed to the fcrmation
of a msa_ensite upon quenching from temperatures greater than 950 C.

Electron and Optical Microsco_. The study of the microstructure of
Ciadding aud fuel material after irradiation is a direct way of detecting
r_liation damage in these materials. Thin films and foils suitable for
electron microscopy offer advautages since r_lloactivlty is a minimum.

Thin evaporated films of Zr02, Pr, Ge, AI_ and Si02 onrcarbon h_ve been
irradiated in contact with UO2 to I x i0Ib mad 2 x i0Ao nvt to study
fission fragment damage. Contrary to previous results, fission fragment
tracks in regions free of U02 were observed not only in Zr02 but also in
the case of Pt and Ge. _e presence or absence of tracks appears to be
dependent on film thickness. In cases where tracks were observed, the

I film thickness was approximately twice that of the previous _.'iments.Absence of tracks in AI and SiO2 nmtltiplefilms must 1_eassociated with
!; insufficient scattering power a_ contrast. Ali films after shadowing
ii show similar straight line irregularities which consist of _iscrete

nodules.

Aluminum foils thinned electrolytically have _een irradiated in contact

_ with a thin evaporated layer of U02. Prior to irradiation to I x i0Ib nvt,



dislocation motions were readily observed. After irradiation and fission
fragmemt bombardment, the dislocations were not observed tc move during
examination in the electron microscope. This qualitative observation
requires further study.

X-Ray Diffrmmticm Studies. Growth index values and inverse pole figure
Sara are _eing obtained for extruded uranlmn rods and tubes with various
fabrication and heat treatment histories. _ i_dices have been de-

termined by two m_thods - the Morris ten plane and the Sturkin 31 plane.
There has been same controversy here and off-site (and between Morris
and Sturkin) as to which methc_ is the better. Results of over 120 deter-
minations in +_hislaboratory indicate that there is essentially no @iffer-
ence in the final results obtained using either method; that is, the
methods are equally as good in producing a number to represent grow_.
The Morris method is less tedious and may be preferred on that basis. AI-
though the general method of growth indices has been successfully a_lied
to uranium rods _I plates, it is by no'means certain that such meth,_Is
will be adequate for predicting the behavior of ext_ded tubes. The:re
are several drawbacks to the methods as applied to rods and plates. One
of these is that only one to three points of a true pole figure are
examined. A very strong growth orientation not coinciding with those
points can be easily overlooked. Zt is, thus, quite possible that a
texture will exist at a point where no measurements are. made. Full pole
figure determinations are being made to determine the extent to which
this problem invalidates gro_h predictions made on the basis of growth
indices.

Solid State Reactions. Effects of'irr_atica on mon-fissicaable materials

are being studied by means of x-ray diffraction. Ctu_rently,the st_lies
of irradiated molybdenum have been extended to include effects of amleal-
ing of high exposure material. Isochrcmal anneals of molybdenum iraqi-
ated to 5.0 x 1019 nvt have been carried out to 500 C, and mo change in
x-ray line width has been obser_=d. Cold worke_ molybdenum is also being
annealed for comparison and likewise sh_s no change in x-ray line _Ldth
up to 500 C.

Metallic Fuel Development

Cluster Fuel Elements. Production Test IP-288A comprising seven, twelve-
inch, 7-rod cluster elements with hot headed and projection welded end
closures was examined in EE basin. Afte.--2010MMD/T exposure in EER, the
elements appeared in near perfect condition. There was some white corro-
sion of the spark machined spiders. One of the elements was selected for
detailed examination in Padiometallur_.

Tubular Fuel Elemauts. _e present EER loop process tubes are not large
enough t0 accc_te complete NPR tubular i_ elements. However, the
inner tubular con_onents can be tested in EER loops under thermal condi-
tiaus close to those proposed for the NPR. During June, fabrication of
three, 16" long3 NPR inner tube test elements was completed. Five addi-

tional elements were rejected during fabrication due to unbonded or thin
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clad and contaminated welds. The three completed elements a. scheduled

- for charging during the next reactor outage.

On April 24, 1960, a tube/tube KER-size fuel element failed in .KERLoop 4,
after 1200 MMD/T exposure. Examination of this element began in June.
The failure was located on the outer surface of the inner tube of a 36"
long uranium-two weight percent zirconium alloy fuel element. The inner
tube had warped into au "S" curve, touching the outer tube in two places.
The clad was corroded severely in the hot spot areas surrounding the points
of contact. Corrosion at the downstream point of contact ha_ p_nmtrated
the 0.020 inch Zircaloy-2 clad. Corrosion of this alloyed fuel core was
not severe, and no swelling of the clad adjacent to the point of rupture
could be observed. No accurate dimensions have been taken from the fuel
element to date, but visual inspection shows that the severely bowed inner
t,_behas decreased in length and increased in diameter.

Two Zircaloy-2 clad I & E elements conta_n_ng natt_ uranium were assembled
for irradiation in the GEH-4 facility at the _R. Qf) The elements were
1.470-inch OD, 0.400-inch ID, nine-inch over-all length, with O.lO0-inch
thick end caps electron beam welded. The goal exposure of the test was
1000 MWD/T to determine fuel and cladding behavior of coaxtruded, Zircaloy-
2 clad material under conditions applicable to HAPO reactors. The test
was inserted in the reactor in cycle 140, and was discharged after Ii
hours of operation because of rupture indications. Average power for the
two elements during this period was ilO kw/ft with the _e_k power 140 kw/ft.
Maximum power calculated from basket water temperatures was 124 kw/ft
average and 156 kw/ft pe_k. Examination in the basin revealed a rupture
at the upper end of the upper element. The cap was bulged 1/16 to 1/18-
inch above flat, and both the inner and outer welds have separated on one
side. The elements have been returned to Radiometallurgy for further
examlnation.

Irradiation test PT-IP-317A elements prepared from coextruded natural
uranium tubes, i.470-inch GD x O.400-inch ID with nom_nal. O.020-inch
thick inner and outer Zircaloy-2 cladding were discharged from KER Loop 3,
after ten hours of operation because of rupture indicaticas. Ten of the
eleven elements were recovered and have been examined in the C Reactor
viewing pit and in the KE basin. The remaining element has not been
located as yet. The cap of one element, HT-10, was bulged and the inner
weld appeared cracked. The activity in the loop is att_ibuted to this
failure rather than to suspected surface contamination of the elements.
The ruptured element will be examined further in Radiometallurgy.

(i) HW-64281, "GEH-4-40,51 - Zircaloy-2 Clad, I & E Cooled Fuel Element
ITradiation," Ns_ch LI, 1960. Confidential.



Component Fabrication. The quenching rates of sections of NPR inner
tube stock, l._30-1nch CD x 0.520-inch ID, were determined for addi-
tional heat treatments considered for beta heat treatment of this fuel.
The treatments and midwall quenching rates are given in the following
table:

Delay Before Quench, Quench Rates,
Heat Treatment seconds OC/min

730 C i0 minutes
salt-quench in room
temperature oil

1 3 3275
2 lO 2730
3 20 19oo
4 30 730
5 40 Partially in transformation
6 45 at quench. Transformation

half completed at quench.

Dimensional chauges recorde@ indicate no change in outside diameter,
0.003-0.005 inch increase in inside diameter, and 0.010-0.014 inch in-
crease in a three-inch length. The change in inside diameter was pro-
gressi_-ly less with lower quench rate. Comparison was _ of the macro
and mi, _,ro gz'mim sizes of the uranium after these treatments and previous
%_ter:, salt, and air quenches. Oil quenches up to 30 seconds delay time
produced slightly coarser but more uniform grain structure than 20 or 80 C
water quenches. Radially columnar structures are produced at the higher
quenching rates. Oil quenches with delays Of 40 and 45 seconds produced
coarse grains, similar to _ir cooled or 590 C salt quenched sections. To
avoid the columnar gralu structure and associated crystallographic texture
developed, it appears desirable to use a quench rate of 3000 C/rainor less.
An 18" long NPR inner tabe with brazed end closure was beta heat treated
using the 730 C, ten-second delay, oll quench treatment. Dimensional
changes were as predicted by the treatment of short sections, no change in
CD, O.005-inch increase in ID, and O.062-Luch increase in length. Double
throw warp increased from 0.007 to 0.Oll inch and remained in the same
plane •

lt has been proposed by the Fuel Element Design Operation that a rod type
fuel element be fabricated having an outer layer of three percent enriched
uranium and a core of depleted uranium. Such a combination would allow
the use of rod type elements having lower operating core temperatures.

Preliminary fabrication has been started. Vacuum melted and cast com-
ponents consisting of a natural uranium core piece and a natural uranium
outer sleeve have been extruded with Zlrcaloy-2 cladding. The resulting
clad rod was 0.600-Inch diameter representing an area reduction ratio of
12.5:I. Approximate dimensions of the finished extrusion are as follows:
Zr-2 clad - 0.020 inch',uranium sleeve - 0.026 inch, core diameter 0.508
inch.
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Y_tallographic, eddy current, and ultrasonic inspections show the grain
- size, bonds, au_ clad thickness to be equal in quality to previously

extruded rods. The ttranium-urauluminterface shows camplete bonding with
the grains growing across the interface.

Initial testing of the three-roll straightener indicates it is possible
to straighten tubular fuel geometries within 0.013 inch double throw
warp in an 18-inch length. A 30-inch long NPR oumer mube having 0.140
inch double throw warp was straightened during quenching from beta heat
treatment. Following the 600 C isothermal quench, the tube was rolled
in _he straightener during cooling to ambient temperature. This treat-
menm decreased the double throw warp to O.OlO inch in the 30-inch length.
The tu_e was then relaxed for two hours at 400 C in au air furnace.

During relaxation the double throw warp increased _o O.0_5 inch in the
30-inch length. Four sections of two percent Zircaloy alloy, 1.6 percent
enriched, 18 inches long KER tubing were straightened. The sections (two
inner and two outer) were heated to 650 C in salt and rolled during coaling.

: The outer tubes were straightened from 0.028 inch and O.O_l inch to
0.013 inch and 0.013 double throw warp. The inner tubes straightened

! from 0.021 inch and 0.007 inch to O.OIS and 0.007 inch double throw warp.
Some _-T Iing of the surface was noted on the KER inner tubes. This is

_' caused by salt breaking and flaking as it freezes ca the mJterial. De-
. creazing mxlt loading force on the tube should minimize 'th.i_ action.

Closure and Joining. Severs& pieces of a coextruded, divot uranium EER
i_r tube have been hot headed after having different heat treatments
to show the effect of the post-extrusion heat treatments cn hot heading.
The different heat treatments ccmsisted of a four-hour 650 C anneal, a
730 C beta heat treatment with a water quench, a 730 C beta heat treatment
held at 590 C for five minutes and air cooled, and a 730 C beta heat
treatment held at 590 C for five minutes and air cooled followed by a
four hour 650 C anneal. _e results show that the beta heat treated
tubes, annealed or not j requlre_ appraxim_tely ten percent more force to
hot head than the as-extruded tubes. No appreciable difference was noted
between the air cooled and water quench beta heat treated tubes. _e
above tests were run at press ram speeds of 30, 40, and 50 inches per
minute. _he ram speeds do not appreciably affect the maxinnnnheading
force require_ with the c_ly noticeable difference being a more uniform
streamlined flow over the relatively square heading dies at higher rem
speeds.

A prel1_n=_y test of the use of ultrascmlc energy as an aid in acid
milling was conducted. _e test comsisted of vertically s1_
test specimens (KER inner coextruded fuel material) is 53 C, 3 M h_-
chloric acid solution. A 60-watt, 40 km transducer was used to supply
energy to the acid solution. No significant difference in milling rate
or surface chsA_cteristics _ observed in the test specimens.

Pressure loading of the fuel element end cap during brazing ham resulted
in a ranchimproved brazed closure. Pressure is applied -=n.-__y through
a push rod which bears mma _x_phite pressure pad. _Is brazing method



_ A-8 HW-6585__
has several advantages over the capillary brazing method. First, the
braze alloy can be placed under the cap in contact with the uranium.
This sim_ifies the handling problems associated ,_ithberyllium con-
tai_ braze alloys. Second, the amount of braze alloy required for
a single braze has been reduced by a factor of ten. Au NPR inner fuel
element required 25 grams of braze for each closure by the capillary
technique, now only 2.5 grams is required. Third, because of the re-
duced amount of braze alloy, the amount of berylllum containing braze
alloy which must be remov_ by machining is practically nil. Fourth,
the braze material can be iu virtually any form - powder, turaings, or
disks. Au_ fifth, the number of voids along the braze llne has been
reduced considerably. By pressurizing the cap, there is only a thin
line of braze material between the cap and the uranium. This _hinner
braze line has reduced the swelling of the fuml element at the cap to
uraalum interface. This technique, however, requires very flat uranium
surfaces.

The present brazlng cycle for NPR inner fuel tubes is to hold the closure
for two minutes at 1035 C, am_ to apply au apprc_d_mte pressure of 75 psi
to the cap for the last 30 secomas of brazing. These appear to be the!

mim/atomcom_Itiaus to obtain consistent bca_img between the braze alloy
au_ the uranium. Ali of the present work is being dome with the 5%
beryllium-95% zirconium braze alloy. Several other alloys are on order
f._ Oregon M_tallurgical Corporation au_ should be received next month
for evalu_tlom.

Full size test pieces have been made, heat treated, aud are being auto-
claved. With favorable results the first brazed production test will be
started.

Development of the hot headed resistance projection welded end closure
has been progressing slowly due to restricted time off-site equipment
is available au_ local difficulties iu procuring material. Iu au effort
to obtain data which could be used in the program when equipment is in-
stalled at Ha_ord, end caps were prepared with thre_edifferent pro-
Jectiom designs. The proJectlaus were milled off over three-fourths of
_he cap surface leaving two 45 degree segments of projections. To fire
these requires practically full power of the 100 EVA machine available
at Hanford. These have been fired auto Zircaloy washers au_ the results
are being studied, lt appears that the amount of set dowa can be con-
trolled by projection design° Also, techniques are being developed which
should be transferable to fuel elements on the larger machine.

Allied Fuel Studies. The fourth ETR iu-reactor rupture test was con-
ducted Friday, June 17, 1960. The fuel element for this test consisted
of au uulrradiated K_ tube/tube element defected on the outer surface
of the outer tube. Operating conditions during the test were:

Bulk Water Temperature - 520 F (outlet)
Fuel Surface Temperature - 570 F
Specific Power (outer tube)- 53.3 kw/ft.



_
Immediately following rupturing, three to four mr of gross ganm_ activity

- was recorded in the loop. The activity remained essentially constant in
the loop for the first twenty minutes. During the next ten minutes, loop
activity increased at a constant rate to a level of 20 r at which time
the test was terminated. The rupture behavior observed in this test
compares with the behavior of laboratory defect tests but does mot aupport
the rupture behavior of the first unirraAiated ETR test (7-rod cluster)
in which failure did not occur during seven hours of operation.

A total of four pinhole defected irradiated fuel rods have been tested in
the ZRP loop facility. Some conclusions derived from these tests and"post-
failure examination of the test rods follows:

a. The formation of the blister in the Zircaloy-2 clad at the
defect, the manner of blister failure, and the nature of
subsequent clad deformation an_ failure indicates that the
ductility of the Zircaloy-2 has not been seriously impaired
by its exposure.

b. Irradiated fuel rods which have been beta treated and water
quenched behave the same as rods which have been slow cooled.
_is behavior indicates that the mauner of pre-irradiation
beta heat treatment does not influence the irradiated failu_
behavior t,o a significant extent.

c. _he rate and the manner in which the blister developed in the
clad at the site of the pinhole _efect is not significantly
different from that observed in unlr_ated defect tests.

•his is interpreted to mean that the band strength au_ corro-
sion rate of the fuel have not been altered appreciably by
irradiation. _e maintenance of high bond strength during
irradiation has also been verified by notch-fracture tests
performed on wafers of irradiate_ fuel material.

d. The mechanical properties of the irradiated fuel appear to
d_e_n-te the mechanics of irradiated failure behavior. Crack-
ing of the fuel underlying the bond zone has 1_en consistently
observe_. Failure of irradiated test specimens is more rapid
and severe than _aMLv_a_ed test specimens because of the
tenclencyof the irradiated fuel to crack or fragment, thus
exposing n_Achmore fuel Surface to corrosion attack than in
unixTmdlated specimens.

Iu a simulated NPR reactor shutdown procedure using material irradiated
to 2400 MWD/T, corrosion was severe. Iu this test, 183 _m&ms of
were corroded during the 38 minutes required to cool from 300 to 220 C.
Initial *va_-ation indicates fuel cracking was a major factor contrib-
uting to the high corrosion rate.

Fuel element supports formed from i010 and lOeO steels have been wear
tested a_1 have performed satisf_orily evezlwhe_ _ co_tact area
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between the support s_i autoclaved Zircsloy-2 is reduce_ to a point.
However, in evaluating the performance of a newly designed support with
flat bearing surfaces 5/8 inch long, scratching of the autoclaved
Zircaloy-2 did occur. However, decreasing the radius of curvature of
the "oes_i_gsurface to approximately two inches el!m_natel all traces of
autoclave film damage by the 1020 steel. Several steel supports were
attached to Zircaloy-2 surfaces by spot welding a small wire through a
hole in the support and upsetting the wire over the support. _ese were
autoclaved at 300 C, 1500 psi for ten days. A small amount of white
oxide appeared cn 'two of the s_g_orts where the Zircaloy-2 and steel had
alloyed together during welding. On the remaining samples no indications
of corrosion could be found. Wear and corrosion evaluation of other
materials, including Zircaloy-2 roll clad with steel, is continuing.

Mechanical testim6 of candidate NPR fuel ei_,ent self-supports is contin-
uing. Important interdependent parameters affecting support design include
the allowable coolant pressure drop across supports, the load the support
must hold without taking a permanent set, the elastic properties of the
SUl_Ort, and height of the support when it is completely crushed. Typical
values for an annealed Zircaloy-2 suitcase handle support made from 0.030
inch thick stock, 1/4 inch wide are: load to cause 0.001 inch permanent
set, 150 pounds; buckli_ load, 290 pounds; and crushed height, 0.070 inc..h+,

Supports incorporating the latest _esi_ changes are being prepared in
two thickness to width ratios for flow testing by Thermal.H_ulics
Ogeration. _e results of these tests will be used in establishing the
final _ions of NIsRelements.

The thermocoulxletest element in KER Loop I continued to operate satis-
factorily. _ temperatures measured during the entire operating period
show that there has been no deposition of cru_ film on the fuel element
surface.

Rad_ometallurgy examination of five 1.6 percent er.riche_luranium fuel rods
irradiated in NaK capsules at D Reactor was started. These rods are in
addition to the four similar fuel rods reported last month. Two of the
rods operated at volume average uranium temperatures in the range _0-
515 C to exposures of 2000 MRD/T, and three of the rods operated to
similar exposures at volume average temperatures of 390-425 C. Extensive
splitting of the clad on four of the five rods occurred during irradiation.+
From initial observations in the exsmlnation cell, the failures appear
similar to the ductile cladding failure that was observed in one of the
four rods examined last month, and metallographlc examinations are planned
to determine whether or not these cladding failures are also the result of
severe localized deformation of the clado

A series of Dynapak extrusions of mild str_elwere made with instrumenta-
tion to record punch pressure during extrusion. Billet temperature,
i_act energy, and reduction ratio were varied in these tests. An un-
expected result of this investigation was au al_arent extrusion velocity
limit. The average extrusion velocity, as determined from the punch



pressure-time curve and the extrasion length was, iu each test,
3000 inches/second. Detailed results of this work are presented in
RW-65606.

Facilities and Equipment. Two major pieces of equipment located in the
306 Building (Project CA-744_)have been tested and accepted. They are
the 14" x 14" two high four high rolling mill and the syachrodrive tube
and rod straightener. Both have met all performance requirements. A
third major item, the stretch straightener, has been tested. It, however,
does not perform as it should. The low pressure control system is de-
cidedly lacking in sensitivity. The nine roll leveler has been tested
and is acceptable. Formal acceptance of this item should be made before
the end of the month.

2. REACTOR PROGRt_

Co91ant S_stems Development

Nickel-Plated Production Reactor Fuel Elements. Improved nickel-plated
aluminum-cladfuel elements have been under test at 120 C (for l½ weeks)
and 165 C (for three days) in the Single Pass Mocku_ Facilities. The
nickel coatings were pre-defected in various degrees (dents, scratches,
or file marks), some ranging up to areas I/4 inch by four inches. The
elements _ill be examined after two weeks of exposure to evaluate cor-
rosion effects at the defected points. Elements removed from previous
tests at 120 C and 165 C show excellent resistance and low film foramtion.
Defected spots were not enlarged, and the aluminum Jacket underneath was
not pitted.

Corrosion on Single-Pass Decontamination. Corrosion measurements are
Being obtained on aluminum, stainless steel, carbon steel, and Zr-2
samples subjected to repetitive decontamination cycles. Each cycle
consists of 156 hours of exposure in 1SO C process water at 35 gpm, and
a 30-mlnute "decontamination" with one of three selected chemical mix-
tures. Two cycles have been completed using inhibited sulfuric-oxallc
(0.3 molar sulfuric acid, 0oi molar oxalic acid, and l½ grams/gallon of
l-phenyl-e-thiourea). This process appears promising for cleaning the
aluminum, stainless steel, an_ Zr-2 coupons without severe metal loss.
However, significant yellow-green film is deposited on the carbon steel
coupons. Total penetrations due to the decontamination solution are
less than 0.05 railper cycle for carbon steel, and less than 0.8 mi& per
cycle for aluminum. Penetrations of stainless steel and Zr-2 are too
small to be measured. Ome cycle has been completed using the proprietary
mixture Tttrco-4518 (3 oz/gallon solution). _is process also cleaned
aluminum, stainless steel and Zr-2 in this first cycle. The carbon steel
sample was covered with dark brown film.

Acid. The CEP-I loop comple e weekly decontamination cycles
during the month, for a total of five cycles completed out of eight

scheduled. _e test is proceeding with a m_,_ of loop down time.

.°
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The installation o_ a purge system for the pump bearings appears to be
very helpi_Alin decreasing the hours of down time. The carbon steel
coupons are covered with am adherent black film which is not the char-
acteristic magnetite film normally fcrmed under high pH, high tempera-
ture operating conditions. This black film is covered with a thin film

of mixed ferrous and ferric oxalates which is removed by wiping.
Tae oxalate film was foun_ on all metals tested. The black film is not
completely remove_ after treating the coupons in the standard inhibited
hy_Irochloricacid cleaning process for carbon steel, lt appears to be
characteristic only of the carbon steel as it has not been observed on
the other metallic surfaces. At the completion of four cycles, the
uniform corrosion rates of carbon steel, stainless steel, Zircaloy-2,
au_ Graphitar were very low. The carbon steel mechanically coupled to
stainless steel exhibited the highest corrosion rate, about 0.05 nil/
cycle. The stellite samples have not been examined metallographically,
but it is very probable that they have uudergone =_xcessivepenetrations
as a result of dendritic attack. Stress-crevlce coupons of type 30_
stainless steel, Zr-2, A-212 carbon steel and Sheffield steel have been
discharged after two and four weeks of exposure in CEP-1. There have
mot been any indications of non-uniform corrosion on the type 30@
stainless steel and Zr-2 coupons. Howe_er, some pitting up to fiv_
mils deep has been found in the crevice areas of the carbon steel
coupons. Weld samples of etche_ Zr-2 tube have shown goo_ corrosion
resistance in this process. No signs of white corrosion have been

found at the weld areas.

.AlkalinePe-_te/ Phosphoric Acid. The system completed three weekly
decontamination cycles in CEP-4 during the month to bring the total to
five completed cycles out of eight scheduled cycles. The loop has been
operating with a mlu_mum of dowa time. A purge system for the _in loop
recirculating pump has aided greatly in decreasing the loop dowa time.
After the third cycle, the uniform corrosion rates for Zirceloy-2,
Zircaloy coupled with stainless steel, 30_ stainless steel sensitized
and non-sensitized, A-212 Gra_e B carbon steel and A-_I2 Grade B carbon
steel coupled by an 18-8 stainless steel screw were about equivalent to
those for the _ine permanganate, oxalic acid cycles described above.
None of the stress-crevice coupons discharged to date have shown any
stress cracking, crevice attack or pitting. The stellite=6 and -12 had
correded 0.5 railaz_ 0.07 nil, respectively, but the surfaces were pitted
in the characteristic fashion of the alkaline pe__anganate solutions_
The A-212 Grs_e B carbon steel - 304 stainless steel welded specimen
discharged after the fourth cycle exhibite@ 0.83 railuniform corrosion
on the carbon steel portion. However, the carbon steel _ortion was ex-
tensively pitted in general, with gross pitting between five and I0 mils
deep in several areas a_Jacent to the weld bead.

All of the coupons were defilmed during the loop decontamination cycle.
However, they were coated with a phosphate conversion coating caused by
the Turco-4512_ inhibited phosphoric acid. This coating was easily
removed by the standard hydrochloric acid cleaning process.



ELMO-10 Decon_aminatio_ Studies. Twenty-nine scanzing studies have been
completed in ELMD-1C during the past month to develcp information for
designing further modifications of certain promising compounds for decon-
tamination. _he tests consisted of exposing active stainless steel
samples and inacti._ samples of carbon steel, sensitized stainless steel,
and non-sensltized stainless steel to decontami_atlng solutions. The
solutions tested were variations of alkaline permanganate (including
Turco 4502 and Wyandotte 1112) and d/fferent acidic solutions suggested
as film removing solutions (Turco 55-8A, Turco-3291, Turco-4512, Turco-
4518, Wyandotte-Ill2, Wyandotte-75, Oaklte 84A, 0aklte 84M, Oaklte 88,
Wedac, oxalic acid, oxalic acid with EDTA, oxalic staidwith sodium oxa-
late, and ammonium citrate). The uniform corrosian rates for stainless
steel were all low. The uniform corrosion rates for carbon steel were

all satisfactory except for Oakite 84A (1.5 mils/ht), Wedac (1.2 mils/ht),
and ammonium citrate (i.0 rail/ht).

pH Control. The pH control characteristics of IRC-50 (a weakly acidic,
cation exchange resin) have been evaluated. The resin has been tested
in the lithium, sodium, potassium, and annum forms using deionlzed
water as the Influent. The resin has performed excepticaa/ly well in
producing high pH effluent water. _he results indicate that pH control
at 9.5 to lO.O is possible using szzacalumform resin and i0.0 to 10.5
using resin in the other forms. These resins had processed approximately
3000 bed volumes of water and were still performing well when the tests

were discontinued.
°

.OxygenScaven61n6 Studies. Equipment modifications were completed and
several tests were performed using activated carbon to accelerate the
reactiom between aqueous hydrazine and dissolved cx_en. _e results
of the dynamic tests at 70 F and a hydrazlne-to-ox_en ratio of two,
show that the scavenging efficiency is time dependent during the initial
period of operation, increasing from iS percent 02 removal at I0 minutes
to 95 percent removal at 150 minutes, at a flow rate of 50 g_ft 2.
These data indicate that it may be necessary to concentrate an apprec-
iable quantity of hydrazine in the activated carbon bed before amp sig-
niflcant amount of reaction is obtained.

KER Water _alit_. A chemical addition system for feed and bleed
opex_tian Qf the KER loops has been installed. _le system was checked
out and was used an KER-3 and KER-4 for a short time. The loops were
operated at pH I0 during this period, and operatlon was quite satis-
factory.

Se_eral KER hot crud samples were taken to determine the particulate
solids concentration in the coolant. Samples were taken from KER-I,
KER-2, and KER-3 during operation at pH i0. San_es were taken from
KER-I durlng the first week of operation follawlng startup. These
samples indicated an average crud concentration of 80 ppb. After three
weeks of operatlan the concentration had increased to 130 ppb. A prev-
ious san_le taken after six weeks of operati_ indicated a cancentration
of 250 ppb. Samples taEen _ six weeks of operation in KER-2 and
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EER-3 (stainless steel systems) indicated crud concentrations o£ five to
tau ppb.

Rupture of Irradiated Rod with Progra_d Shutdown. A fourth rupture
test was made using a rod from the third E_R rupture test element, lt
was a beta heat-treated, air cooled piece which had been previously
exposed to 2400 MMD/T iu EN Reactor at relatively low temperature. After
the first r_ure i_caticms, am NPR cool-down rate was followed dowa to
220 C. At th£s point (total elapsed time, 38 mim), a rapid cool-down was
necessary because of high loop activity readings. _e fuel element had
ruptured severely over about one-half of the area. Iu one piace, only a
small section of the cladding held the two ends together. There was a
weight loss of 183 grams out of approximately 700 grams starting weight.
Breaking apart of the uranium was evidenced by the spread of uucorroded
metallic uranium throughout the loop.

Heated Slu_ Rupture Protot_e. Two more prograsm_d cool-dowa runs were
made with EER size inner tubes. The tubes were coextru_ed urauium-
Zircaloy-2 iu the isothermal heat treated condition. _e elements were
.-nAmat 300 C, 1650 psi, and 16 fps until the rupture was detected by the
h_gen detector. At this time the loop water was cooled at the NPR
cool-dowa rate. Both tubes were defected on the outside surface with a
0.0_5 inch pinhole. After the respective runs both tubes were similar
iu appearance: each lost five grams of uranium and exhibited a ruptured
area about 0.7" x 0.35" am_ extending above the surface a.maxim_m of 0.15".

Hydrogen Detector. A test rum operated with the instrument at 300 C has
given very satisfactory results. Hydrogen was added to the loop and
calibrations were made on the detector sad recorder. Full-scale de-
flectiau of the recorder occurred with a hydrogen concentration in the
water of i00 cc/liter. A linear calibration was obtained with hydrogen
concentrations ranging between nine to 80 cc/liter. The system came to
95% of equilibrium within seven minutes. Cne interesting feature is
that when a change iu hydrogen content is made iu the loop, the detector
makes 50% of its ultimate chamge iu the first minute. This indicates
that the palladium diffusion is dependent on the driving force between
the hydrogen concentratimm in the water and iu the palladium wire.. Addi..
ticnal tests will be made at other temperatures and other water conditions.

Structural _terials Develo_t

NPR Zircalo_ Process TUbes. Ha_--_yAluminum Company has made 26 extru-
sioms for the pilot order of NPR tubes and is now makimg good progress
on this pilot order, as well as in the procurement of sponge and setting
up of a preduction organization for the 800-tube o._ler. A viewing box
has been devised which facilitates the visual inspection of Zircaloy
corrosion test coupons. _e use of the box, which incorporates built-iu
illumimatiom and lighting control as well as a magnifying lens, has been
demonstrated to tubing vendors.



Ribless Zircalo_ Replacement Tubing. Current orders for a total of 200
" C_Reactor size tubes will be ,completedin July, including approximately

four to six tubes being made an extra five feet long for installation
in one or more of the six KE Reactor once-through water studies process
tube channels.

Trials of new fabrication techniques for ribless Zircaloy replacement
tubes are being started by three vendors, with initial metal reductions
scheduled for completion in July.

Examination of KER Loop i Zircalo_ Tube. Samples cut from three different
locations along this tube have been examined metallographically. All
three samples exhibited substantial recrystallization, including one from
the low-flux shield region @hlch leads to the tentative conclusion that
this recrystallization was not irradiatlon-induced. Hydriding was es-
timated at less than 50 ppm.

The pit defects reported from in-pile borescope examination were not found
and it appears that localized deposits of crud were mistakenly identified
as pits and protrusions. However, one small pit approximately I0 mils in
diameter and three mils deep was found which had not been previously re-
ported.

Nonmetallic M_terials Deve!ol_nt

Prope,rtiesof NPR Reflector Graphite. Crystallite dimensions and room
temperature thermal conductivity values determined on samples of the
graphite being used in the NPR reflector are given below:

Thermal Conductivlt_ Co Lc AO La
Graphite (cal/cre/QC/sec)

National Carbon AGOT-LS 0.270 0.627 6.721 650 2.463 52
Great Lakes Carbon GLC 0.303 0.577 6.729 600 2.463 48

• _ae highest degree of preferred orientation yet observed in a production
lot of reactor grade graphite as determined by coefficient of thermal ex-
IxLnsion(C_E) measurements is in_icata_ by preliminary results on the
Great Lakes graphite being sul_pliedfor the NPR reflector. Data are as
follows:
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Sample Location and CTE* Over Indicated Ratio of Transverse
Orientation With Respect Tamp Range to Parallel CTE's
to Extrusion Axis 25 to I00 C 25 to 425 C 25 to i00 C 25 to 425 C

i

Center of Ba_ Transverse 3.00 4._8 8.3 5.1
Center of Bar Parallel 0.36 0.88

E_e of Bar Transverse S.83 3.90 6.0 4.7
Edge of Bar Parallel 0.47 0.83

byio-6toobtain of

The highest ratio previously observed was in KC graphite with a
ratio of 4.05 for samples cut from the center of the bar measured
between $5 an_ 85 C. Similar tests on AGOT-LS are.in progress.

NPR Reflector Graphite Irradlation at E_R. Samples of NPR reflector
graphite h_ve been prepare& an_ measure_ for the GEH-13-5 controlled
temperature experimental capsule to be installed in the N-5 corner of
the ETR. _e capsule is designed for a sample temperature of 550 C
an_ a fast neutron flux (E) 1 Mev) which varies by a factor of three
along the lemgth of the capsule, be experiment will consist of four
sau_le positions with three wafer samples per position. Each sample
cup will have two NPR graphite samples an_ one CSF graphite standa_.

Hanfor_ Irradiations. Eleven sample boats have been prepa_ for
charging in a hot test hole (500 to 600 C) at C Reactor at the outage
of July ii. P_eviously irradiated samples being recharged include:
(a) reactor grade graphites which have accumulated 7600 MMD/AT, (b) a
temperature of graphitization series, (c) samples formed by pressure-
baking, (d) NPR candidate graphites, and (e) samples in which iron
oxide has been added to improve final density.

Samples of TSGBF, KC, an_ CSF graphite previously irradiated at 30 C and
then anneale@ at 700 to 750 C for one hour are included to determine the
effect of low temperature da_e cn high temperature contraction rates.

Explosively compacted graphite obtained from duPont, and pyrolytic
graphite from GERL are also include_ in the charge.

Anuealln_ of Unlrradiated Graphite. UnixTadlated graphite which is
annealed at temperatures above about 700 C undergoes some small growth.
_is len6_.hchange is not associated with the m_ch larger growth ob-
served during relief of compression set and may be related to the
"freeing" of a graphite sample from a large bar. However, the mechanism
of growth is not certain, an_ if full size bars also slightly exl_,
this might explain the observed initial growth of graphite in reactors,
such as C an_ K which have always run hot.



Cubes, 4" x 4" x 3½" , of CSF and GL-IO (needle-coke) graphite
- heated in a hydrogen furnace to 900 C and held for two hours. The

length changes measured varied from +0.005 to +0.O1 percent and are
believed to be the maximum effect attributable to annealing. Conse-
quently, it is not now concluded that thermally-induced expansion is
important in initial reactor growth. A quantitative discussion of this
experiment is found in Ng-65815, "Thermally Induced Length Changes of
Graphite Cubes."

Water Uptake Studies. As part of a study to determine possible effects
of water on graphite dimensional stability, transpiration rates of water
from soaked samples were observed at room temperature and pressure by
means of an automatic rec6rding balance. In contrast to the uptake
curves which shoved saturation only after 1500 hours, the transpiration
curves showed essentially complete evaporation in about tvo hours.

Effects of Acid on Gra_hit___eeDichromate-sulfuric acid solutions have
been used to clean var,_ _ aluminum reactor components. There has
been recent interest in possible effects of this solution on graphite
in connection with the cleaning of the Pneumatlc and General Purpose
Facilities.

Four graphite samples were soake_ in a weak dichromate-sulfuric acid
solution for one hour, then baked for one hour at 150 C and one hour

at 250 C. X-ray examination showed a 0.i to 0.2 percent increase in Cofor the four samples. It is concluded that there shouldbe no serious
consequences if a small asDunt of this mixture is spilled into the
graphite.

Flux Monitori_. Ni and Co flux monitors were discharged from the 2 C
test hole in KM Reactor. _irty pairs of wires were arranged axially
along the 22_inch sample boat, and thus the axial variation in the fast
and gross thermal flux was obtained. For the _ast flux the average
integrated fast flux was found to be 6.9 x i0Ib n_v_ ( i Mev)/(MMD/AT).
This is to be compared with the value of 6.1 x i0l&O derived solely
from the GNU-II calculations. The previously observed value for
C Reactor was 5.0 x i016 which gives close agreement with the calculated
ratio of 1.3 relating the integrated fast flux per M_D/AT at K and C.
Along the axis of the test hole, the fast flux was found to peak near
the process tubes and to drop midway between them giving a _x_m dif-
ference of 15 percent between the maximum and minimum values over one
reactor lattice unit.

The gross integrated thermal flux was 2 x 1017 nvt/MMD/AT and was flat
to within seven Percent. Since an attempt ta obtain a cadmium ratio
was unsuccessful, the net thermal flux could not be calculated. How-
ever, this number is in any case sl_gni_ficantlylower than the value
for the net thermal flux of 2.6 x 1017 per MRD/AT obtained from the
fissioning rate.
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Thermal_raulic_ Studies

Heat Transfer Experiments Pertaining to Present Production Reactors.
Experiments were conducted in the Heat Transfer Laboratory to determine
the course of events when a sudden reduction in front header pressure
is imposed on a prototypical K Reactor (single) process channel. These
transient type experiments simulate such conditions as sudden "loss" of
a high lift pump (s) and flywheel, "loss" of a pump-to-riser connector
line, or "loss" of an entire riser whereby the front header pressure
would be sustained at some new lower value by the remaining pumps and
piping. Such a pressure loss would result in au immediate scram and
initiation of power level decay. However, there is a period when the
power level has not decayed to as low an equivalent heating value as the
flow rate - hence, a period of inadequate cooling will result. The ob-
Jective of the experiments was to determine the magnitude of front header
pressure reductiaus which could occur without resulting in fuel element
and process tube meltdown during the inadequate cooling period of the
flow reduction-power decay transients. For added confidence in the
reactor almlxlicationof these experiments, data were obtained for two
different programmed power decay chaz_cteristics - cue which allowed
only for the nuclear heat generation and the other which allowed for
nuclear heat plus five percent of the original power level for sensible
heat removal from the graphite stack.

Although the experiments were not completed, preliminary _nalysis of the
available data indicates the following (with a rear header pressure of
20 psig and an initial outlet water temperature of 125 C):

1. For an initial tube power of 1000 EH, excessi_m heater rod
temperatures were not evident, and complete recovery of
adequate cooling was attained with a sudden reduction in
front header pressure to values of 40 psig or greater with
a heat decay curve which allowed five percent of original
power for graphite sensible heat in addition to the nuclear
heat generation.

2. For an initial tube power of 1500 EN, 80 psig front header
pressure was required with the high heat input decay curve
and 60 psig front header pressure was required with the low
heat input decay curve to prevent excessive temperatures.

3. For 2000 EN initial tube power, the front header pressure
requirements were 150 psig and 135 psig for the high heat
input and low heat input decay curves, respectively.

A very brief determlnati_- of the effects of increased rear header
pressure and different initial outlet water temperatures is yet to
be made.

@ DECLASSIFIED-



A-19 HW-65854

H_draulic Studies. Modifications to the Hydraulics Labor re
nearly completed to enable a study of flow splits and the pressure
drop characteristics of support pieces for the coaxial, tube-lh-tube
NPR fuel element.

A 12-foot test section, equivalent in length to six fuel elements, was
installed on the 189-D Building mezzanine. Test section sizes are sm
follows: (1) inner element - 0.520 ID x 1.430 GD, (2) outer element -
1.850 ID x 2.460 GD, (B) process tube - 2.700 ID.

Heated water, approximately 150 F, supplied from the head tank, will be
pumped to the test section at flow rates of 300 to 350 gpm with and
without the fuel supports installed. Ccm_mLrisonof the two cases
permit determination oi"the effect of the fuel supports on pressure drop.
Standard methods for obtaining channel flow splits will be employed.

Pressure drop, flow measurements were made on three orifices for D ,_eactor
to determine the effects of non-unifornLityof length and surface finish.
Three different orifices were examined, all being 0.239 inch ID with a
15 degree upstream taper:

i. An orifice of length L, aud S_/surface finish.
2. "An orifice of length L, and br'_/surfacefinish.

3. An orifice of length L + 0.040""and 6_ surface finish.

No differences between cases (2) and (3) were noted, sho_rlnglittle effect
of the additional 0.040" length. Case (i), however, exhibited a slightly
lower pressure drop for an equivalent flow than (2) and (3), indicating
surface finish does affect the calibration.

Boilim_ Burnout Conditions for NPR Fuel Elements. Laboratory heat
transfer experiments were continued to determine the boiling burnout
conditions of flows and heat generation rates for the NPR tube-and-tube
fuel element. Twenty-elght boiling burnout points were obtained that
are applicable to the middle cooling annulus of the fuel element.

The test section consisted of a 32-1richlong Inconel tube with flow on the
inside and having a hydraulic diameter equal to the hydraulic diameter of
the middle flow annulus in the NPR fuel element. Boiling burnout was
determined over ranges of flows between 1,OO0,O00 and 4,760,000 lb/hr-sq ft,
heat fluxes between 560,000 and 2,000,000 B/hr-sq ft, and fluid outlet
conditions between 17.5 percent steam quality and 5_ F subcooled.

Boiling burnout for this test section was detected in most cases by noting
a sharp increase in temperature of the heated surface for a small increase
in heat flux. However, for the runs at the lover flow rates, the increase
in surface temperature was less distinct and cn Iktrtherincreases in heat
flux the surface temperature fluctuated with a raudc_ frequency. For
these cases a plot of heat flux versus temperature difference between
the surface and the liquid indicated a distinct decrease in slope at the
point where the temperature fluctuations started_ indicating a definite
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departure from nucleate boiling, lt is suspected that phase stratifi-
cation is occurrlng in such cases and is accompanied with somewhat of
a shift in heat flux from the top to the sides and bottom of the hori-
zontal test section.

Critical Flow Experiments. The experimental study into the so-called
"two-step critical" behavior of flashing of an initially subcooledfluid
through short tube orifices was continue_ by investigating this phenomenon
in two 0.50" diameter shazg-edge entrance nozzles possessing lengths of
0.5 inch and 2.0 inches. The behavior observed was consistent with that
reported in the previous monthly report. In order to determine the pos-
sibility of the existence of this _now_uon in reactor geometries, a
test section was constructed consisting of a 10-1nch long section of
0.550" ID tubing, preceded an_ terminated by a BDF outlet nozzle Parker
fitting and header Parker fitting, respectively. Ten and thirty degree
Centigrade subcooled water initially at 100 psig was passed through the
assembly, and flow rates, various pressures, and t_ratu._s were
monitored. A trace of the "two-step critical" phenomenon observed with
the short tubes was evident at both temperatures. Subsequent experl-
mentation indicated that this phenomenon was occurring in the header
fitting notwithstanding the high velocity of approach of the coolant.
The difference between the flow rates between the unstable entrance and

exit criticsls was, however, %uite small. At 140 C, it amounted to only
one gpm and at 160 C, 2.5 gpm. This suggests that this phenomenon need
not be of great concern as applied to these reactor fittings.

Plans have been made to visually observe the flow during the existence
of this phencmauon in order to gain a better insight into its mechanism.
Glass test sections have been designed and are under construction at the
Optical Shop.

Shieldin_ Studies

Attenuation M_asuz_ments. The Perlow Spectrometer, lO0-channel analyzer,
and associated electronic components have been moved to the positive ion
accelerator laboratory for the spectrometer calibration. After the move,
the analyzer required only I0 minutes warmu_ with no adjustment before it
was ready for pulse analysis. Preliminary results using a chamber pressure
of 13.0 cm of methane indicate that the spectrometer is linear to + 1/2
channel on the lO0-chaunel analyzer, with each channel representing
approximately 9.2 KEV. The resolution was about eight percent for a
neutron energy of 889 KEV.

The 265 lb/ft3 Iron-serpentine concrete was tested after being baked at
320 C. The measured fast neutron removal cross sections are as follows:

Bake Temp. Removal Cross Section (_ R)

DECLASSIFIED'
As-C'u,z'ed 0.126 cm-1

i00 C 0.i13 cm"I320 C 0.112 cm-I



The gamm_ dose rate increased by a factor of three after baking this
" concrete at B20 C as compared to the as-cured condition. The gamma

dose rate through I_8inches of the lighter iron-serpentine concrete
(210 lb/ftB) changed by a factor of only about 1.2 due to baking at
320C.

D@si_n and Component Testing

NPR Char_in_ Machine. Fabrication of the transfer a_m assembly, idler
roll assembly, and power roll assembly was completed. Design of the
magazine positioner was completed, and a cost estimate is being made.
Design of the nozzle adapter was started.

Am estimate for a reduced size charging machine containing all the
critical facilities was made. The estimate amounted to $50,000 as
compared to $80,000 for the complete machine. A new prototype eval-
uatlnu is being made.

B. wm_ms - 3.o9o. m_M

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 23_-5 Building Operations and weapons development
programs of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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@
C. REACTOR DEVELOPMENT - _000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

l_utonium Fuels Development

PRTR Fuel Fabrication. Several M_rk I-G PRTR fuel element clusters have

been assembled and finally inspected. These are part of a group of 36
plutonium spike elements to be used in the PRTR for criticality tests.
The problems associated with etching and autoclaving Zircaloy-2 clad
A1-Pu elements have been solved by modification of the autoclaves to
provide a method for blowdown during startup. U/meblowdown system elim-
inates the boiling off stage where any impurity in the water is concen-
trated. Boiler scaling of the finished rods was eliminated.

The etching problem was apparently a matter of insufficient neutralization
in the stop etch tank. Higher bath temperature and vigorous agitation of
the work piece eliminated the acid staining problem. It is now possible
to provide a steady output of rods for assembly. Six of the 36 elements
will be of the _k I-H design using tubing with a 35-railwall thickness.
The fabrication of these elements has been delayed awaiting the Zircaloy
tubing shipment.

All welding and autoclaving has been completed on the _rk I-G end

brackets for the first PRTR loading. No white or grey corrosion productwas found on the autoclaved brackets indicating the welding atmosphere
was satisfactory.

The design has been completed aud approved on a special Pu-A1 monitor
fuel element for use in PRTR critical testing. This element is of the
_kLrkI-G type and wildehave three special rods containing monitoring
foils (_gs. H-3-13332 _ H-3-.13333).

Fabrication Development. The silicon content in A1 - 1.8 w/o Pu- 1.3 w/o
Ni - 1.O w/o Si alloy cores has caused difficulties in solvent extraction
reprocessing testing. Accordingly, au alternative corrosion-resistant
alloy, Al - 2 w/o Ni - 1.8 w/o _Pu,has been investigated, with and without
the addition of 0.1 w/o TJ. Twenty-four extrusion billets were cast with
the casting and mold temperatures varied over the range which would be
normal practice for billet casting. A total of 72 samples of extruded
and straightened rods from these billets were corrosion tested at 350 C
in a static autoclave containing delonized water at a neutral pH. Visual
examination showed corrosion resistance as good as the alloy containing
1.3% silicon. Sam91es of both .alloyBwere also tested in deionlzed water
adjusted to pH i0 with lithium hydroxide. Exposures at 350 C for 24 hours
revealed only negligible Increase in visible inspection, although the
oxide coating appeared darker in color.

UNCLASSIFIED
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Five, 89oinch long, I/2-inch diameter, injection castings were made with
aluminum - 2 w/o Ni alloy in Zircaloy tubing. The average density of
the five castings was 95% of theoretical with a maximum of 97%. The im-
proved density was obtained by adding en additional heating cartridge to
increase the preheat temperature of the fitting at the junction of the
dip tube and fuel tube, an_ by applying en insulating protective coating,
duPont J-400, to the outside of the Zr fuel tubing. The additional heat
at the dip tube fitting resulted in a steeper temperature gradient in the
castings and permitted better feeding of the solidification shrinkage at
the lower end. The protective enamel used on the fuel tubes is one that
was developed for heat treating titanium alloys. At its firing tempera-
ture of 700 C, it forms a vitreous coating which prevents oxidation of
the Zircaloy. This coating which is later removed with caustic should
simplify decontamination of Pu-AI fuel elements as well as preventing
oxidation of the tubing.

The castings can be vented through a O.070-inch diameter hole in the top
end cap, and this will make it possible to weld one end cap in piace
before casting. The small vent hole will be closed by spot welding after
casting and will save one counterboring and decontamination operation.
Two _5% density castings were made with vented end caps which proved
quite satisfactory.

Lucite panels were installed on t_hebottom @love box of the injection
casting equipment, and the panel to the top glove box will be installed
as soon as a sheet metal safety,shield is ready. Prel_ tests will
be made with the equipment with the gloves in place, and it is planned to
start fabr_cation of two 19-rod clusters of Pu-AI fuel elements in July.

Fuel Evaluation. An eleven-inch long, Zircaloy clad, Pu-Ai, 3-rod cluster
which has as ranchas nine mils diametral gap between the core and cladding
has successfully completed its Irradlaticn in the GEH-4 loop in the _R.
It was irradiate_ 32 days at full power at a mRx_-,-,heat flux of
576,000 BTU/ht-ft2 for a maximum burnup of about 40 percent of the Pu
atoms. The core in this element is a corrosion resistant alloy and
initially contained 3.2 w/o Pu. The element is now being returned to
Hanford for examination.

Metallographlc examination of rods from en irradiated, four feet long,
Zircaloy clad, 19-rod cluster showed that large aluminum grains had
formed near the surface of the core whereas the rest of the Pu-AI cross-
section consisted of smaller ones. The large grains near the surface
were also observed on a pre-irradiation sample of the same material.
Large grains, however, were also present in the center of the pre-
irradiated sample, and there was a zone between the center and edge which
consisted of the smaller sized grs/ns.

Self-Shielded and Phoenix Fuel Element Experiments. Irradiation experi-
ments to investigate t e self-shielded and Phoenix fuel element concepts
are being formulated. The feasibility of conducting reactivity change
experiments with these fuel concepts in the Reactivity Measuring

UNCLASSIFIED
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Facility (RMF) at the M_R i_ucotJunction with the irradiation testing is
being explored and the possibility that useful information can be obtained
appears promising. The rate and manner in which the reactivity and power
generation of a given fuel concept changes as a function of exposure can
be obtained with this type of experiment.

As presently conceived, the self-shielded element consists of a 70_ T.D.
core of pure Pu02 about 3/32-inch diameter surrounded by MgO which is in
turn clad in O.030-1nch Zircaloy with an GD of 0.565 inch. Physics cal-
culations indicate that complete self-shielding occurs in a Pu02 core which
is between 1/16 and 3/32-inch diameter. A 7_ dense Pu02 core, 3/_-inch
diameter, will generate about 17 kw/ft in a thermal flux of i x lOA* my.
Heat transfer calculaticas will now be made to determine the core temperature
for this case of non-unlform power generation. Samples containing various
amounts of plutonium are also being fabricated for testing in the RMF to
determine the optimum quantity of plutonium which yields the most reliable
data from the facility.

Calculations are also being _e for irradiation specimens of the Phoenix
fuel concept. Supplies of plutonium containing 6, 13, and 29 percent of
the isotope Pu-240 are available for these _xperiments. The irradiation
specimens for plutonium which contains about six percent Pm-240 will consist
of an alloy which contains 2.8_ w/o total Pu in aluminum. The total Pu
content will be correspondingly higher for samples which contain plutonium
richer in the higher isotopes in order to obtain the same power generation.
The Sl_imens will generate about 30 kw/ft in an unperturbed flux of
2 x i0A_ nv with a calculated surface heat flux of 693,000 BTU/ht-ft2.
l_ics and heat transfer calculations are being made to determine the
total plutonium content of alloys containing plutonium rich in the higher
isotopes so that all specimens will generate the same initial power in the
same flux.

uo2nel Develo  nt

PRTR Fuel Elements. One dummy lR-rod cluster fuel element, in which a
lead-cadmium mixture is substituted for UO2, has been swaged. After
assembly, this element will be used for PRTR physics tests.

_hree dummy, 19-rod cluster, fuel elements are under fabrication for
charge-discharge tests. Lead was swaged in Zircaloy-2 cladding to sim_-
late fuel. The finished elements will be dimensionally identical to the
UO2-contalning, 19-rod _ fuel elements.

A vibrationally compacted, nested tubular fuel element having _4_rkII-A
cladding d_nsions is being fabricated. This and other prototype ETR
test elements will provide developmental information for future fabrica-
tlon of _ elements having M_rk II-C geometries.

Fabrication Development. Modifications made to the hot swaging equipment
resulted in improved response time of the induction heater, better tem-

perature control, and smoother surfaced swaged rods. _hese modifications

UNCLASSIFIED
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included the following:

I. Three coils of the saturable reactor of the induction heater
were biased. _is resulted in elimination of the severe

temperature overshoots that had been experienced. Heating
rates, however, were decreased.

2. Edges of the blades of the swaging dies were relieved
1/32 inch. Subsequently swaged rods exhibited less
longitudinal m_rking thou was noticed previously.

3. The feeding device was anchored to the floor to el_m_nate
side-to-side movement. Such movement causes loss of feeding
alignment and results in crooked swaged rods.

High speed motion pictures (16,000 frames per second) have been used to
optimize conditions for magnetic force butt welding fuel rod closure.
The film revealed that the fuel rod cl_ heated and upset during the
first half cycle and the cap during the second half cycle on application
of the 60-cycle/sec alternating current. M_crosections of the initial
welds showed that excessive heat was generated in the cladding without
obtaining sufficient heat in the cap. From interpretation of the film
and the macrosections, it was determined that less welding current should
be used in the first half cycled and additional current used in the

second half cycle. A superior weld was produced by making the indicatedchanges.

High speed motion pictures were also employed to i_vestigate the per-
formance of the high frequency continuous rib (thermatodA) welder.
Films revealed an erratic movement of the Zircaloy tube and rib wire
beneath the welding electrodes. _le machine was desi_Led to allow the
draw bench to attain full speed before engaging the pa_ts. The engaging
cushion causes the parts to make a bouncing start, with rapid acceler-
ation followed by deceleration - slowing almost to a stop - and another
rapid speed u_ for approximately 2/3 of a second (eight inches of travel)
before the constant speed of 60 feet per minute is attained. A positive
connecting llnk will be provided to assure constant velocity.

The film also revealed the formation of the beads at the edge of the
welded rib. _ese beads are caused by intermittent arcing between the
parts as the rib approaches the tube beneath the pressure rc_l. _ne
arc produces excessive heat, resulting in overheated metal being squeezed
out of the weld area adjacent to the rib. A means of controlling this
arcing m_st be obtained.

Attempts will be made to use en impeder to force continual arcing, thereby
making a virtue of it. Controlled arcing can produce the necessary heat-
ing, with m_ch less power than that associated with the originally antici-
pated resistance heating. With controlled arcing, and lower power, it is
anticipated that smaller cross-section ribs can be attached to tubes.

UNCLASSIFieD
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Rolling contacts were attempted for electrical connection to the rib and
" the tube. lt was believed that less galling would occur with the rolling

contact than with the sliding contact. However, intermittent arcing
occurred between the rollers and the work in the same manner that arcing
occurs between the rib and tube. This experience indicates that the slid-
ing contact is more desirable and care mast be taken to minimize the _.ec-
trode contact width and assure that the parts and the contact do not
approach each other at a slight angle. Both the heel and toe of the
electrode must make good contact with the part and approach the part
at a 90 degree angle.

Corrosion Studies
, ,,i

Rupture of Aluminum Core Fuel Element. Am aluminum core, Zircaloy-2 clad
fuel element sampleis being rupture tested in the sight glass facility
at 300 C and 1500 psig in pH i0 (LIOH) water. _he 0.5 inch diameter,
1100 aluminum core was slipped into the Zircaloy tubing with five mils
diameter clearance. End caps were welded ca, resulting in a sample
2.5 inches long. A 2O..mll slot defect, 1.5 inches long, was milled
through the clad. The corrosio- rates of .1.100 aluminum and the Pu-A1
core material for PRTR are approximately the same. After eight hours
of exposure, the sample showed no appreciable visible signs of core
corrosion.

Steam Corrosion of Aluminum AI.I.o_. Aluminum alloys corrosion tested in500 C, 10OO psi steam have exhibited either very low corrosion penetra-
tions or catastrophic destruction. There have been indications that in-
creasing the iron content of the alloy increases its resistance to failure.
_e British have reported a correlation bet-_eencatastrophic attack and
hydrogen pressure in the autoclave. In a recent test, eight san_es con-
ta_n_ 2.0% Fe, 0.6_% Ni, which had beea autoclaved in steam for 300
hours without failure, were put in a static autoclave in 500 C, i000 psi
steam along with eight samples each of a 2.5% Fe, 0.6_% Ni, and 3.0% Fe,
0.6_% Ni alloy for 24 hours. ALI the san_les in the test were destroyed
or severely attacked except for the 3.0% Fe, 0.64% Ni alloy. Since hy-
drogen builds up in the s_atic autoclave as sa_es are corroded, this
test tends to confirm both of the above observatlcas.

Autoclave Testin_ of Aluminum ,AI_o_. Four low-silicon aluminum alloys
have now completed six months of exposure in the 360 C water autoclave
with no measurable increase in penetratic_ after the first _en days.
_ese a3.1_ are 1.0% Ni, 0.5% Fe, 0.1% Ti fabricated at A_L; and
1.5 1.5 Ni; 2.1 wi   ricated
at Hanford.

Frettin_ Corrosion of Zircaloy. _e Zircaloy fretting corrosinn test at
3.1.6C, pH i0.0 is _eing continued. Periodic visual examinaticas of the
specimens indlca_e the frett_ug rate of penetratlo_ is decreasing with
increasing exposure.
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Struc_ _ral M_terials De_lo_.ment

Process T_be M_torin_ - Mark Z Prgt0type Monitcro Design of the mech-
aulcal equipment for inspecting the PRTR process tubes before startup or
at low radiation levels has been completed, and fabrication of all major
cc_ts is scheduled to be coveted by the middle of July. Be ID
measurement equipment has been tested and found to conform with design
speclficaticms. Fina_ assembly an_ callbratlcflis awaiting completion
of the linear transformer housing, scheduled for early in July.

Investlgations to establish the most satisfactory optical and lighting
system have continued. A borescope type viewing head with integral
lighting moA_,ied to fit the standard television lens mount has been
ordered and ia scheduled for delivery the last week in June. This head

. _ permit both 360 degree and 90 degree vie_rJm_for better inspection
of particular areas of interest.

A purchase requisition for a recorder to give a permanent film record of
the tele_@slon inspection of the tubes was issued with bid returns set
for July 1/.

Mark II Prototype M_tor Development. Design and testing has continued
on the equipment for inspecting the irradiated PRTR tubes. A preliminary
specification for a TV camera to be used in a high gamma radiation en-
vironment was issued. S_vereA manufacturers have been visited to obtain
ccmmmnts and to discuss foreseeable problems before the final speclfica-
tions are issued.

Zrradlation testing of television camera camponents has continued.

T_istors have been shown to be sufficiently unstable after 108 R total
gamma irradiation to make them unacceptable for use. Vacuum tube, tunnel
diode, _ ceramic tube characteristics have remaized relatively unchanged
after 109 R total g_. All tests conducted to date have been by mea-
suring characteristics before and after irradiation but with no operating
load applied. Plans are now being :,adeto make tests au duplicate com-
ponents which have at least a l_Lrti_ operating load applied to determine
effects on life and characteristics.

Irradiation tests to 2.2 x 107 _ tor'algsmma of various glasses and
plastics for possible lens and lighting use have s_ ordinary Vycor,
Crown and Flint glasses to be unamceptable with at least 50% trans-
mission loss over the visible spectrum. Radiation protected Crown and
Flint glasses still have 95% transmission, ordinary quartz a mlnlnnnnof
87_, Coming purified fused quam_z a m_n_..,,of 95'_A,andStyron690 (a
polystyrene produced by Dow Chemical Corp.) a minimum range of 5% at
shorter wavelengths and up to 90% at higher waveler_Eths.

Work on the gas gap measurement instrument by Instrament Research and
Development Operation was concentrated on fabricating various shaped

coils with ferrite powder and laminated and ncnlamlnated steel cores
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for testing. Apparatus has been built for measur_izgthe effects of probe
spacing with variable gas gap to determine the best spacing and coil design.

Determination of the wall thickness from the internal surface using water
for ultrasound coupling with a standard Vidigage crystal shaped to fit
the tube ID has been successfully _emaustrated. Determination of the
accuracy obtained by this method is continuing. Prel_m_-_y results in-

' dicate accuracy to at least one nil. Straight vertical movement of the
probe gave more easily interpreted results than a 360° oscillating scan.

Irradiation tests of quartz, lithium sulfate, and a special synthetic
crystal similar to barium titanate have accumulated 109 R total gamma
irradiation. No irradiation effects after 5 x 108 total gamma were ob-
served. M_asurements above this level are not completed.

Sheath Tubing. _ne first lot of 0.495 ID Zircaloy-2 tubing has arrived.
The fabrication procedure au this lot of tubes was changed in an attempt
to produce a higher percentage of crack-free tubes than in the past. The
total reduction in diameter frc= the extrusion to the finished tube was

reduced from 54 to 18 percent, resulting iu more working of the tube
and less reduction of the diameter.

Physical Properties of Zircalo_r-2. Twelve longitudinal tensile samples
from EER and PRTR type tubes were tested at 300 C. Following is a table
of the results listing the percent cold work and tensile strength of each
sa_le compared with the results obtained from rolled strip and burst
tests of tubing sections.

% Longitudinal Tensile Tubing Hoop Strip Tensile
cad work Stre Stngth (psi.) strem hC ai)

_.0 "69,800 68,400 64,000
(one test )

60 "75,800
70 *84,700
40 and "35,600 45,200 28,000 to
annealed (avg. of 3) 45,000

*Each figure an average of three tests.

Three burst tests are being rum on each of the 40, 60_ and 70 percent
cold worked KER tubes to provide data to compare with the longitudinal
tensile tests.

Radlometallurg_ Laborator_ Studies

M_tallographic examlnatica of a Zr-2 clad, sw_d UO2 capsule revealed
extensive cracking around the outside of the capsule (RM-607).

Examination of the third defected U02, Zr-4 clad element revm'aledno

effects of the defect on fuel or cladding. A high flux at the midpoint
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of the ro_ was shown by the axial void in the U02 as compared with
sectioas two inches from the end, where no sintering occurred (RM-608).
An enriched uranium dioxide pre-defected element was examined after a
t_o-hour irradiation. No _de gradient was found and the maxinmm
h_de concentration was 50 ppm (I_4-605). Work continued on the set-up
and installation of equipment for UO2 refabrication experiments. A
manipulator, a shielding window, and part of the lead shielding were
installed.

Examination of two PuO2-UO2 elements showed that the requested heat flux
was not obtained. One element contained 7._5 w/o I_02 and the other
5. 6 w/o P=o2Cm 654).

Six uranium _ samples were annealed. Densities before annealing
were 18.62 g/cc .for the 0.41 a/o burm_ and 18.74 g/cc for the 0.29 a/o
tmrau_ samples. Post-ezmealing densities _ be repoz_ed next month

265).

Results and conclusions from these examinations will be reported in more
detail in ccanection with the development programs served.

_hermel _7draullc Studies

Heat Transfer Characteristics of the M_rk I Fuel Element. Experiments
were run with a full size but foreshortened, electrically heated model
of the Mark I, 19-rod fuel element to determine boiling burnout conditions.
The experinmntation ras interrupted due to leak problems, but several
interesting conditions of non-boiling burnout were first obtained as
shown in the following table.

Flow Exit Quality Heat Flux __ow Heat Flux

12z.4 2.5  2,ooo 98.7 z72.6
8o.5 6.1 3,ooo 65.4 173.o
60.2 i0.0 452,000 48.9 176.6
4A.4 14.9 _kS,000 36.1 173.8
123.8 3.2 551,ooo Ioo.6 5.2
121.5 3.8 676,000 98.8 264.0

As mM be seen, the test section was operated at a heat flux of 676,000
B/hr-sq ft, a flow rate of 121.5 gpm, and an outlet steam quality of
3.8 percent without any indication of excessive temperatures.

Equipment was gathered and initial fabrication started to mockup the PRTR
hydraulic piping of one process tube between the top of the fuel element
and the ring header. _his mockup, which will be placed in the high
pressure heat transfer apparmtus, is being built to obtain values of two-
phase pressure drop through the outlet piping. This experimental informa- .
tion is needed because it is felt that analytical methods of calculating

• t_o-_e pressure drop are not sufficiently precise to allow a realistichazards evaluation of the reactor for certain events.
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PRTR Pro_ect Management and Design

Phase III _ Contract. The Phase III contractor is estimated to be

about 92% complete "asof July l, 1960, versus a scheduled 100% based on
contract completion date of June 24, 1960.

The second river pump was tested and run-in for the slx-hour period re-
quired by the contract ATP. Final inspection of the river pump and
condensor facilities was made. The contractor is currently completing
or connecting items on the check list. It appears that the facility

be turned over to the AEC in early July.

Installation of the ion exchange resin in the zeolite water softening
units was started and is expected to be complete by the en_ of the month
at which time ATP's _ill be started on these units.

Flushing and testing of the chilled water system within the containment
vessel was completed.

The alignment of the caland_ia and the top and bottom primary shields
was checked a_ found satisfactory. The shot filling operation was
completed on the top primary shield, and the top shield to side '_"
shield gas shield was installed.

Considerable grinding was done on the rotating and stationary secondary
shields to provide adequate clearance between the rotating members.

be helium storage tanks were received and installed. _e only item of
equipment not yet available for installati_ in the helium system is the
_Iower for the reactor dry gas system. _Lis is a contractor procured
item.

Tracing revisions were completed d_umlngthe smith to provide (1) an
independent emergency cooling water tube-_um_e _ray system for heat
removal in the event of pipe ruptures causi_ loss of shellside water
in the steam gemerator, (2) a secamd light water Injection system for
emergency fuel element cooling, (3) automatic contim_ c_gen analysis
for boiler feedwater, and (4) piping revisions for prime_ pump see&
temperature monitoring, seal water cooling, and see& gas elimination.

Requlsitians were prepared for (1) pump governor valve for the boiler

and (B) an emergency diesel-operatea D_O_N_O in_ector pump for us ein

maints_ning liquid inventory and pressure in the primary system during
tote& power outage. Bids on the vent w_ve were received for emgineer
review at month-em_.

O_tlet ring header pipi_ is c_lete and being pre_d for h_
static and leak testing. Most inlet _u_r flange welds have _een
rejected. _e Jt_ers are now being repaired.
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Grouting of rails for the fueling vehicle was completed. Installation of

controls and piping for the fuel transfer system is in progress.

A number of exceptions had previously been noted to the PRTR control room

panels as delivered. Discussions were held with the vendor's representa-
tive, and arrsngements are under way whereby the vendor will correct the

panel components to meet specifications.

vendor who is furnishing the electronics portion of the fuel element
rupture monitor system has now agreed to furnish a printing wheel on the

activity recorders for positive point identification. Ali questions on

this system have now been resolved _rlth the exception of acceptance test
procedures.

Fabrication of the mechanical portion of the fuel _lement rupture monitor

system has been assigned to plant forces since satisfactory bids could not
be obtain_ off-site. This work will be coord/nated by Technical Shops.

Currently, shielding and sample case racks are nearing completion and
orders have been placed for all materials and system components not al-

read,Von hand.

Maintenance and Mockup Facility. _he bid assembly for the maintenance
and mockup facility including the critical facility building was mailed
to prospective bidders on June 28, 1960. The tentative bid opening date

is July 28, 1960. _Is may be extended when the mApture, loop buildingand exhaust filter drawings and specifications are included in the bid

assembly by ad4endum around the middle of July.

PR_ Exhaust Air Filter and Filter Vault.. The scope description and

design was completed an_ approved. The $35,000 (estimated cost) project
will be inclmled as an addendum to the M_M facility "lump-sum" contract.

CE&U personnel are now detail designing the facility.

Fuel Element Examination Facility. _he primary manipulator vendor has
started sub-assembly work on _e manipulator carriages and the gear box.

_he main frame has been metallized and is uadergoing machining for in-

stallation of the carriage ways prior to final finishing. Completion
of fabrication is scheduled for the week of July 24, 1960 with testing
to be completed the week of August 14, 1960.

Load-Out Cask. Construction of the cask is continuing. The cask is

scheduled to be shipped the week of July 17, 1960.

PRP Critical Facility (Project CAK-SA2). The bid package for the building
was issued as part of the maintenance and mockup facility bid package.
Bids for the fuel transfer lock have been received. Henry Pratt & Company

is the apparent low bidder.

Development work on the adjustable weir, the control and safety rods,

the thimble tubes, and the source positioner was continued.
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Purchase requisitions for the required electrical drives were prepared

° and approved. Preparation of au instrumentation purchase specification
is under way. Drawings required for the specifications are nearing
completion.

Authorization was given CE&U for the design of in-cell components and
preparation of instrument and electrical interties.

Fuel Element Rupture Test Facilit_ (Project CAH-867). Approval has been
granted for design funds ($130,000) for the Fuel Element Rupture Test
Facility, Project CAH-867.

The text of the design criteria has been approved end is being duplicated;
all scope drawings are complete and are being routed for approval. It is
expected that the design criteria will be ready for publication July 1.
Detail design on the loop system will be started imnedlately after issu-
ance of the design criteria.

In addition to the starting of detail design, plans are being made for
early procurement of the coolant circulating pumps, regenerative heat ex-
changer, and electric immersion heaters to determine the degree of cost
control necessary for co_etion of the project within allocated funds.
lt is also planned to start procurement of Zircaloy and Hastelloy tubing
for the test section a_semblles so that tests can be conducted during the
PRTR critical tests. T_bimg purchase specificaticas for_all tubes for
the test sections are Written and ready for bid submittal.

Three bids were received au a 2100 psig, 600 F, bellows for the inlet
of Test Sectica '_". One or possibly two will be purchased for evalu-
ation testing at HAPO. One vendor has submitted a design for a 2100 psig,
600 Y butterfly valve which would be imstalled in the inlet end of the
test section maim tube. However, high pressure drop across the valve
(at 200 gpm) will limit its use to Test Section "B". Fuel handling pro-
cedures can be based oa keeping water iu the test section by (I) coolant
freezing with Test Section "A" and (2) use of a valve on Test Section '_".

Other major project items scheduled for early COmlxletiauare the prepar-
atiau of an adde_lum bid package for inclusion in the maintenance and
mockup contract a_ preparatiau of a desigm-ccastruct bid pack_ge for
the water plant and effluent storage tank.

Work au transient analysis of control characteristics cautimued; it is
expected that this work will be coveted by July i, 1960.

Design and Component Testing

PR_ Fueliz_ Vehicle. The spare discharge hoist control unit was received
during the month.

PR-IO - Primary Loop Mockup. Ali four of the PRTR primary process pumps
have been returaed fram the factory following flywheel enlargement, .
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impeller trimmimg, and balancing while operating to less than one mil
vibration. The four 350 h.p. drive motors have been rebalanced off-site
to within 1/2 oz-in dynamic imbalance and returned. An order has been
placed for four new full sized (18" dla.) i_npellers.

The spare pump ham been operated for two test runs since the above changes
were completed. _e first test of 105 hours resulted in heat checking
of the rotating face. Initial vibration, when cold, was three mils, de-
creasing to approximately one mi% when hot. The extra vibration is as-
sumed to be the result of h_ulic forces not present during the factory
tests. The stationary graphite face used had a 70% balance and a raised
face of 0.063". The second run was not attempted until the vibration was
improved to approximately 0.75 railwhen running cold. The graphite face
used has a 65_ balance and an 0.018" r_ised face. The seal faces were
excellent when inspected after both 25 hours and 152 hours of operation.
Pump power consumption and seal graphite temperature appear normal after
more than 250 hours of operation. The seal has two leak rates, one ve_,7
low rate of 0.O1 to 0.02 gel_Ionper hour when the pu_p has been started
at low pressure and the thrust remains down, and a leak rate of one to
two gallons per hour following a high pressure startup when the thrust
goes through a reversal. _e reason for this is not known, but the leak
change has occurred three times, once before each of the previous two
inspecticms and without apparent detrimental effects. Byron Jackson
calculations have shown the pump to be operating with only 200 to 300
pounds down thrust under operating conditions in the Pr.imsa_Loop Mockup.

canditions (about l0 psi higher pump head) will increase the down
thrust considerably.

The smell Byron-Jackson prototype pun_ has operated a total of 932 hours
as of June 24, 1960, without incident using the N.J. self-adjusting seal
assembly. The leak rate has decreased to a low of 0.7 gallon per hour.

Testing of the B/M Vee-Flex Packing rings in the prototype injection
pump was discontinued on June 20, 1960, when the leak mate on one of
the three plungers glands was found to have increased to 4500 ml/hr.
The leak m_te of the other plungers glands was still only 150 ml/hr.
_e two sets of packlug" still looked good, and the plungers were not
badly scored, while the fabric had broken down on the failed set of
packing. This life of 1080 hours represents about twice the useful life
of previous packings tested.

Chesterton Superlon square braided packing has been installed for further
testing.

Process Tube No. 586-6063 has operated 640 hours and 15 thermal cycles
during the past month. A TV camera inspection of the tube was made on
May 25, with no indication of tube damage. This process tube has now
operated for 2900 hours at reactor conditions.

@
UNCLASSIFIED



UNCLASSIFIED A-34 HW-65854

@
Process Tube Seal Experience. _ae new gasket without shim in the nozzle-

" to-process tube (NTPT_ connection on the Single Tube Prototype has oper-
ated 640 hours and through 15 thermal cycles with an average leakage of
about O.1 milliliter per hour.

With the special NTPT test piece, 475 hours and 53 thermal cycles of oper-
ation have also been made. Two gaskets tested without shims have leaked
less than 0.1 ml/hr. Two gaskets have also been tested while using shims.
The first of these had a leakage rate of only 0.2 ml/ht; however, upon
disassembly it was discovez_d that the gasket had absorbed almost all the
bolt torque preventing solid metal-to-metal contact on the ahim. The
second gasket with shim after 135 hours and 15 thermal cycles is operating
with a leakage rate of about 0.5 ml/hr.

The modified outlet nozzle cap plug has been operated with four gasket
seals during the past manth. This modified design uses a slightly wider
gasket. Average leakage with these four gasket seals, three operated in
the Single Tube Prototype and one in the Flexure Loop, has been quite
satisfactory with leakage ave_-_giagabout O.1 ml/hr in 750 hours and 26
thermal cycles of operation.

PR-40 - Shim Control Mockup. Sixteen PETR shim control assemblies have
received operational tests at Hanford and are now available to the reactor
contractor. The remaining eight drives are at GE-AI_, Sam Jose, awaiting
acceptable gear motors. Four prototype gear motors from another vendor
are due June 25. A letter has been issued designating the proper reactor
location for each assembly.

PR-80 - Air Coolin_ Duct Test. The transition piece from the wall to the
air duct is 70 percent designed. Final clearance measurements are based
on current information receive_ from the vendor. An opening in the
transition piece will mate with a spring tensioned door on the wall
bracket to permit movement over the hook.

Special Tools. The cut-off saw and core saw prints have been ,._beckedand
are ready for approval. Design of the load-out cask gate wrench has been
completed and fabrication has started.

Material for new and stronger push rod springs for the Fuel Element
Extractor has been received. Design of a push rod uncoupler has been
started.

Final design of the I_ Unit Motion equipment has been completed.

PRTR Process Instruments'. Special infrared responsive lenses were re-
ceived for possible use in the temperature probe for the Fuel Examination
Facility. The resistance to gamma radiation of these lenses, with and
without coatings, will be compared to the lens already procured in order
to extend the service life of this temperature probe.

!
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M_terial for a temperature probe was received from the vendor for an in-
re.actortemperature detector planned for use in the PRTR Gas Loop. The
instrument is intended to detect lateral movement of the process tube.
An in-pile test has been scheduled to evaluate its performance in a nu-

•clear radiation environment.

Final evaluation of the long (six-foot)probe for measuring rate of
moderator dump has been com_ete_. Continuous timing of the fall of the
moderator level from approximately full to within six inches of empty
was obtained on the calandria mockup at J.89-D. Times were measured after
release of the electric solenoid valves. Total times for a fall of about
eight feet using various numbers of dump valves were as follows:

No. of Time Required
(seoos)

4 5.8
3 6.0
2 6.4
1 7.6

DesignAnal_is

PR_ Process S_ecifications. Approximately 95 percent of the Startup
Process Specifications have,been written in first draft form and given
initial review by the P_ Startup Council. With one exception, first
drafts of the remainder are being written currently. The exception,
"Required Actions Following a Primary Coolan_ Leak," will require further
studies and calculations. Sixty-five percent of the process specifications
have been approve_ by the Startup Council. Thirty percent have been issued
in approved form.

PRTR Process Tube Ruptures. Recent transient flow calculations indicate
that for a certain range of leak sizes, fuel temperatures in excess of
the Pu-AI melting point may be attained. These calculations assume
failure of the 450 psi light water injection system, i.e., emergency
light water cooling is not arm/fable until the system has blowndown to
a pressure of I00 psia. Analyses to better define the problem are con-
tinuing3 and several possible solutions are being studied.

PRTR Startup Preparatio.nso Review of both critical and power tests is
continuing in conjunction with the respective Startup Sub-Councils. An
addition to Critical Test I0 has been written to provide for overflowing
the moderator into the gas header and observing the reactivity effect as
the weir is depressed an_ gas is allowed to bubble up through the moder-
ator. A test description of the shielding Adequacy Power Test has been
written.

PRTR Startup Audit. An independent audit of the plans for startup and
operation of the PRTR is currently being performed by an eight-man team

frum IPD. A two-day orientation session was conducted for the group to
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acquaint them with design features of the reactor and vlth current startup
" and operating plans. The audit is expected to require about two months

for completion.

PRP Critical Facility. Two-group, diffusion theory calculations have been
carried out to determine the reactivity worth of safety rods in the
Critical Facility. Rods considered to date are composed of boron carbide.
The results of this work indicate that a total safety rod worth of -I00 mk
is effected by the full insertion of three, 3.5 am radius ro_s on the
periphery of the U02 buffer region. _he IBM-709 Code RECGN was utilized
for these calculations.

The change in reactivity as a function of moderator height has been calcu-
lated for the Critical Facility with respect to several typical loadlngs.
The three-group, diffusion theory reactor code FLUX-WEIG_ was e_oyea.

Shielding calculations to date indicate that the amount of heavy aggregate
concrete shielding can be reduced slightly from the present design.

PRP Physics Aual_sis. _e-gr_ap cross sections for the constituents of
PRTR have been calculated for use in the 709 ANGIE Two-Dimensional Re-
actor Code. The first two dimensional multi-group calculatlan of the
1_ core has been performed with this code. _ preliminary analysis of
the output indicates that previous one a_w_n.ional calculations performed

with VALPRGD are essentially in a_ament with the two dimensional results._is first reactor case incorporated full moderator level, 34 I_-AI fuel
elements, 51 U02 elements, and the geometry of the calan_ria weir and
dump chamber. Further stud/es at different macerator levels are presently
being pursued.

_e first draft of the Res_or R1ysics Cha_ter of the PRTR Technical
Msaual is essentially complete. A document summarizing 1_ l_ics
calculations to date is also being prepared.

At the request of Plutonium Metallurgy Operation, a stu_ of a severn-rod
depleted U02 cluster fuel element with stainless steel cla_ was
performed. Figures for the relative heat generation in the outer ring of
rods and the inner fuel rod were computed with the S_ Code. A _alue of
0.735 was obtained for the ratio of inner to outer rod heat generation.

Reactor Control. The maximum rate of reactivlt7 insertion in the PR_R at
low m_erator levels was reduced by a_img a fifth valve in the ms_eratar
gas balance system. _he effect of this valve ma reac_r central was
studied by _--_&poltm-H_neyeell en a consulting contract. A report en
this stud_ recm_ended several minor changes _hich are being incorparated
in the equipment.

Pluteaitm Fabrication Pilot Plant

_he project is estimate_ to be 99% complete.
!



Installation of the 20" rolling mill was completed during the month.
A complete checkout and a_ustment of the amplidyne control system was
made by a General Electric service engineer.

Installation of the Group 5 Equipment has been completed and the equipment
placed in c_eraticm.

Painting of the second floor corridor was completed; e_ditional floor
painting is scheduled for early July.

o rati

Pre-Startup Activities. The writing of the P_TR"Operating Standards was
started. _month-en_ ten were completed and an equal number substantially
finished. The first rough draft of ali the standards is plannedfor com-
pletion in early August.

Testing of production run RTD's and RTD cables has been completed. Pre-
liminary evaluation of results show satisfactory performance. A formal
report will be issued.

Arrangements have been started to obtain the services of the W. D. Betz
Company boiler plant water treatment specialist starting in August 1960.

Bid reviews have been made an about half of the SAR's placed covering
high priority spare parts. Repair parts for the French helium compressors
appears to present no problem. Delivery on parts for the German helium
compressors is not yet firm; however, the most-needed items for the latter
machines should be available in Erie, Pa., at the plant of the American
vendor.

Operating requirements have been prepared covering an imlustrlal-type TV
system and a second communication system for the PR_R.

A precision-servo manometer for accurate determination of moderator height
has been received. Installation will be made after completion of con-
struction.

A proposal was prepared at the request of PR_RO by the Design Test Sub-
Council far submittal to the Phase III contractor for the performance of
a 48-hour hot test of the primary coolant system during the performance
of his ATP's. Work continued on the integration of Design and Critical
Tests along with the preparation and scheduling of the final drafts of
Design Tests.

Procurement of equipment for Design Tests continued.

Descriptions of the approved PRTR Critical Tests (HW-619OO-B) were pre-
pared and ready for distribution at month-end.

@
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The Power Test Sub-Council reviewed six additional rough drafts of the
anticipated 33 power tests. The tests reviewed are: Vibration, Ex-
pansion, and Noise _bnitoring; Ventilation System Testing; Light Water
Quality Monitoring; Corrosion Monitcring; Rupture.Monitor Calibration;
and Emergency Procedures. A new outline of the scope of the tests was
submitted to the PRTR Startup Council for review and approval.

The remainder of the PRTR Technicians and Engineering Assistants, in
addition to five Shift Engineers, have completed the second written
test on the automatic controller system, the reactor safety system, and
other operational features of the reactor.

Training continues with a number of personnel on special assignments
and training sessions centered around the following phases -- safety,
control room panels, published operating procedures, and reviF_wof
annunciators.

2. I:_I_I'UM CERAMICS RESEARCH

Two runs were made in an attempt to obtain pure PuC and pure Pu2C3. The
first of these was conducted in the melting point furnace using small
amounts of Pu02 and graphite in stoichlometric proportions for PuC
formation. The temperature was carefully controlled at 1600 C and a
high vacuum maintained. Even though heTd for 7.5 hours at this temperature,
no clear carbide lines were detected by the x-ray analysis. _Lis experi-
ment will be repeated in the thermal analysis furnace with a larger sample.

The induction furnace was used to successfully make pure Pu2C3. Ball
milled I_Apowder was mixed with 7.0 w/o C and the mixture heated for two
hours at 1550 C. X-ray analysis showed only Pu_C3 lines. _Lis material
will be used for dilatometric studi@s and thermal conductivity measure-
ments.

Seven trial runs were performed with the thermal conductivity device
during this period. Severe outgassing problems invalidated the first
six runs. The _ata taken oa the seventh run showed an uneven temperature
distribution across parallel planes in the test assembly. This is caused
by several factors, the principal one being concerned with the molybdenum
balls between the parallel thermocouples which act as small reflectors
and tend to establish a uniform temperature zone. If the placement of
these bells is not uniform, it is possible to have an uneven temperature
distribution.

The properties of Norton and Spencer fused oxides have been investigated
for use in swage or vibratory compacted UO2-1%A02fuels. C_ygen and
uranium analyses were made, and both materials showed an O/U ratio of
2.02. The departure from stoichiometry may be due to the fact that
these samples have been on the shelf for three to four months since
pulverizing. M_tallographic analysis of the samples showed both to have
isolated gas bubbles with the Spencer material having a slightly higher
concentration. The Norton material shows a fine Widmanstatten structure
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in about 50% of the grains after etching which is attributed to the
presence of U409. The Spencer oxide showed a small amount of this
material but of a coarser _ _lety.

Evaluation of the M_R, VH-4 rabbit facility for in-pile sintering
studies is under way. The most important problem involving the use
of the rabbit facility is the low burnout heat flux under static
conditions. Because of this limitation, several techniques will be
proposed which will give a surface heat flux sufficiently high enough
to obtain center temperatures of 1800 C but will not present film
boiling problems.

3. URANIUM DIGXIDE FUELS BESEABCH

Fuel Evaluation. A Zircaloy-4 cls_, 2._2 w/o enriched, swaged U02 rod
iu which Uo2 density is 86.5 percent of theoretical has been fabricated
and delivered to Vallecitos Atomic Laboratory. This will replace one
ro_ of the Zircaloy-2 cla_, 9-rod bumdle which has been irradiated to
approximately 3000 M_D/T. The fuel bumdle with the replaced rod will be
re-inserted in the VBWR for a second year of irradiation.

The concentration of hydrogen in the Zircaloy-4 cladding of a defected,
swaged UO2 fuel rod did not increase during irradiation in the MrR. The
ro_ was irradiated for 60 minutes, 22 minutes of which were at 685,000

BTU/ht/ft2. Au identical defected fuel rod, but clad in Zircaloy-2, wasirradiated for 45 minutes at 685,000 BTU/ht/ft2. The hydrogen concen-
tration in the Zlrcaloy-2 increased approximately 200 ppm.

Swaged U02 capsules attained an estimated exposure of approximately
16,500 MWD/T in the M_R sad ETR. No failure of swaged UO2 fuel elements
have occurred during irradiation.

Basic Studies. Fabrication methods for U02 specimens for fundamental
s'tudiesinclude high energy impact forming, using a _jr_apakmachine.
Electron micrcgraphs of U02 compacted at high temperature 99.4 percent
T.D. in the Dynapak machine revealed that plastic deformation and
particle growth had occurred. The average particle size was approximately
twice as large as that found iu material prepared from the same micronized
U02 powder at pressure and temperatures resulting in compacted densities
of 95 percent T.D.

Apparatus for resistance heating of UO2 in metal capsules in the Dynapak
die was designed, fabricated, and tested. Capsules can be rapidly heated
to the melting point of stainless steel. This equipment permits com-
paction of a heated capsule in less than two seconds after it is heated.

Sintered_ 94% dense UO2 pellets (0.190" dia. x 0.200" long) were compacted
in the ultra-high pressure and temperature press at the General Electric
Research Laboratories. The pellets were pressed at 40 and 80 kilo-
atmospheres at temperatures ranging from 600 C to 2000 C. During com-

paction the pellets had fractured with no other visual change, except for
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the pellets compacted at 2000 C. These had changed to a black, non-
- pyrophoric powder. Evaluation of the specimens has started.

Uranium dioxide irradiated to 84,000 and 64,000 M_D/T was received from
BAPD (Bettis)3 Westinghouse. _his material will be examined _ith high
temperature microscopy equipment to dete_mine the melting point and other
high temperature physical characteristics.

_hermal Conductivity. The thermal conductivity apparatus at Battelle
Memorial Institute has been reactivated, and measurements are in progress
on the second HLO irradiated specimen. Measurements are expected to be
completed about June 30. An unirradiated specimen for study of effects
of fabrication methods on thermal conductivity has been shipped from HLO.
BMI will ultrasonically drill 0.O_3-inch diameter thermocouple holes in
this UO2 specimen (a 7/8" x B" diameter disc prepared by pressing PWR
grade material in the 300-ton press and sintering to 96.5 percent theor-
etlcal density). Additional specimens by other fabrication methods are
being prepared or planned.

The UO2 thermal conductivity specimens irradiated in the Hanford reactors

for the past two years.were removed from the capsule without incident.
The UO2 rods (1/4" x 3"long) were relatively easy to remove from the
aluminum holder and showed no immediate evidence of swelling or distortion.
Of the five unbroken pieces, three will be sent to BMI for thermal con-
ductivity measurements. Two of the three broken rods will be used for
metallographic and other examinations at HLO.

High .TemperatureMicroscol_,. Assumptions that small amounts of oxygen in
the helium employed in the filament furnace might increase the volatility
of the U02 were checked. It was determined that small quantities of oxygen
had no effect upon the optically observed high temperature properties of
the UO2. A comparison of melting points and of vaporization and deposition
rates of U02 in the temperature range 200 C to 2800 C, reveale_ no differ-
ence in properties of specimens viewed under helium atmospheres containing
a 0.18% 02 and 0.67% N2, in one case, and containing no detectable 02
(less than 0.01%) and 0.02% N2 in the second case.

!' Apparatus for high .temperatureoptical examination of irradiated U02 was

modified to permit sampling of the effluent helium gas stream. Data fromgas samples obtained at several temperatures from U02 specimens having
i

1 various in-reactor exposures will be correlated with optical and electron
I microscopy studies.

4. BASIC SWELLING STUDIES
, ,,

Irradiation Program. Fabrication of components for ten additional general
uranium swelling capsules and ten additional metallographic specimen
capsules is continuing. General s__lling capsule #5 was shipped to the
reactor in April and is still awaiting authority for charging. General
swelling capsule #A has been under irradiation for four months at a tem-
perature of 550 C. The capsule components still indicate their initial

_NCLASSIFIED



UNCLASSIFIED A-41 HW-65854

O
integrity except for one thermocouple which is behaving erratically.
_here are indlcaticns that water entry into the thermocouple connector
at the face of the reactor may have recently occurred. Repairs cannot
safely be made, however, without endangering the integrity of the other
three thermocouples.

Unfortunately, the instrumentation is not behaving as well as the
capsule. To date, there have been a total of nine apparent temperature
excursians varying from i0 C to as high as 90 C. Of these nine excur-
sicas, five may "_eattributed to controller malfunctions, two may have
been due to a defective temperature recorder, and two cannot be explained
because the periodic tamperature and power readings being taken by the
operating persomnal did not coincide with the recorded temperature ex-
cursic_Is.

The precise cause of the failure of the control system is not known,
but faulty potentiometers and vmcmun tubes in the controller may have
been responsible. Improved potentiometers have been received from the
manufacturer and installed in the controllers sad the vacuum tubes are
being replaced with premium pre-aged tubes. The heater supply circuit
at the reactor site is being revised to allow a complete replacement
of instrumentation during irradiation without disturbing the capsule.

Two new metallographlc specimen swelling capsules are being assembled
at this time. Modifications were necessary at the internal heater
connector to el_m_te the heater to connector shorting that took place
in the three previously assembled capsules. The specimen sad specimen
holder have also been slightly modified to assure correct specimen ori-
entation during i.'_adiation end to allow easier capsule assembly. The
hole that was originally drilled in the specimen for thermocouple in-
sertion and specimen retention has been eliminated to provide a symnet-
rical right cylinder.

.PoreSize and Distribution. Optical and electron microscopy are being
used as a direct means for determining _he size and distribution of pores
in irradiated uranium. Various applications of microscopy to uranium
are, therefore, being investigated.

A precharacterized specimen of uranium contained in capsule GEH-14-35
which ha_ received a '_urnupof approximately 0.07 a/o at a temperature
less than 200 C is being processed. Swelling as a function of post-
irradiation ammeallug in specimens with a bu_-aupof 0.29 w/o sad 0._I a/o
is continuing. Density, ha_ess, and metallographlc me.asurementsare
belmg utilized.

A large number of pores in uranium which had been subjected to various
post-irradiation anneals have been measured, sad the data have been
subjected to statistical analyses. Curves of frequency versus pore size
distribution have been plotted. Such curves, coupled with the pore void
fraction sad pore density values are being comps__edto establish the
effects of post-irradiation annealing on swelling in u__anium.

UNCLASSIFIED



UNCLASSIFIED A-42 HW-65854

The examination of star,lard synthetic specimens containing pores of known
" diameter_ of 0.56, 0.81, and 1.17 microns, respectively, has permitted

assessment of the type and degree of distortion which arises during the
mechanical stripping of a replica from a surface with exposed pores.
Replication of pores cut below their centers is apparently faithful, but
when pores are cut appreciably above their centers, the replication
indicates the shape of the pore to be a truncated cone with a spherical
cap instead of a simple sphere. The statistical aualyses of pores in
uranium is being a_Justea to include these findings.

Since the bonding of "cold" uranium to i__Tadiateduranium and subsequent
annealing would permit si_e experiments on fission gas mobility, prelim-
inary attempts have been made to bond uranium to uranium. The two tech-
niques thus far examined are: (1) allow a molten drop of uranium to fall
onto a clean, cold uranium surface in a high vacuum, and (2) butt weld
1/2" diameter disks together in a resistance welder. These studies have
indicated that (1) an oxide film prevents diffusion at interface tempera-
tures (as determined from the structure of the uranium adjacent to the
interface) below 660 C during short term spot welding with a discharge
duration as high as 1/20rh second, (2) diffusion and the absence of an
interface occurs if the interface temperature is higher than 660 C during
spotwelding,and (3)solidification of a molten droplet on a cold uranium
surface does not, as yet, yield a satisfactorily bonded, sharp interface.
These technlques are being investigated further.

5. IN-REACTOR _ QF _CHANICAL PROA_'A_S

This program has been initiated to determine the mechanical properties of
structural materials during irrad/ationo Currently, the study of In-
reactor creep properties of Zircaloy-2 is in progress. A test is being
conducted in a prototypical capsule in a reactor. At the same time a
duplicate specimen is being tested in the laboratory to provide a direct
comparison with the in-reactor test. _e instrumentation used to monitor
the radiation resistant variable permeance transducers was specially
designed for the capsule, and after several months of operation, output
readings began to drift. The cause was determined to be au unstable
local oscillator circuit that was drifting in frequency. The frequency
changes would heterodyne with 60-cycle harmonics to give an indication
of random change in the output readings. _he ccaclitionwas corrected,
and operation has continue_ satisfactorily for the past 36 days.

A second set of creep data has been obtained at 550 F and is tabulated
below and compared to the original rates measured at 500 F with 95 per-
cent ccafidence intervals in parenthesis:

UNCLASSIFIED



UNCLASSIFIED A-43 HW-65854_

At _00F:

_-re=tor - S_nsor1:1.50 x 10-6 (-+0.52x 10-6)in/in/_

senmor 2:1.88 x lo-6 (+ 0.80 x lO-6) in/in/ht

Avera_: 1.6_ x 10-6 (+ 0.52 x 10"6) in/in/_

_-reactor: 1.5ox 1_7 (.+o.Iox 1_7) inlinl_

At _,50F;

In-reactor - Semaor;.l: 3.98 x 10-6 (+ 0.43 x 10"6) in/in/ht

Sefor2:4.o8 x lO-6 (-+0.43x io-6)in/in/_

A_era6_: 4.03 x i0-6 (-+0.43 x 10-6) in/In/ht

Ex-reactor: 1.93 x 10-7 (.+0.i0 x 10"7) In/In/ht

At 500 F the difference in the creep rates between lh-reactor and ex-
reactor specimens varies bet_een factors of ten:a_d sixteen using the
extremes of the data, and at 550 Y the rate in-reactor is at least
seventeen times that of the control specimen. Each test is Imsed on
36 days of test data (86A hours) which, from ex-reactor creep studies,
may not always be sufficient time to establish the mininnm rate. Conse-
quently, the test at _50 F con_tions will continue to verify the minimum
creep rates. _e rates being measured, both in-reactor and ex-reactor,
are at the extreme limit of range of the transducers end instrumentation.
The next test will be at a sufficiently high creep rate so the transducers
will be operating nearer the middle of their capability.

The specimen in the prototype capsule was originally assumed to be
annealed Zircaloy-2, however, the low creep rates observed on the specimen
indicated a behavior more typical of a 15 to 25 percent cold worked
Zircaloy-2. This indication led to the determination of the tensile
properties, _ess properties, metallography, and annealing studies on
stand1_ specimens and on the ba_ stock from which the specimens were
machined.

be tensile tests revealed a yield strength of 74,300 psi for the Zircaloy-2
which could be reduced to 36,600 by annealing, be hard.as was reduced
from 83.2 RB to 79.6 RB by the same anneal. Consequently, the specimen in
the In-reactor test _tst be assumed to contain at least 15-25 percent cold
work. T21enext four capsules will contain both annealed and 20 percent
cold worked Zircaloy-2 specimens which have been properly checked and

, identified before installing in the capsules. Studies on the correlation
of creep behavior of Zircaloy-2 haz shuwn that annealed Zircaloy does not
present self-conslstent rates nor does it display the creep resistance of
cold worked Z£rcaloy-2. Ve=v few tests _ be made on annealed Zircaloy-2
specimens in the reactor as they cannot be correlated nor compared with
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ex-reactor tests nor with the results on cold worked Zircaloy-2. It is
felt, however, that two annealed specimens should be run to determine
the in-reactor creep of Zircaloy-2 in its poorest condition. Most tests

be made _rlthspecimens containing reasonable and technically useful
amounts of cold work.

Work in progress incl_les the design of a capsule capable of ope_ting in
a vertical position in the _glneering Test Reactor at Arco, Idaho. This
capsule will be similar to the HAPO capsule. The main differe_e is the
smaller size of the test tube in the ETR as compared to Hauford. Smaller
diameter bellows and transducers will be required. A small diameter
transducer of the same type as in the present HAPO capsule is being fab-
ricated by Physical Sciences Corporation, and acceptance tests will be rum
on these transducers before their actual use J Calibration and evaluation
of a Schaevltz DES-lO0 Type R lineal differential trausformer system is
also being performed. Preliminary results indicate that the readout system
is quite sensitive to core motion in any direction. Iu the actual use of
the system some means of eliminating core motion, perpendicular _o the
axis, will be necessam_r. The investigation also indicates that the initial
alignment of the system is a relatively complex procedure. A visit was
made to the vendor's plant to observe the performance check out on four
additional capsules being constructed for further in-reactor creep tests
on Zircaloy-2. These capsules are expected to be more reliable and
accurate than the prototype now in use. _he capsules contain both a mech-

aulcal au_ electrical transducer. _ae mechanical transducer contains amicrometer-type screw which moves au electrical contact as the screw is
rotated. _e tests at the vendor's plant indicate sensitivity of approx-
imately i x 10-5 inches. The electrical transducers are of the low impedence
variable permeance type used in the prototype capsule now being irradiated.
The trausducers are of multiple range, however, to give increased sensi-
tivity. The first range is 0.080" for the highest sensitivity, the middle
range is 0.120", ann the thir_ rauge is 0.600" to measure total elongation.
The capsules are completed and s._ebeing held at the vendor's plant for
the check out of digital readout equipment installe_ on the instrumentation.
Eeat transfer balculations are being performed to assure that the irradi-
ation of the creep capsules will not interfere with the safe operation of
the reactor.

Deformation mechanisms of Zircaloy-2 are being determined by the use of
annealed, 15, 25, and 45 percent cold worked specimens. The current series
of tests are being carried out iu a static helium atmosphere at 800 Y
(425 C). Mmtallographic exam_matiom under polarized light revealed that
_rain tilting ha_ occurred, and that deformation ba_s had formed during
the creep of the 45 percent cold worked specimen. An anuealed specimen
revealed no microstructural chsmges during creep.
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EGCR Graphite Irradiation. The experimental capsulej H-3, containing
EGCR prototype graphite was successfully irradiated in the General
Electric Test Reactor during cycle 13. All nine thermocouples operated
satisfactorily during the cycle. Average sample temperatures along the
capsuleare: 350,500,650,750,650C.

EGCR Graghite C_idation Prototype Unit. Fabrlcation and installation
of the umlt ha_e been a_roxlmately 80 percent completed. Completion
of ccastruction is expected by July 7. A packed gas adsorption column
has been designed and fabricated to permit safe testing of gas phase
graphite oxidation inhibitors.

Gra_hlte Combustion Experlmenta. Ex_erimauts have been conducted on
laboratory scale samples (cylinders up to eight inches long and 7/8 inch
in diameter) to test the model proposed to evaluate graphite combustion
con_itiomso Agreement between observed and calculated temperatures has
been good (_ 20 C). _se tests will continue on several types of graphite
to determine the effect of graphite reactivity on the ignition temperature.

Chlorine has proven very effective in control of runaway graphite oxida-
tion. m_e addition of two percent (by volume) chlorine has elevated the
grm_ite igmiti_ te_rature over 150 C a_i successfully controlled

combustion when the grmphite temperature exceeded lO00 C.-

Gas-Graphite Systems. Two quartz capsules containing C02 and graphite
which were irradiated for 274 days at 500 to 700 C have been opened with
resulting data as shown below:

Initial

Original Weight Original Change in Moles Pressure Final
Weight Change .Molesof Ges of Gas* (peia) (peia)

5.0669 -0.2912% 8.788 x 10-3 + 7.63_ 589 653
4.8003 -0._9_ 5.654 x i0-3 + 5.66% 424 _63

*The increase in number of moles of gas and the gas composition a_e
corrected valuersnecessitated by the diffusion of 2.9% helium from
the pile gas.

Gas Composition* (Mole Percent1

c_ c_ Hz _ot_

93.16 6.73 .lO 99.99
92.9z 7.08 - lOO.oo

*The increase in number of moles of gas and the gas composition are
corrected values, necessitated by the diffusion of 2.9% helium from
the pile gas.

**Mass number 28 (CO or N2).
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There is a direct proportionality between charging pressure, percent
- increase in gas, and percent decrease of graphite sample weight, i .e.

the _ratio of charging pressures is 1.39 and the ratio of _ n = 1.35.
The _ weight ratio - 1.31. This is interpreted as evldence that
equilibrium between the C02 and graphite wereprobably reached.

Capsules from ex-pile experiments held at 550 and 650 C for 27 days to
150 days showed no reaction. The pressures were in the range 300 to
500 psi° From these preliminary results, radiation appears to accel-
erate the attainment of equilibrium at high pressures.

Two boats (one loaded with ten C-C02 capsules and the other loaded with
five C-CO, two C-C02, and one C-H2 capsules) are awaiting charging into
Y test hole at C Reactor. Capsules from the first boat will be removed
and analyzed periodically to determine the rate of the C-CG2 reaction
under irradiation.

Gas Anal_sis for PRTR CO2 Loop. A Consolidated Electrodynamics Model _I-
620-A mass spectrometer is being calibrated and tested prior to installa-
tion on the PRTR Gas Loop. The inst_vmunentwill continuously monitor the
level of impurities in the main carbon dioxide coolant stream. The volume
of gas removed from the loop through a capillary tube and molecular leak
will be four liters per day or approximately 0.4 percent of the main loop
value. A peak selector was installed on the mass spectrometer to scan
six mass numbers on a repetitive basis. Reproducibility of analyses for
six selected mass numbers was better than one percent for a 24-hour run.
G_s mixing equipment is being assembled for determining sensitivity co-
efficients and component spectra for impurities expected in the loop gas
stream.

A gas chromatograph which has been adapted for use mn the I_ gas loop
was received. _e analyzer records oxygen, nitrogen, carbon momoxlde,
and hydrogen concentration on a pre-set cycle.

Coati_s Evaluation Studies. Several siliconized - SiC samples irradi-
ated at 500 C to an exposure of several thousand MMD/A_ are being tested.
_he samples are heated to 960 to i000 C in flowing air until loss of
weight indicates failure of the coating and attack of the graphite sub-
strate. Two samples tested showed no attack.

Thermal Oyclin6 Studies on Coatin_so Three graphite rods coated with
siliconlzed-SiC h_ve been thermal cycled over a temperature range of
200 C to i000 C in flowing air at six cycles per hour. Another rod was
cycled three times per hour between 200 C and 1200 C. Coatings applied
to selected graphites such as Great Lakes Carbon Company's "A" grade
showed no significant change. Coatings on usual reactor grade graphite
developed severe circumferential cracks with a resultant high weight
loss in the graphite substrate.
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M_terials for PRTR Loop. Nickel-base alloys are being considered for use as
in-reactor structural materials for the gas-cooled loop in the PRTR. Tensile
specimens of Inconel, Inconel-702, Hastelloy-X, and Hastelloy R-235 scheduled
for three months of irradiation will be discharged at the end of the month.
Tensile specimens of modified Ferral (an iron base aluminum-chromium alloy);
and AISI 406, 304 L, and 316 L stainless steels will be inserted in the re-
actor for i_atioll at that time. _lin washer samples of several candi-
date alloys exposed for 30 days to reactor atmosphere and neutrons are being
measured for weight gain and hardness change.

Gas Loop Pro_ect Management and Design (Pro_ect CAH-842). The Phase "A"
package remains at approximately 95% complete. Progress payment to this
extent has been requested by Struthers-Wells and will be accomplished by
month-end. The Hastelloy-X tubes for the electrical heater, the main delay-
ing item, have been re-ordered from a new supplier after a history of re-
Jected tubes from Carpenter Steel.

After experiencing repeated unsuccessful test runs of the _lowers(1),
Bristol-Siddeley reports the first blower has now been running at 6000 rpm
at 250 psi and 250 C. _hese results are the most encouraging since last
April and have been achieved by silver pla_ing the shaft ends and. haud-
lapping while installed in the Journal bearings. A problem of field strength
balance exists around the rotor at startup. No new delivery daze has beea

quoted.Gas Loop Ccmpoaent Testing. Fabrication of the first in-reactor section
prototype is app_-_tely 85% complete with the remainder scheduled for
completion by June 30. Drawings for the prototype test mockup have been
completed, and all component parts are on order. The two Roots Conners-
ville helium blowers have been shipped from Warren following a successful
fit-up in the Phase "A" package. One of these blowers will be used for
the test.

The comments on the graphite sample case have been returned and final
design started. Initial tests of the extension handle have shown the
1/8-inch diameter pickup hook does not have sufficient strength. A new
hook has been designed and will be tested.

Testing of the glmbal Joints was interrupted due to a cracked pressure
inlet tube. The tube was repaired and will be placed back in service.
One glmbal Joint has been received from Solar Aircraft.

The dome seal has again been modified to incorporate a free floating seal
ring which is pinned to the seal body.

Gas Loop Design Anal_rsis. Temperature transients for a series of oper-
ating conditions were reproduced by the Berkeley EASE. The setup was
based on a series of heat transfer equations provided by J. Maraoka.
Results will be reported separately.

Harty, H., Report of Visit to Bristol-Siddeley Engines, Ltd., HW-65793,
June 22, 1960.
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7° GRAPHITE HIGH TEMPERATURE IRRADIATIGN DAMAGE STUDIES

Graphite Metallography. Graphite or coke is normally vacuum impregnated
with a resin for the _reparation of metallographic specimens. The resin
fills voids and strengthens the structure preventing its alternation during
polishing. This technique cannot be used when a given specimen is to be
examined before and after irradiation or heat treatment. Experiments have
shown that by impregnating with water and subsequent freezing, a specimen
may be successfully taken through the grinding and lapping steps which
precede the final Symtron vibratory lapping. A modification of the Syntron
sample holding pan is being designed to permit the use of liquid nitrogen
as a polishing medium during final lapping. If final polishing is suc-
cessful, the ice will be melted and the sample dried by placing it in a
vacuum. Samples prepared in this manner will be useful in studies of
structure changes during baking, graphitization, and irradiatiau.

X-Ray Studies. The computation of the Fourier coefficients of the x-ray
diffraction lines from natural flake and reactor grade graphites has been
completed for two series of anneals. These samples had been irradiated
at 400 to 500 C sad annealed at various temperatures to 2000 C. Although
the analytical techniques are still being evaluated, the results were in
agreement with prt_viousaualyses in indicating an increase in apparent
crystallite size upon annealing. A further observation was that the in-
homogeneous strain in the irradiated graphite was substantially reduced

during annealing.
D. RADIATIQN EFFECTS C_ METALS - 5000 PROGRAM

Radiation damage recovery is being studied for a number of metals, namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel. Tensile properties, microhardness, electrical resistance_ and x-ray
diffraction spectra are being studied to determine the characteristics of
recovery mechanisms.

One hour isochronal annealing treatments at 25 C increments were extauded
from 675 to 775 C for molybdenum, from 300 to 450 C for titanium, and from
300 to 400 C for iron. Isochromal annealing has been completed for copper,
zirconium, and nickel. The highest recovery zones measured to date occurred
at the following fractions of the melti_ point (Tta): iron - 0.30 to 0.36 Tta3
nickel - 0._3 to 0.48 Tta,zirconium - 0.36 to 0.43 Tm, aud titaulum - 0.33 to
0.34 Tta. The approximate temperature for self-dlffusion iu metals is 0.45 _m.
The maximum release of stored energy in cold worked nickel occurs near 0.49 Tm,
which indicates that the irradiation damage in nickel associated with the final
recovery point probably involves dislocations.

A special annealing fixture was fabricated _uring the month which will _ermit
sharp end points in the temperature-time records for the isothermal anneals.
This fixture was evaluated mud the first,series of isothermal anneals started
during the month.

@ .
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E. CUSTOMER WGRK

Radicmetsilurgical Examinations

Routine examination of four standard HAPO fuel elements revealed groove pitting
on the inside spire surface of two elements (403-9 and 10), voids in the braze
layer of one (_03-11), and slight b1_,T_g on the other (403-12). (RM-403).

Comparison of the canwall bonding on the self-supported elements irradiated at
different power levels showed no significant difference in the extent of crack-
ing or AISi deterioration (RM-404).

Compression testing of irradiated concrete from the dome of storage tank 241-A-
103 (200 E Area) was completed with wide scatter in results. Non-uniform
material and poor bonding of cement to aggregate_re evident (RM-332).

_tallography Laboratories

Samples of AiSi braze material have been annealed at temperatures of 250 C to
40_ C for periods of from one day to thirty days. These samples are now await-
ing evaluation. Other samples are being annealed for periods up to 100 days.

A possible method of attaching a Zircaloy cap to coextruded Zircaloy-canned
uranium is pressure bonding with heat. FPD personnel have been investigating
this method and have produced good bonds in a vacuum furnace assembly using
10,O00 psi and a temperature of 600 C. The work piece is heated to 600 C under
pressure and cooled immediately. Diffusion bon_ing is produced between the cap
and the 1,raniumwith no appreciable growth of the cauwall-uranlum diffusion
layer. Testing along this line is continuing.

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

Samples Frocessed Durin_ the Month:

Total samples 385
Carbon replicas 82

Photographs:

Micrographs 538
_crographs 139
Electron micrographs lO_
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S_ecial Fabrications

To date, 864 fuel rods have been shipped to the Savannah River Laboratory.
The coextruded rods contain AI-7.35 w/o P_ alloy and are clad with aluminum
(X-8001 alloy). At the present time there are 3_ pieces in the process
stream, and they are distributed as follows: 86 cast fuel cores, 204 extruded
and/or straightened rods, 42 rods ready for final etching and inspection, and
12 rods ready for shipment.

Increased fabrication rates were required to meet scheduled shipments of l_
rods on May 31, 192 rods on June 13, and 240 rods on June 27. During the
inspection of rods for the June 27 shipment, the greatest single cause for
rejection of a rod was a fold of overlapping metal which could be lifted with
a knife blade. The depression left iu the rod was quite deep, certainly
deeper then O.O10 inch.

Four-hundred-ninety-two Pu billets were cast for coextrusion cladding and
58 billets were remelted after rejection for gas pockets. Three-hundred aud
twenty-six rods were extruded from these billets during the month to give the
highest processing rate achieved to date.

Body exposure rates throughout the process have become excessive due to the
large quantity of material being haudled. Rates have been decreased in the
core cleaning and assembly steps by using light spun lead glass aprons.
These cut radiation by 50% from the unclad cores but shield less than 10% of
the radiation from the extruded clad rods.

An I & E rod was coextruded to a 72-inch length using a floating mandrel and
a streamlined die with a 90 degree entrance angle. The element was clad in
8001 AI with a 2% Ni-AI alloy configured core as a substitute for Pu-AI. The
nominal GD was 1.115 inches and the vn 0.588 inch. Surface finish was good.
Evaluation is continuing.

Manager, Reactor and Fuels Research
sad Developmaut

FW Albaugh:kb
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Nuclear Safety in FPD

The nuclear safety of a proposed storage array for 0.95% enriched uranium
billets, which is to be used in the NPR fuel element fabrication, _s eval-
uated and foun_ to be mnclearly safe. These billets are of two sizes:
5.6" O.D. x 1.2" I.D. x 20" long and 7.0" O.D. x 2.7" I.D. x 20" long.

They are to be packaged six billets to a bux in a close packed lattice.
The storage arrsy will be five boxes hi@h, two boxes deep, and of an un-
limited number of buxes wide. The nuclear safety evaluation shows that such
an array will be safe both dry, i.e., partially moderated with wood, and
flooded. The extrapolation of criticality data, for the dry cases shows
that the material buckling is negative for the rod sizes in question; in
the flooded case, the array will be essentially a series of safe slabs.

Nuclear Safety in Special ,UraulumShipment

Recummen_tions concerni_ the nuclear safet_ of a special uranium shi_-
cent to Oak Ridge were submitted to the Nuclear M_terials Operatiom.
(Letter frum C. L. Brown to F. J. Zelley, "Nuclear Safety Limitations for
Special Enriched Uranium Shi_aent", JUne 8, 1960. ) The shilz_mt _ made
up of 500 Kg of uranium metal aad solutions contalning 7.9 Kg of Da_5.
At optimum conditions the materials in the shi1_ent would cmEprlse about
1.7 critical masses. To ship this amount of uranium in one railway csm,
it was recummended that the material be divided into two lots, to have a
section of at least ten feet. The basis far dividing the uranium was
given in the referenced letter.

STUDIES RELATED TO PRESENT PRGDUCTION REACTGRS
J ili. i

Neutron Temperature Studies

The calculations of quantities which are used in an saalysis of a lutetium
activity ratio have coatlmm_ using the program ACE. The g factors for
Lu-176 and Lu-175 have _een calculated with the revised cross sections for
17 temperatures between 200 K and 900 K. _he calculations show that the g
factor for Lu-175 changes by_4% between these temperatures. However, the
experimental curve of the ratios of g (176) to g (175) fits the calculated
curve far g (176) ranchbetter than the calculated curve for the ratio of
g (176) to g (175). It is believed that this is due to the inadequacy of
the description of the Lu-175 cross section. This fact is corroborated by
the experimental value of 8 (175) which Was shown to be cQmstant and _T_ual
to I.



Epithermal-subcadmlum resonance integrals for Lu-175, Lu-176, and Pu-239 are
being calculate_ also. The calculations assume a slowing down distribution
that is 1/E with a sharp-cutoff at thermal energies. The calculations were
done for cutoff energies which are appropriate for the temperatures at which

g factors were calculated.__t_. calculations were repeated for a I/E cutoffrot=11+ i-I also
culated by Esrwitz Tor a h_avy _seous moderator.

In preparation for the latter calculation a subprogram has been added to ACE
which will calculate the Hurwitz spectrum of slowing down neutrons. This
subprogram utilizes a ninth-order polyacmial which describes the spectrum for

E .: 8 and the asymptotic series presented by Hnrwltz, et al, for values of2-

s_- 8. subprogram checked and it does reproduce the Hurwitz

ThAs has been
ctrt_.

The data from a lutetium traverse in the reflector of the TTR has been analyzed
assuming a I/E slowing down distribution with a sharp cutoff. As a result of
this analysis the spectral index near the edge of the fuel and water ring was
calculated as 355 E. At greater distances from the fuel the spectral index
decreased and finally at 18" from the fuel the index was 325oK.

The beta l_A_icle energy distribution data which was obtained from the Lu-176m
source is being ans_ed using the progrsms _ plot and LLESQS. The initial
analysis indicates that a Na-24 contamination might have been present. Suffi-
cient data was not obtained to accurately subtract this contamination. If the
256 channel analyzer hsa been available when the source was being analyzed the
contsmination would have been readily observed and extra data could have been
taken. The intensity of the Na-24 was estimated sm_ an analysis conducted us-
ing this estimate. The analysis resulted in a beta component with a maximum
energy of 1.07 Mev (in agreement with the value reported earlier). A component
with a slightly higher maximum energy was indicated also. However, the result
cannot be considered very reliable because of the Na-24 subtraction. The high
energy region of the spectrum will be analyzed in more detail after a new source
has been prepared.

The data for the L and M electron lines from the internal conversion process
have been analyzed. _he energy of the electrons corresponds to a gemma_ray
transition in El-176 of 88.8 kev. The intensity of the L electrons to that
of the M electrons is 3.4. From this information it will be possibl e to deter-
mine the type of transition and thus to deduce possible spin states for the
levels in Hf-l%.

Effect of Absorber on Neutron Energy Spectrum, i

The investigation of the effect of en absorbing cylinder on the thermal neutron
flux spectrum in the surrounding nonabsorbing moderator, begun about one year
ago_ has been renewed. In the earlier investigation 1/v absorption was assumed,
and the effect of this absorption on the boundary condition at the absorber-
moderator interface was _escribed by a reciprocal blackness empirically found

to very linearly with E_I=. For mathematical simplicity in evaluatin_/_oeffi-
cients in the infinite series solution_ this linear dependence with EA/ was
appreximated by a linear dependence with E, according to a recipe which was
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developed. Results of these earlier calculations hs,vebeen _escribe_ previuasly.

.eal_sviv Breit-Wigner resonance absoz'_tionIn the current i_zcestigation,_ more - _ _ _
in the cyl_.ud_rhas bee-_assume_. In this case, the energy dependence of the

reciprocal .blacknesscontains a resonance te_ in addition to the linear varia-
tion in El/2. The eva_u_tlom of the coefficients is now more difficult, because
the approximation of linear _epe_ence ___h E is no longer justifiable. The
analytic part of this evaluation as now being __one,and the solution for 1/v ab-
sorption (neglecting t_e resonance "b_.;_)is nearly complete. Cumpletlon of this
i/v case, which convenie_t?_roccurs as pa._ of the Breit-Wigner case, ",rill allow
a desirable check to be made on the results of the earlier investigation.

Experimental Work on Neutron Re_hermalizaticn i-_Water and Graphite

The experimental inv_stigat£o,_of the sp_ce-emm_-gydistribution of r_utrons in
moderating media _ith t_mperature __Isconti__ties has been _xtended to a water-
graphite system. Dlsconti_ralties__uthe physical teape_.atureswere established
at the water-graphite interface and at a _aphite-_aphite interface as in previous
all graphite experiments. Four e_r_erimemtswere completed. _ae temperature con-
ditions in the concentric cyli_h_cal ;_egionsare tabulated below.

EVI_ER3WE_TALPHYSICAL _"_MP_j_
_XONS

Water Heated Grai_xite Umheate_ @_i__ite Fuel - Reflector

A 294 _00 _00 300
B _ 4!0 _00 _00
c _94 6o0 _oo _oo

The gecmet_ of the s_mtem _m_ identically the sere as that used in the graphite-
graphite experlmen_s excewt f_r the introduction of a 3.25 inch 0oD.-2.7 inch I.D.
zirconium water tube along the a_is of the z'Y_. $_tlvity traverses of bare
and cadmium covered Cu foil _ere taken in the water. Activity traverses of Cu,
Au_ Lu were take_ in the heated a_udunheateg._i_mhite regions., All of the acti-
vated detectors have been counted. _"acraw countlm_ data is b(_'tng prepared for
processing on the _ code APD._Elo The _r_cess_ data _lll yield traverses of
the thermal a_ti_ty of a i/v d_ector in all regions, the spatial variation of
the slowiz_ down flux at thc_al am_ the spatial _istribution of neutron tempera-
tures. The thermal and slowing do_m a.._tivitydata will be analyzed with IBM code
FIT-I to yield the ret_Izatlon cross section of water.

Digital.Computer Codes fo_.-Reactor Az_.l_is

Work has begun on adapting the ANP mnltigroup_ multiz.e@io_diffusion theory
code F-N to HAPO use. This code can handle up _o 20-energy groups in systems

.rausfe. cross sections permitted between eachcontaining up to 50 regions, with _ ',"
pair of groups. _ther cylindrical or slab geumetry cam be used. The bulk of the
original program was _itten im _R_R_ and m_/ be simply reconciled for 709 use.
The input routine, however, mmst be replaced by a F_ version. Design of this
input is underway and coding shoul_ begin _thln the next, month.



A coder _AD-lt has been written to evaluate the slowing down density as a func-
tion of position inside a ring of N(-100) symmetrically placed line sources.
Fermi age theory is used, and the reflector outside the ring is assumed to be
infinite. The code requires 900 memory locations, exclusive of library subrou-
tines. Ru_ time is less than one minute per case.

Experience is being acquired in the use and relative advantages of the diffusion
theory codes AIM-5 and Y-3. Both are one-di_enslonal m_itigroup codes, improved
versions of which are expected to be adapted to our use in a few months. There
are several differences between the codes which suggest that each m_7 have a range
of _robl_n types more particularly suited to its method of solution of the dif-
fusion equation. At the present time, i_put data are being assembled for each of
them to calculate the control rod worth in the NPR lattice. Sane snares h_ve
already been encountered in getting the proper data into AIM-5 for this case. The
test case has not yet been attempted on Y-3.

A digital computer code has been written for calculating the thermal flux spec-
trum in an infinite moderator with arbitrary energy dependence of the absorption
cross sections. The code also canputes averse cross sections using the follow-
i_ weights: I) the calculated flux, 2) the _sxwelllan for the temperature of
the moderator, and 3) the ma_welllan for the temperature of the peak of the cal-
culated flux. This code is based upon the c_nblnation of two General At_nlcs
codes, one evaluating scattering kernels for a moderator in the heavy gas aypraxi-
marion and the other calculating the thermal spectrum resulting when this modera.
tor is combined with no_node_ting absorbers. The code is in use in same investi-
gations described elsewhere.

The data on the nuclear data tape are being improved. Durlug the past monthp
revisions have been made in the thermal absorption and fission cross sections of
Pu-239 and U-235 and in the transport cross sections of a number of elements.

Znstrumentatlonan_ S_te_s StudAes

At the request of the Office Procedures Operation, an estimate was canpiled of
the cost of development and fabrication of a Panellit readout system. The
device is to translate Heise and Panellit pressure gage readings into a d_itai
code for prin_Ing and punching onto paper tape.

The stud_ of reactor transients due to lithium loss was prepared and programmed
for the EASE cce_ter. Analog simulation of this problem should be c_npleted
earlyin July.

The transient response to a reactor transfer function was requested by IPD and
solved on the PACE TR-10 desk top analog c_nputer.

STUDIES RELATED TO FUTt_%EPRODUCTION REACTORS

Erponen_lal Pile __en_s of Lar Dismeter Fuel Eleme_s, __-

M_terlal buckling measurements in an 8 x 8 foot exponential pile usln_ t,_e-in-
tube fuel elements (2.5" O.D. by S.O" I.D. and 1.66" O.D. by 1.l" I.D.) at a
lattice sp_cln_ of 8-3/8 inches have been cmmpleted. The coolant used was H_O.
The final results are shown in Table I.



T_I

. Buckling Z ( side-side ) k (front-rear) S
i0 cm inches inches Position

-63 + 2 2.0 2.0 clustered

-88 ± 3 0.8 1.0 split

is the measured extrapolatlon length. The errors quoted on the buckling are

eJo the uncertad_ty in the "least squ_res" fit. The sources are placed at
_, 0) and (0, ± _) for the split source case, and ± i-1/16 inches for the clus-

ter_l source case. _The buckling meas.u_ed for the clustered source case agrees
quite well with the value of -64 x lO'°cm"2 determlmed in the 4' pile. No explana-
tion has been found for the relatively l_rge discrepancy :Luthe s_lit source meas-
urement. The extrapolation length shows the ss_e type of variation with source
placementl that was found in previous results in a 6 x 8 foot exponential pile
with the same lattice spacing and fuel element.

As an aid to further understand_ of the variations in extrapolation length, a
9-1/2 x 8 foot exponential pile has been built usi_ the same tube-in-tube fuel
elements mentioned above at a lattice sp_cing of 14-9/16 inches. Me_nts
have started with the sources split as defined above. The extrapolation length
has been measured with two different thicknesses of _phite at the outer edge
of the pile. The analysis of the data is not pet c_aplete. A preli_ buck-
ling value of -126 x 10-beta-2 usi_E an assume_Ikof 1.0 inches "showsgood a6z_e-
meritwith the value of -127 x i0"6_ -2 measured in a A foot pile.

PCTR He_nts of Large Diameter _Ael Elements
, i

Au experiment is in progress in the _ to measure _ f, Ps and e of a i0-i/2
inch graphite lattice with a 2.5 inch diameter natural uranium fuel element.
The measurements with air coolant have been ccmplete_'an_ pz_tions are being
made to continne with water coolant.

Lutetium foils have been irradiated at the fuel center, in the coolant anuulus,
and two positions in the moderator to investi_te t_hevariation of the neutron
temperature index through the cell.

"_one, z_ial,,Pile Measurements for N Rea_or

The graphite for _,;_ a_g the N-Reactor mockup exponential stack has been shi_ed
by the mszm_aoturer. The _ Iar d/smeter tubes for the _ube-in-tube f_el element
have azTiVed. The larger tubes should azTive in JUly. The enric_nt on these
elments is .9_.

PCTR _easurements of Lattice 1_tars of La_e Diameter F_el Elements

The graphite for the mockmp and condensed lattice for the N-reactor measure-
ments has been assembled. Two bars have been machlne_ to the proper size for

measurements in the Hanford Test Pile.



The wheel portion of the mockup prototype NPR Scammiz_-Type _el ELement Rupture
Detection Syst_n is now in operation usi_ knownICs137 test sources. The 102
csl37 sources were calculated to be appraximately equivalent to actual operat-
ing conditions for the NPR. _he fast-scan detector and amplifier are in opera-
tion and signal-to-back_ound ratios were as expected. A single source of

twice the strength of the other lO1 sources gives a 2:1 signal-to-back__
ratio. This effect of linearity was tested with a source known to be GO times
the strength of the other i01 sources; the resulting signal-to-back_c_tnd ratio
was, by measurement, 60:1. No saturation effects were noted. The magnetically
activated Indexing or gating switches were instaAled aud tested. Operation was
satisfaotor_. The dlsplay panel, patch panel, and other fast-scan circuitry are
now being fabricated. The locally designed and fabricated slip-ring assembly
contlnmes to perform in a satisfactc_ manner. _he c_cial slip rings are to
be delivered in J_. The necessary instrumentation for the slow-scan (gamma
ener_ amalysis) portion is rack-mounted and is rea_ to test.

The NPR protot_e Linear Scintillation Remote Area Monitor was completed, tested,
calibrated, and delivered to ZI_ for farther testing. The system was used in a
comparison test, usimg test operating conditions, with an HH chamber system.
The NPR prototype system performed quite satisfactorily in all tests, and it
proved to be more stable than the HH chs_ber-Bea_m_m system. The NPR prototype
is a two-level, t-_o-probe,0-200 mr/ht and 0-2 r/ht, selectable level, alarming
monitor.

The prototype Logarit_w._cScintillation Area Monitor (5 mr/ht to 5 r/ht) was
modified using a new (our design) inexpensive hlgh-voltage supply and an RCA
6655-A phototube. The modified system worked in a satisfactory manner for
two weeks, thus far_ of contlunuus operation. If the modification proves suc-
cessful, the cost of the monitor will be reduced by $350.

Fabrication started on the bench-_ested transistorized circuitry for the NPR
prototype Scintillation Beta-Gamma Air Monitor. All design-development work
is completed, all circuitry has been tested, au_ only fabrication remains to be
ccer_leted. The lead-shielded detector head is now being tested.

The analog computer transient ama_is of the prim_ loop in the NPR has been
started. At present, necessary e_uations and constants are being obtained fran
interested groups. ALI studies lcr the various groups concerned will be co-
ordinated. A special prepatch board for the EASE computer has been ordered so
that this problem can be left wlred _for a long period of time. lt is expected
that initial amaJLogstudies "_.1._ be Started sometime in J_.

A set of equations similar to the reactor kinetics equatiom_ with slnasoidal
reactivity excitation were progrem_ on the PACE TR-10 cce_er. These equa-
tions are to be used to determine the accuracy of the computer sinmtlationsince
their solutions are kno_a. The TR-10 was used to obtain information as to the
nature of the solutions. The problem has been progrsnnnedfor the GEDA cce_uter
az_ will be run as soon as the ccmputer is available.

,.



Investigations are continuing on concepts leading to reactor ol systems.
Information is being gathered on the represertation of large rea_ors where
multiple control regions are required. This involves the determination of
coupling equations in addition to the familiar kinetic equations.

Assistance was given to _ on same questions of reliability. One was with the
task force on panelllt pressure monitor circuit revision• _ae questions here
were more of a general _ture on reliability attainment and the imterpretatlon
of same para.flitfailure data. Another was to help the Electrical Development
Operation locate sources of com_oment failure-rate data. The study of the NPR
emergency cooling system has reached the point of analyzing the instrumenta-
tion circuits to see if redumdaucy is being used to best advantage.

The stu_ for CE_U reported last month reamhed the sta_e of fim_ a method for
ccm_timg the probability of s_Altameous failures in two parts of a redundant
circult. This question cames up frequently. A simple_ a_r_imate method exists
for answering this question; GRaS has undertaken to develop a more accurate method.

On the reactor kinetic study, QR_S has obtained a 709 program for solving the
equations. Also, au iterative procedure for determi_ the characteristic ex-
poments of the solution has been worked out. Which of these will be the most
satisfactory for our purpose will be determlmed before starting on the 709.

Me_ of Graphite Dsmage

The manmfacturer was not able to supply the besm sweep high voltage set prumised
for delivery early in June. To prevent a delay in the progrenr the besm sweep
equipment was redesigned to make use of a high voltage set that was available
for immediate delivery.

Control cables were installed between the new energy loss calorimeter and the
_au de Graaff control room.

STUDIES RELATED TO THE SEPARAZIONS _S
L |, ii ii i i i

P.i..utonium.Critical,Mass ,Labor,atoz 7

The Plutonium Critical _ass Laboratory was contaminated with fission products
as a result of burial operations on Friday, June i0_ which spread fission pro-
ducts throughout a section of the 200-E Area. There was some contamination on
the exterior surfaces of the buildi_; the parki_ lot and access roadway were
also cont-m_nated. The parking lot an_ access r_ have not been fully de-
contaminated. Further decontamination ham been p!amne_ and no lasti_ effects
on the facility operation are expected.

The facility was accepted by HLO from the fixed price contramto_ on June _.
Some minor exceptions an_ items are yet to be completed by the contractor.
The total project has been closed out by the Construction Entering Operation
as of June 30 with exceptions. Work orders have been written covering the work
remaining. _hls includes completion of the in-hood reactor components, their
installation by Minor Construction_ some alterations and additional work on the

facility (paving the access road and enclosing the covered walkway between

,m



buildings); a work order has also been written to Plant Forces to cover star,up
costs.

The _aJor work during the month was directed towards completion of sealing the
rea=tor roam and to perf_ the acceptance test for containment and mininmm
allowable leeka_. After correcting sam unsealed eonduits_ progress was slow
in loaatlng and correcting su_eesslvely ..._Iler leaks. The lazKest difficulty
was encountered in obtaining effe_tlve seals in conduits relstlvely full of
wires. 1_ was dAfflcult to get the silicone rubber to ccerpletely seal around
each wire. The difficulty esRpected in seali_ the ledge shielding door dad not
materlallze--no leaks were dete=ted. The final test_ on the basis of which the
room was aceepted_ resulted in a leakage of 2.8 volume percent in six hours at
the design internal pressure of 4.5 Peig.

The !nhood reactor e_ponents a_e ree_ to underso acceptance tests at the mann-
_'s plant, and if no difflc_ltiem a_e encountered, del£ve_ is erpected
the second week of _ly.

A third reactor vessel has been received. This vessel ham a 12-1nch diameter
sphere. A fourt_ vessel, also spherlealt 13 inches in dismeter, was to be ship-
pea on _ane30.

The perlo_ a_ level measuring Instrmment ham been cmmpleted a_ adjusted. This
instrument consists ef & stable voltage scuree, m divider circuit that provides
steps of "e" in voltage, am eleet_te mill indicator to eompaz_ this with that
_mmmrated by an ian oheaber cmrrent, and a eireult to provide an output pulse
as the null indicator passes through a null. This pulse will coht_ol an external
timer to make sutumatie measurements of the Ixrrlo_. Tests perf_ to d_te
relate to the volta@e s_e and divider string. The source is stable to better
than 0.1% over a reasomable r_ in voltage an_ temperature. The divider string
factors are also better than 0.1%. A_Iditlonaltests will be made to determine

' long-,ezradrifts a_ errozs in mes_ fast periods.

Nacleer Safet_r in _0

The _zcle_r safet_ of the s_ slab tanks to be used in the Critical Mass Facility
reviewed. These tanks are 2._ _hes t_Lck, b_t yeast in height _ram 2-4 feetl

'I and in length i_ 3-14 feet. The mixing tsmk, acld stors_,etank, _ waste
I storage tank are shielded with seversl inches of polyethylene with a 0.03 inch
! thick eaclmd.mnsheet and a 2-:l.nah thick styrafoem layer interposed between each

tank and the poly_lene. The two dump tanks an_ the we,rehold_up tank are
in eonerete with a O.0_ inch thick ca_aium she_ interposed betweem the

tanks and the concrete. The st_o_a is essentially a nuclear void, l.e._ the
safe slab thickness ms_ be _ed due to an increase in neutron leakage
bruught about by the styrafoem layer. The cadmium sheet results in the tanks
being safe for the ease of a _ reflector (__1 inch of water)_ i.e._ the
safe slab thickness may be increased be_su_e of the reduction in the reflector
savings brought abont by the cadmium sheet. To provide a lower limit on the
critical mass, the styrafo_n la_er and the cadmium liner were neglected in the
calculations. Considering the masses a_i concentrations to be used in the opera-
,ion, the calculations show that even without eac_alumthe tanks h_ve a reasonably
large margin of safety. The results of the ealcUlatlcms are given in the follow-
ing table:

DECLASSIFIED
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Two birdcage designs were reviewed for the Plutonium Metallurgy Operation and
were found to be mnclearly safe. One design consisted of a 4-inch I.D. x 62-
inch long pipe centered insi&e a 16" x 16" x 65" metal frame. This birdcs_e
will be used to ship AI-7.35 w/o P_ fuel elements off-site. The other _esign
consisted of an 8-inch I.D. x 18-inch long pipe centered inside a 20" x 20" x 20"
metal frame. This bix_cage will be used for storing and transporti_ AI - 7.35
W o bets the 308

Critical .,_udi,.es in Su_o_.._ of Processing Power Reactor l_e_ls

a. Critical _Approachand .EEponential Measurements with Z-Percent Enriched
U_zl._ Rols

,| i,,i

Critical mass studies, in support of processing power reactor fuels, were
continued with the 2-percent enriched uranium rods. Critical approach and
exponential measurements were carried out with the O._5-inch dismeter -
32 inches in length fuel rods. The fuel rods were encased in thin walled
(1/32") lucite tubes for insertion in the lattice assemblies which were
fully water reflected; a he_onsA pattern was used for the lattice. The
results of the measurement c_plote_ in _ are given in Table II.

The critical number of rods was determined _ a least squares fit to the
neutron _tiplication d_ta between 85 and 96 percent of the estlm_ted
critical number of rods. The extrapolation lengths were obtained by equat-
ing the buc_Ings frmn the critical approaches and the exponential measure-
n_nts.

The minlmmn critical mass for the 0.9_5 inch fuel rods of 2 percent enrich-

ment is _700 ibs. of U which occurs at an _O/U volume r_tio of _ 2.8.
This cce_s very favorably with the value of_@90 lbs. U reported last
month far the 16 inches in length rods with identical fuel.

b. E_ponentlal Measurements with 2.6 Percent UO_ Rods

A series of exponential experiments were begun for determining the minimm

,°



iIii! '

A A A A A • ,

DEt]_SSI.FIED



critical m_ss for 2.6 percent emriched UO2 rods in water, fuel rods which
were hollow were of the follo_-ug dimensions: 0.323 inch I.D.t 0.705 inch 0.D.,
and 32.25 inches in length. The UO2 density of the rods was _ !0.8 _n/cm3.

The lattices were hexagonal and the lattice spacings were 1.O, 1.2, and 1.4
inches. Six fuel-to-water volume ratios were obtained by d_erminlng the re-
laxation length of the above isttice spacings _th and wlth_at a lucite rod in-
serted down the center of the hollow fuel rO_So The water-to-U02 volume ratios
obtained by this method were i°54, 1.81, 2.78, 3.04, 4°24, and 4.50.

Data Corr.elatiom-Dowel _opmentof N_cles_ COdes for criticalit_ calculati_o_

The work on the _ code (Homogeneous Infinite Hystem by Monte Ce_lo) was con-
tim_ed. The first trial mt maklmg a d_ta tape from the D_Date code _ success-
ful. Debugging of the code can now proceed.

  tlcswith =e,De  e  Ivlt,v

Program _ has been used in rea_tor kinetics calcmCLationsfor the hazards
report currently being prepared for the Critical Mass Labor_tory. Adapting the
code to these calculations required the writing of two subroutines and the modi-

• ficatiau of the m_ Intention subroutine for HAIREK. One of these subroutines
calculates the reactivity, which includes the effects of control and safety rod
motions, bubble formatiom, and c_ing geometrical buckling. The other subrou-
tine controls the size of the time interval used in tracimg the peak of am excur-
sion. Thms far the surv_/ has concentrated on homogeneous cylindrical systems
at various _P_ r_ti_. Data are being compiled for similar _cttlstioms in
spherical geometries.

_ss _ectrcmetry

The maresspectrometer for this l_Ot_m _ used primarily d_vimg the month to
_tu_ several sources of possible operatimg _iffimulties. In acldition,four
pl_onit_n samples were _d f_ Critic&l F_sS _ics p_o_mms. The spectro-
meter continmed to operate satisfactorily at the reduced accelerati_ voltage of
about 7000 volts in routine analysis. E_cessive current leakage was encountered
in the a!ectron mnltiplier detector socket which was apparentl_ correl_ted with
increased humidity iu the laboratory. The a_tiom of a _rylmg a_emt in au era-
closure surrou_ the =_Itiplier_reduced the leakage to au oper_in_ level.

The ion besm of the spectrometer was refocused by ad_ustlu_ the magnet and the
theoretically expected beam shape was a_ attained.

An ion focusing control was added to the spe_r_neter to allo_ steering of the
ion besm iu the _irection of the ms_ic fie.lalimes. I_ na foumd t_ the
addition of this control si_ificautl_ Im_rove_ the l_srfOrmammeof the spectrome-
ter by' allot_ the focusing 'of :Ltu:_viiual smiles. Increases of ion intensity _
as high as a factor of forty were obtained for some sez_le loadim_s.

Studies were also made of the possibility of inmreasim_ sampie ion yielE az_
life time by Frolom@ed he_tim_ In the spectrometer. Optimm= conditions have
not yet been determined But significant rei_atable increases in sample life time
have been obtaimed.



The addition of the new ion focusing controls, besm refocusing, trough shaped
filsments and sample baking in situ have combined to give a greatly improved per-
formance of this s_ectruneter in the past few weeks. With present techniques a
plutonium sample of 0.25 microgrsm would be expected to yield a usable ion besm
intensity for a period of several hours.

NEUTRON CROSS SECTION PROGRAM
i i

Monochromator Cr_al Studies

Three attempts to grow large single crystal aluminmn ingots by modified tech-
niques were al! unsuccessful. Three cumnercial single crystals were procured.
An al_n,_ crystal and a copper crystal each of modest dimensions appear to be
visually unsatisfactory showing distinct _ buundsA_es and broad optical re-
flectlons. Neither c_tal has been subjected to investigation by neutron dif-
fraction. A cc_nercial,zinc single crystal ingot aFgears to be very prumising,
showing no grain boundaries and giving she--p,b_ght optical reflections.

Slow Neutron Scatte.vingfrun .Water

The three axis spectr_neter has been set up to conti_Ae studies of the energy
distributions of initislly monoenergetic neutrons scattered from water. The
experimental arrangement is similar to that previously used in the measurements
which were concluded about a year ago. The primary difference is the use of a
pair of al1_,_ c.--/stalsfor a monocle.on,torin the analyzing spectrometer. The

use of the allmzhuum(200) reflection and double collimation on t_e analyzer givesan energy res_!ution of the aua_ing spectrcmeter which is about twice as good
as was used in the earlier measurements,, The detectable scattered intensity is
appruximately equal to that previously attained.

_easurements of the energy distributions of neutrons of initial energy of 0.147
ev have been made at scatte=_.mgangles of 3, i0, 20, 30, 40, 50, and 84 degrees.
A room temperature water sample which scatters about 30 percent of the incident
besm has been used in all measurements° _ remits obtained to date have shown
that the earlier measurements suffered from ex_reme resolution effects and that
consequently same of the shapes obtained for ener_/ distributions were badly dis-
torted. The analysis of the bound elastic scattering component has been started.
lt appears at prese_utthat the broadening with increasing scattering angle of
the energy distribution of this boum_ scattering cunponent has been observed
with sufficient precision to evaluate the width of the Lorentz function which
presumably governs the distribution. The analysis of the angular distribution
of this component is in progress and the distribution appears to differ from the
description given by Brockhouse as was also interpreted fr_mmthe earlier measure-
ments. The quantitative description of this cumponent _-lll,h_ever, requ_e
further amalysls.

Subthresho_d Fission

Measurements of the low neutron energy fission of the tsrget nuclide Pa231 have

been completed. _The 0.75 ev resonance data have been evaluated to give a fission .
_dth of 1 x lO"U e_ for this resonance. This result is consistent with the
values of 0.2 x l0"_ ev aud 0.9 x l0"u ev obtained for the fission widths of the
0.4 ev and 0.5 ev resonances. The evaluation of the fission data in the region

of the 1.24 _ resonance has not been SS#FIE0 EcL
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The analysis of the fission cross section measurements on U-_38 has been camp-leted. The upper linits to the flssion.widths of the resona_.cesat 6.7 ev and
10.2 ev were determined to be 0.2 x 10-6 ev and ii x 10-3 ev_ respectively.

F_st Neutron Cross Sections
,,, •

The shells of the sllt baxes for the Van de Graaff beam locating system have
been assembled. Finish machining is in progress. Installation of.the compon-
ents of the new e.ualyz.lngmagne_ chamber _ associated besm tubes in the
Van de Graaff is now scheduled for September.

Development work is in progress on the equipment for evaporating thick lithium
targets in situ.

Preparation of specifications and cost estimates for samples to be used in total
and scattering cross section measurements has been made.

Two new photumultipllers were tested for rise time and maximum saturated cU_-Tent
in connection with the fast neutron time-of-flight program. They were compared
with the RCA 6810A. The 56AVP, an imposed tube, is superior to the 6810A on
both counts. The CBS CL 100k had markedly slower rise time and lower current.

The design concept for a 1,000 channel slow neutron time-of-flight analyzer was
greatly _xpanded to allow more flexible use as a pulse-height aualyzert or a
th_-eedimensional time pulse-height amslyzer.

PL_TOI_II_RECYCLE PRCGRAM

Low Er_o,,sure,Plutonium l_ttices

Revision of the scheme of analysis used to cumpute kw for the 8-3/8 and 10-1/2-
inch lattice measurements has led to revision of the values reported last month.
The corrected results are presented below.

8-3/8-1nch lattice kW = io5_5 f = 0.875

10-1/S-inch lattice km = 1.465 f = 0.846

Plaus are being made to do some a_lltlonal measurements in the PCTR with these
lattices to verilY/some activity ratios using Pm foils and to gather some data
which are desired but not previously obtaine_.

The experiments which will be done initially in the Critical Facility with

_ moderator were ou_!ined as a guide to the evaluation of safegua_ procedures.se _-pez_Imentswill comprise exponential, app_oach-to-crltical1_and critical
experiments which utilize plutonium fuels of various isotopic concentrations.
The objective of these experiments is to obtain parameters for the loa_s in

order to further the technology of _0 moderated reactors for _cycllu6 plutonium.
The initial studies will be conducted with i._ w/o and 5 w/o Pm AI fuel elements.



As fuel elements of other Pm concentrations beccme available_ they will also be
used in the studies. The experiments will be conducted with individual rods as
well as clusters. In some cases the loadi_ will be only two feet long and in
ethers the full length (7'4") of the PR_ fuel rods will be used.

Eventually_ "l_tll-length" and "lm_tial-len_h" reactors would be assembled for
reactivity measurements. Ho_ever_ these loadinss are nut contemplated for im-
mediate use.

The possibility of an irradiation study with pl=tonium fuels at the RMF at
Idaho Falls was discussed with personnel from Plutonium Metallurgy.

The Procurement Specifications for the Reactor Instrumentation System of the
PRP-CF h_ve been reviewed alon6 with the personnel of Nucleonic Instrumentation
an_ E_perimental Reactors Operation.

It has also been proposed that a design criteria change be made so that the
source be inJec_tedfTcm the base of the reactor. This chan6e is desirable
since the facility has been modified to allow moderator level changes.

Y_itichannel Analyzeri

The RCL S56-channel ans_er was received last mouth an_ assembled during that
month. After a few initial adJus_nents the ana_,zer operated properly. Two
systems_ which use a 2" and a 3" Nai (_i) crystall have been assembled and are

available for use with the an_zer. Eventually it is planned to have a 5"cr/stal availablel also.

lust__nentatlon and _4stems Studies

Calculations were perfo__nedconcerning the sensitivity and saturation levels
for the PRTR Fuel El_ment Rup_-e Detection System. With proper channel set-
tings on the included pulse-height amslyzer, the system should be able to de-
tect about 2 x l0-_ _c/cc of I131 or equlvalent. With the use of Judicious
channeling, the upper llmit--before saturation occurs--should be about 3 x l0"3
pm/cc of _131 or e_uivalent. These figures repr_esentgas contamination levels.

Camera equipment has been designed_ fabricated and mounted on the PRTR Profilo-
meter. The equilment consists of a Polaroid "Picture a M_te" film holder
with a focal plane shutter fr_n a U. S. Army aircraft csmera type K-24. Physi-
cal Measurements Memoraudum 60-14 provides the most recent instructions for the
installation of the Profilcmeter.

Installation inst_Actlons for the PR_R Wide An@le Viewer were reviewed. Ph_i-
cal Measurements Memorandum 60-1 gives ade_late instructions, but sketches of
the required lifting bales and center_ng clamps have been prepared and are now
being detailed on numbered drawings.

Design drawings for the PRP Critical Facility periscope have been cc_pleted and
approved.

The fins& portion of the PRTR controller evaluation program was started this
month. This consists of checking the period control chs_acteristics of the con-
troller. If possible_ _his work is to be perT_ormedon site at the PRTR control
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method of analyzlmg the output signal in the time domain, although giving pr_nis-
ing results in the measurement of Jacket thickness and Jacket-to-core gap thick-
ness in au unbondmd f_el element, becomes impractical when additional parameters
are to be measured.

Increased effc_t is being made to further resolve basic questions concerning
the broadband test. Studies are in progress to determine mathematical and elec-
tric circuit models which apprc_.imatethe behavior of broadband testing probe
and test metal cQnbinatic_s, lt has been shown that if the metal can be properly
represented by au inductance-resistance network of a given configuration, the
information necessary fo_ determining the parameters of the network is contained
in its input impedance or response to known driving functions.

The nature of the diffusion of currents_ resulting fran prcbe coll current_ into
the metal is being exsmined to obtain a more accurate picture of its effect on
response functions. The first a_proach has been to consider difi_msionin the metal
as analogous to the diffusion of current throu_ the conductance along a transmis-
sion line havi_ distributed series inductance and shunt conductance, but no
capacitance. The impedance of a coll coupled to such a line has been shown to dis-
play slngle-frequency impedance character changes due to changes in conductance
or coupli_ which are very similar to those for a probe coll near metal. The
operational impedance for this model is irrational_ but the step function res-
ponse of the long lime (corresponding to the thie_kmetal) has been determined.
_he impedance has also been determined for the layer-metal analogue.

Application of the In__uciplesof the .geometryof orthogonal spaces will be made
in au attempt to describe the broadband output test signal with a _n_--_ nmmber
of n_nbers. Au orthonormal f_iter will be used to obtain au e_pression repre-
senting the broadbaud signal in matrix form. The matrix ,__llthen be monitored
to determine the effect of various test sample parsmeters on the signal.

In the thermal bond testing study, experiments to evaluate applicability of a
Radiation Electronics Corporation model TA-2 ultra low noise preamplifier in
co,unction with the present lufrsa_d radiometer have been completed. The signal-
to-noise ratio was 4 for a signal generated with the radiometer focused on an
s_toclaved XSOO1 al_ su._faceat 37°C. Au identical experiment, using a cas-
code amplifier employing a type ECC-88 low noise _abe, yielded a signal-to-noise
ratio of only 3. Laboratory me_ents of the noise e_uivalaut resistance at
the input of the FA-2 indicated that it was at least 17 ohms. Literature included
with the instrument specifies that it should onl_ be approximately 6 ohms. A
request for further c!ar_._ficatlonof the mauufac_Arer's specifications has been
sent to their Seattle representative.

Au attempt to use the present radlmmeter in conjunction with a 50 KW, l0 KC/S
induction heater for bond testing showed that magnetic shielding of the equipment
would be necessary. The strong magnetic field fr_n the work coll induces a large
spu__loussignal in the m_tput of the instrument. _aleldlmg only the detector
with "netic" and "cometic" magnetic shielding material did not eliminate this
stray, pickup.

The 50 E_ i0 KC/S iz_uction heater used with the tests thus far has been cumber-
some because of its size and high audible noise level. Since higher frequency
units can be more efficiently coupled into the load from a single turn work coil_
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it was believed that a smaller, higher frequency induction heater might be used.For this reason, two high frequency units were tested with one turn work coils.
The first was a Lapel 45_ KC/S, 7-1/2 EN unit. lt was possible to couple 0.45
EN into an alumi_n_ndummy fuel element. The second was a Lapel 5 5E/S, 2-1/2 EN
unit. Only about 0.I EN could be induced in the aluminum from a single turn coll
with this unit. However, by using four closely spaced turns two layers deep,
0.5 EN could be coupled into the d_.

This machine was used with the four turn coll in com_unction with the prototype
radiuneter in au attempt to detect a one-half inch diameter artificial void
0.030 inch under the aluminum dummy. A very slight indication of the void was
recorded with the induction heater at full power. The power density using the
fotu_urn coil is apparently not high enough since the same void gave a strong
indication when the 50 EN, l0 KC/S induction heater was used with a ccmmercial
radiometer in previous experiments. About 1/2 EN was induced in the sample from
a sin@le turn work coil in these experiments.

Several preamplifiers are being evaluated for possible use with the General Radio
Impedance Comparator. When this instrument is being utilized as part of an induc-
tive thermometry device, the requirements for the input stage are somewhat strln-
gent. Specifically, a preamp is required which will detect a low impedance signal
of appruzimately 0.25 microvolt amplitude at 100 KC with a bandwidth of l0 to
20 EC.

GAS COOLED REACTOR PROGRAM
|

Lattice Parameter Measurements
m, , ,| i ,i

Error analysis of the data taken during the EGCR stainless steel loop experiment
h_s been cumpleted. In additiont a re-emslYsis of absorptions in the copper
poison has resulted in slightly different values of kw frum those reported last
month. The results are:

l) stainless steel tube empty km - 1.037 ± O.OlO

2) 2.6 w/o fuel element in ss "tube F,_ = 1.076 "_ 0.004

Analysis of data fr_n the EGCR, 2.6 w/o enrichment experiments has been comp-
leted except for an error amalysis. The prel_-_a_y results are:

= 1.267
i

f = 0.890

The error aualysis has been delayed pending a further study of the effects
of axial flux and adjoint mismatches on the error in km.

Iu addition to the data required for determinaticm of _ and f, the stainless
steel spiders and end caps were replaced by graphite In.the central cell and
end buffers. This was intended to serve as a mockap for beryllium. A flux

traverse was taken along the axis of both the center and outer rods to deter-



mine the flux peaking in the graphite end caps and spiders. With the flux nor-
realizedto the same value at the center line in both cases, the data indicates
the average i/v flux in the graphite is 20% higher than in the stainless steel.

The depleted uranium foils which were irradiated in the PCTR in the moderator
graphite of the EGCR lattice cell are being analyzed for uranium isotopic abun-
dance. The foils were irradiated to obtsiu information about the fast flux
above the U-a38 fission threshold, and it is necessary to correct the fission
product activity in the depleted foil for the activity resultlmg frcm U-_35
fission.

A custmmer report on the PCtR measurement of the EGCR control rod worth is par-
tially cc_pleted.

y=inti_ of _ler coe_ic±_ _t h s/__atio

Preparations for measuring ke_ f, p, and ¢ for the 0.gss-inch-diameter natural
uranium have been cumpleted. The 6-1/2--1nchgraphite lattice was prestaaked in
the mock-cavlty frsmework in the 305-B buildi_ to assure compatibility of cun-
ponents when the lattice is assembled in the cavity of the PCTR. A layout for
machining grooves in specific graphite bars was made while the lattice was
stacked. These grooves will accommodate thermocouples for the fUel temperature
coefficient measurement. Prior machini_ eliminates the time lost in having the
grooves cut as the lattice is being stacked in the test cavity.

Difficulty in analyzing the results of the 1.9_ inch diameter fUel temperature
coefficient measurements due to heat leakage into the pile moderator has caused
a design change in the heating appazatus for the O.g26-inch experiments. A
nlchrmme heater on the fUel element surface will be usedt aud the reactivity
effects observed while heating. The assembly will be enclosed in a quartz
vacuum envelope as before.

Consideration is being given to removing the excess heat from the reactors by
flo_ helium past the vacumm envelope and through a heat exchanger. It is
now believed that some apparatus of this mature will be necessary if useful data
are to be obtained at temperatures exceeding 700-800 C.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES
i

Atmospheric Physicsi i i |
o

The Hanford Laboratories and HOO-AEC were host to the AEC Meteorology Program
Leaders at Hanford on June 20, SI, and 22, I_0. Although the meeting was under
the auspices of the Fallout Studies Branch, Division of Biology and Medicine,
all AEC-sponsored Meteorological Research pro_xnns were reviewed. Representa-
tives of the Air Force, Army Chemical Corps, Army Signal Corps, U. S. Weather
Bureau, U. S. Public Health Service, Atumic Energy Cunmission, and British Meteor-
ologlcaA Office were in attendance. Man_ outstaudi_ individuals in the field
of atmospheric turbulence and diffusion were bruu@ht together for a free exchange
of information and ideas. Two specific topics dominated the discussion sessions:
i) The mechanism of deposition of airborne materials from the diffusing cloud on
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the ground and other surfaces. 2) The utilization of the method of moving aver-
ages in determining diffusive characteristics of the atmosphere.

Calibration work on the phosphorescence technique for assaylug the amount of
zinc sulfide tracer collected on membrane filters durlug the atmospheric trans-
port and dispersion studies continued. The amalytlcal procedure, developed by
Radiological Chemistry, is based on electronically counting the individual phos-
phorescence photons following light-excitatlon. ,Thebasic data required for
mass calibration of the scintillation counting equipment were obtained from pre-
pared dilutions containing known mamses of zlnc sulfide. Four second degree poly-
nQnials were_required to adequately construct the calibration curve over the mass
range of l0-8 to 3 x 10-3 grams. The phosphorescence method of assaying provides
the standard curves from which the Rankin counters can be calibrated for use with

clean filters. Statistical amalysis of the data for determlm_tion of the mass
calibration curves for the R-n_n counters was In progress at month end..

Efforts continued toward determination of the loss In counting efficiency from
dust or other impurities in the samples assayed. Definition of a correction
factor to be applied directly to the mass rather than the countlng rate greatly
simplified this problem.

Evaluation of the complete assaying system indicated that a practical limit
had been reached in its development, and amsAysis of the filters collected
during the "Green Glow" experiments should proceed. At month end, reassay of
the dirty filters obtained at distances of 8 and 16 miles from the source was
60 percent completed.

DOS_

A mockup of a full size shadow shield counter for counting people was built.
The arrangement was as though the roof of the present iron room were used as the
shadow shield. The background of this counter was indistinguishable from that
of the counter in the iron room at the high energies. At the lowest energies
we nowuse it was only ZZ%hi_er...

Changes in the efficiency of the whole body counter multichannel amalyzer in its
low numbere& chaunels were identified as the source of mam_ of the variations
iu ba-_kgr_d that have been observed. When data from the low nsmbered channels
were disregarded, background variations were reduced and were brought into agree-
ment with what might be expected from changes in atmospheric radon due to changes
in weather condltions.

Three items were received and are awaiting installation on the mnlticBannel
aualyzer. These items are a paper punch that will make the d_ta from the a_
immediately available to the I_M machlne_a ma_ic tape device for spectrum
amalysis and a key punch for han_ entry of _ata into the analyzer.

Following disagreement on the measurement of the plutoniwn activity in a sliver
removed from a wound last month_ two other slivers were counted by both X-ray and
alpha particle counting. The alpha particle counting was preceded by dissolu-
tion of the slivers while the X-ra_ counts were made directly on the slivers.
The alpha particle counts indicated 6 to 8 times the activity obtained by the
X-ray counts. The difference is due to self-absorption of the X-rays in the
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slivers.

For plutonium in very shallow wounds both the 6 kev M X-rs_vsand the 17 kev L
X-ra_s can be observed. It was found that the ratlo of the M to the L X-rays
can be used as a mea_Arem_mt of the depth of the source for depths to 2 mm.
At this depth correction for e_sorptlom of the L X-ra_s is small.

An artificial dead-time circuit was built for use with plutonium X-re_ counters.
The object is to eliminate small after-pulses that follow very large pulses and
are of _ust the height to be mistaken for X-rs_ pulses. _.-sts indicate that this
method of discrimination is only partially successful. Attempts were also made

i to discriminate a_ these aA_er-pulses on the basis of their nnAch faster

il rise time. The space charge saturation method can be used for this purpose butonly at voltages m_ch higher than oz_ used for X-rs_ counting.
t

Aluminmn was substituted for brass in parts of the precision long counters
i that are being tested. The variation in counter response was reduced from 3_
i down to 0.1% by this substitution.

i A Perlow spectrometer for neutron energy measurements was pzt into operation and
calibrations began. A resolution of 8_ for 886 kev neutrons was achieved. This

I is as good as ham been achieved with such a device. A study of the BI0 reaction

_i was begun wi_h a spectrometer.

I The positive ion Van de GrasA_f was in good working condition during the month.

l_velopment of a helium ion source for the Van de Graaff contimn_ e_phasis
with

on measurement of the parsmeters of interest. Another satimcm_-beryllium neutron
1 source was activated. No contamination was found on the so=rce so it is avail-

! able for experiments. A ccmmercis_ made HF3 tube of high _lualitywas finally

i developed for use in _he double moderator.

_ The seventh year of teaching Radiology-485 at the University of Washington
was cumpleted. An ad hoc conmAttee established at the University (and of which
the Ma_, Radlologlcal Physics w_s a member) ccerpletedits stuc_ of their
Health Ph_slcs training pro_. A Radiological Sciences Council was established
as part of the _radnate school to supervise an _ degree progrsm in this field.
The Msmager, L_d/ologlcal Physics, was asked to serve on this council. A _aduate
_udent of the University was hired as a t_ employe_ to work on an experi-
mental _roblem of mntuaA interest. He will use the results of his work for his
_S thesis.

IN__0N

, _ energy analysis data were obtained at 105-H and 2_-5 usi_ the 200 channel
analyzer. A number of locations in each of the two sites were carefully exam-
ined and all data were reduced to _raph paper charts. Thus, typical back6round
conditions have been effectively established at both locations.

E_periments were made concera_ detection of p_2_9 in blood samples, lt is

_9_ to develop an instrument for biology investi6atlons to measure thein animal blood stresms. Usimg a 10-_iliter dried blo_ sample and
scintillation detector, a concentration of 1 x i0-5 _c/cc of I_i=2_ was easily
detected.
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A method of using a relay and photocell circuit was suggested to_iology Opera-
t_c. personnel to check and c_/mt the activities of mice in confined quarters.
w_uaddltion_ developing_htwork staz_.edon a s.Declalmonitor for Biology to measure
the fish uptake of Ca45 in a water solution, in this easel the water solution

illsfishand then thr_J4_ha special scintillationwill be passed through the . g
counter at a rate of four ml/mln. The design of the special detector head is
nearly cunplete. At the same time, addenda equipment will be used to measure
the temperature to 0.i°C accuracy of the water surrounding the fish.

The suspension device for supporting the ei@ht-inch diameter Nai crystal for the
Biology T_al Body Monitor was designed. The design is such to permit a vertical
five-foot detector movement, to permit a horizontal arc swing across the shield-
ing pipe, and to permit rotation to face-up or face-down positions.

An instrument was designed to investigate au A_mospheric Physics operation problem
of counting airborne zinc sulfide particles. The unit employed a high-volume
vacuum pump which caused impimgement of the particles directly on the photocathode
face of a phototube. The zinc sulfide, being tribolumlnescent, scintillated
upon impact. The scintillations were amplified and recorded. Operation was
satisfactory except for a need of sensitivity improvement for field use.

Further experiment.swere carried out on a different type of CdS cell for use in
the personsl!y-carried personnel dose alarming monitor. The sensitive relays
were received for the alsamzkugmonitor and are beimg tested. The oris_1_y
tested CdS cell type (CL-403) has consistently performed better than amy other
tested. The new sensitive relays performed correctly in the initial tests.
Wlth the devel_gnent work now nem_ly ccerplete,only the pack_ remains.
Similar work continues on the alternate dose alarum device which uses a m_-ture
GM tube as a detector with a modified watch being used to give the ac_ed
dose readout. A4_Int the principal work _ is that of mlnlaturization
of component circuitry and appropriate i_.

l_rther investigative work was cemTied out concerning the transistorized co-
incident-countLug technique alpha air monitor. The instrument has expanded
into a cunbined (sepe._te indlcation) alpha au_ beta-_ air mcmitor. The
principal work now is to develop a digital_ rather than smalog, method .ofread-
out for airborne alpha contemination for the nmch better inherent accuracy of
digital readout as opposed to the present analog methods.

Work continues concerning the silicon surface barrier diodes. Three diodes
were successfully fabricated and tested during the momth and ten more diodes
have been partis_ fabricated. The three completed diodes are 0.7_ inch in
diameter au_ produce a gross s.l._ _eometry, with a coverim_ of _0 mlaro_mms/_ 2
of gold, of better than 20% for gross alpha momitc_. A circuit (transis-
torized) was developed to ware with the detector diodes. The circuit plus diode
can be easily assembled into a m_mre alpha monitor (headphone indication)
of one-inch dlsmeter by five-lnch lom_ tube (excludln_ the ph_mes). _he remain-

ing te_mdio_es, now _._tla_ completed, va_ iu detector area size from 5_to 1 _ . .Thesmaller ones will be used for alpha emer_ analysis work.
special l_w-noise premEplifiers sinebeing fabrlcated for this work.

Studies continued concernin_ _lev_l dose radiation dsma_ to tubes (both@lass and ceremic)_ tr_usistors_ and tunnel diodes. At an accmmm_l£ted dose



level of 108 r, the glass vacuum tubes showed no ch_e in characteristics, the
transistors exhibited a decrease in beta, and several silicon 952 transistors
failed ccmpletelT. The ceramic vacuum tubes exhibited a marked increased value

of_.

Since the as-built electrcmechanical drawings are now cmrpleted for the proto-
type scintillation transistorized alpha-beta,_nna hand and shoe counter, the
instrument was rechecked, tested, and is now read_ to be returned to demonstra-
tion service.

Development progress continues on the dosimeters employing thennolumlnescent
material (CaY2:Mn). The work on this method of measurin6 accumulated dose is
aimed towards applications in finger ring and wrist-type dosimetry. Such devices
should perform markedly better than the present m_4_ture film packets consider-
ing simplicity of user nondestru_tion of the detector, and an inherent sensitivity
of two to three mr m_,. to lO_r msxlmum.. Inductive heating experiments are
now bein6 carried out with the dosimeters, and packagi_ techniques are being
investigated with the re_uirement of extreme miniaturization. The thermolumines-
cent material is now being contained in t_ rVOid between two m4n4_ture watch
glasses sealed agaAnst the atmosphere. Difficulties have been experienced in
obtaining a properly worki_ phosphor due to cxldation effec_s. Ezperiments
will contlnne on low-vacuum firing to alleviate this problem.

Transistor circuitry experimental work continues with two new Schaltt-type trig-
ger circuits designed and tested satisfactorily.

Advice and consultation were rendered to Instrumentation Design, CF_O, concern-
ing proper instrumentation for ProJeot CGI-791, Reactor Confinement or Detection
of I131 in E_ Air. A method of instrmnentatlon use was presented using tw6
_nna energy ana_ers, two count-rate meters plus a difference count-rate meter
to _ermit successful monitoring of I131 in the presence of large concentrations
of _i and other hlgh-enersy gamma emitters. Mockup tests were performed and
the chart-recorded information indicates that the method will work. The pro-
posed instrumentation is now planned to be installed in all reactor areas.

A hard-tube sweep circuit was designed and tested for the Van de Graaff electron
besm deflection system. _ sweep circuit operated at 3 EV. A triode (809) was
used. _y cc_l_arlsonof chazacteristlcs, it was decided that a type 811 tube
could be used to obtain a six to eight E_ peak sawtooth voltage. This circuit
is a backnp design and will be incorporated in the system only if the 8 Ev th_
trons fail to perform, correctly.

Inform_tlon was received flwm the _assachnsetts Institute of Technology concern-
ing a simplified method of recording g_ma energy spectrum data on n_ic
tape. Experiments are scheduled to be perfoz'med, as soon as time is available,
usln_ this method in con_unctlon with the Total Body Monitor.

Ezperimental progress was made _ the month on various sized and shaped
plastic-housing alpha scintillation detector probes. Augular chaz_es in the
handle mounting were made and tested to permit better ease of use of the probes.
These are the non_ma sensitive alpha probes.

Work was resumed on the position ccmputation system for the robot monitor.

DEC/ASSIREOm'



The keyboard circuits and decimal counting unit modifications for the keyboard
entry into the multichannel analyzer are being made. Modification work is to

_ be performed at the body monitor site.

WASHINGTON DESIGNATED PROGRAM
i |i ] i

Isotopic Amaiysis Research and Develo_mt

The mass spectrmmeter for this program operated routinely throughout the month
with no time lost from operatiomal difficulty.

A procedure was instituted to alpha count in staudard geometry the loaded sample
filaments before loading into the spectrometer in order to assure that the sample
was actually loaded. One instance in which the sample had not _eposited on the
filament was discovered in this manner.

A number of factors concerning the improved operation of this spectrometer were
studied using the 2000 program mass spectrmmeter. The results of these studies
of additional ion beam focusing, of sample filament preparation_ au_ others are
discussed in that section of this report.

TEST REACTGR OPERATIONS

O_eration of the PCTR comti_Aed routinely durimg the month with three unscheduled
shutdowns caused by electronic failure.

The first part of the safety ball burnout experiment was completed during the
month.

The hot graphite-cold _0 neutron rethermalization ex_rlment was also cmmpletel.

The 2-1/2-inch diameter natural uranium wet an_ dry in lO-i/2-inch graphite lat-
tice experiment for ke_ f, p, • was started an_ will continue into July.

CUSTOMER WORK
i i |

Weather Forecasti_ an_ MeteorQlogy Service

Type of Forecast Number Made _ Reliabilit_

8-HourProduction 90 85.6
24-HourSe raZ 60 80.8
SpeclaA 9o.8

was a month vZth me_-mor_ temperature, _ with mmch-greater-thau mor_
sunshine. Solar radiation avera_ 698 lamgleys per day was an 8-year ree_
high for JUne while sunrlse-to-sunset sky cover averaging only 31% was a l_-year
recor_ low for the month. Rain occurred on only two days a_ on one of those the
amount was too small to measure. The monthly total of 0.14 inch was only about
20_ of normal.

0



A special transistorize_ monitor using a shielded GM tube detector was completed,
testers an_ delivere_ to the _oolant Systems Development Operation of HLO. The
unit will be use_ for coolant system pigtail monitoring after a ruptu_-erun is
ccmplete_.

The prototype conveyor portion of the Laundry Monitor designed for the Laundry
Opers_tionwas completely assemble_ in Room 7-C of the 329 Build.lng. The mechani-
cal tests to date have been satisfactory.

Fabrication was ccmplete_ on the circuitry portion of the specially-designed in-
cell beta-g_ monitor an_ fabrication contlcnes on a special air filter monitor
instrument for cell filter use by the Chemical Research Operation_ HLO.

Fabrics_ion continues on ten linea_ 0-200 mr/ht 614 Buildi_ Monitors at the 328
Build/ng Shop. These use a more reliable an_ ranchless expensive high-volts_e
supply than was used in the orlglnal ten unlts.

Work cont_ on a Pu239 woun_ monitor probe assembly for Records an_ Sta_ards
Operationt HL0. The probe will use X-ray deteotion techniques fo_ the monitoring
of imbeddedPu239in h.manwounds.

Testing contlcnel on three lo_ithaic scintillation beta-gamma area monitors

A design proposal was readerincluding cost eatimatet to IPD concerni_ a simpli-
fie_ gamma scintillation scanning system for use in fuel element rul_turemonitor-
ing at the D-reactor. Initial design experiments were satisfactorily ccmplote_.

A design proposal was mades includ/ng cost estimate_ to the Chemical Research
Operationt HLOp for an alpha-beta-.m_m,_exhaust air monitor (behin_ the filters)
for use in the high-level f_cility_ 325 Bu/id/_. The design utilizes a fixe_
filter_ two detectors_ an_ appropriate t_-_nsistorize_circuitry plus alaA_mlng
features.

Work continued on development of a system for calibrating transducers intended
for use in In-reactor metallurgy cree_ measurements. Seinedelay was encountered
.whena large qus_z piece nes_ ccmpletlon broke duri_ machining. A n_ piece
has been made. The _isplacement amplifier (differential rollers) has been mocked
up auralteste,i at reduce_ rustication factors_ an_ appea_s to be capable of the
predicte_ frictionless an_ backlash-free medication for w'_Ichit was designed.
This devlce_ an_ a csthetcmeter_ will be thorou@hly testel an_ calibrated at the
Me_ogy Laboratory_ 200-W, before being incorporated into the calibration
system.

A problem consistin_ of a dstermlnation of the chare_eristics of a baffled d/s-
solver was received from the Chemical Research and Development Operation. This
work has'been started a_d will be cuapleted early in J_ly.

Process E_ineerin_ Operation_ FPD_ requeste_ assistance in the selection of

instrumentation for the nickel platin_ process pilot plant temperature control. "Dynamic analysis of the process was considere unnecessary at this time but sug-



gestions were made to alter the method of controlling the nickel plating process
heat exchanger temperature°

Purchase specifications for the zone temperature monitor for NPR have been ccmp-
leted in assistance to Instrumentation Design_ CEaUO. Additional specifications
on the portable beta-gamma air monitor will be started in the near fUture.

Process Control Development Operation has requested assistance in the analysis of
the temperature control systems on the 224-U Building calciners. The process
equations developed by PCDO will be used to simulate the process on an analog
ccmputer. The dymamlc response of the process, with and without automatic con-
trols, will then be investigated.

An estimate of the cost of development of an automatic data readout system for
PCTR was made and forward to Reactor Lattice Physics Operation.

Optics

P_rometer Telescope - A fourth l_/rometerteAmscope has been designed for Ceramic
Fuels operation. This design permits simultaneous viewing of an upright image
while the temperature sens_ cell is being irradiated. The c_npleted unit is
used as the sensing head for a temperature controller, lt is a form of bright-
mess pyraneter and is sensitive to emissivity changes, lt should not be con-
fused with the radiation-ratio _yrometers under development.

Borescope Lighting - A lighting system has been designed for use with the M-2
_'_esc0Pe in inspection of NPR process tubes. The lighting system is deslgned
to eliminate specular reflections fr_n the field of view thus facilitating the
detection of areas of diffuse reflectance which indicate lack of uniformity in
the surface treatment of the tubes.

LVDT Calibrator - The design of the differential rollers to be used in smplify-
ing.small displacements was tested in two mockups giving 12X and 40X amplifi-
cation. The roller design has been improved with respect to ease of fabrica-
tion, ruggedness and compensation for temperature variation. A change of l°C
in roam temperature would result in a 13 mlcro-inch change in reading using
quartz rollers and "Invar" strips. An alumlmma roller with Zircaloy-2 strips
has been shown by calculation to have no temperature variation in reading if
the design parameters are adjusted to the correct values. Fabrication of the
quartz pieces has been completed.

Radiation Ratio Pyrometers - This work combines the development of l_remeters
for Physical Metallurgy in HL0s Materials Engineering in FPD, and temperature
measurement development for IPD. A laboratory mockup has been tested. The
mockup incorporated design changes which greatly reduce the size of the instru-
ment from that first developed for Physical Metallurgy. The rednction in size

permit mounting the sensing head directly onto the hot stage of the metal-
lograph.

A total of 488 man-hours of work was performed during the five-week period (May
29-July 3). Of this, 87-1/2% was for HID, 5% for IPD, and 1% for FPD. The
work included:



i. Repair of a Unitron M_.tallogr_ph.
2. Fabrication of thermal fluorescence discs.

3. Fabrication of qusa_z pieces for the LVDT calibrator.

4. Fabrication of a pyrmmeter for Cersmic F_els.
5. Fabrication of four glass bearings for CPD.

6. Collimation of two pair of binoculars for Biology Operation.
7. Fabrication of an underwater lighting unit for I05-C FEF.

8. Polishing quartz ssmple cells for John Morrey.

9. Fabrication of an illumir_ted magnifier for Ray Aumgst.
i0. Fabrication of a csmera mount for PRTR Profilumeter.

LI. Preparation of 8 micron apertures iu glass discs for H. J. Anderson.
12. Evaporation of gold Junction on silicon diodes for Radiological

Instruments.

Analog Cumputer Facility Operations

The major problems on the analog cumputers this month include the PRTR gas loop
analysisl and the reactor lithium loss study. A problem for IPD was completed

on the TR-10_ a transistorized analog cumputer which was borrowed for evaluation.

Circuits are being investigated to determine the open loop gain and the output

capabilities of the operational smplifiers for the two cumputers, if satisfac-

tory tests can be devised, a test unit will be fabricated to permit routine test-
ing of amplifiers by the maintenance personnel.

The GEDA operated 16 hours an_ was down 152 hours (scheduled) for extensive

revisions. The EASE operated 159 hcurss and was down for 9 hours of unscheduled
down time.

Instrument Evaluation
i i , , i ,, ,,

i.. Accepts_ce tests were cempleted on 19 Scintra_ Model I A-C Operated Alpha

Poppy Monitors an_ on 50 Victoreen 0-200 mr self-reading pencil dosimeters.

2. Accept_uce tests were started on 20 TP and 65 CP dose-rate meters_ on two

Model II Scintran Alpha Monitors_ and on a new inexpensive high-voltage
supply :L'or az'ea monitor use.

3o Run-in i;ests continued on three 614 Building 0-200 mr/ht linear scintil-
lation _ea monitors.

4. Accepts_zce tests continued on three Logarithmic Scintillation Area Monitors

(5 mr/ht to 5 r/hr) for IPD.

5. Calibration and adjustment procedures were written for the portable trans-

istorizE_ scintillation gamma energy analyzer and the adjustment procedures
were d_onstrated to maintenance personnel.

DECLASSIFIED"



6 Field tests were successfully completed lllation
• on

transistorized neutron instrument at lO0-B. Performan Judged to be
. excellent.
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Chemical Research & Development

RESEARCH AND ENGINEERING
_ i,,, .....

FISSIONABLE MATERIALS - 2000 PROGRAM

ItLRA_IA_ION PROCESSES

Decontamination of Reactor Components

Additional corrosion testing with the sulfuric acid - oxalic acid mixture recommended

for decontamination of present HAPO reactors was completed. With one gram per liter

phenyl thiourea present as a corrosion inhibitor, the attack rate at 60 C was less

than 0.05 and 0.003 rail per hour for carbon and stainless (30_-L) steels, respect-
ively. Attack. rates were a factor of at least 15 greater without the inhibitor.

With the inhibitor present, general attack rates at 90 C for carbon and 30A-L steels

were about 0.3 and 0.03 rollper hour, respectively. However, at this temperature
both steels showed severe pitting attack even with the inhibitor present.

In decontamination studies pertinent to the NPR, modifications of the APACE process

in which less expensive acids were substituted for citric acid in the Step II solution

were tried. Removal of activated corrosion products from contaminated coupons was
less effective by factors of five to ten when lactic acid and acetic acid were used
instead of citric acid.

NPR Effluents
Experiments were conductedJ to evaluate the influence of permanganate ion concentra-

tion and precipitate settling time on the scavenging of radioisotopes from proposed
NPR decontamination solutions. The cleaning solutions tested represented the

mixture resulting from a two-step process, an alkaline l_rmanganate solution followed

by Wyandotte 1112 cleaner. It was found that dilutions resulting in Permanganate

ion concentrations of 0.013 M gave scavenging results essentially equivalent to
those achieved in undiluted systems. The dilution is equivalent to one volume of

0.25 M Permanganate cleaning slolution mixed with one volume of the Wyandotte
cleaner and 18 volumes of rinse water. Previous scavengin.g experiments were per-

formed by centrifuging the mlx_ures. It was found that natural settling for periods

of 4 to 14 days gave consistent scavenging results that were about half of those
obtained by centrifuging. Experiments involving longer settling periods were
started.

Reactor Effluents Treatment
,, , |

The tank for pilot scale test_ of aluminum turnings beds for reactor effluent

decontamination was delivered to the site. Footings were placed and pumps recon-
ditioned. Aluminum bar stock is being planed to provide the several tons of chips
needed to make up the bed. Planing procedures and cutting tool shapes were
developed to provide faster production of the turnings. Although greatly increased
production was achieved, this operation, nevertheless, appears to be the most time-
limiting one.

Effluen t Monitor ,Development
A control chassis to be used with an improved experimental monitor being developed
to record Np239 present in reactor effluent water was designed, wired, tested and



found to perform satisfactorily. A printer was modified for compatibility with

the control chassis and a transistorized glow tube counter. In concept the Np2B9

monitor will extract Np239 into TTA which will then be viewed with a scintillation
crystal and phototube through an appropriate collimator.

Uranium Oxidation and Fission Product Volatilization Studies
J, , ,,u , ,

One fission product release test was made using uranium irradiated to 2.4 x 1017

nvt, approximately i000 times great_ than the value for the low level tests. Com-

parison of the releases at 1015, I0AO and 1017 nvt showed that the release of

iodine, tellurium, cesium and xenon is related to the irradiation level. The in-
crease in the percent released in air at similar conditions of time and temperature

(24 minutes at 1215 C) was as follows: iodine, 71-85 percent; tellurium, 50-63

percent; cesium, 18-31 percent; and xenon, 80-93 percent. This trend was not
noticeable for strontium, barium, ruthenium or zirconium.

Two tests were made at low irradiation levels to determine the efficiencies of

"absolute" filters and a one-inch thick charcoal bed for removing airborne fission

products. The filters were 35 percent efficient and the charcoal about 70 percent

efficient in removing iodine. Tellurium was removed by the filter at about 99
percent and by the charcoal at about 40 Percent efficiency.

Am  s±sof q.oolPercent Sulfur iu Graphita

Document HW-655e2 will describe development of the analytical method. It is being

applied to NPR work. Previous methods worked only when su/_ was above 0oi Percent.

SEPARATION PROCESSES
..... ml

Feed Preparation - _ Fuels

Rates of attack of Zirflex decladding solutions on uranium-two percent zirconium

alloy were determined for initial, mld-point and terminal solutions. The tests
were made in the absence of dissolving Zircaloy; consequently, pH values were

minimum. Attack on the two percent zirconium alloy was high ranging from two

g/hr-sq.cm, in the i_Itial solution to about 0.3 g/hr-sq.cm, in the terminal solu-

tion. For comparison, the rate of attack on ingot titanium r_nged from about one
g/hr-sq.cm, in the initial soAution to 0.04 g/hr-sq.cm, in the terminal solution.
These are all instantaneous rates based on short (two minute) exposures. It is

expected the average rates for longer exposures would be less due to precipitation

of uranium(IV) fluoride on the surface Of the test piece.

Solvent Extraction
, ,

Purex 3B Column Studies- Investigations of this column were concluded with studies
on a cartridge composed of ten percent free area stainless steel nozzle plates with

i/8-in, diameter holes in the bottom six feet and 23 percent free area nozzle

plates, 3/16-in. holes in the remainder. Ali nozzle plates were spaced four inches
apart with the O.04-in. deep nozzles pointing up. Linear polyethylene plates with

3/16-in. holes, 23 percent free area, were inserted in the nozzle plate cartridge

at one-foot intervals, starting about four feet above the bottom of the cartridge
and ending six inches below the top. The interface was maintained at the top.

This cartridge appears satisfactory for the proposed application.
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Purex Scrub Column Studies - At the present time there is considerable interest in
replacing the part-plastic cartridges in the HA column scrub section and the HS
column with all-stainless steel cartridges. Brief results of tests with nozzle
plate cartridges were reported in February.

Results obtained this month indicate that either six or ten percent free area nozzle
plates should be satisfactory for scrub service in the present dual-diameter NA
or in the HS column, and that a 23 percent free area cartridge should be suitable
for a uni-diammter NA column. The efficlencles of these cartridges are undoub_dly
lower than those for the Zebra cartridge; however, the aqueous phase is generally
well, but loosely, dispersed in the organic phase at frequencies as low as 60 or
70 percent of the flood,ingfrequency. Operation at such frequencies would be
required in the dual-diameter column because of extraction section flooding character-
istics.

WASTE TREAtmENT

Semiworks Waste Calciner Prototype

Operation of the prototype waste calciner has continued using a feed of simulated
high-acid Purex waste at rates from 15 to 18.5 liters/hr. Super-heated steam was
successfully tested as the atomizing media and the fluldizing media in separate
runs. Performance of the modified ANL feed nozzle continues to be good w_th respect
to particle size control and agglomerate formation.

The use of steam as the atomizing media resulted in deleterious effects on calciner
operability. Particle size control and minimal agglomerateformation Were comparable
to previous runs made with air atomization under like condltions.

!

Employing steam as fluidization media in tvo runs resulted in approximately a 15
percent improvement in heat transfer from heaters to bed and a three to ten percent
decrease in product bulk density when compared to near similar operating conditions
using air fluidization. The net effect of the steam, however, is obscured by a
slightly higher fluidization velocity when using steam than when using air.

The obvious advantage, of course, of using steam versus air for fluidizlng and/or
atomizing media is the higher ratio of condensables to non-condensables in the off-
gases. Both higher de-entrainment factors across the condenser and lower-capacity
equipment requirements downstream from the condenser should result. Measured solids
removal across the condenser while using steam fluidization is about 75 percent of
the input rate. Solids removal under comparable conditions employing air fluidiza-
tion is about 50 percent.

Semiworks Batch Waste Calciner
, ,,, ,,, ,,

The construction of a pilot-scale unit to study the calcination of simulated high-
level radioactive wastes by the batch process is about 80 percent complete. The
heart of the installation is a calciner-reactor in a furnace. The rectangular
furnace will be heated by silicon carbide elements and can handle fou=-foot tall
pot reactors up to fourteen inches in diameter. The furnace height can be increased

later to accommodate taller pots. _he off-gas system consists of a condenser, a
vet scrubber and an off-gas Jet. The unit will be initially used to establish per-
missible feed rates and time cycles, and to stud_ volume reduction and melt formation
characteristics for various wastes. Studies of control systems and off-gas treatment
will be carried out at a later date. ,



Radiation Damage Studies

The problems of radiolytic decomposition of Purex waste, both during interim storage
and after calcination, are being investigated using gamma radiation from the 325
Building cobalt source and the electron beam from a Van de Graaff generator. In an
attempt to determine the degree of decomposition of nitric acid in Purex 1WW during
interim storage, an acidic (mot formaldehyde treated) synthetic INW was irradiated
in the cobalt source for 260 hours, to a total dose of 2.6 x 108 rads. Samples
were irradiated both at 40 C and under reflux at 105 C. In neither case did chemical
analysis show significant loss of nitrate. Longer irradiation or higher source
intensity will be required to give meaningful results.

Equipment for rotating and translating a sample in the Van de Graaff beam (to give
uniform exposure) was completed and a trial run made with sodium nitrate. The
volume of nitrogen produced corresponded to a G value of only 0.i on the basis of
estimated dosage of i09 rads. This low value indicates that the true dosage m_st
be n_ch lower and that dosimetry measurements will be required.

Waste Characteristics
, ,

In an experiment on the recovery of technetium-99, it was observed that the sludge
filtered from the I03-A superuate tended to float. This may imply that some of the
solid matter in the storage tank_ will not settle out but will remain in suspension,
a factor which may be of significance in waste management. It is also found that
not all of the sludge can be dissolved in nitric acid.

Observation Wells

Well drilling began during the month on Project CAH-885 and part of Project CAC-840,
by the Hatch Drilling Co. of Half Moon Bay, California. Drilling by drive barrel
methods began promptly following installation of starter pipe.

The elevation of water level in selected _lls was determined to provide data for
preparing a ground-water contour map. Few changes were found except those attributed
to normal seasons& fluctuations. Small changes were evident in the vicinity of the
200 East Area as a result of some changes in the distribution of flow to the two
Purex swamps.

Further comparisons were made of well cutting samples obtained with a drive barrel
and those obtained by churn drilling. The cation exchange capacities of the samples
were measured and compared. Considerable variation was evident when single samples
from a specific horizon were compared because of the intermingling of material from
different levels in the churn drilled samples. When composited samples were com-
pared, however, the difference in exchange capacity was only about eight percent,
well within the statistical precision of the analysis. Thus_ the many samples that
are available from churn drilling operations should be satisfactory for soil column
tests, except in those cases in which drilling mud was used during weil construction.

There were no significant changes in ground water contamination patterns in the
vicinity of the 200 Areas over the past month.

Two wells, E28-2 and E28-3, located near the center of 200 East Area, were sampled
at various depths to compare current radioisotope concentrations with those noted
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in 1956-57. These latest results were in good agreement with earlier data which

showed concentrations of radioactive material near the bottom oK well E28-2 (about
43 feet below the surface of the ground water_ to be in the 10- ucB/cc range.

Samples from shallower depths were in the 10"b - 10-7 ucB/cc range. A less prom-
iuent trend toward higher concentrations of radioisotopes at increased depths was

noted in well E28-3 located 900 feet south of well E28-2; however, this well bottoms
at only 35 feet below the ground water surface.

Disposal to Ground

Recommendations relative to the crib disposal of iu-building and vehicle decontamin-
ation wastes from T-Plant were forwarded to the Chemical Processing Department.

The preferred routing of these wastes is to the 216-T-28 (formerly SI6-TT-3) crib,
with by-passing of the I10-III-1IST cascade tanks, lt was also recommended that a

replacement crib be constructed to receive the vehicle decontamination waste due
" to the uncertain remaining life of the T-28 facility.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY
,

Strontium Recover_ and Packaging

A flowsheet has be_m firmed up, based on tracer-level experiments, for the isolation

of a strontium-90 concentrate from Purex waste and the process is now ready for
full-level testing and demonstration iu the Hot Cells, or for plant test. Two

primary separation processes have been found practical, and there is little to
choose between them. The first scheme uses a high sulfate concen_ratlon to pre-

cipitate strontium with the cerium-rare earth double sulfates (tartrate complexing
being used to prevent ferric sulfate precipitation and improve decontamination
from zirconium-niobium) while the other uses lead sulfate carrier. Both are oper-
able and fully compatible with cerium and promethium recovery. The strontium is

next separated from the rare earths by _gestion at 90 C with oxalic acid at pH 0.6

to 1.0. The rare earths and lead are precipitated by this treatment while strontium
stays iu solution. The strontium is then precipitated (as oxalate) for load-oat

by raising the pH of the supernate to nine to ten and digesting at low temperature .
(_ 50 C). Further purification and decontamination would doubtless be required
prior to encapsulation. Work is proceeding on these operations.

As-yet-unresolved difficulties have been encountered with the wet-chemical process
for making strontium titanate. The process, which involves oxalate precipitation

from a strontium nitrate-titanous sulfate solution, worked well as long as a

commercial reagent titanous sulfate which had been in stock for several years was
employed. When this was used up and a new supply (from the same manufacturer)

substituted, satisfactory pellets could not be produced. The density was low (only

about 60 percent), and the pellets were misshapen and off-color. The cause of
this strange behavior is still being sought.

Technetium Recover_

It was reported last month that the readily accessible alkaline supernate in the

Purex I03-A storage tank contains almost 0.i @ram of technetium-99 per gallon.

It has also been found that about 20 percent of the technetium currently entering

the Purex plant leaves the plant with the uranium product. Experiments
were per-

formed this month aimed at demonstrating a practical, economic process for



recovering technetium from the stored supern_ta as well as e path of

current technetium through the UO 3 plant. Highlights of the new findings are as
follows.

Following tracer experiments with synthetic I03-A superuate (2.6 M_Na_03, 4.2 M
NAN02, 1.0 M Na2CO_) which showed strong technetium-99 absorption on Dowex-i a_ion
resin, a micro pil_t plant-scale run was performed with i00 ml of full-le:vel I03-A

superuate. The waste was filtered to remove suspended sludge and fed at 1.4

ml/cm2/min, to a nitrate form Dowex I, _-4 column. After passage of 50 column

volumes (all of the feed)1 98.5 percent of the technetium had been absorbed and

the instantaneous loss was still less than ten percent of the feed concentration.

The column was then washed with 0.i M HNO 3 to remove carbonate and eluted with

8 M HNO 3. The bulk of the technetium was readily eluted in about five column
volumes with a peak (y_ncentration of over 2 grams/g _allon. It is estimated that
about 40 kilograms of technetium could be record.red in this manner from I03-A

using, for Instance_ the ion-exchange column installed in the waste cell in the

Purex plant. Analysis of the IOI-A tank supernate shows that it, too, is rich "in

technetium (60 mg/gal), and it may be presumed that this is true of the other Purex
waste tanks as weil.

Technetium analyses were obtained during the most recent Purex run period on all

batches of uranyl nitrate shipped to the UO 3 plant, on ali UO 3 produced from this

feed, and oa various pertinent UO 3 plant process streams and @astes. The results
showed that, during this period, approximatei., 20 percent of the technetium enter-

ing Purex continued to appear in the 60 percen_ UNH product solution and that almost

all of this leaves Hanford in the UO 3. It was also found that over 80 percent ofthe technetium in the product UNH could he recovered by diluting five-fold to Purex

2EU uranium concentration and passing through a Dowex-I column. Approximately 20
kilograms of technetium could be recovered per year by simply ion exchanging the

Purex 2EU prior to concentration.

Other experiments showed that technetium can be recovered from Purex supernate in

80 to 90 percent yield by a precipitation process employing hydrazine reduction and
ferric hydroxide pr_,Ipitation. Disadvantages are contamination with other fission

products (particular-lp ruthenium) and a two-fold increase in waste volume.

Fisslo,_ProductPackaging

Brine Dr_ - The induction-heated rotary dryer equipped with a long, knife-edge
scraper (to cut away salt cake as it accunmulated on the tube wall) was operated for

a two-day run. Salt brine containing a total of 8100 grams of NaC1 was fed to
the dryer. Approximately half the NaCl was recovered as dry product. The remainder

accumulated on the tube wall in a cake so hard and dense that the rigid scraper

was deflected by i/4 inch.

Studies on the rotary 6_Ter are being temporarily discontinued and emphasis is being
transferred to an agitated pot dryer currently being installed in the 321-A Building.

Calcination - In support of the fission product packaging program, a qualitative
study of the calcination of strontium nitrate and cerium nitrate was made. Water

or nitric acid solutions of the salts were evaporated to dryness and calcined in
stainless steel beakers. Strontium nitrate melted in the range 626-630 C as

measured (Handbook M.P. - 570 C). Major denitration occurred between 690 and 700 C.



Conversion to oxide was complete at 750 C. Final temperature reached was 870 C.
Weight of residue was within four percent that expected for conversion of strontium
nitrate to strontium oxide.

A solution of cerous nitrate in 4 M HN03 was evaporated to dryness and calcined.
Maximum temperature reached was 40_ C. -Evaporation and ignition went smoothly and
without excessive foaming. Oxides of nitrogen were evolved in the temperature
range 230-360 C. Residue weight was within five percent of that expected for con-
version to Ce02.

ANALYTICAL & INSTRUMENTAL CHEMISTRY

Determination of Nitrate b_ Contr_olled Potential Coulometry

The method was developed and was applied generally. Nitrate was titrated with U+++
generated at a mercury cathode 1.10 volt below the calomel reference electrode.
Precision was 0.5 percent with 0.1 m6 to 0.5 mg of nitrate. Plutonium, iron,
chloride, and moderate sulfate did not interfere, although anions that complex
uranium did interfere. The electrolyte was 1.5 M sodium perchlorate and 0.0002 M
uranium.

Measurement of Dilute Uranium in Stainless Steel Dissolvent

Pluri_etric uranium analysis was found to need prel4m_-a_y hydroxide separation of

uranium. After t_ up the hydroxide in nitric acid, BAX extraction separated
uranium from steel metals. EAX would not extract uranium directS,y from the steel
dissolvent because its 3-8 M sulfate caused too bach uranium complexing. Ion
exchanKe, also, would not break the complex. Direct analFsis of uranium in dis-
solvent is impossible because steel me_als quench uranium flurescence.

Z Plant Centrifuge Test

The six inch continuous Z plant centrifuge has been installed in the 321 Building
for operational testing. The _chine was originally installed on a light angle-

iron framework similar to that contemplated for the Z Plant installation. However,
with the light mounting vibration was severe. Attempts are being made to reduce

the vibration by adding weight and rigidity to the base. If necessary, after con-

sulfation with the manufacturer, the d_c balance of the rotating parts will be
investigated.

Canned Moto,r..,Pump" Development

A i-I/2 inch diameter, six inch long hydzoclone was installed on the bearing

solution feed stream of a tapered bearing Chempump and the assembly w_s put in
service pumping an agitated sand-water slurry. After approxinmtely 75 hours

operation (20 gpm; 35 ft. discharge head) pumping an estimated 15,000 lb. of sand

the graphlte bearings had worn sufficiently to permit excessive pump vibration and
the test was discontinued. During the test period the pu_ had handled the abrasive

solid loa_ which would be encountered in roughly 20 years of "normal" separationsplant service. On the basis of these eacouraglng test results, tvo hydroclone-

equipped Chempumps are being fabricated for installation in Z Plant. In addition,

OECLASSIRED
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a s_m_A_ all-stalnless Chempump (pile graphite tapered s insulated
motor windings )is being procured for modification and submerged res in

"highly radioactive" separations plant solutions°

Column Pulser for ..thePlutonium Reclamation Facillt_

Studies have be_n in the 321 Building on a prototype piston pulser for the proposed
new Plutonium Reclamation Facility. The pulser contains sn expanding ring, carbon
ring-sealed piston and similar type rod seals. Tvo pulser concepts will be tested
during operation of the unit: (1) a lons-sh_ft pulser, in which radioactive solution
piston les_ _6e is eliminated by pressurizin8 the top of the piston with a column
of liquid contained in sn upper pulse leg, and (2) a short-shaft pulser, where
piston leak, s outward is prevented by pressurizing the piston rod seal. For most
effective use of the short-shaft arrangement a "cold" stream should be introduced
directly below the piston.

234-5 Incinerator Scrubber

L_boratory tests have been initiated to determine operating conditions and efTic-
iencies for the scrubber to be installed in the off-_s handlin6 system of the
234-5 incinerator. Five scrub solutions have been tested to determine their

j relative effectiveness in scrubbing NO 2 from hot air. On the basis of these tests
dilute caustic permanganate solution has been chosen as the scrub solution.

Corrosion of Metallic Materials
ii,

_04-L Stainless Steel in Alkaline Purex 1WW - Samples of 30A-L stainless steel
exposed to vapor and liquid phase of synthetic Purex IW wastes at pH 10.5 show

corrosion r_tes less than 0.01 roll/mo after 1850 exposure hours. Apparent pits
noted in a previous report are ac_y small blisters. Their behavior in contin-

i uing exposure will be followed photographically.

_O4-L in Acidified i00 Percent U_ - Samples of 30A-L stainless steel were exposed
to boiling 100 percent _rE to which 70 percent nitric acid had been added to give

concentrations of 6, 16, 26 and 36 _1 _0 3. Corrosion rates based on two exposure
periods of one week each indicate the rad, e-of attack increases linearly with HNO_
content and rauses from 0.7 to four mils/mo for the concentrations studied. Accel-
erated attack at the vapor-liquid interface was observed in all four cases. The
d_ta e_e desired in connection with current hi@h acid feed_ to the calcination plant.

Flash Butt-Welded A-5_ Titanlum-to-_0k-L Joints - Coupons containing welds made by
flash butt-weldlng A-55 titanium to 304-L stainless were exposed for 600 hours to

boiling 65 percent EEO 3. In all cases, perforation of the coupons at the weld
occurred during this exposure. Evidence from metallo_phic studies in progress
Indlc_tes a separate phase in the weld fusion zone.

i A-_ Titanium in _0_-_-A_ Solutions - .SJ_ples of A-55 tltaniumarebeingexposed

to boiling ; M _0_ solutions containing (a) 0.025 M HF-O.05 M AI(N03)2, (b)

0.05 _M HF-0.I-M_ AI[N03)3 and (c) 0.i _MHF-0.2 _MAI(NO 3)3. Th_ purpose is to deter-

i mine the effect corrosionwlse of inadvertent admission of ion exchange column flush

into the titanium product concentz_tor at Purex. D_ta from two exposure periods

e totalling96 hours indicate general corrosion rates in all three solutions of lessthan 0.5 roll/mo. So far there is no indication of accelerated attack at the inter-

i face or in the vapor phase.
i
!
!1
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Non-Metallic Materials

Eg-65497 was issued; this document summarizes non-metalllc materials evaluation
studies for the first three months of 1960.

PROCESS CONTROL _ELOPMEF_

lC COlumn.Facilit_ and Studies
•

Shakedown operation of the pulse column facility continued during the month.
Techniques were established for maintaining steady state conditions over prolonged

periods of time and minor operating difficulties were corrected. A hand-operated
cable winch was installed s_acent to the column to move the mid-column photometer
from one sample port to another. The photometer operated smoothly following this
installation.

The column density monitor developed a faulty isolating diaphrs4_n on the lower

pressure transducer. Subsequent to the repair of this transducer and recalibratlon
of the density monitor, the effects of ICX flow, ICF flow, pulsing frequency and

column operating temperature on the indicated density were.+ studied. While the
density of the solution between the two pressure transducers is the ma_or variable

I_ measured, the system is so sensitive to other variables that a more appropriate
i designation of the instrument seems to be a "cartridge differential pressure monitor"

ii rather than a "density monitor."

The Data Scanning Programmer was modified to increase the scanning speed. The time

per scan, now less than five mlnu_es, is solely limlte_ by the balancing time of thedigital voltmeter and the time constant incorporated in the Keithley micro-

t microammeter. The latter is necessary to damp out interference from organic bubbles
i in the mid-column photometer.

Data from three preliminary C-Colunm runs have been processed using the Data
Reduction Code on the IBM 709. Approxi_tely lT engineering m_hours per run is
estimated to have been saved through processing the data in this way.

Redox 3BP Plutonium Summation System

The plutonium summation system is now Installed in the plant and working satis-

factorily. A means of eliminating the manual flow meter sett_ is being developed.
This will make this system completely automatic and i=prove the accuracy of the

results, as the time del_7 involved in manually changing the flow setting will be
ellminated. •

In-Tank Boron Monitors
Hl l i

Ng-65531, "Information for Application of In-Tank Boron Monitors," was issued June
lO, 196o.

Purex _H Probe Standardlzati_on

A sample cup and valve with drain piping has been designed and fabricated for

installation in the Purex E-3 Oilmont sample=. This new assembly uses industrlsl
type electrodes, and minimizes exposure to the operator during the manual standard-
lzation.
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Calciner Furnace Control S_stem

Three differential equations have been derived which relate ca/. furnace temper-

ature, outside shell temperature and inside shell temperature to the input power.
A single differential equation was alsc derived for outside shell temperature as a

function of input power. Two ans_og computer progrannning die, rams were developed.
One dlagram solves the first three equations simultaneously to yield all three

temperatures as a function of power input. The other dis_Imm solves the single

differential equation for calciner outside shell temperature versus input power.
The HLO Analog Computer Group will program the heat transfer differential eq_iations
on an analog computer. The computer solutions will be used to check the _wo sets
of equations with actual test data. The calculated system constants will be
varied on the computer to obtain an accurate analog of the calciner furnace. Present
plans are to study the calciner furnace response to different system inputs and
disturbances while using various simulated controller mode settings. The optimum
control system will then be verified by actual tests on the calciner.

NON-PRODUCTION FUEI_ REPROCESSING
,, H, ,

Mec_nic_ _ocess_

Shear Studies - Operatlon of a HAPO designed, 40-ton hydraullc shear equipped with

a male .Vee moving blade and semicircular stationary blade was continued, primarily
to stu_7 blade life under varying conditions. Basically, the studies have shown
little difference in the "wear rate" of shear blades operated at high and low
velocities (within the rene of experimental conditions). However, the greater
effective cal_city of the high velocity shear, as compared to the low velocity
shear was confirmed. In addition, the tests showed: (s) the bls_le life of the male
Vee blade is approxlm_tely the same as _t of a male straight blade, (b) the more

shock resistant S-4 (silicon-msn6anese) tool steel will outwear D-2 (chrome alloy)

tool steel; and (c) the "shape" of the fuel, i.e., properties which govern the

deformation of a fuel _ssemhly under the shear knife, will si6nificantly affect
shear forces.

Unless design conf_tion studies are required_ shear studies will be concluded
during the next quarter. Remaining studies include life testiu6 of a Stellite
shear blade and s_tdies of the energy relationships existing during various phases

of high and low speed shearing.

RW-6_54, "Confinement and Collection of U02 Fines from a Shearln8 Operation," is
currently being issued.

TTansient Shear Measuremen._s - Transient blade velocity, blade position and cylinder
pressure measurements are necessary on the shear to determine energy variations
during a cutting cycle. A system using a tachometer generator as a velocity trans-
ducer and a hi@h frequency response strain gage pressure transducer has been set
up and calibrated for this purpose. A high gs£n operational amplifier will be used

to integrate the velocity si6n_l and _hereby obtain bls_e position ve:sus time. Ali
variables will be plotted on a high speed Sanborn recorder.

NaK Disposal and Fume A_atement - Studies on methods of safely handling Nel( con-
tanning fuel elements in the Hanford NPr mechanical cell are currently being com-

pleted. In recent hacksaw tests, steel capsules containing uranlum-_olybdenum
alluy an_ reservoirs containlu_ eight grams of NaK were successfully deactivated in a
shallow pool of water covered by a gas blanket. The U-_o fuel did not ignite or

react noticeably when the NaK reacted violently w_.th the bath water.
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Samples of the generated off-gases (hydrogen, steam, NaK fumes) showed no detectable
uranium particles generated in the NaK destruction process. The tests also showed
that the method of cutting least likely to produce vigorous underwater NaK-water
reactions involves cutting through a row of elements slowly (less than 20 strokes/
min) leaving the hacksaw blade in the cut on the backstroke. Under the most
reactive test conditions (capsules of NaK opened as quickly as possible) no detect-
able damage was noted on the 0.035 in. tube wall, the hacksaw blade, or the shock
absorbing submerged hood (used to trap and complete the NaK water reaction under-
water ).

The tests to d_te indicate that the submerged hood contains essentially all the NaK
fume generated. Consequently, serious consideration could be given to el_m_nAtlng
the special fume scrubbers included in the original mechanical cell design. The
tests also indicate that up to 30 grams of NaK (the maximum to be released during
hacksaw operation) could be instantaneously released in the cell-hood system safely.
A vigorous reaction occurs but the equipment can be simply provided to withstand
and dissipate the reaction energy.

Feed Preparation

Zirflex Process - A study of Zircaloy-2 dissolution rates in Zirflex decladding
solutions as a function of pH and "free fluoride" concentration has been comp_eted.
Data obtained permit construction of a fsmily of.curves showing dependence of dis-
solution rate on pH for six different solution compositions that will occur during

the Zirflex decladding process. Range of pH covered (as measured in boiling solutions)was from six to about 7.5. Dissolution rate dependence on hydrogen ion concentration
was the same for each of the solution compositions studied - dissolution rate proport-
ional to (H+)0"5. Least squares treatment of the d_t_ at pH 7 indlc_te the dissol-
ution rate to be dependent on the (free fluoride)1"9.

Further laboratory-scale experiments were made to compare urs_ium w_ste losses to
Zirflex decladding solutions for steam suldair sl_rge removal of sum_nia. Small
Zircaloy-2 clad UO2 fuel pieces_ with and without oxide coating on the Zircaloy were
declad with S.5 M I_H4F-0.5M NHhNOR. Terminal decladdln6 solutions were diluted to
0.6 M zirconium_-cooled to _oom_te_perature and held for 24 hours. Uranium ren=uinlng
in solution represented about 0.13 percent loss (plant scale) when steam sparglng
was used for ammonia removal and about 0.35 percent loss with air sparging. The
presence or absence of an oxide coating had little effect on the ultimate uranium
loss.

Electrical Conductivity-Zirflex Solutions - Recent dev,elol_ent studies have shown
that the electrical conductivity of Zirflex solutions is a measure of dissolved
zirconium, or calculated free fluoride. The method appears to give a zirconium or-

free fluoride concentration to within 10-20 percent during the course of the
dissolution.

Sulfex Process - Seven Sulfex decl_ddlngs of sintered UO2 cores clad in type 304-L
stalnless steel and two Sulfex partial dissolutions of stainless steel pipe were
performed in the recirculating dissolver pilot scale facility. One nitric acid

core dissolution of swaged UO2 was made. The UO2 cores from the other six declad-

ding runs (4 pellets, 1 split cylinder, 1 swaged were recovered intact and trans-

)
ferred to Ceramic Fuels Development Operation_

• 0 -.,



In every case where steam was substituted for air as a sparge a marked increase

in reaction rate was observed, as indicated by the hydrogen evolution rates. As a

consequence, the acid concentrations or reaction times necessary to effect rapid
and complete decladdlngs can be reduced whenever steam is used in place of air.

This also results in lowered uranium losses (0.03 percent versus 0°07 percent) and
reduced corrosion of the Hastelloy F dissolver vessel (about 0.5 versus 1°5 lb.
metal removed per decla_ run).

The variations in reaction rates between different batches of sulfuric acid which are

observed when air is used far sparging are absent or greatly diminished when steam
is used.

The accumulated corrosion from the Niflex, Zirflex, and Sulfex studies conducted in

the recirculating tube dissolver vessel became quite apparent during this series of
runs o The bail on the fuel charge basket failed at a highly "worked" p_int due to

stress corrosion. A hole also appeared in the bulk metal of the dissolver° This
hole was behind a small bracket which had been installed in such a manner that a

stagnant pocket was formed. Accelerated corrosion took place in this pocket possibly

through a concentration cell mechanism. Slight pitting of the heat affected metal
immediately adjacent to the welds and general etching of the dissolver inner surfaces

are apparent.

Materials of Construction
,

Corrosion testing of the second (and last) series of 12 experimental alloys prepared
at Battelle Membrial Institute is nearing completion. Test solutions have included
Zirflex, Sulfex and Niflex type solutions as _ell as nitric acid and nitric acid-
ferric nitrate. In this series, the principal composition variables were chromium
and molybdenum. Cobalt replaced half of the nickel content in three of the alloys.

Five alloys--those containing cobalt and two with high (9 w/o) molybdenum content--

showed severe intergranular attack in boiling 65 w/o HNO 3 when sensitized. Two
heats having low (1.5 w/o) molybdenum content (copper absent) had poor corrosion
resistance in Sulfex solutions. Four of the heats appear superior to either Nionel

or vacuum-melted Hastelloy F for use in the HAPO non-production fuels dissolver

(for Zirflex and Sulfex). Fifty-pound heats of the four most promising alloys pre-
pared by _MI in this program have been requested° These will allow further testing

under conditions more nearly simulating actual operating conditions.

HIGH LEVEL RADIOCHEMIS_T/ FACILITY

A four place sampler has been fabricated for use in cell "A"o The device is syringe

cnntrolled using the Model 8 manIpulatorso The sampling technique has been tested
and was satisfactory°

A micro pipet device has been fabricated and installed in cell "B"o The controls are
on the exterior of the cell. A quick-release technique is used to hold the pipet in

place; the device is easily operated with the Model 8 manipulators.

One gallon of 1WW was received from Purex on June 20° The material was transferred

to cell "B" on June 300 The High Level Radiochemistry Facility was placed on a "hot"

status at that time and is now being operated on an approved Building Operating
Procedure.
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REACTOR_LOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM
, ...............

Reprocessing PRTR S_ike Fuel Elements

Dissolution rate studies this month have sought a better understanding of the effect

of various parameters (HN03, AI(NO_)3, UO2(N03) 2 concen_ratlons) on the dissolution
of alloys proposed for PRTR _pike fu_is. Most work was done with an alloy having
the composition (in weight p_rcent) 1.8 to 2.2 Ni - 1.8 I_ - 0.4 (max) Fe - 0.17

(max) Si - 0.i to 0.2 Ti - remainder AI. It was found that this alloy, as well as

a similar alloy containing cs. one percent silicon (on which dissolution studies

were reported previously) _t be in an active s_te to dissolve r_pidly in HNO 3-

Hg(N03) 2 solutions. In the active state f2_ealloy is co_1_d with a gr_Tish material;
inactive it is shiny and metallic. Activation may occur in the dissolver solution;

an induction period whose magnitude depends on the solution composition is require_.

At sufficiently high nitric acid concentration (_:6 M) activation does not occur_
and rapid dissolution is not obtained. In some solution compositions, actively dis-
solving pieces will deactivate and r_pid dissolution ceases. Activation can be

induced by simply immersing T/lealloy in 1 M HNO 3 - 0.002 M HS(NO )2 for a few
minutes. An induction period is fJ1en not r_quired when fd_eactlv3_ed metal is

placed in the dissolver solution. The s_udies have sou@ht to determine the inter-

relations of _hese various phenomen_ to s_Tive at an optim_a proceaurefor dlssolvlng
aluminum alloys in the Redox plant. It is anticipated _t the _ ob_alned will

- _ be useful for o_her processing needs also such as removal of aluminum binding from
NPR fuels.

Preliminary _ta indicate considerable less hydrogen evolution d_trln8 rapi4 dissolu-
tion of the %_o percent nickel alloy fJ_n was found previously in dlssol_Ing the eL.

one percent nickel - one percent silicon alloy. Equtl_ent for aore adequate ssmplln6
of the off-gas stream has been assembled for recheckin8 hydrogen evolution during
dissolution of both alloys.

Experiments s_ve in progress _o de@ermlne _he stta_k of Zirflex decladding solutions
on PRTR spike fuel alloys. A non-cla4 wafer of _ AI-Pu-Ni alloy was present

during an entire simulated Zirflex decl_ c_le in which fJ_e initial declsxldin6

solution contained 2 M RH_F - 0.17 N _0_. A to_l of 28.2 _ of ZirCaloy-2
_ was _issolved per llte--rof solutio_ Torsi time w_s 17 hours; Zircaloy-2 w_s dls-

solving during ii hours. Total pene_tlon of the AI-Pu-]II alloy w_s &.bout elsht

mils. _his represents _he removal of about six percent fron a one-half inch
_ diameter rod. Roughly two-thirds of f_e penetration occurred durin8 the six hours

when zirconium was not dissolving. The core exposure in _ls experiment m_ far

- in excess of _hat expected in an actual dec_ opera.ion.

Salt Cycle Process

polsro_ph_ in Molten Salts - Ob_alnlng reproducible polarosrm_ in fJ_e_a_l-K_l
melt continues to prove difficult, larsel_ _hrough deterioration of the Insulators

: used on the mlcroelectrode sn£ consequent contamination of _he melt. 8u_oessful
polsro_:s have been obtained for the Cu(l) reduction sn£ for A_(X) reduction.

_ The silver wave was fitted by the Kol_hoff-_ e_u_tion_ the copper wave by
the Heyrovsk_y-Xlkovic equation.

o

-=

i_ , , ' ,( " ' _' ! ,_' 1 '_ ,, i , , re, ' TI I II i i_



J
!

II The use of commercial high density, high purity alumina as an insulator for the

platinum micro-electrode improved the situation in that lower blank currents were

obtained. However, there were peaks on the blank polarogram at potentials which

would prohibit the use of such a system for conducting polaro@raphic studies of
dilute solutions of the materials of interest.

Attempts to remove these peaks by in situ reduction of the melt with a macro-
electrode only worsened the situation. However, the residual currents with the

macro-electrode were surprisingly low and indicated that controlled potential

coulometrlc titration might be a useful tool for studying Redox reactions in this
melt.

Preparation of Electrol_tlc UO2 - A program has been initiated to prepare one-
pound lots of electrolytic UO2 under a variety of elect1_lysls conditions. Studies
by personnel of the Ceramic Fuels Development Operation of the compaction behavior

of these powders should provide information as to the desirability and mp_nner of
altering the deposition process to improve the fabrication properties o£ the U0 2

powder.

The apparatus employed for these preparations yields about 0.5 pound in each depos-

ition so two successive electrolyses are required to obtain the desired one-pound

lot. To date, one such lot has been prepared, depositing the UO 2 on platinum
cathodes at 700 C and at a current of 20 amperes. Analysis of the two samples

which were composited into a one-pound lot showed oxygen/uranium ratlos of 2.012
and 2.015.

Two problems of the "nuisance" category have been encountered in this work. A
platinum-cls_ rectangular electrode has been used in part of the work. This elec-

trode developed a decided warp in its first use and the bowing has progressed in
each successive use. Annealing in air at 800 C has only partially corrected the

warp. Other than this, however, this electrode has held up fairly well, wei@ht

I losses generally running on the order of 0.05 to 0.I grams per run.A more serious problem has been recently encountered. Throughout all the work to

i date with platinum electrodes an attempt has been made to inhibit passage of chlorinefrom the graphite anode to the platinum cathodm by surrounding the anode with a

Vycor sleeve. Unfortunately the sleeve became plugged by salt which crystallized
on it above the surface of the melt, eventually forcing the chlorine to exit out
the bottom of the tube. In an effort to avoid this the shroud tube was used to

enclose the cathode in a run in which a 0.02 in. x 2 in. x i_ iu..pure platinum

cathode was used. In this run a rapid rise in voltage was noted after about 1.5

hours of electrolysis and a post-mortem disclosed that about half the submergedportion of the platinum sheet had disintegrated and the remainder had become

I| quite brittle. The cause of this catastrophic attack on the platinum is currently

i! being investigated.

Preparation of Pilot Quantities of ElectrolTtic UO_ - Fabrication of the apparatus
for making I00 pounds of electrolytic UO2 has been completed. The caustic scrubber

which consists of a submerged sparge ring in an unpacked vessel has been tested
! and removes tw_ liters of chlorine/minute with no chlorine detected in the off-gas. "

I C.
i|l _ The large quantity of air in-leakage lowered the transite temperature appreciably.

!
!
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Electrolysis of a fused salt solution made by dissolving UO2CI2.H20 in equimolar
NaC1.EE1 and chlorinating for four hours to remove water gave a product with an

oxygen to uranium ratio of 2.18.

Electrodeposition of U0_ from Low Melting Chlorides _ The problems of finding materials
to contain the NaCI-KC1-U02C12 system at 700 to 800 C and the proven thermal

instability of U02C12 in such systems provide substantial incentive for develop-
ing a lower-melting chloride system from which to electrodeposlt U02. Unfortunately,
brief scouting experiments conducted to date have not turned up a suitable sub-

stltute for the equimolar NaCI-EE1 melt. Both UO B and UBO8 were only slowly
dissolved by chlorine into equimolar ZnC12-KE1 at 500 C.

Although UG2C12 is quite soluble in pyridinium hydrochloride, electrolysis of
such a solution st 150 C w_s not markedly successful. Shortly after applying a

potential the solution turned dark and the temperature increased. A small shiny

ii black adherent deposit was obtained on the cathode. (Behavior somewhat reminiscent
of reduction of U02CI 2 by hydrogen. )

Electrolysis of a concentrated solution of U02CI 2 in K_I-AICI S st 340 C yielded a

poorly adherent UO2 deposit and resulted in substantial attac_ on the graphite
I! anode. It is expected that some of the difficulties encountered in this electro-
I_ lysis stemmed from residual water left in the HCf-dried uranyl chloride monohydrate

I which was used to prepare the melt and that electrolytic deposition of UO 2 could! probably be successfully contrived out of this melt.

Aging of Non-Stoichiomstric UO_ in N_aCI-EDI - It has been previomsly reported that
equilibrating non-stoichiometric UO2 in NaCI-KEI-UCI4 results in reduction of the
oxygen/uranium ratio in the UOp. In order to confirm that this effect w_s indeed

due to the presence of uranium_IV) in the melt, an experiment was performed in

which U02 was simply equilibrated with NaC1-KEI (pretre_ted as in the earlier

experiments). A three-hour equilibration resulted in no solubilization of the

UO 2 and no change in the oxygen/uranium ratio of the UO 2. Measured values of this
ratio were 2.255 in the initial "UOo" and 2.256 after the equilibration. By com-

parison, equilibration of this "U02_ with s melt containing uranium(IV) had
previously resulted in solubilization of st least 30 percent of the powder and

reduction of the oxygen/uranium ratio to about 2.04 in the residual powder.

Measurements of Oxygen to Uranium Ratios - A precision of 0.04 percent is indi-
cated for O/U calculated from coulometric measurements of uranium and hexavalent
uranium, mentioned in recent months. Accuracy would be affected should some

' kind of uranium oxide be included in phosphoric acid Insolubles which occasionally

have appeared. In general, the coulometric method is being used for non-routine
samples and the ignition method, for controlling experimental fuel element fabri-
cation. The ignition method, ca_ble of 0.1 percent precision, is subject to
interferences such as the presence of graphite.

Fission Product Scavenging - In conceptu_ Salt Cycle flowsheets, repetiti_re use,,, , ,,,

of the NaCI-EEI eutectic salt melt has been proposed. To regulate the steady state
concentration of fission products under such a plan, a fraction of the sr.ltwould

be discarded in each processing cycle: An alternate method for accomplishing

the same effect would be to scavenge the fission products from the molten salt.Initial experiments with less than one weight percent of zinc sulfide added to
molten NaCI-KCI eutectic resulted in removal of about 95 percent of tracer

ruthenium-106 from the melt. Because of the nature of the system, it is believed

[a[CL SSlI:IFn
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that a variety of chemical compounds, including sulfides and oxides, may be useful
for the scavenging of fission products. Extension to the scavengiug of salt
"dissolver solutions" is also a possibility.

Non-Metallic Materials - Screeniug studies have continued on ceramic materials to
be used '"in a sodium-potamsium chloride melt (equal toolpercentages) containing i0
weight percent uranyl chlori_e. The melt was malmt_ined at 750 C and sufficient
chlorine was bubbled through the melt to keep the uranium in solution. Results of
the studies are summarized below:

Duration
Material Tested of Test Observations

Silicon Carbide Rod 6 days No dimensional chs-ge. Excellent resistance.
Sample weight increased 0.008 gram to
2.531 _'_meo

Zirconia Crucible 6 days No apparent change. Crucible weight
(Zirconium Corporation increased 0.i0 grams to 36.08 grams.
of America)

Alumina Crucible 40 days Crucible was bein6 used for testing small
(Morge_ite Triangle pieces of ceramic materials. Melt perco-
XNIO0) fated through crucible. No significant

weight change or apparent damage. Topportion of crucible found to be a factor
of two more porous than the bottom.

Continuous Ion Exchange Contact_r Development

NABIE Contactor - Iu analyzing the mass transfer efficiency of the NABIE contactor,
the assumption has been that each stage acts as a separate, perfectly mixed vessel.
There was some question, however, as to validity of +_hisassumption. If the mixing
characteristics of the contactor are unpredictable and are limiting the overall
efficiency, amy data from a pilot-plant contactor are of doubtful utility iu
designing'a full-scale unit. On the other hand, if the mixing characteristics are
predictable an_ the mass transfer is the controlling factor_ the mixing can be
taken into consideration in designing a full-scale unit.

In analyzing the mixing characteristics of the MA3IE contac*_r, a mathematical
model expressing the concentration-time relationship for a perfectly mixed vessel
has been expanded to apply for a contactor containing many stages iu which no
reaction of mass transfer is taking piace. The theoretical behavior of a three-
stage contactor was calculated and compared with the measured data obtained from
a run in the experimental three-stage contactor. The stage void volume, flow rate,
and solute concentration was the same for both the experimental run and the cal-
culate_ curve. At an aqueous flow rate of 290 gal/hr-s_aft., the experimental
curve was of identical shape to the calculated curve and displaced by an amount
equivalent to the quantity of solute taken up by inte_mal solution in the resin.
This indicates the validity of the mathematical model and allows its use for
quick and _uantitative analysis of actual agitated bed performsmce.
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The dual-column system consisting of a 6-inch diameter by ll-foot long compound
column with seven adsorption stages and three scrub stages and a 6-inch diameter
by 12-foot long elution section with six stages has been fabricated and is ready
for "shakedown" studies.

Jiggler Contactor - A new intermediate section between the absorption and elution
columns has been installed and tested. The section is four inches in diameter and
thus provides a completely open transfer channel. A screen near the bottom of the
new section provides exit for the rafflnate and, as before, restricts the pulse
effect to the absorption column only.

Initial tests show that the non-fluidized resin in the intermediate section has a
great enough force to prevent visible expansion of the resin in the absorption
column at flow rates up to one liter/mln. The pressure drop across the section is
practically zero.

Tests also indicated that the use of air or a combination of air-water to recycle
the resin may not be adequate for controlling the flow rate or for effecting
sufficient separation of resin from slip liquid at flow sheet requirements of
about 200 cc of resin per minute. As the resin rate is increased, the quantity of
slip acid increased. Attempts to introduce water to assist the air have increased
the quantity of resin recycled, but have not in initial experiments sufficiently

reduced the strength of the 7 M_HNO3 slip liquid which is carried into the elution
column with the resin. Experiments are now being readied to test resin pumping as
a more positive means of control.

Thorium Adsorption Studies - In preliminary studies of the adsorption of thorium
on Permutit SK 20 to 50 mesh resin from7 M _0 3 solutions at 60 C, diffusion co-
efficients of ii x 10-9 and 7 x 10-9 cm2/s_c were obtained at loadings 30 and 50
percent of equilibrium respectively. The variations of the diffusivity With
loading is greater than with plutonium; however, the values are of the same mag-
nitude and thorium transfer data should provide a goRd measure Of contactor
efficiency. Pending additional data, a value of I0"° will be used for the dif-
fusion coefficient, corresponding to a resin loading of about 30 percent.

Measurement of Boron in PRTR Moderator
L, • ,. i . ,i J

A flame photometric method was adapted. Before flaming, boron was separated from
interferences by ion exchange. A 50-50 mixture of IRA-400 and XE-77 retained
nearly a kilo@ram of potassium metabor_te per cubic foot of resin. One-hundred
column volumes of simulated PRTR feed caused no breakthrough.

RADIOACTIVE RESIDUE PROCESSING EEVELOPMENT
ii

Radiant-Heat Spre_ Calcination

Eighteen runs were made during the month to complete capacity studies prior to
writing a comprehensive sun_ report (HM-65806). Most significant new findings
were as follows:

i. One hundred seventy to 200 grams/liter of sugar is optimum for calcination
of acidic Purex waste, based on powder characteristics and extent of cal-
cination. Weight loss on subsequent heating to 900 C (a measure of sulfate

nfCLggtF/f° " ....
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decomposltiou) is reduced from a value of 23 percent at 50 _am/llter
sugar to less than one percent at 200 grams/llter. Cost of sugar is omly
about $1.40/_J if added at rate of 200 grams/liter.

2. The free-flowlngcharacter of the powder increases with extent of calcin-
ation, but bulk density decreases. However, all powders sintered to a
density of about 2.35 g/ce on heatimg to 900C.

3. With adequate sugar a&lltlon, spray calclmer ca_clty appears to be even
higher thau the 4 gaA/hr (LI.4 gdl/ht.ag.ft.) limit set by tJ_ecapacity
of the system auxiliaries.

4. A successful rum was made with neutralized Zirflex waste slurry (0.5 M

Na_,rF6, O.9 M Ne_, 0.1 M Nero3, 2.5 M_NH4OH, pH lO).

5. Thermal conductivity measurements were obtained over the raage 450 to 1650 F
for a massive phosphate glass prepared from spray calciner rums with Purex
waste. The conductivity decreased from values of about 0.8 B_d/hr. ft. F
at 450 degrees to 0.2 umits at 1650 degrees (in the molten region). The
very low conductivity of tMe melt implles that thermal conductivity in the
melt, rather than in the surroumdlmg solid, may be llmitiug in storage.

6. The Juncture between a stainless steel thermocouple well .au_ the Inconel
column failed during the month. Inspection showed that corrosion of the
heated Inconel center section - following 18 months operation - was only
nominaA, but that corrosion iu the region of the weld (probably electrolytic
corrosion) was considerable.

Mineral Reactions

Aged decladding waste was Passed through two 60 cm beds of clinoptilolite in series
at a flow rate of 47 gsA/ft_/hr. an_ the breakthrou@h of radAoceslum an_ rs_lio-
strontium was measured. A strontium decontamination factor of about I00 was
obtained fairly consistently for about iOOO column volumes. At that time radio-
cesium ha_ achieved a C/Co of about 0.8. This anomalous removal of strontium may
have resulted from a calcite-phosphate reaction iuvolving impurities in the mineral.
The history of the waste is not well known and it may have been mixed with some
blsm_th phosphate process waste, introducing the necessary phosphate ion. The
presence of O.OB M chrom_te ion in the waste lends support to this explauation.

The cesium breakthrough curves were obtalmed for the first 60 cm bed dud for both
60 cm beds considered as a 120 cm bed. The slope of the Cs breakthrou@h curve
for the 120 cm bed was greater tham that for the 60 cm bed. The capacity for cesium
from this waste appears to be abut 800 columm volumes. A cesium breakthroug_ of
C/Co = 0.6 was attaiued in the first 60 cm bed before 0.i MPC (C/Co - 7 x 10-6) was
reached im the effluemt from the second 60 cm bed. This suggests that if three
of these 60 cm be_s_ware iu series the mineral iu the first bed would be essentially

137 r dsaturated before Cs eache 0.i MPC iu the effluent from the last.

The effect of irradiation on clinoptilolite was re-examln_d by means of equilibrium
experiments with cesium solutions. Concentrations of i0"@ M cesium were used to
provide increased sensitivity over that previously obtained-with lO-2 M cesium.
The experiments revealed a 25 percent reduction iu the equilibrium distribution



coefficient at 25 C after the mineral is irradiated to 109 R At an equilibration

temperature of 55 C, the mineral irradiated to 109 R showed a Kd 29 percent higher
- than that of the unirradiated. Samples are ,beingtreated to reveal the effect of

intermediate and higher levels of irradiation in an effort to explain the results.

Condensate Streams

Studies on the decontamination of Purex Tank Farm condensate in the 271-CR building
Micro Pilot Plant were continued. During Run 5 columns 1 and 2 contained activated
carbon with a particle size of 0.6 to 2.4 un and each having a bed height of about
36 inches and bed diameter of 1 inch. Column 3 contained clinoptilolite having a
particle size of 0.7 to 0.8 mm, a bed height of about 33 inches and a bed diameter
of 1 inch.

During Phase I, the waste was routed downflow through the two activated carbon
columns followed by the clinoptilolite column. The temperature was -_Intalned at
25 C. At a flow r_te of about 0.2 gp_cu.ft_ s_rontium was removed vlth a decon-
tamination factor of about 20 and as the flow r_te w_s increased to about 2 gp_
cu.ft, the DF was reduced to about i0. At 0.2 _cu.ft. cesium was removed with
a _ greater than i000, but as the flow rate increased to about 1 _cu.ft. the

decreased to a minimum of about 450 and as the flow was increased further to
2 gp_cu.ft, the DF incres_ed to about 650.

Durin6 Phase II, the temperature of _he cllnoptilolit/ column w_s -_intalned at 45
C. Based on incomplete analytical results, D_'s for both cesium and strontium
removal were comparable to those found in Phase I.

During Phase III, the activated carbon columns were by-lmssed and the w_ste l_ssed
directly through the clinoptilolite at 25 C. The strontium removal was compe_ble
to that measured in the first two phases. Cesium was removed with a _ of about
1000 at 0.2 gpm/cu.ft, and as the flow increased to about 0.8 g_cu.ft, the Dr
decreased to about 300 and remLined at that level a8 the flow was increased to about
2 gpm/cu,ft.

BIOLOGY AND MEDICIXE - 6000 PROGRAM
|I

San_e Concentration b_ Electrodialysis

Improvements were made in the electro_Tsls apl_r_tus so that five hours of
operation are sufficient to isolate the radioisotopes formmrly requiring 24 hours.
The technique was successfully applied to ll-pllon smmples of reactor pffluent
water and Columbia River water to separate 90, 82 and 77 percent of Na2_, Zn65 and
Np239, respectively, crSl was separated from _ river water _nto _he cation
chamber, whereas in the case of reactor effluent water about equal quantities were
found in the cation and anion chambers. _ _Abstantiates other d_ta vhich indi-
cate that in reactor effluent water CrS1 is present as both mn£o_d.c_ cationic
species. Only the cationic form is present in the river water a_ a result of the
reducing action of some _terial in the river.

Reactor Effluent Radioisotope Studies

Slow to fast neutron flux r_tios were de_d in test positions in the reactor
_raphite reflector in order to characterize these various fluxes for use in



determinin6 the reactions responsible for the for_tl0n of some of the reactor
effluent r_oisptopes, and__ence to _entify the parent isotopes. The AI 27
(ns_C) Na_, ye_ (n, p) Mn__, and Fe _Q (n,_) Fe59 reactions were used in the
study. The graphite reflector will serve effectively as a thermal column giving
a slow to fast ratio of 200:1.

Protection Indices• __

Determinations of the equilibrium and rate constants for interconverslons between

the v_rious forms of erioglaucine present in _queous solution were completed for
25 C and 0.5 M ionic s1_e_h. It was concluded that erioglaucine in solution is

present in two colored forms and three colorless forms which differ in the extent

of hydrolysis at the central carbon atom and proton_tlon at the amino groups.
With these data it is now possible to determine which of the various forms of this
d_e react most rapidly with free radicals and to adjust conditions for me.s_ring
the protection indices of other compoun_ relative to this dye in non-neu_ ' I1
solutions.

 olou

The U.S. Geological Survey, Tacoma office, reports that the potentlometrlc level

iu well 15/_-35P1, penet_-_ting several hundred feet into the basalts on the east
end of Wah.'Luke Slope, h_s risen about 30 feet in three years. This rise and level

are comps_ble to those in Lake Linda, north of the Saddle Mountains near Othello,
and in the Scooteney Lake area. The water level in at least one well farther west

on Wahluke Slope, penetratin6 the sane aquifers in the basalt, stands ranch lower
and has shown no significant rise according to U.S.G.S. records. -This rise evi-
dently is _he result of Irrl_tlon north and es_t in the Columbia Basin I_Tlgatlon

Project. Water flow is either throu6h the Saddle Mountain s_ruc_Lre from the Lake
Llnda area about three miles north, or more likely along permeable horizons in the
basalts from the Scooteney Lake area seven miles east, where such horizons probably
ar_ exposed in the Ittn_ld Coulee walls. A mechanism is thus su6gested by which
unconfined ground water can enter and move rapidly _hrou6h the basalts. Chan6es of
this magnitude iu water levels east of the Columbia River are expected to _ffect at

least locall_ the water levels in wells t_ppin_ the same confined aquifers in the
Hanford Works area, with resulting chau6es in water flow patterns there.

Research continued to ob_ln data for correlatiu6 basalt flows. One method
examined was the posslbillt_ of age d_tln_ the material by means of its uranium

to le_d ratio. However, spec_ro_phic analyses of _salt samples revealed a
natural lead content too high to permit datin_ b_ this method.

A laboratory flow model was used to perform experiments for measu_.ln_ the rate of
sinking of hlgh denslt_ solutions. Radloe_tlve iodine was used as a tracer material

and the flow patterns mapped by means of a scintillation detector in & colllm_tlng

shield. Experiments were completed using solutions having densities of 1.05, 1.07,
end I.I0, resp_ctlvely. Highly slgniflcant rates of sinking were observed with each

'. of these solutlons. Attempts to derive a formula for generalizing these data have
not yet been successful.

1 A numerical method for describing the pattern of water flow beneath a ground water -
mound was developed and tested _r. The method involves the application of

difference equ_tlons. Extendlng the me_hod to ans/jsls of a three-dlmensional flow



problem gave results that appeared consistent with the boundary conditions of the
problem. Using the technique, two hypothetical situations were examined involving

- identical conditions except that in one case flow directly beneath the mound was
assumed and in the other case no such flow was assumed. The results of these
test cases were gratifyingly consistent with similar l_tterns developed by other
methods, lt should be 9ossible to solve the flow patterns beneath actual Hanfor_
mounds with this technique using generalized conditions.

Computational studies of water flow in porous media at partial saturation was
extended from the draining cycle to the imbibition cycle, i.e., the movement of
water into initially dry soil. Some difficulties were experienced in applying the
computer program established for the draining cTcleo This program cannot handle
negative values of potential since such negative values were utilized in the
boundary indexing system of the draining cycle progxlun,and negative values fre-
quently occur in the imbibitlon cycle. Furthermore, the values of capillary
conductivity for dry soils are so small that they may become lost in the computational
process. Me+hods of ad_ustln8 the computer program to avoid both of these diffi-
culties were found and will be incorporated into a revise_ program.

Ground Waste Investigations, m

The soil beneath the experimental crib is draining although neutron moisture probe
readings indicated no measurable change from the spatial distribution of moisture
as determined early in May.

Another unsatux_ted soil column experiment _ coveted. The radiostrontium break-
through curve had a lesser slope tha_.usual and indicated quite _pid breakthrough.
The breakthrough data are somevhat scattered, making interpretation uncertain.
Identical soil columns were used to perform saturated ion exchange experiments.
Additional results _ASt be obtained to permit reliable comparison between the
saturated and unsaturated case. The saturated experiments performed to date indi-
cate that the 50 percent breakthrough point is achAeved with the passage of a
smaller volume of solution than is needed to achieve 50 percent breakthrough in
unsaturated experiments.

A soil column experiment was performed with synthetic Redox high-level waste spiked
with Srg0 and Cs137. No breakthroug_of cesium or strontium was obtained in 30
column volumes of effluent but _he ygOdaughter of argO appeared in the effluent
after passage of only about one column volume. The PE of the inquest solution
was near that found to be optimum for rare earth radlocolloid formation (about pH ii).
The yttrium is thus probably _vinK _rough the soil as a pepttzed colloid..

Soil Che, str _ and Geochemistry

TWo hundred pounds of mineral containing the nature£ zeollte erlonite (CaO.Al203.
6Si02._20) were received from the Nevada Bureau of M_ues for experizental purposes.
The material is approximately 85 percent erlonlte. According to the literature,
erionite should have s selective adsorption capacity for calcium. Preliminary ex-
periments were performed to determine _e effect of various cations on the e_sorption
of Ca45. The work indicated that ertontte is actually selective for adsorbinK
strontium. To a lesser degree it also selectively adsorbs cesium. The selectivity
of eriontte for the ions _d was not nearly as n_rked as tbat of clinoptilolite
for cesium.

OECL4SSIFIED"



Recent'laboratory studies of the uptake of rare earth radloiJ s by soils were
extended to include experiments with actual waste solutions. Sampl_._of _r_ex
pr_ss condensate and steam condensate wastes were spiked with CeA_+_ I_ _f and
Eu_-_ and equilibrated with portions of calcareous sub-soil. The results were in

general agreement with the rare earth adsorption data previously obtained. The up-
take of all of the isotopes examined was greater than 95 percent complete in the pH
range 6.25 to 7.8 for both wastes _tarting with samples of unneutralized waste having
pH of about 1.7. This waw raised to between 6 and 8 when the calcareous soil was
added. When samples of process waste neutralized with lime bed were used, a some-
what lower rare earth removal by soil was obtained (87-94 percent) although the final
pH of the equilibrim system was in the same r_ge. The reason for this behavior is
not known.

When equilibrium systeme of unneutralized waste and soll were adjusted to pH 1.2
with HCf, the uptake of rare earth isotopes was reduced to 17.5 percent. The uptake
of rare earths waw about 94 percent in the case of equilibrium soil systeme a_usted
to pH 12.3 with NaOH.

Field Appar_tt3s .Development

Seven units of a multiple depth well sampler were constructed locally and tested.
The units feature _uick disconnect couplings with electrical connections for trans-
mitting the operating signal. The seven units in tandem array with five-foot spacing
intervals were successfully tested by samplln6 at an avers_e depth of 500 feet below
the water table in a project well (65-50). Allseven samples were brought to the
surface without mishap. Some water leakage into the interconnecting tubing waw
noted but can easily be corrected if found troublesome. The sampler received its
first practical use in testing several wells in 200 East Area for contamination
stratification.

The thermistor flow meter earlier described was incorporated into an experimental
instrument for measuring vertical motion of water in wells. Tests in wells at the
G_ble Mountain test site showed vertical flow in one well of four to eight feet
per day. These flows are of significance in the evaluation of piezometric head
differences resulting from differing permeabilities in successive formations or the
influence of water mounds.

Micromeritics

The deposition rates of lycopadium spores in a one-inch diameter aluminum pipe were
measured in the Reynolds number range from 3000 to 8350. The density of the lyco-

" podium sp_res was calculated to be 0.67 grams/cre3taking the number per gram to be

1.06 x i0u and the effective spherical diameter to be 30 microns. The deposition

velocities obtained are consistent with the data for SOu glass beads (_- 2.37)
when reduced by the general correlation function previously determined. This indi-

, cares, at least for the present data, that the particle density term has been
entered to the proper power in the correlation function.

i LP Bupp:cf Chemical Research & Development
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BIOLOGY oP_RATI0N

A. ORGANIZATION AND PERSONNEL

Dr. W. J. Clarke started his post-doctoral study at Washington State University
on a 20-month leave of absence. Dr. Roger McClellan j_ined the Experiment',al
Ahimal Farm.

B. TECHNICAL ACTIVITIES

FTSSTONABLE MAT',ZI_IAI_- 2DO0 PROGRAM
ii i

BIOLOGICAL MONITORING

Radioiodine Contamination
i i |

Concentrations of 1131 in the thyroid glands of jack rabbits were slightly
lower than those observed one year ago. Values follow:

_c/g Wet Thyroid Trend
Location Average Maxlamm Factori ii

4 mi.SW Redox 2 x I0-h 3 x I0"h -

PrOSser BarTicade 2 x I0"h 3 x I0"h -
Wahluke Slope I x lO-h 3 x I0"h - -,,

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms collected
at Hanford were approximately six times greater than those observed one
year ago.

_c/g Wet Weight Trend
Location Organisms Average Maximum Factor

Hanford Minnows (entire) 6 x 10-3 6 x 10-3 " *3

Fallout Contamination
, i

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

Total Beta Trend
Sample Type Avg. pc/g Net Material Factor

Bone 5 x 10-5 " . 5

Feces I x 10-5 - 3

Liver 9 x 10-6 -

M_scle I x 10-5 . 2

UNCLASSIFIED
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Effect of Reactor Effluent on A_uatic Organisms

A test design._dto determine the effect of reactor effluent on young chinook
salmon of migratory size was terminated at the end of the month. The young
salmon had been __i for approximately three months to concentrations of
effluent typical of those which occur in the Columbia River at this season and
at concentrations anticipated for the f_ture. No adverse effect on mortality
or Trowth rate was evident at either of these concentrations. A third group
Of fish was exposed to a concentration twice that predicted for the future.
A slight adverse effect which appeared in this group cc_Id be attributed to
physical characteristics of the experiment rather than to chemical toxicity.-

The degree of resistance of salmon to lethal effects of columnarls appears to
be related to strain differences. The local Columbia River stock is killed
off more readily than fish obtained from the White Salmon Hatchery and the most
resistant salmon so far tested were obtained from the University of Washington.
lt is possible that the apparent differences in sensitivity m_r be in part
dne to size difference_ between the fish tested from the various hatcheries.

There is an increased rc_istauce to columnaris with increase in size and age.
This has been observed both in salmon an_ trout.

BIonoQYAND - 6O00
i i

. i.._..METABOLY_M,TOXICYIY, AND _SlrER OF RADIOACTIVE MATERIAI_ '
• . , -

Strontium
i i L_1 i i .m

After 17 weeks of oral administration of s_O-y90 there is a strong indication
that trout receiving 0.5 uc per gram of body weight per d_ are suffering
radiationdamage. Survival of the control fish is slightly better than any
of the fish administered the isotope anl the growth rate of the high level
fish (0.5uc/day) is slackening although the difference is not yet statistically
si  Icant. ....

The c_n_entratlons of S_ 0 iu the skeletons of fetuses from sows fed daily
amounts of Sr90 are nearly comparable to those in newborn _ne. Weaned
pigs (6 weeks old) contain approximately 2.5 times more Sr_ per gram of
skeletal ashas the newborn, and the only six-months-old pig raised on
Sr90 that has been sacrificed contained about three times more Sr90 per gram
Of skeleton as the weanlings. These differences are probably due primarily
to the difEering food sources (e.g., Sr90 concentration) far the various age
groups. Ninety per cut of the pigs, skeletal growth (determined from skeletal
ash) occurred after weaning. _-

The skeletons of the sacrificed _wine are at present being sub-divided for
radioanalysis. On the basis of only three swine, it appears that the
concentration of Sr90 per gram of ash iu the teeth is indicative of the average
concentration in the total body.J

These observations are being further investigated# especially the factor of
age dependence.

UNCLASSIFIED
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Comparative Toxicity of Sr90, Ra226 and Pu239
, , • i m, ,i i ,

The hematological response of miniab_re swine three months following the intravenous
injection of estimated biological equivalent doses of Sr90 (64/uc/Kg),Ra226

(_.4 _c/Kg) and Pu239 (1.3_c/Kg) appeared to be relatively independent of their age
at the time of injection. The response of the bone marrow as revealed by the
percentage drop _n the neutrophil component appeared similar in ali age groups.
A slight depression in lymphocyte numbers, _hich seemed most pronounced following
radium administration, was observed in animals six months old at the time of
injection.

At seven months following administration of plutonium to six-week-old miniab_re
swine no significant hematological changes were observed. This may be d_e to the
pattern of deposition of plutonium in young growing animals as well as to the
energy of the radionuclide. (Proper evaluation will require observation over a
longer period of time.)

Plutonium
,, ,,,

Twenty-four intradermal injections of plutonium nitrate in doses varying from

0.OO16_c to 5 _zcper site were made in a white miniature pig. Seven areas
served as control sites. The intensity of the response was related to dose
with erythema, swelling and foci of necrosis evidenced in twenty-four hours.
Scabbing was evidenced Within a week. Some of the control areas injected
with 0.2 N nitric acid showed a slight scabbing and resembled the sites

injected-with 0.0016 _c of plutonium nitrate. (The areas are being monitored
with a sc_ntillation probe. Difficulties in using this probe were noted,
however, due to what appeared to be a magnetic field effect.)

Some preliminary results have been obtained from experiments to s_y the
effect of EDTA applied to plutonium contaminated wouz_s. Results are presently
available from only six animals and there is considerable variation between
animals. There is a rather consistent indication, however_ that as compared
with water, decontamination of the wound with a i0 per cent EDTA--"Tiden
solution, results in an enhance_ deposition of plutonium in llverand bane
by perhaps a factor of 2. Excretion of plutonium in the urine was enhanced
by a factor of 5 _uring the two days following treatment. The EDTA "Tide"
treatment appeared to be only slightly more effective than water in affecting
decontamination of the wound. These conclusions are based upon very limited
data and additional experiments are in progress to more clearly define the
si_ation.

Radioactive Particles
| i|i

All s_ngle exposures of_dogs to pu23902 aerosols for study of the translocation
to tracheobronchial lymph nodes have been completed. The dogs will be killed
two years post-exposure for radiochemical analysis of the tissues. Additional
experiments on the factors influencing deposition of particles in the respiratory
tract were completed and equipment is being assembled for the controlled
inhalation of radioactive aerosols by rats and dogs.

UNCLASSIFIED
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Gastrointestinal Radiation Injury

Rats retained for°duration of life following various types of irradiation of the
intestine have been screened for the appearance of intestinal _mors. Tumors
Of the small intestine developed in 5 of 18 animals whose exteriorized intestine
was exposed to doses ranging from 1500 to 1900 r. Tumors of the small intestine
developed in 2 of12 animals whose intestine was exposed in situ to radiation
in this same dosage range. None of the 25 control animal_, and---noneof 21 animals
exposed in the dosage range 900-1300 r developed intestinal tumors. No _mors
of _he large _ntestine were observed in any cf the animals.

Microbio!0_ical Studies

Irradiation of yeast cells has been studied for its effect on mercury binding
to the cell surface. The cells bind less mercury than do irradiated controls
at high doses of radiation. Furthermore, the mercury which is bound to
irradiated cells is more easily lost to a suspending medium composed either of
distilled watBr or distilled water containing cysteine. From the known specificity
of mercury for SH groups, it appears that the radiation is modifying these SH
groups so that they are less available for mercury uptake.

Project Chariot

Limnoiogical and terrestrial invertebrates field s_dies were initiated at the
Project Chariot si_e, Samples were collected to determine the ecological structure
of _hree ponds, 0gotorttkCreek and the invertebrates fauna associated with four
of the dominant terrestrial plant community type.

BIOLOGY OPERATION
l

HA Kornberg:es
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C. Lectures

a. Papers Presented ab Meetings

R. F. Palmer, "Deposition in rats of reactor effluent radioisotopes,"
June 16-17, Northwest Regional Meeting of the American Chemical Society,
Richland, Washington.

M. P. Fujihara, "Antibiotic resistance and dose-mutation _esponse in
Chondrococcus columnarist" Tenth Ann_al Meeting of the Canadian Society
of Microbi010gists, Vancouver, B.C., June 13-16.

J. F. Cline, "Ces_Am toxicity in bean plants," June 15, Western Division of
the AAAS meeting, E_gene, Oregon.

J. J. Davis, "Accumulation of radioactive cont_ts by aquatic insects,I'
6/28/60, Pacific Branch Entomological Society 44th Annual Meeting, Davenport
Hotel, Spokane, Washington.

R. C. Thompson, "An evaluation of _he hazards of internally deposited zinc-65,"
June 29 - July I, Fifth Annual Meeting of the Health Physics Society,
Boston, Mass.

D. H. Willard - "Plutonium dioxide aerosol metabolism," June 29_ 1960,
Health Physics Society, Boston, Mass.

b. Off-Site Seminars

None

c. Seminars (Biology)

V. G@ Hors_an, ,_31 Uptake Dependence on Age, Species, Temperature, etc."
June 15, 1960.

R. C. Thompson, "An Evaluation of the Hazards of Internally Deposited Zinc-65",
June 15, 1960.

R. Ho Sch'_fman, "Report on NASA's Biological Experiments in Space Environment
Meeting held in Washington,.D.C.," June 28, 1960.

d. Seminars (local)

F. P. Hungate, "Genetic effects of ionizing radiation," June 20, Radiological
Physics Fellows, 300 Area.

D. Publications

a. HW Publications

Temple, L.A., S. Marks, and W. J. Bair, "Tumors in mice after pulmonary

deposition of radioactive particles_" HN 6_337 (Unclassified)March 15, 1960.b. Open Litera%ure - .
Temple, L. A., S. Marks, and W. J. Bair, "Tumors in mice after pulmonary

deposition of radioactive particles.,"Int. J. of Radiation Biology 2: 143-156(1960)
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There were no changes in personnel during the month of June.

OPERATIONS ANALYSIS STb_ZES

_uality Certification Program

Post-irradiation data from the initial _ tubes discharged under this program

have been processed on the Z_M-709. Statistical analyses of +_ese data are
,i_! in progress.

!i Optimization of Reactor Operations

A document was issued in which the probability of operating a given reactor

for a specified time period without shutdown was determined, conditional upon

1 current rupture potential of the reactor. This was an extension of previous
!I_ work which had, as a first approximation, assumed constant rupture potential_

and will be useful in the scheduling of reactor outages.

_II Preliminary work _,'asdone in connection with determining an optimum number of

i supplemental crew personnel. Work thus far has been restricted to balancing

• changes in overtime required against changes in the cost of maintaining
different crew sizes. Additional work will be done to include possible savings
due to reduced outage time as the _rew size increases.

Siwp!ified models were devised to de_nonstrate that the maximization of "net
' return" subject to a throughput restriction viii in general imply a different

mode of reactor operation than that obtained by maximizing the "net return"

equation at a "price" for which the throughput restriction is automatically
satisfied. Further investigations are planned to examine these two concepts.

Process Tube Leaks

A selection was made of tubes to probolog during the June 20 outage at F
reactor, r.

]

• Preliminary attention has been directed towards the general problem of deter-

mining the effect on future process leaks of different tube replacement rates.

A start has been made in formulating a model to describe this situation, _out
it appears at this time that existing data are not of the type which can be

used in estimating the parameters of the model. A more empirical type approach

i may have to be used.

Z-Plant Information Study

Following official acceptance by the AEC of the General Electric _id for the
necessary computing equipment, this study is now being reactivated. Two

people - one from Operations Research & Synthesis and one from Procedures and
Computing - spent approxi_tely ten days at the General Electric Computing

!



_w-6585__ z-2

Department obtaining information on installation and programming. Because

of delays in equipment procurement , the functional definition of the process
originally designed to serve as the system:_s foundation is now invalid in

many respects. The study group will now have to re-establish this definition

for the proposed process and this will be followed by the translation of the
process description into a computer program. A tentative estimate to rede-

fine the information system and develop the corresponding computer program,
assuming full team and consultant support, is five and one-half months. An

additional six week (maximum) period will be required for on-line testing

and program debugging. The tentative on-line operational date is January i,

Reliability Studies

Work continued on the reliability and equipment failure study of the KW

reactor. A reliability function was programmed for digital computation_ and
an expression for mean time to failure was obtained.

Work continued on the evaluation and comparison of the reliabilities of

existing and proposed panel_ it systems for the NPR.

Further work was done on mathematical and probabilistic expressions for rella-

bility of a control system. A solution was obtained to the problem of deter-
mining the probability law of the stochastic process associated with the

simultaneous occurrence of two independent events, where two events are
defined to be simultaneous if they occur within some preassigned small time
interval.

Inventory Studies

The physical inventory of Spare Parts and Standby materials was taken on
May 27 according to previously established sampling procedures. Results from

the inventory sample were used to calculate an estimate of the total difference
between physical inventory and that recorded by Electronic Data Processing

reports. Further breakdown of the difference was made to allow allocation to

the different departments. Calculations showed that there was a 99%
probability that the estimate was within $9000 of the true difference in the

four million dollar inventory.

Redox Dissolver Study__

A mechanism for the dissolution of uranium in nitric acid has been formulated.

The mechanism is based upon the cathodic reduction of nitric acid by nitrous

acid as the rate determining reaction in the dissolution of uranium. A
report is being prepared covering this work and will be issued in the near
future. The formulation of a mathematical model based on this mechanism will

not be attempted at the present time, since operating data are not available

currently for testing of the model with appropriate statistical routines.

Work has continued on an alternative model that can be tested with currently
available redox data. This model is almost completed as a set of

simultaneous differential equations which express the instantaneous inter-
actions among the various materials in the dissolver as a function of time.

DEr,LASSIFIED
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STATISTICAL AND MATHEMATICAL ACTI_._ITIESFOR 0__3_RHAPO CO

Fuels Preparation Department

A recemt study concerned with the effects of varylng quench conditions on
dimensional dlstortlon due to heat __.ea_ing co-extruded tubes was extended

by relating these observed changes to actual coollng rates. The cooling

rates were computed as a funmtion of the quench conditions (delay time before
quenching and quench te_erature).

Assistance was provided in setting up various control charts for NPR fuel
elements. These are to control the clad thicknesses from tube to tube and

the amount of nonunlformlty within a tube.

Discussions were held with personnel engaged in the aesign of two production
tests. One test has as its primaz"/ purpose an evaluation of the limitations

of the AISi canning process. The other is _ncerned with evaluati_ fuel
elements produced by hot press bonding techniq_es.

An experiment was designed to evaluate the amount of uncertain_y _ssociated
with grain size measurements as determined by the Heyn llne intercept method.

•Mathematical assistance was provided in analyzing the characteristics and
behavior of the solution to a problem on wave transmission in a medium at
ultrasonic frequencies.

Irradiation. Processin_ Department

Analyses of data from two production tests have been completed and reports

will be issued during July. One was concerned with evaluating the SORT

test (Sonic Orientation Resonance Tester) with respect to its ability to

predict in-reactor fuel element distortion. The other compared ingot and
dingot fuel elements.

A report was written evaluating existing procedures for sampling coal. In

addition to a genera& evaluation of the procedureg_ data were used to estimate
the various error components of interest.

Mathematical analysis has been completed and an I_d-709 program is being
written to carry out the computations on a study to determine the number of

coolant pressure gauges which can be bypassed and tripped simultaneously
without invalidating any normal scram signal. The study was initiated to

aid in determining the feasibility of a proposed revision to reactor safety
circuits.

Chemical Processing Department

A recommendation to adopt part-by-part acceptance testing rather than a

tolerance statement was _repared for review by CPD personnel.

.



An AEC-wide information meetin8 was attended at which discussions were held

on methods of contour description, mathematical and computer programs for

contour completion_ and contour data transmission and error detection.

Mathematical assistance to CPD in this area is continuing.

Contract_ and Accountin_

At the request of SS Measurements personnel_ a memo was written discussing
the reasoning behind _he use of the cumulative model used in tank calibrations.

The analysis and evaluation of the technical data processing system and the

routine data processing scheduling problem were completed. A group meeting
with EDPO management and supervision was held to explain the results of both

phases of the work.

STATISTICAL AND MATHEMATICAL AC_ WITHIN HLO
mm ,,,

2000 Program

Reactor Studies

Analysis of the character of the solutions to the three-parameter reactor

kinetics equation continued.

Chemical Development

Mathematical aid was provided in obtaining the solutions to a generic set

of simultaneous, ordinary, linear differential equations. The problem
arose in studyirE the concentrations in a cascade of dissolver tanks.

A regression analysis was initiated of zirflex p=ocess pilot study data
for the Chemical Development Operation. Zirconium dissolution rate is

being correlated with solution pH and fluoride ion concentration over the

range of these variables which would be of interest to the reclamation of
spent power fuel elements.

Corrosion Studies

Several discussions were held with personnel of Corrosion and Coating

Operation concerning the design of a proposed experiment to investigate
the corrosion properties of aluminum alloys as a function of iron and

nickel content and silicon impurities. An experimental design was

suggested which makes possible the orthogonal testi_ of current theories

for the influence on corrosion rate of the total combined iron and nickel

ii content, the ratio of iron to nickel content, and the ratio of silicon

_mpurities to iron content.

Fuel Element Measuremen_

, A mathematical model of a proposed Continuous Fuel Element Measurement -
- device was constructed and analyzed to determine the ability of the machine

to detect and quantify desired information on fuel element dimensional
irregularities.
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_000 Progr .am

- Swellin_ Studies

Formulas for void fraction and d-_nsity estimates for uranium samples using
electron micrograph data have been reviewed and simplified in accordance

with the new generalized model. A standardized method of reading apparent

pore diameters on the mlcrographs has been devised. Mathematical formulas
have been worked out for the gain in precision of calculating void

density and void fraction from true interface diameter instead of observed
diameter. _,.aluation of this increase in precisiom with respect to

additional work involved in measuring not only observed diameters but also
shadow lengths should indicate whether or not true diameters or observed
diameters should be used on a routine basis.

Plutonium Recycle

For SS Accountability purposes, a very precise inventory of moderator and

coolant D20 must be maintained during the operation of the PRTR. At the
present time Plutonium Recycle Test Reactor Operation is considering the

problem of the initial calibration of the various DO systems prior to

startup and of inven_orylng D20 on a routine basis. _ At their request a
review of the relationships among weight, density, temperature and purity

of D20 has been done which resulted in the definition of a formmla for

determining DoO inventory based on available data. This formula assumes

that D20 temperature is constant or based on a suitably determined average;
methods of calculating this aver-age during reactor operation when the

temperature gradient is extreme are now being considered. Work continues

in _his area. Methode are being considered for empirically calibrating the

portions of the D20 coolant system which are inaccessible to mathematical
volume calculations.

Further consulting was done with personnel of Programming Operatl m in

connection with the use of statistical methods for determining a maximum
of a function defined over a multidimensional space for application with

HLO's Mele_er Physics code to optimize plutonium reactor fuel as a function

of initial plutonium isotopic composition.

6000 ProL_r_n

Atmospheric Diffusion Studies

Routine statistical consultatlon with Atmospheric Physics Operation personnel

continued in connection with the calibration of zinc sulfide particle

detectors to be used to analyze the sample filters used in last sunmer Fs
diffusion and deposition study.

General

Instrumentation

Work continued on a statistical method for constructing Joint confidence

region estimates for the peak heights of multiple peak ganna energy



spectra. Sample confidence regions using the method have been calculated
for several two-component gamma energy spectra which illustrate the
importance of conditioning of the equations on the confidence regions.
This material is currently being compiled as a formal Hanford report and
will be issued in the near future.

Radiation Protection
ii

Data comparing the maximum permissible penetrating radiation dose limit
with actual doses received by Hanford personnel were examined. Further
analysis is contemplated to establish a relationship between age and total
dose for various Job functions and for Hanford as a whole.

Division of Research Programs
ii ,,, _

Statistical studies continued to determine the best method of estimating

background for a high energy anti-coincident type gas sample counting
instrument. An X_ program is being written to calculate the running
correlation matrix for an arbitrary set of variables which will be used

for the analysis af d_ta for this background problem. Work continued on
the precision and accuracy of several methods of analyzing surface
ionization mass spectroscopy data,

Carl A. Bennett, Mana6er
OPERATIONS RESEARCH & SYITTHESIS

CAB:Ess
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PRiG OPERATION
1960

A. REACTOR DEVELOPMENT - 4000 PROGRAM
,,

i. PLUTONIUM RECTCI_ PROGRAM

C_cle Anal_sis

Computer Code Development. The PUCK code is now workable but will not be
widely applied until the reactor physics section is updated to correspond
to the Meleager code in concept and to utilize the same plutonium cross-
sections. The physics section of the PUCK code can compute the reactivity
lifetimes a_d isotopes population densities for D_35 enriched - i00 per cent
plutonium sale, and for self-sustaining plutonium recycle with any per cent
of plutonium sale but cannot handle plutonium purchases as does the Meleager
reactor physics code. While the PUCK code is limited in this respect, the
code takes advantage of this specialization to rapidly consider different
cases and thus is particularly useful as a survey tool. While the plutonium
compositions under study are those associated with equlibrium plutonium
recycle the strategies that can be considered actually increases its
generality beyond simple self-sustaining plutonium recycle.

In the interval while the PUCK reactor physics is being.ul_ed, calcula-
tions were made to determine the impact on plutonium value of the economics
model employed in the PUCK code. It is most difficult to forssA3£tean
economics model that adequately approximates the various power reactor
economic climates of the U.S. itself much less those of other countries.
It is important then to know the possible biases introduced by the approxi-
mations in the PUCK code. Most of these approximations have to do with
the capitalizations of fuel charges and fuel rental. Consequently, tests
were run varying the reactor specific power, duty factor, interest rates,
fuel capitalization, etc. Generally speaking, as fuel capitalization
increases, total fuel costs go up and the value of plutonium goes down.
Thus, in comparing plutonium values calculated by various models it will
be necessary to careful_ examine the relative capitalizatian structures.

In view of the outright dollar cost and possible technical problems, alter-
nares to zirconium Jacketing in t__wsal reactors are being considered.
There is considerable interest in stainless steels and other ferrous base
alloys which if used in equivalent thickness to zirconium introduce a
heavy reactivity penalty that often results in less favo_ble economics.
The technology of stainless steel is such that wall thicknesses thinner

• than zirconium can be considered. As a consequence, an aualysis scheme
is needed to permit evaluation of variable Jacketing thicknesses and variable
Jacket ccmposltions. The major affect of these changes is to alter the
thermal utilizations, f, and to a mach lesser degree the resonance escape
probability, p. Calculations were stadewith various fuel geometries and
moderators to demonstrate that the following assumptions can be made to
reduce the number of computations:

UNCLASSIFIED
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i. The effect of increasing the Jacket thickness is equivalent to
multiplying the cross-section of the cladding material by the
ratio of the thicknesses.

2. The various cladding materials can be represented by their
thermal absorption cross-sections a_i average values used for
their other properties.

Approximately three-fourths of the RBU input code was debugged during
the month. The remainder of the RBU code is completely debugged except
for two minor modifications introduced during the month, and two or
three more which will be introduced shortly° The cross-section library
was checked for keypunch errors, and a method for detection of other
library errors was set up.

The first-order analysis (Yates) portion of the LOLAcode was completed
and is in successful operation. The secom_-order analysis (Box-Wilson)
has been programmed for the I_M-709 and is awaiting key punch. A rough
draft copy of a report on the LOLA optimization code was written.

Fuel C_cle Anal_sis. Sufficient _-709 time was available to permit
running a large section of a study on the value of plutonium as a fuel
enrichment. Cases completed in previous months included once-thru
cycles both graded and batch irradiation with fo (thermal utilization
referred to natural urs_um) at 0.85 and SDPV (slowing-down power of
moderator per unit fuel volume) at 1.28, 2.56, 3.84, and 6.4. These
cases were for five concentrations of U-235 in U-238 and for five
separate compositions of plutoniwa mixed with depleted _anium to form
the same five enriclnaents(% fissile) as for the U-235 cases. Completed
during this month were 120 runs covering batch and graded cases with fo
at 0.775 and with the previously used SDIr_values and concentration
compositions. An additional 240 batch irradiation cases with fo at
0.7 and 0._5 were also completed.

Work was begun on a revision of the Westcott s-factor tables, which
describe the epithermal absorption and fission cross-section of uranium,
plutonium, and other isotopes in a compact fashion. These tables are
use_ widely throughout the reactor industry for approximate calculations,
survey codes, etc. _he neutron spectrum to be used in the new calcula-
tlona is a closer approximation to the Wilkins spectrum than the one
used by C. H. Westcott, and is expected to give better results for
plutonium isotopes, in particular. The new method also serves to
determine an effective neutron temperature in an unambiguous fashion.

An analysis of plutonium values as affected by premium canning cost,
fuel enrichn_nt levels, uranium prloes, and blending materials was com-
pleted. Within the limits assumed it appears that when plutonium is
blended with uranium the value of plutonium increases as the enrichment
of the fuel mixture increases. When a premium is paid for canning
plutonium bearing fuel elements, the value of plutonium passes through
a maximum which is dependent upon the fissile content of the uranium
with which the plutonium is blended. This maximum shifts towards the
lower fissile content of the blending material as the premium canning
costs increase. A report is currently being prepared describing the
results of this analysis.

UNCLASSIFIED
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Plutonium value as influenced by separations cost, uranium price schedule,

and spike in inert vs. fertile (U-238) diluents were examined. Plutonium

" va_ue is tied directly to the uranium price schedule and indirectly to
separations cost. It appears generally that when enriching reactors with
plutonium, a fertile diluent such as U-238 is economically better than
an inert diluent. The fertile diluent supplies fissile material for sale

or recycle and also increases the heat and reactivity lifetimes. For
maximum reactivity boost or simple flux flattening or with Phoenix action

fuels inert diluents may be valuable but require specific analysis.

Other Activities

To establish, for study purposes, the basis for near future enriched

uranium prices, concentrate costs and processing costs for conversion e

to diffusion plant feed were reviewed. Using total 1959 AEC costs for
uranium from all sources and the pri_.e supposedly paid Allied Chemical

for conversion of concentrates to pure UF6, the cost of natural UF6

would be about 75% of the present published price for this material.
It would be expected, however, that the Allied plant is not capable of

converting all available concentrates and that higher cost facilities
at Paducah and Oak Ridge still must be used which may partly Justify the

higher price.

The first composite draft of the Plutonium Recycle Program A_nual Report
was completed.

The magnetic properties of atomic nuclei were studied to determine the
possibilities of separating isotopes on the basis of nuclear magnetic
behavior. The existence of nuclear magnetic moments and their magnitude

are both isotopic characteristics. In fact, it is interesting to note

that among the nuclei of the uranium and plutonium isotopes, only the
fissionable isotopes have nuclear spin and thus exhibit nuclear magnetic

moments. In many elements the high cross section isotopes have nuclear

spin while the others do not. In other cases, like hydrogen and deuterium,
all the isotopes exhibit nuclear magnetism but their magnetic moments

differ by factors of two or three. The ma_et_c moments of many nuclei
have been determined by deflection from molecular beams in strong,

inhomogeneous magnetic fields. The deflections are small, on the order

of 0.I mm/100 am path, but nevertheless, thej are greater than the widths
of the molecular beams used in the measurement. With novel design of

Sl_ecialized magnetic deflection equil:nent for isotope sel_ration rather
than physical measurement of magnetic moments, practical separations may

be possible. For example, the use of small Jets of gaseous molecules
instead of molecular beams would _reatl_v increase tbrot_put. Molecular

collisions in the Jets, undesirable in precise work, might be tolerable

if suffic _ent stages were used.

Inquiries have revealed that time is available in _ - Reactivity

Measuring Facility for collectlng reactivity data on fuel materials
of interest to HLO. Relating experiments performed in this facility

to planned PRCF experiments should significantly extema the scope of

the PRCF experimental program.

UNCLASSIFIED
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2. SPECIFIC FUEL CYCLE ANALYSIS

Work cantinue_ on the study covering plutonium enriched fuel cycles in the
Advanced Pressurized Water Reactor (AP_) study. A previously reported
difference in reactivity peaking between the results quoted in the APWR
study and those run at Hanford was resolved. The APWRstudy uses no
epithermal cross-sections far the plutonium isotopes and also uses a
lower (as ccmpared with ours) Pu-239 thermal cross-section. Further
calculatiuns will be carried furward based on the _ study results
for p ___df, but based on what are considered to be better estimates of
the plutonium cross-sections.

B. BIOLOGY AND MEDICIRE - 6000 PROGRAM

i. RADIaLOGICAL CORS_LTATI_
•, , ,,,,

Hearings of the Congressional Committee on Radiation Protection Standards
were attended on _une I, 2, and 3. Assistance was given in preparin6 a
glossary of terms for submission to the Subcommittee on Radiation.

Meetings of the AEC meteorologlsts and an advisory committee on geology
were attended and a brief talk summarizing Hanford's programs in areas
other than those of direct interest to the group was given to each. A
lecture on Dose Measurements and Definitions was given to the Summer
Institute on Radiation Biology at the University of Washington.

Arrangements were made for the visit of Dr. G. Dunstan, Head of Sanitary
Englnee_In6 at Washington State University, and two members of his staff
on July 13. A program for preparing monthly summary reports tothe Division
of Biology a_i Medicine was set up. A proposal for elimination of the
Quarterly Report of Rs_LiologicalSciences work with 4_hs_i_nti_n of'the_
monthly summary and annual reports was submitted to the AEC.

C. OTHER ACTAvA'_A_S

A section, as requested by the editors, was written on Hanford fuel elements
for the revised, classified AEC Reactor Handbook, to be published. The
I&E production fuel element, the NPR fuel element and the PR_R fuel elements
are all described and dimensional details given. A table of reactor and
fuel operating parameters is also included.

Arrangements were made for a preview showing of filmed lectures on space
technology for Hanford p-.rsonnel. If sufficient interest is demonstrated
the possibility of showing the complete series will be further investi_ted.

Of the eight uranium ore mill feed samples received, all are low in natural
thorium (less than the average Th-232 content of rocks of the earth's crust,
ii pin). Five of these are sufficiently low that assuming equilibrium of
the uranium with its daughters in the ore aul at least equal extractability

UNCLASSIFIED
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of the natural thorium and thorium-230 contents, thorium fractions rich in
thorium-230 (several per cent) should be obtainable from certain, as yet
unidentified, uranium ore mill process streams. However, it is believed that
extractability is distinctly differen_ and will favor the realization of
higher thorium-230 concentrations. These data on the very low, natural
thorium content of U.S. ores establish a firm basis for furthar efforts
in a program for thorium-230 recovery an_ utilization.

Assistance was ren_erel in arranging 17 tours (involving 166 people) through
HLO an_ HAPO facilities.

M_nager, Prosralmzzing

LH McEwen:ell

UNCLASS_XED
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A. ORGANIZATION AND PERSONNEL
i

The reassignment of L. C. Rouse from Specialist - Radiation Monltorimg to
Specialist - Exposure Analysis was made effective June 15, 1960. Helen C.
Peart and I. Holtzman terminated on June 24 and i0, respectively. J o R.
Bovimgdon (Technical Graduate) begam a three-months rotmtion with the Radia-
tion Monitoring Operation.

B. ACTIVITIES

Widespread particulate contamlnmtion in the RO0-E Area occurred following
bu__iaZof defective equipment fram the Purex plant. The spread of contamination
resulted from a collapse of the burial box which cautained two steam coils from
a Purex waste concentrator. F_ar+_en railroad cars had to be used as spacers
between the engine cab and the burial box to reduce the radiation dose rate to
workable levels in the engine cab. A dose rate of 50 mr/ht was measured at 850
feet from the box outside the Purex railroad tunnel. The particulate contamina-
tion from the burial extended in a band about two and one-half miles wide from
the Industrial Burial Ground through the Hot-semi Works and the Critical Mass
area through the Purex area and towards the Southeast corner of the 200-E Area.
The shoulders of the main road outside of the 200-E Area had particulate contami-
nation up to about i0 particles per i00 square feet. About 3(_acres Southwest
of the burial trench were generally contaminated to a level of about 25 mrads/hr
measured at a distance of six inches from the ground. ';Fmadditional 50 acres
were generally contaminated to about 6 mrads/hr at six inches. Remedial action
taken by Purex personnel included eliminating the source of the contamination
by additional coveri_ at the burial site and wetting down the densely contaminated
area. Control of vehicle movements and personnel was required. Nominal shoe
contamination and vehicle contamination occurred. No SlgniflcaX_ exposure of
persomneZ is believed to have oc_arred. Repetitive surveys since the incident

measurements of collected particulates showed that CeA\_- and PrA_ were the
principal radionuclides present.

There were no new cases of plutonium deposition recorded in June. The total
number of depositi_u cases that have occurred at Hanford remained at 256 of
which 187 are currently employed. One CPD employee, who had previously received
minor body deposition of plutonium, sustained a minor injury while machining
plutonium. About one maximum permissible body burden of Pu (OoOA _c) measured
in the wound at the Whole Body Counter was reduced to 0.01 _c Pu with excision.
Treatment with a chelating agent (diethylenetriaminepentaacetic acid) was started
to minimize deposition from the wound site into the bone.

i A total of 59 persons was counted at the Whole Body Counter (_BC) bringing the

year-to-date total to 572. Unusual maintenance and equil_ent modification was
the cause for the WBC being in operation for only half of the total available

operating time.

1
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@
A radiation source containing two grams of Ra-Be was dropped during removal
from a water tank assembly in the 326 Buildin@. Survey results indicated no
leakage frcm the source holder. Internal re-examination of the four capsules
was scheduled upon completion of the current experiment.

A total of 129 Government sedans and pickups, 51 buses located in the outer
areas, an_ 40 private vehicles was surveyed as part of the routine program,
exclusive of the industrial burial ground incident in 200-E Area. Five
Government sedans an_ pickups were contaminated with particulates; the maximum
being about I00,000 c/m in an inaccessible part of the under gear. No contami-
nation was detected on the private vehicles or buses.

A mockup of a full-size shadow shield counter for possible future use in
additional Whole Body Counter cells was constructed for evaluation by Radio-
logical Physics personnel. The arrangement was as though the roof of the
present iron room was used as the shadow shield. Preliminary measurements
indicated that the background of this mockup counter was indistinguishable
from that of the current WBC at high _ energies. In the extremely low energy
range, the background count was only about 12 per cent higher than the present
iron cell shield.

Following disagreement on the measurement activity in a plutonium sliver removed
from a wound last month, two other plutonium slivers were counted by both X-ray
an_ alpha particle counting. The alpha particle counting was preceded by dis-
solution of the slivers while the X-ray counts were made directly on the slivers.
The radiochemical analysis by alpha particle counting indicated that six to
eight times more activity was actually present than iz_icated by the X-ray
counts; the difference being due to self-absorption of the X-rays in the slivers.
This underestimation of the total plutonium shown in a plutonium sliver by X-ray
emission is relatively unimportant since the remedial action in both cases would
be the same, namely, m_nor excision of the affected area. For plutonium in very
shallow wounds, both tL 6 keV M X-rays and the 17 keV L X-rays can be observed.
lt was determined by Radiological Physics personnel that the ratio of the M
to L X-rays is useful as a measuremen_ of the depth of the sources of the plu-
tonium conts_ination for depths to about two millimeters.

Data on waste disposal to ground in the 200 Areas was ccmpiled and transmitted
to CPD Production Operation at their request, A cumulative inventoryto
ground by year and a cumulative inventory to ground by year corrected for radio-
active decay was estimated for total curies of beta, cesium, and strontium.
Historical data on the detection of cobalt and concentrations of isotopes in
the ground water were included.

Preliminary field tests were made on the prototype ionization finger dosimeters.
Studies were started cn the comparison between the performance of this hand
dosimeter under field conditions and c_ntly used film finger rings.

The preliminary design was completed for a new film badge dosimeter. In this
new dosimeter under consideration, there is provided space for two solid state
neutron dosimeter devices and small glass rod dosimeters for high-level gamma

@
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doses. Studies of plastic materials suitable for fabrication are underway
- from a new material called "cycolac" which provides more strength and rigidity

than the Tenite Iv_ from which the present badges are fabricated.

Performance studies of the Oak Ridge Criticality Threshold Dosimeter System
conti_Aed. Evaluation of the neutron dose received by plutonium foils indicated
that iose evaluations made within four hours after exposure were in error by
not more than eight per cent (8%). The accuracy of this evaluation should
increase as higher doses are received. Studies au the silver glass dosimeter
rods contained in tY_ Oak Ridge system showed a linear response for this dosimeter
between the range of 20 r and 3000 r. Doses as low as 2.5 r have been detected
with the present equlument, however, the dose response curve is nonlinear below
20 r. Studies of luminescence during the first few hours after exposure indicate
that most of the gl_ms rods im=rease iu luminescence during the first few hours.
The magnitude of this e.fe_t is not great Estimation of the gamma dose can
be m_de -_i_hthe probable error of less tham_ 10% at amy time during the first
two weeks after exposure.

Two 40 liter ionization chambers were procured and attached to a Keithly electro-
meter. This system is capable of measuring background dose rates of a few _r/hr.
This device is ressauabl_-portable and is useful to measure instantaneously the
backgr_amd dose rate at various environmental test locations.

The charcoal iodine ai.-monitorlmg system operated satisfactorily throughout
this period. Specifications for the purchase of equipment of this type were
prepared.

A. R. Keens actended the anuual meetiug of the AEC Health Physics Fellowship
Advisors held iu Boston, .Massachusettsiu com_unction with the Health Physics
meetly.

C. EMPLOYEE RE!A_ICNS
,,

Captain W. D. Slightam, United States Air Force Reserve, was assigned to the
Radiation Protection Operation for one.year's training in bioassay and whole
body c_nter teckuiques. Captain Burvie Sheets, United States Air Force,
Joined t,heAEC Radiological Physics Fellovship class for trainlmg iu health
physics work.

Two suggestions were submitted by RPO personnel during the month briuglug
the year-to-date total to 21. Six suggestions submitted by RPO personnel
are pem_iug evaluation.

There were three medical treatment injuries duri_ the month for a frequency
of 1.45. One security violation occurred during JuDe.

Radiation protection traini_ included: Summer program for the AEC Radiological
Physics Fellowship students; two S-hour orientation talks to Plutonium Metallurgy
and Biology Research personnel; a 30-m_mute talk au "Hazards of Plutonium Work

add Design Criteria for Gloveboxes" to 35 employees in Design Emglneerlx_,CE _ UO; three lectures on the P_ and PFPP to members .of the Radiation Prot_.c-
tion Operation exempt staff..... _

UNCL_ZFZED
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Four members of the Radiation Protection Operation attez_ed the Health Physics
Society annual meeting in Boston, Massachusetts, on June 29 - July I, 1960.
Two papers were presented at the meeting, namely, "Comparison of the Externally
Received Radiation with the Current Maximum Permissible Accumulated Dose, Hanford,
19_-1959" by A. R. Keene and "Some Studies of Film Dosimeter Variables" by
W. V. Baum@artner.

II. S_IFICART REPORrS

RW-65613 "Analysis of Radiological Data for the Month of May, 1960" by R. L.
Junklns.

HW-65763 "Report of Trip to the Nevada Test Site to Attend the Emergency
Radiation Monitoring Team Traini_ Session" by L. C. Rouse and L. G.
Faust.

HW-65946 "Monthly Report - June, 1960, Radiation Monitorln6 Operation" by
A. J. Stevens.

U_CIASSIFIED
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EXPO_JRE EVAT.IL_TIONAND RECORDS

Exposure Incidents above Permissible Limits

" Whole Body Localized
June 0 0

1960 to Date i 3

Gamma Pencils

Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readin6s

June 12,240 199 2 0
1960 to Date I01,528 1,319 19 7

Beta-Gamma Film Badges

Badges Readings Readings Readings Lost Average Dose
Processed 100-900 mr_s 300-500 mrads Over _00 mrads Readings Per Film Packet

mrI s'):0,839 905 28 63 9 17.57
196oto
Date 69,452 5,512 997 248 275 10.45 18.57

Neutron Film Badges

Film Readings Readings Readings Lost
Processed _0-i00 mrem IO0-BOO mrem Over 300 mrem Readings

Slow Neutron
June i,18_ i 0 0 i
1960 to Date 6,745 2 0 0 26

Fast Neutron
June 129 2 4 0 i
1960 to Date 1,074 73 29 0 21

Bioassa_ Jun____e1960 to Date

Plutonium: Samples Assayed 695 4,305
Results above 2.2 x i0"8 _c/sample 59 257

Fission Products: Samples Assayed 671 4,175
Results above 3.1 x 19"5 _c FP/sample 0 3

Uranium: Samples Assayed 201 1,770

Confirmed Plutonium Deposition Cas_s 0 12"

Whole Bod_r Counter
"" Male Female June i_960to Date

GE Employees -- - --
Routine 53 i 5_ 533
Special I 0 i 14 '
Terminal 0 0 0 i
i

Nonemployees 3 0 - 3 19

Pre-employment 1 0 1 5
m D _ m

Tota_ 58 i 59 574

*This brings the total number of plutonium deposition cases which have occurred
at Hanford to 256. D'ELABSIFIED
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E_rJ_O_B_TAL MO_B_G - F_BUL%_ - (Mia-M_y 1960 - Mid-June 1960)

Activity Monthly

Sample T_ and Location Type Ave,ra_e Units

Drinking Water

100-F Area Isotopic 0.2 % MPCGI*
Sel_a_tions Areas Gross Beta 5.6 x i0"8 _c/cc •

Pasco Isotopic 2.6 _ MPCGI**
KennewlcE Isotopic 1.0 _ MPCGI_*
Richland Gross Beta < 3.0 x 10-8 _c/cc

Columbia River Water

Above 100-B Area Gross Beta 7.0 x 10"9.** _c/cc

100-Y Area Isotopic 1.2 _ .M_GI*
Hanford Isotopic 1.2 _ SrUGl*
Pasco Isotopic 9.0 % MPCGI**

i McNary Dam Gross Beta 1.4 x 10-6 _c/cc
Vancouver, Washington Isotopic 0.5 % MPCGI_*

At=s here

i131 1131 gc/cc
SelmLrationsAreas I.S x 10"13

! 131 Separations Stacks 1131 0.5 Combined curies/day
Active Particles - Pro_ect -- 0.4 ptle/100 m3
Active Particles - Environs -- 2,0 ptle/lO0 m3

Vegetation (Control limit for vegetation is 10-5 _c Ii31/g)

Se tlo= I 2s lo-6Residential .131 < 1.5 x I0"b _c/gm
Eastern Washington an_
Oregon 1131 < 1.5 x 10-6 _c/gm

FissionProauctsless Gamma
I _ - Wash. and Ore. Emitters < 1.0 x 10-5 _c/gm

*The % MPCGI is the percent of the maximum permissible limit for occupational
exposure so the _strolntestinal tract calculated from drinking water limits
contained in N_S Handbook 69.

**The _ MPCGI is the percent of the ms_imum permissible concentrations for
persons in the neighborhood of controlle_ areas for continuous exposure to
the g_strointestinal tract calculated from drinking water limits contained
in N_S Handbook 69.

**_This location is now sampled quarterly. The most recent result is tabled.
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Uranium Analyses
Following _xposure Following Period Qf No Exposure

Units of I0"_ _c U/tc Units of i0"_ _c U/tc °
- Number Number

Sample Description Maximum Average Samples Maximum _ Samples

Fuels Preparation 22. 4.9 6_ 21 4.2 58
Fuels Preparation* 0 0.0 0 0 0 0
Hanford Laboratories 19 6.9 27 16 4.7 29
Hanford Laboratories* 0 0.0 0 0 0 0
Chemical Processing . 0 0"0 0 0 0 0
Chemical Processing* 64 17 9 i00 34 4
Special Incidents 0 0 0 0 0 0
Random 1.4 1.0 i0 0 0 0

*Samples taken prior to an4 after a specific _ob during work week.

Th_Toid Checks June 1960 to Date
Checks Taken 9 160
Checks above Detection Limit 0 3

Hand Checks
Checks Taken - Alpha 29,058 188,121

Beta-gamma 43,138 269,478

Skin Contamination
Plutonium 12 127
Fission Products 19 231
Uranium 7 31

C_ONS

Number of Units Calibreted
June 1960 to Date

Portable Instruments
CP Meter 936 5,_9
Juno 327 1,84o
GM 865 4,735
Other 193 i,112

Total 2,321 13,136

Personnel Meters
Badge Film..... 1,5_8 8,150
Pencils - i,912

Other _ 2,5_Total 12,606

Miscellaneous Special Services _ 2,782

Total Number of Calibrations 5,159 28,524

Radiation Protection

AR Keens:kc
_JCLASSXFXED
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. LABORATORY AUXILIARIES OPERATION

MO Y -atom,196o

GENERAL

Security performance for the Operation was satisfactory with no violations
during the month.

Safety performance of the Operation was considered satisfactory. There

were no major injuries; the minor injury frequency rate was 2.03 which

is below average experience.

TECHNICAL SHOPS OPERATION

Total productive time for the period was 23,026 hours. This includes

16,688 hours performed in the Technical Shops, 4,569 assigned to Minor
Construction, 842 hours assigned _ other project shops, and 927 hours

assigned to off-site vendors. Total shop backlog is 20,683_m_Of

which 60_ is required iu the current month with the remainder distributed
over a three-month period. Overtime hours _orked during the month was

10% (1,691.7 hours) of the total available hours.

Distribution of time was a_; follows:

or

Fuels Preparation Department 2,329 i0. i

Irradiation Processing Department 931 4.i

Chemical Processing Department 883 3.8
Hanford Laboratories Operation 18,364 79.8
Construction Engineering & Utilities 488 2.1

" Miscellaneous 31 .i

Requests for emergency and priority work through the month of _ue con-

timued to rise above the higher than average level of May, 1960. To

assist in meeting customer re_Airemen_s am overtime rate of 10% was

used in addition _o continued assignment of work to outside shops and
vendors. Less wore was assigned to _e Technical Shops durinK this report
period by _he amount of approximately 958 maa-hours.

Items of capital e_tipment received include %1o la%hsa, one of which has
been installed in t_e 326 Build, nK shop_ the other is in temporary s_or_Ke

in 3719Building pend/ng the opening of ps_sage into 306 B%til_inK.

The Buffalo Sliding Head Drill Press has been received in 328 Bui_d/ng

and is temporarily set up to determine dama@_ occurring during shipment.

The Electro-Discharge Machine has been received and ia at Receiving to be

shipped to 328 Building. These items cover those e_ected before _ i.



RADIOGRAPHIC _TING OPEPATION

A total of 1,971 tests were made of which 941 were radlogr_phic (In-
cludin_ x-ray and E=-_-ray) and 1,030 were supplementary tests.

Out of a total of 2,260 man-hours, 706 (31._) were in connection

with _.diogr_phic tests, and 1,5_4 (68.8_) were used on supplementa_j
tee m. The supplementary test _rk included: eddy current; penetrant
(fluorescent O.D. and I.D. ); surface treatment (alkaline cleaning,

steam detergent cleaning, vapor degreasing, and vapor blasting); and

ultrasonic (flaw detection, core integrity, bond testing, and thickness
measurement).

The number "of pieces h_dled this month totaled 2,325 items. The feet

of material represented by these items amounted to 31,159 feet. Work

on tubular co_onents continued to account for a large percentage of the
footage of material tested.

Work was done for 16 different organizational components representing
most of the operatLng departments and service organizations. A total
of 46 reports were issued detailing test findings with conclusions and

recommended action. Radiographic Testing Operation was consulted on 26

different occasions for advise and information on general testing theory

and applications for other than the Jobs tabulated in Part II - Testing

Statistics.
Building modifications at C-25, White Bluffs, fcr processing _PR tubes

have been co_leted. Equipment modifications and :nstallation is going
forward but progress is slow and many items are stJ_l.lnot available for use

in testing.

Considerable effort is being expended in the field unit on strain gage in-

stallations and stress measurement _rk. An extensive Job is being
undertaken for lOS-DR and will be implemented at the next reactor shut-

down. Instrumentation is al_o being prepared for a s4m_1_r _ob at the

F--eactor on cross-header analysis. Construction of the x-ray e_osure
room ham been complete_ and meets all expectations from a radiation
p_ection standpoint.

In the 300 Area, radiogrephlc and ultrasonic w_rk on _PU fuel rods
continued at the same level as last month. T_ fuel element sheath

tube program is developing very rapidly. A problem not ful_Tanticipated
is the cleanlng of the tubes prior to and after testing. It _ been

found desirable to steam detergent clean and vs_or degrease to obtain

maximum cleanliness prior to penetrant testing. It also appears that
to successfully remove all traces of the penetrant testlmg _Jolutions a
hot alEallne treatment with ultrasonic cleaning is desirable. These

steps are presently being done in facilities in the 325 building and

308 building, lt is hoped that some consolidation can be achieved by
installation of the necessary tanks in the 314 building where the
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penetrant testing is now being done. The high through-put and extensive
testing being requested on the sheath tubes is creating a manpower pro-

- blem in that this work was planned originally to extend over a con-
siderably greater period of time. The manpower problem will be partially

solved by reasssig_ment of personnel from the tube shop and some overtime
work.

Testin_ Statistics

No. of Ft. of Weld No. of

Component Tests 0r Material pieces .Description

CE&U 349 175 359 Film interpretation of radio-

graphs by _eld-X Corp of Calif-
ornia at the PRER site.

C_D 68 54 5 Radiograph welds of H-4 vessel;

Radiograph three HS-6 pressure

vessels - Cast s/s 7" O.D. x 12-

1/2" high; Radiograph weld on
extension No. 8 of high specimen.

HID I,369 27,493 i, 904 Thermocouples inbedded in alumimum
pot; .594" O.D. swaged zr-2 tube;

zr-2 clad UO2 canned iu almninum;

B" long zr-2 clad _2 fuel samples;Radiograph two _r-_ clad swaged UO2
fuel rods; Radiograph thermocouples
in iron oxide - Thermocouples approx.

3' long 6" dla.and8" high;Radio-
graph weld-ends of fuel element;

Radiograph inconel heat treat salt
pots (18" dia. x 14' long) ; NaK

sample heating coils; Tantalum tip

thermocouples; _U unfinished fuel
rods; _U finished fuel rods; 406

s/s seam welded tube; Ra_iogz_ph
two J_mper-fillet welds; Palm
fabrication and development program.

IPD 185 3,437 57 Radiograph two carbon steel pipe butt

weld specimens; Radio@_aph 6 welds
in 1706 KER; Radio@_aph Elmo-8 heat

exchanger weld; Ra_io_ph 1-1/2"

Sch 80 pipe; Three welds Ball _X -
I05-KE; Radiograph pipe-to-bar

welds 3/4" I.D. pipe to I" bar;
NPR zirconium tubes.

i H, i

Total 1,971 31,159 2,325
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CO_S_ION OPERATION

There were 50 existing J. A. Jones Company orders at the beginning

of the month with a _otal vnexpended balance of $150,160. 93 new
orders, ii supplements and ad_ua1_aents for underruns amounted to

$268,708. E_en_i_, dAurlng the month on HLO _rk vere $232,209

_Inclu4es C.O. Cos_). Total J. A. Jones backlog at month's end was

$186,659.

S,mma7

HL CE&U

.... Unexpen_ed Une_ende_
No. Balance No. Balance

Orders outstandin6 be_--_,g of _nth 50 $ 139,097 3 $ 11,063
Inued _uring the month (Inc.Sup.& Adj.) 93 250,233 0 18,475

J.A. Jones E_endi_s d_g month

(lac.C.O. CosU) 215,920 16,289
Balance at month's end 54 173,410 2 13,249

Orders closed during month 89 125,_3 1 _,000

FACrLlm S

There were 16 authorized projects at month's end with total authorized
funds of $5,071,265. The total estimated cost of these projects is

$7,037,765. There was one new project authorized, two completed and two

submitted to the ComLission for approval this month.

The following sunmarlzes the s_atnas of HIE project activity:

Number of authorized projects at month's end: 16

Number of new proJectn authorized fu_ing month': 1
CGH-896, Stres_-RuptttTe Testing Facility

Projects completed during the month: 2

CG-731,CriticalMass Lahoratory
CGH-790,High Level Radioactive Receiving & Storage

A&litlon

New projects proposals _uh_ait_ed to AEC during month: 2
CAH-901, Structural Material IrradAation Test Equipment
CGH-902, Uranium Scrap Burning Facility
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New projects awaiting AEC approval: 4

" CGH-832, Full Scale Physical Constantm Testing Reactor

CGH-874, Consolidation of Plutonium Metallurgy
Facilities

CAH-901, Structural Material Irradiation Test

Equipment
CGH-902, Uranium Scrap Burning Facility

The attached project report details the status of individual projects.

Engineering Services

Engineering work performed during the month included the following
listed major items as well as scope en_Lueering for project proposals.

Title Status

329 Building Ventilation Mod. Scheduled completion is being delayed

due to receipt of damaged equipment.

Electric Hoist -0Graphite Shop Field work is essentially complete.
3730-CBuil_g

Pressure Vessel and Code Piping- This is a continuing work pro_m for
Engineering & Ym_ection Service HIE vemBelm, pressure systems and

related safety devices.

Coaxial Cable Between 325 and Field work in pros_ess.
329 Buil_Ings

Additional Improvements to Air Installation wore is nearly complete.
Supply - Rooms 204 and 206 -

3706 Building

Laboratory Furnace Installation En_neerin_ complete. Materials on

Room 39-B_ 326 Building order.

Glove Boxes, 325 Building Fabrication is essentially complete.

E_uipment for Critical Mass Materials on order. Detail design is

Studies about 60% complete.

Study Potable and Process Water Work complete.

System - 325 sad 329 Buildings

Fire Detection System - 314 Installation work 30% complete.
Buildiug

Criticality Alarm - 300 A_ea Inm_sllation work about 50% complete.

UNCLASSIFIED
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Title Status

Reactor Effluent Filter - Pilot Field and shop work in progress.
Test Facility - IO0-D

Improvement to Animal Waste 'Dis- Engineering work in progress.
posal System

Electrified Fenced Animal Pens Field work about 95_ complete.
and.Pasture

Air Conditioner - Boom 40-C, Existing unit is not adequate to
326 Building main%ain conditions. Recommendations

are bein6 prepared..

Space Alteration - 3760 Building Work in pros_ess.

Drs.__ing and. Design Services

Work load.is constant with heavy backlog. Branch offices in 306 and 308
Buildings are bumy with steady work loads. The central drafting room
has been performing an increasing remount of work for the recycle program.

Major design and. d_afting work in pro_ess includes the following:

i. Hi6h Level Utility Cell - 327 Building - Special Tools (30_ complete).
2. PI_ Fuel Element Rupture Facility - Special piping and.control

design.
3- PI_ Critical Facility - De%all of in-cell piping, ventilation,

instrumentation and electrical work (22 d.rawings required).
_. Ultrasonic Test Tank - (8 drawings required.- 100% complete);
5. Physical and.Mechanical Px_perties Test Cell - 327 Build/rig-

Special equipment design.
6. Extrusion Tools for 700 Ton Press (8 drawings required - 90%

completed).
7. Design for Pyro-Chemical Test Facility (I00_ complete).
8. Irradiation Studies Test Loop- "C" or "K" Reactor (12 drawings

required.- 95_ complete).
9. Remote T.V. Inspection of Process Tubes (8 drawings required -

complete).
i0. Periscope Viewer - Reactor & Fuels (_ d_awings - 90_ complete).
LI. Structural Materials Irradiation Test Facility - Scope design -

(15 d_awings required.- 20_ complete).

in addition %0 the above work, miscellaneous small design-d_afting Jobs
are in progress.

Approximately 175 drawings including sketches, work sheets, and.formal
drawings were completed,during the month of JUne.
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. HLO Plant Maintenance and Operation

Costs : April $ 107,505
May $ 68,656
FY Total thru May $ 1,389,13_

Analysis of Costs

The total costs for May include a $30,000 rebate for overliquidated

steam costs during the year. The plant maintenance and operation
costs for FY-1960 is estimated to underrun the budgeted amount by
about $20,000.

TECHNICAL INFOIq_tTION OPERATION

The HAPO proposal for new procedures which would govern the access to
classified documents in the Classified Files was reviewed in a meeting

with H00. HO0 expressed "general" agreement with the HAPO proposal and
asked that HAPO prepare detailed procedures for putting the proposal into

effect as soon as practical.

With the exception of two topics, HAPO has been authorize_ to use the

'Troposed Guide to Atimic Weapon Data at Hanford", HW-63726, for classi-

fication guidance. However, approval to use the guide for weapon data
identification has not been received. Distribution to the field is being

withheld until all approvals aze received.

A revised "Classification Guide for Use in the Civilian Application

Program", 0C-DOC-54, has been received from the Commission. This guide

sets forth the unclassified fields of research and is rep_duced in its
entirety as Section 700 of the Hanford Classification Guide. In addition,
the subject index to the Hanford Guide was revised during the month.

Until recently the Access List which is used by Classified Files to deter-

mine am individual's "need-to-know" ham been in the form of a printed list.
It is now available in card form. This arrangement is proving to be very

convenient. Special notations and insertions and deletions can be made

li! much more easily.

I The annual report to AEC on reprint purchases and page cost payments

1 was prepared. An increase over FY-1959 activity was no_ed for both areas.

! Technical Information personnel met with Frieden and I_l _epresentatives to

discuss equipment for possible use in automating certain Classified Files

office routines. A modified I_d Card-a-type system appears promising and
will be studied further. Estimates for the cost of adding an arithmetic

! unit have been requested. This unit would make the system capable of

handling other HLO work on a two-shift operation, with little additional

monthly rental. .Work is continuing on the design .of forms, work flow and
• systemslogic.

UNCLASSIFIED
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Modifications _o the Library and Files building were completed at

month's end. The changes will provide improved _rking space for the

technical publications group with offices for the Patent Attorney located

adjacent to the area° These arrangements are made possible by the continued
red_ction in the clerical force.

Work Volume Statistics
,,,,

Document Dista-ibution and Files

Documents 7outed and discharged (copies) 18,365 15,361

Documents issued (copies) 12,76_ 9,272
Documents sent offsite (copies) 3,000 3,776 "
Document reserves filled (copies) 615 736

Documents picked up and delivered 21,768 18,423

Documnt Accountability

Holders of classified documents whose files

were Inventoried 304 _38

Documents inventoried in Files (copies) 15,206 0
Documents destroyed or retired (copies) 1,439 3,340

Documents revised (copies) 2,171 1,407
Documents pulled and documents filed (copies) 11,707 11,697
Documents reclassified 285 428
Accountable copies of SECRET and DOCt__D

COI_IIXRTIAL documents onsite 211,157 214,393

Reference and P_blicatlon

Books cataloged (new titles) I01 113
BooMs added to the collection (volumes) 212 164

Ready reference questions answered by professional
staff 140 80

Literature searches by professional staff 99 81

Reports abstTacted (titles) 248 272

Formal reports prepared (titles) 14 7

Offsite requests for HAPO reports (copies) 388 499
Reports released to CAP (titles) 68 56

Libra1_ Acquisitions and Circulation

Books ordered (volumes) 426 251
Periodicals ordered 286 91

BoOMs circulated (volumes) 1,891 2,240
Periodicals circulated (issues) 3,052 3,607

Inter-Lib_a_ loans 167 173
Films borrowed or rented 20 8

Industrial film showings 62 78 .

Bound periodicals added to the collection 292 1,468
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Library Collection:

MaiU Librar_ N-lO Librar_ 108-F Librar_ Ind. Med. Total

No. of books 29,556 8,398 1,614 2,015 41,583

No. of bound

periodicals 13,903 I I,431 96 15,431

43,459 8,399 3,045 2,111 57,o14

Classification and Declassification •
,

Jun__ae

Documents, including drawings and photographs

reviewed for downgrading or _eclassification 61 8

Doctwments and papers (intended for oral presentation

or publication) reviewed for appropriate classification 24 39

Documents submitted to Declassification Branch,
Oak Ridge I 5
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PROFESSIONAL P_ AND
RELATIONS PRACTICES OPERATION

MDNTHLY REPORT
UUl i n lull i

GENERAL_

As of June 30, 1960, the staff of the Hanford Laboratories totalled 1382
employees, including 669 exempt and 713 nonexempt. Of the total, 573
possessed technical degrees, including 352 B.S., 117 M.S., and 104 Ph.D.

The medical treatment frequency for June was 1.55 as compared with 1.77 for
May. There were no disabling injuries or serious accidents d_rlng the month.

. There w_s 1 security violation, bringtug the total for the year to date to 11,
I as compared with 22 during the same period in 1959.
!

There was a failure of a high pressure bellows apparatus in the Fuels Develop-
, ment Operation. Although personnel safety was Jeopardized, no injuries re-
I sulted.

! PROFESSIONAL PIA_
i , • ,1 ,n |

I Eight Ph.D. candidates vlsltei during the month for Richland interviews.
i Two offers were extended, 3 offers were rejected, and there are currently

2 open offers.

During June a Doctor of Veternary Medicine and a Ph.D. phar_cologist
reported on HLO rolls.

The campus recruiting of BS/MS candidates was completed during the month.
Eighty-three acceptances were received during the recruiting year, resulting
in an acceptance rate of 43_. During June, 39 of these graduates reported
on the payroll, and there are 29 yet to report during the summer.

Four Technical Graduates and 4 Technician Trainees accepted permanent assign-
ment durin6 June. At month's end there were 73 Technical Graduates, including
8 members of the Engineering and Science Program and 1 Technician Trainee
cn program rolla.

COMPENSATION

Sisn-up for the new Pereo_l Accident Insurance by Hanford Laboratories em-
ployees is currently 55.5_ of our forae.

, ,, ,

Forty nonexempt vacancies were filled during the month.
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The third class of nonexempt employees to take Applied Creativity completed
the thirteen weeks course.

Professional Placement
and Relations Practices

TG M_rshall:imh

@
UNCLASSIFIED

i

.°



_UNCL_IFTk_ I-3 HW-6585_

TABLE II NO_EXEMPT EMPLOYMENT
,_

N_onexemptEmployment Status May June___. Nonexempt Transfer Request _ Jun___8

Requisitions Transfers

At end of month 37 20 Active cases at end of mo. 73 76

Cancelled 4 5 Cancelled 3 I

Received 33 28 New' 4 7

Filled 20 40 Effected 2 3
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@

C - Technical Graduate and Technician Training Program
Month ending June 301 1960

TG Program TT Program

Number of Personnel on Assignment 73 i
(HAPO Tech Grad Program ........ 65
(Western District E. P ......... 8

Distribution of Assignments by Departments

HLO 26 0
CE&UO 3 0
FPD ii 0
IPD 28 i
CPD 5 0

Distribution of Assignments by Function

R&D or Engineering 41 1
Other 32 0
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FINANCZALOPERATIONMONTHLYREPORT

Personnel

There were no personnel changes during June.

Activities

GENERAL ACCOUNTING

The continuity of service accrual rate for FY 1961 has been established at
12.5% to coincide with the budgeted level. Results of accruing at this rate
will be examined later in the year to determine if an adjustment is necessary.

Administrative work in connection with Hanford Laboratories - Assistance to
Hanford Program was unusually heavy during the month of June in anticipation
of the fiscal year end closing. Other Company components doing work for the
Laboratories provided estimates of year-end costs for accrual purposes. A
number of authorizations expiring at June 30, 1960 were either closed o_ as
appropriate, renewed. Only one authorization required AEC approval which was
secured in sufficient time to authorize continuaace of the work beginning
July l, 1960.

Travel costs in FY 1960 amounted to $375,000 compared with $345,000 in FY 1959.
The total number of trips started in FY 1959 was 1,384; iu FY 1960, 1,392 were
started.

The current estimate of equl;ment expenditures for FY 1960 by Program is shown
below:

(Dollar amounts in thousands) (Over)
Program Allocation Expenditures Underrun

2000 $ 1 620 Sl 516 $ 1o4
3000 85 113 (28)
_000 600 568 32
5000 5l 37 14
6ooo _ 98 -

* Overrun in the 3000 Program is attributable to capitalizing
installation charges for a 5,000 ton press ax_ accruing for
the press which was transferred to us on a permanent basis.
CPD is aware of these charges and will cover our overrun.

Our year end accrual for equiI_ent received - not billed and equipment shipped
by 6-30-60 with term, f.o.b. Vendor's plant totaled $355:019, _is accrual by
Program is as follows:

2000Pro_m $1612_5
3000 Program 14 025
_oooProgram 171_
5000Pro_ 3 334
6oo0Program 4 961
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Transfers from E'glPduring F_ 1960 totaled $3,660,807 as compared to a total

of $1,550,215 for H 1959 for an increase of 136%.

Recomciliation of the physical imventoz.j of movable cataloged equipment _n
custody of Reactor and Fmels R&D and Chemical R_D nears completion. Both

inventories will be submitted to C&AO by July 15, 1960 for their review and
completion of the reconciliation.

Approximately 38 478 EDs (170 barrels) of Heavy Water were received from

SavanmAh River during the month and subsequently transferred to the AEC for
Project AEC-167, PRTR. This entire shipment valued at $1,991,730 (Fund

$1,182,530 - Non-Fund $809,200) is required for the initial loading of the
PRTR.

I
Year-end accruals were prepared for 27,000 pounds of Heavy Water received from

_ Savan_h River in June valued at $631,124 ($376,828 Fund and $254,296 Non-Fund).

i will remai_ In imventoI_r for replacememt of material
material the account

I in a_ one of the PRTR loops. Accruals were also made on zirconium purchase
orders in the amount of $65,388.

;_ Dme to the limited value of ten Zr-3 ingots received at HAPO in 1956 and to
_: obtain a more realistic price ali of the ingots were reduced in value to
: $7.00 per pound. This resulted in a charge to Cost during the month of

$4o,31o.

AEC formally al_proved our request to transfer the Hot Semi-Works from Condi-

tion II, Plant and Equipment Held for FUture Use to Condition IV, Plant and

Equipment Not Used and Currently Not Useful. This cha_e in classification

will e_ble u_ to utilize some of the equipment for other purposes. Transfer-
red to the new account classification was $I,053,786 representing buildings

and other structures. The balance of the Held for Future Use Account,
$3,323,063 representing installed and uninstalled equipment will be transfer-

red at a later date, after determination has been made which equipment can be
used now or in the near future.

The first PRTR warehouse, 3718-B Building was made available to Financial on
a limited basis for additional storage space in connection with the Laboratory

Equipment Pool Operation. This building is being used Jointly by Plutonium
Recycle Test Reactor Operation and Financial for a short period. We should

have complete utilization of this building in approximately 5 months and also

partial use of building 3718-A.

Approval was obtained from the AEC to add to record eleven pieces of Electronic

Pulse Counting equipment valued at $6,300 by use of the P&E Non-Fund Adjustment
account. This equipment was used on the Fission Cross-Section Measurement Pro-

gram which was I_APL funded and released by them for HAPO use.

Billings to Plant during the month of June totaled $7,643,753,representing
closings from EWIP, CWIP and Plant to Plant transfers from the AEC, as
detailed below:

UNCLASSIFIED
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E_ui_memt Work in Progress

Project CGH-879 High Temperature High Pressure Autoclave $ 45 633
Facility

Purchase Orders and Work Orders 234 590 $ 280 223

Construction Work in Progress

Work Orders $ 16 128
Project CGH-8_0 Sheet MetalShopAnnex 35 373
Project CG- 731 Critical Mass Laboratory 990 953
Project CGH-790 High Level Laboratories Material 344 948

Receiving and Storage- 327Building $i 387402

_kmsfersfromAEC
e,

Project CA-681 Hanford Equipment, EIR $I 028 708*
Project CA-747 Plutonium Fabrication'Pilot Plant 3 872 531"
Project CA-749 High Level Radiochemistry Cell 910 222
Project CAH-827 Automatic Columbia River Monitoring 34 8._7

Station

Project CAH-837Anita1 Pens, Isolation a_d Examiz_tion 77 638
Facilities

Project CAH-SA8 Geological and Hydrological Wells, FY-59 _2 172 5 976 128
643

*Partial billing emabl_g HLO ,to _ depreciation Jul7 i, 1960.

Nineteen items valued at _Ii,261 were received at the Laboratory Equipment Pool
Building during the month of June. Four items valued at $2,947 were loaned to
the Portland State College to be returned in At_st. _3_Isloan of equipment
was approved by the Commission. Two items valued at $1,430 were transferred
on a loan basis and one item valued at $255 was _tly transferred.
Three transfers were made in lieu of placement of requisitions. TWo _ed
and sixty-nine imdividually controlled pieces of zirconium were received at
the storage facility valued at $60,000 for storage and reissue. The following
represents the dolla_ value of equil_mentand m_terial currently located in the
storage area.

F_lui1_m_nt $151 633
Items stored for convenience of others 15 174

60 ooo
• Z_rconium(e_.) $ 226807

Total value of equilm_entplaced in lieu of purchase since the inception of the
equipmelrt pool is _13,_.

COST ACCOU_TING

The Hanford Laboratories operating cost control budget for june reporting was
adjusted as indicated on the following page :

@
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(Dollars in Thousands )

Increase

(Decrease)
(1) IPD Research and Develol_aent

Metaur I (8)

Reactor_RTotal II _i
(2) 4000 Program Research and Development

Specific F_el Cycle A:_/ysls 30

Plutonium Recycle Program (12)

GCPR - Reactor Physics
Total -O-

The HLO FY 1961 Revised Budget submission has been recast to a "controllable
budget basis" in conjunction with the other HAPO components. A system of

reporting costs to top management has been developed HAPO-wlde which will
facilitate cost a_sis and control. This reporting media will be used

starting w-lt3_July 1960 business.

A pocket size booklet conta_ smmnary data of the HLO Budget for FY 1962

and Revision of Budget for FY 1961 was Issued -to HLO mamagement. Compari-

sons and trends covering five fiscal years (1958 - 1962) were presented for
all major areas of the budget submission.•t

Through the efforts of Accounti._g Operations and HLO Fi:m_ce, considerable
progress has been ma_e in mechanizing the cost accounting for Hanford Labora-

tories. Progress to date includes the design of a time distribution report
form which will be the l_bor distribution input media for the data processing

machine. Defi_L_g the information a_l the reports required has also been

completed and the actual programming has been initiated. It is anticipated

that progra_mLing will be completed in time to begin processing TI_'s with
September business.

As a by-product of machine accounting an assigned manpower report will be

available which will be a great improvement in personnel data and reporting,

Currently ma_Ax_mr assignments to programs and functions are not available
except through lengthy calculations based on liquidated manpower. The new

report will give positive assignments to programs and functions on a weekly
basis.

Action as indicated occurred on the following projects during the month:

New Funds Authorized HLO

" CAff-8 " el ed Am  $cal Laboratory $ 5 000
CAH-B67 Fuel Element Rupture Test Facility 95 0OO

CGH-896 Stress-Rupture Testing Facility 7 500
°

@
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_sical Completion Notices Issued
. CG- 731 Critical Mass Laboratory

CGH-790 High Level Radioactive Material Receiving and Storage Addition,
326BuilaiuS

CAH-827 Automatic Columbia River Monitoring Station*
CAH-837 A_,_I Pens, Isolation and E_amimation Facilities**
CAH-848 Geological and Hydrological Wells - FY 1959 **

*Physical Completion Notice for A_ Services issued iu April 1960.
_*Physical Completion Notice for AEM Services issued iu June 1960.

Construction Completion and Cost Closi_ Statements Issued
CA- 749 High Level Radiochemistry,Facility (A_ Services only)

. CGH-879 High Temperature, High Pressure Autoclave Facility - 306 _ldg.

Costs incurred to date on Projects CA-681 Equil_nemtin the E_ ($1,028,708)
and CA-747 Plutonium Fabrication Pilot Plant ($3,872,5_I) were trausferred
to Plant in Service.

There were 93 new authorizations for $211,I_ (includes $85,600 on Project
CGH-819) and LI supplements for $57,564 issued to J. A. Jones Construction
Company during the month. Work was physically cc_leted on 90 authorizations
and 54 authorizations amoumtlmg to $186,659 were still open at month end.

GENERAL

As of July 5, 1960, 746 or 55.5% of the employees eligible to participate
enrolled iu the new Personal Accident Insurance plan.: The following is a
breakdown of the coverage requested by the employees emrolled:

Numberof ' % to Total
Coverage Employees E_rolle_

$ l0 000 272 36.4%
20 000 16o 21.4
30 ooo lO2 13.7
4o 000 17 2.3
50 ooo -lZT ZT.O
60 ooo 6 .9
70 000 2 .3
80 000 - -
90 0o0 - -

zoo ooo 60 8.0
7-_ lO0.O

A further breakdown by coverage by exempt and salaried classification will be
furnished as soon as all cards have been received an_ tab_t1_tedby Data
Processlmg.

W Sale:hk Fimauce
7-15-6o
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Pa_rz'o.i3.Statistics

Number Of ELO Emplo_ees Non-
Changes During _nth Total Exempt Exempt
Employees on Payroll at Beginning of Month 1 307 618 689-
Additions and _ransfers In 103 62 41

Removals and _msfers Out 28 ii 17
Employees on Payroll at End of Month 1 382 _ 713

June
Overtime,Payments Durimg Month ----

Exempt $ 4 893 $ 4 122
_onexem_t 22 424 z4 3k4

Gross Payroll Paid During Month
Exempt $545 55o $528 733
Nonexempt 437 310 3_2 092

860

Participation in Em_lo_ee Benefit June _
_ans at Month End Number Percent Number Percent

Pension Plan 1 187 99.4 I 152 99.5
Insurance Plan
Personal Coverage 1 339 99.8 1 297 99.8
Dependent Coverage 959 922

U.S. Savings Bonds
Stock Bo_us Plan 79 40.3 " 80 _0.4
Sav_ FAa: 90 6.7 9Z 9.0
Savlugs& SecurityPlan i 047 84.2 i 023 87.9

June Y_F
Lusurance Claims Number Amount Number Amount

Employee Benefits
Life Insurance 2 $io758 o o
Weekly Sickness and Accident 20 1 129 25 3 352
Comprehensive Meclical 33 2 689 34 2 017

Dependent Benefits
Comprehensive Medical 76 5 989 z78 z8 076

GoodNeighbor Fund JuneNumber Participating --_
Percent Participating 68.O 70.1

ELO Finance
7-15-6o
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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, ff any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

R. S. Paul A Dual Scanning System for Reactor Fuel
Failure Detection

M. O. Rankin An Alarming Pocket Radiation Dosimeter

C. Metelmann Seismograph Based on Piezoelectric Effect

A. M. Platt Process for UF 6 to UO 2 Conversion
V. P. Kelly A Method of Transferring Energy to a

Fluid by Pumping, Agitating, Pulsing or
Other Means Without Leakage of the Fluid

C. R. Cooley
J. Dunn Improved Bearing Design for Canned

Motor Pumps

G. B. Hatcher Automatic & Precise Control of Fluid
Levels

G. B. Hatcher Automatic Unit for Compacting Granular_
Irregular Shaped Particles, or Powders,
into a Solid Within a Cylinder or Tube

J. W. Sadler Drafting Aids
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