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LEGAL NCOCTICE

This report was prepared as an account of Government sponsored work, MNaither the United States,
nor the Commission, nor any person octing on behalf of the Commission:

A. Mokes any warranty or representation, expressed or implied, with respect to the accurocy, com-
pleteness, or usefuiness of the information contained in this report, or that the use of any information,
opparatus, method, or process disciosed in this report may not infringe privotely owned rights; or

B. Assume:s ony liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, methed, or process disclosed in this report.

As used in the obove, “person acting on beholf of the Commission™ includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such cantractor prepares, disseminores, or provides access to,
any information pursuant 1o his employment or contract with the Commission, or his employment with
such contracior.
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BUDGETS AND COSTS
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July operating costs totaled $2, 137, 000 or 8% of the $2z8, 049, 000 tentztive
control budget. The budget is based on daiz comazined in the initial AEC
financial plan and the proposed departmentai allocation of funds by the

General Manager - HAPO,

Hanford Laboratories' research and developmernt costs for July, compared
with the tentative control budget, are as follows:

(Dollars in thousands) July Annual %

Cost Budget Spent
HLO Programs

02 Program $ 63 $ 1089 6%

03 Program ) 6 175 3

04 Program 838 11 150 8

05 Program 87 1283 7

06 Program 233 3 154 7
1277 16 841 8

FPD Sponsored 85 1 300 7

IPD Sponsored 87 1325 7
CPD Sponsored 121 1354 __Ei_
Total $1 570 $20 820 8%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

- In an effort to reduce burnout of the graphize, all Hanford rea<rors
recently began operation under provisions of a Process Change Authori-
zation. The effective reduction of air in-leakage was demonstrated by
moritoring samples charged into three channels at C Reactor or June 3
and removed July 3. Weight-loss rates of all samples were less than
2% per 1000 operating days, whereas between March 16 and June 3 the
weight-loss rate was as high as 25%.

It was concluded from visual studies performed with an electrically heated
test section in a glass tube that little or no boiling would take plece between
the process tube ribs and the fuel elements in the Hanford production
reactors under normal flow and heat generation rates up to 1-1/2 times
normal.
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The burnout heat flux for an NPR fuel slement in which the inzner fuel
tube was positioned 80% eccexntric toward the outer Iuel tube was found
to be approximately 50% of that for concenizi. platement of the inner
fuel tube.

A PRTR Mark I fuel element was instziled in a transparent process tube
and was examined for vibrations irndu:zed by flow of cooling water past
the element. No vibrations were deteted with = stroboscopic light or
with high speed motior pictures av fiows up to 125 gpm. When vibrations
were induced in the outlet nozzle a small movement of the fuel relative
to the process tube was detected in the high speed motion pictures.

An investigation of ‘he nuclear safety of te PRTR loaded with mixed
uranium-plutonium oxide fuel wzz completed. it was found that the
negative fuel temperature coefficiert, whicn inherently operates to
limit excursions, is nearly twice as large as the effective value for the
present zone enriched core; the effecrive delayed neutron fraction is
substantially reduced and ranges from 0. 0046 to 0. 0033 for the loadings
studied; and temperature and void coe’ficients of the moderator appear
to be slightly more negative thaa for the present loading.

Calculations of reactivity and fuel burnup for a plutonium-fueled fast
reactor for spacecraft applications mdicated tnat core life or control
span are not significantly benefited ty varying the isoropic compoeition
of plutonium.

A preliminary study was comple*ed of FRTR power ievel poteatial
without major modification, I was esizmasated that PRTR power level
could be increased ‘o approximatelv 100 Mw =z 2 cost of $100, 000 or
less and 2-6 weeks' shutdown time, deperdirg primarily on what modi-
fications are required to light warer ijesllon and primarcy svsiem
pressure relief equipment, zand thzr approximately ore year's time
would be required for design and szfegusrds aralysis equipment pro-
curement and modification, and pro-essing the safeguards ansalysis.

Zireczloy-2 clad uranium rods havicg iztertional strictions of up to 30%
of the cladding thickness have withstood ciedawng strains up to 3, 5%
without failure, Cladding temperzlures during lrradistion were 350 C
or higher, These data are consistent with previous observations on
Zircaloy-2 cladding irrszdiated =t ‘emperatures above 350 C.
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The experimental single tube, duzl-enricled fuel ziement i3 nearing
completion of its gecond cycle of i»radiatior In e ETR M-3 Loop.
Pezk specific power is calculzted 30 be 130 KW/ with 2 corresponding
maximum fuel temperature of 410 .

Erizpey

Metallographic examination of N-irner tukes irradiated to 3000 MWD/T
is in progress st Radiometallurgy., Cross-sections of the tubular com-
ponent do not show visitle inner clad tu‘.k;.ng nd 1o deficizrcies have
been observed in the braze :losure., Sm:il srucks, tvpinazl of high
exposure fuel, are evident in the fuel adjzcent to the closure.

The high temperature ductility of sintered U0, plzte
by twisting them more tharn 180 degrees without Irs
tures above 2000 C,

ez w=3 demonstrated

ctire at tempera-

Welds produced by laser radiation were evaluated. A cominuously
operating laser beam appears recesszry o achieve resulis comparable
to those of high voltage electron beam welding.

Photomicrographs of Zr-2 claddizg sampies from two irradiated PRTR
fuel rods revealed what appezred to be exceszive hvdriding (150-200 ppm).
However, vacuum fusion aralyses of cladding from the same rods
indicated 37-55 ppm. Non-irradizied Zirnaloy having the same fabri-
cation history contains approximately 35 ppm hydrogen,

High energy impaction of a powder mixture --dvirg the composition
UOg - 40 mol percent ZrOy produced pariicizs having a density of
9.35 gfcc (94.4% T.D.). A disperszion naving an over-z1l composition
of UOg o5 was prepared by high energy imp==iion of a mixtiu-e of
uranium powder and 7Oy g4.

Two hundred 0. 050-inch diamete>, high dersi*y -tirium oxide spheres,
fabricated by grinding high energy impacted yti=lx powder, were
delivered to Irradiation Provessirg Deparimert for preparing radiaiion
sources for cancer therapy.

Uranium mononitride powder was higi energy impacted in vacuum, at

1100 C and 500, 000 psi, to yield a buik material haviag density of
14,25 g/cc (99.5% T.D. ).
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The University of Washingtor. received zg=isiance from HLO in the
fabrication of test fuel sperimens for experiments at the University,
consisting of rolling of seven butions of ax alloy of aluminum and
uranium-235 to 0, 050 and 0. G25-ir¢h sheet, the shaping of six sheets
to rectangles with a drilled center hole, and the forming of 0. 025-inch
discs to fit the center hole of each such sheet,

Tensile testg, interrupted at intervals for X-ray photographs, have
been performed on five unirradiated sgingle-crysizl molybdenum speci-
mens. The results will be utilized te determine deformation modes and
to calculate resclived shear siresses for molybdenum.,

Two general swelling capsules thzt kave reuched their goal exposure
were discharged thic month and two new capsules were charged., Two
previously irradiated capsulzs are baing disassembled in Radiometzl-
lurgy for specimen recovery and examinstion.

Flux monitors have been irradiatad and discharged from the in-reactor
creep capsules. New flux monitors were r=charged to continue the

flux measurements., An exigiing vomputer code iz being adapted to
calculate the actual flux affecting the creep of the Zircaloy-2 specimens.

Preliminary tests have shown thzt ‘he alkalire permanganete, now recom-
mended for the first step in decoriamination of stainless steel, is very
effective in removing chromium platz, It is important that chromium
plated parts not be used in reactors o be cleaned by procedures using
this reagent, ;

Hydrogen analyses have beern renzived on zirconiim samples exposed

to simulated NPR gas atmogphere, in-reacztor, for 167 days. Corrosion
product hydrogen pickup in irradisted sampl=s was approximately the
same as for comparable samples exposed ex-reactor., Corrosion weight
gaing in the reactor were ahout twiz= 22 much x5 comparable ex-reactor
samples,

A PRTR, UOs fuel elemert, sxposad 1o average rezcior flow rates in a
single tube mockup, caused no deteciable corrosiom at points of contact
after three months of operzationr with the Iuel in the same location,

Earlier tests had caused 1-5 mils deeps marks in the tube wall at

points of contact with the fuel exposed a3 shert as two weeks. Apparently
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some undetected change in conditinns has occurraed between this and
previous tests,

Failure initiated at a 17-mil deep ireiting corrosion mark in a room
temperature burst test of a section of irradiated, 45% cold worked,
PRTR pressure tube, No evidence cf hydriding was feund under tais
mark which was produced by contact between ths tibhe wall and a single
rod wire wrap.

Twenty-eight ZrOz—PuOZ' rods were fabricated by cold swaging for a
special irradiation cluster for PRTR irradiation. Two additional
zirconium-~clad, plutonium-zirconium alloy fuel plates were roll-clad
for an extended surface fuel element, FuO. g2 samples were neated
to selected temperaivres and cocled 2t va ricus T2 +:=b to study poasikle
rhase transformeations, Fast cooling from 1000 T at room tzmperature
yielded FCC alpha-PugOg containing ~20% BRC elpka-PupOg. Slow
cooling to room temperature in a vacuum irom 500 C gave a two-phase
mixture of PuOy and what appears to be PuO. Also, PuO; g2 was
observed to have a meliing of ~+2400 C ia a helium aimosphere, com-
pared with the apparent melting peint of 2280 C for PuOy under the
same conditions, The room temperature rezistivity of PuOg has been
determined to be 2 x 101¢ ohms-cm,

Density plots of as-cast PuC 2iloyg beiw2en 32 and O afo C indicate a
two-pkase region between 52 2ad 49 2/0 C, The density stays essenti-
zlly constart over the rsgion from 49 - 40 a/o O,

eer synthe-
urg vacuum

Single phase PulN which shows no metnlliz 213
sized for the first time, Cougtruciiiu 20 &
X-ray diffractemeter was coraplstea U0 varry o0t hign {amperaitre
diffraciicn measuvremenis of pluioninim nitride,

A sever-gram sample of plutouium hyorids was Ceacted with one
atmospkere of hydrogen sulfide 2t £00 C for cue hour znd then heatad
cene khour at 1500 C for hemogenzizaiion, Thz resuttant produce had
reactad with the tantalum crucitle, X-ray examinaiion cf producz

material scraped from the rem=zi ing pi Aces of the ¢razikle indicaied
that PuQy was the major conatitusnt,

1230688
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Physics and Instruments

Analysis of buckling values of the NPR lattizs has now been completed.
Exponential pile measuremernts weare performed in previous months on
a mockup of the N-Reactor lattice and or a condensed version of this
lattice, The condenged lattice, as the name impiies, removes the voids
which are present in the mockup, but retains the same amount of

graphite per lzttice cell, Tre buckling value for the condensed lattice

is 2.1 times the buckling value for the mockup lattics, The difference
in buckling is a measure of the effect of the voids in the mockup lattice.

inst»umenrtation activities in support of the NPR projsct included:
sensgitivity and shielding calculations for the top and beottom shield
ionization chambers; reviews of specifizations for il the muclear instru-

mentztion systems; farther testing of the vendor protoiype gamma
spectrometer for the rupture monitor and recommendation of modifications;
and calculations of shielding for the Traveling Wire Flux Monitor,

Eddy current testing of more than 28 miles of small diameter Inconel
tubing for NPR was nearly completzd, Preliminary correlations of the
eddy current indications with burst tests indicate that up to 4% of the
tubing may need to be rejected.

The White Bluffs equipment used for NPR process tube tesiing was
transferred to HLO. This faciiity wiil be used for remaining INPR work
and for limited testing of Zircalcoy tubes for the K reactors,

Studies of the effect of overboring C-Reacicr coziinned with a buckling
measurement on a C plle mockur coniaining one contrsl rad in the
center of the exponential pile,

A program to meesure the effeat of neuviron irradizticn on K-Reactor
control splines contimied. Ore set of splines reached its gozal exposure.
PCTR measurements on the conrtool selines will he mzde later in the
year when all sets have accumulated the degired exposures.

Methods were recommenied for mproving the fizsion counters for the
saberiticel monitors and for zpplying fission ccuniers as peison spline
monitors at the existing reactors.
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T'seful data for the studies on reactor automatic control were obtained
from tests at KW-Reactor, and progress was made in the development
of a satisfactory analog model for the control and transfer function

analyses,

Preparation, operation, and revision of various versions of the reactor
kinetics code TRIP have contipued in support of hazards studies on the
production reactors.

Criticality experiments continued on plutonium nitrate solutions in a
14" spherical vessel. The effect of acid molarity on criticality was
studied for solutions in the concentration range of 30 to 45 grams of
plutonium per liter. An increase in the acid molarity from 2 to 4
increased the critical mass of the 14" sphere by about 15%.

The first load-out of dilute plutonium solutions from the Critical Mass
Laboratory for transfer to a concentrator in 234-5 was accomplished
without spread of contamination or other incident,

The effect of newly installed shielding walls around a storage hood in

the 234-5 Building was measured using neutron multiplication techniques.
The walls are flat tanks containing water. The results of the measure-
ments show that it will not be necegsary to reduce the number of
plutonium pieces which may be stored in the hood,

A training course in nuclear safety was begun during the month at the
request of CPD personnel., About 100 CPD Supervisors are to attend
the course in groups of about 25, Each group will receive 10 lectures

'~ on nuclear safety.

The aralysis of the criticality problem asscciated with dissolving
plutonium continues and a theoretical study to compute the buckling of
partially filled, reflected spheres was begun. The analysis method
for calculating photon heating from Cs-137 ir shipping containers was
developed for Chemical Development Operation. An analog study of
redioactive waste disposal heat transfer had to be suspended until
sufficient computing equipment is available to obtain a solution with
the necessary detail,

Analysis and evaluation of fuel burnup data from PRTR Pu-Al element
5075 continues., Possible problems associated with Pu and Cs-137
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concentration measurements are being investigated. Burnup analyses
analogous to those performed on Pu-Al element 5075 have begun on UOg
element 1041, which was exposed to about 2000 MWD/T, for checking
laboratory methods for analyzing UO,; and UO3-PuOy elements.

Approach to critical measurements were made using Pu-Al rods in a
light water lattice with a . 85'" spacing between rods. The inner zone of
the loading was made up of 211 rods containing 5% Pu-240. The outer
zone was made up of 240 rods containing 6% Pu-240. The extrapolated
number of rods for criticality was 486. This number is two percent
smaller than the number obtained for a uniform mixture of the two types
of rods,

The analyses of the experiments of 5.0 w/o and 1.8 w/o Pu-Al rods in
water have been completed, Excellent agreement was obtained in most
cases., A paper on this work, entitled, "Plutonium-Aluminum Alloy
Rods in HoO: Comparison of Eigenvalue and Perturbation Analysis
with Experiment, " by J. J. Regimbal was submitted to the American
Nuclear Society for presentation at the Winter Meeting.

The neutron temperature in a 19-rod fuel cluster was determined by
activation of lutetium foils in the PRTR. The measurement was made
between adjacent fuel rods in the outer ring of rods. The neutron
temperature was found to be about 25° C higher than the temperature
of the moderator and coolant water which were near room temperature
at the time of the irradiation.

Analyses of PCTR data on low exposure Pu-Al fueled graphite lattices
continued. New calculations on kg for a 10-1/2" poisoned lattice gave
koy = . 974 as compared with the experimental value of 1, 00.

Preparations for PRCF startup included work on test procedures, flux
traversing rigs, and neutron counter assemblies. Assgistance was also
provided on hazards evaluations for two different PRCF loadings.

Code development on the two fuel cycle burnup codes, CALX and RBU,
continued. The cross sections of selected isotopes in the RBU basic
library are being updated. The library is used as a source of basic

cross section data for other reactor physics codes to insure uniformity

in these data used in analyses. Assistance is being provided to Program-
ming Operation in analyzing a fuel element design having spatial

1230691
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gelf-shielding as well a6 assisting in fuel cycle analysis work through
code development,

To test a basic concept in reactor theory, a measurement was made on
the angular distribution of neutron current flowing into a strongly absorb-
ing rod. Preliminary comparison of 8, transport theory predictions
with the measurements has provided a contradictory evaluation of the
level of reliability of the S, analysis method, While good agreement
with experiment ig obtained on the angular flux distribution in one
direction, non-physical flux oscillations are obtained in the opposite
direction. Although it is felt that this instability may have only
localized second-order effects upon the calculation of the important
reactor parameters, until it is cleared up, future 5 analysis in
curvilinear geometry should be carefully scrut:'.nizeg.

‘Major portions of the work on ""Fuel Re-Use' have been redone, using
more realistic compositions and more detailed calculational procedures.
The fuel concept still appears attractive,

The program for measuring the scattering of low energy neutrons from
water molecules continued. Measurements were made to determine

the effect of multiple scattering in the water sample on the experimental
results, The data obtained to date are being analyzed and reports are
being written for presentation at an JAEA Conference at Chalk River.

Initial tests were satisfactorily completed on an improved system for
.determining the power-density spectrum of reactor flux ''noise'. Work
with this is expected to be applicable to design of an analyzer for deter-
mining the correlation between moderator-level and power-level
fluctuations at the PRTR.

Cobalt-60 radiography at PRTR confirmed that a vane had broken out
in the flow-straightening section of the primary loop. Equipment is also
being installed for vibration measurements on PRTR piping.

Tests confirmed the anticipated advantages of a new graphical alternating

current nulling device being developed for use with either conventional
or multiparameter eddy current nondestructive testing equipment,
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In the development of ultrasonic methods for the nondestructive testing
of fuel sheath tubing, good correlations were obtained between experi-
mental results and theoretical predictions based on postulated Lamb-
wave propagation.

One of the new prototype shirt-pocket sized dose meters which audibly
alarms was completed for testing. Another unit failed due to sticking
of the ionization chamber fiber after an integrated dose of 1200 r.
Research is continuing towards relieving this problem.

The study of radicactivity in Alaskan Eskimos is proceeding satisfactorily.

Measurements are still to be made at Anaktuvuk Pass and Point Hope
and a few more at Kotzebue in hope of finding some Diomede Islanders.

Off-site work in the atmoapheric diffusion program at Vandenberg Air

Force Base, California, was completed, One hundred eight experiments

were completed in the three series at this site under a variety of
meteorological conditions. These data provide not only the basis for
the formulation of prediction methods in support of advanced missile
firings, but are an important addition to the studies in basic diffusion
as related to topographic and climatic parameters.

Promising results were obtained from preliminary experiments on use
of silicon surface barrier detectors for monitoring airborne alpha
emitters,

Tests of a new experimental scintillation transistorized, 1-106 mr/hr,
logarithmic response area radiation monitor led to medifications to
reduce the sensgitivity to temperature changes,

Installation of the recently developed Automatic Conveyor Type Alpha-
Beta-Gamma Laundry Monitor was nearly completed and testing was
started.

A special groove-depth microscope, with an accuracy and repeatability

of T 80 microinches, wag assembled, tested, and delivered to the
Lawrence Radiation Laboratory for use through a hood wall.

1230893 S



3-

Xv HW-74522

Chemistry

Addition of silicate to a tube in KE reactor at a concentration of either
10 or 20 ppm results in a reduction of phosphorus-32 and arsenic-76 in
the effluent by a factor of two to three. Laboratory studies indicate
radiocisotope reductions of a factor of 10 are potentially possible. The
difference between the plant and laboratory resultis is yet to be resolved.

The water treatment plant for supplying '"tailor-made" process water
{o two tubes in the KE reactor is now operational.

On the basis of laboratory studies, Purex process equipment was
modified to permit alkaline permanganate washing of the second cycle
solvent. Almost immediately, improvement in 2D-2E column periorm-
ance was noted; higher pulse rates without flooding were achievable and

waste losses improved,

Engineering studies have failed thus far to define the source of operating
difficulties that are being experienced with the Purex plant formaldehyde
reactor for the denitration of the 1'WW waste stream.

Preliminary studies show that about 80% of the plutonium present in
Purex 1WW can be extracted from the as-received waste by batch
extraction with a D2EHPA-Soltrol solvent, After feed adjustment, about
80% of the neptunium present was extracted.

In behalf of waste management studies, the extraction of cesium and .
strontium from citrate complexed Purex waste by D2ZEHPA-~Soltrol and
the subsequent partition and recovery operations continue {o show t2ch-
niczl feasibility,

Although near quantitative precipitation of cesium, as cesium 12-tungsto-
phosphate, from simulated Purex formaldehyde treated waste can be
readily effected, phase separation efficiencies obtained in engineering
scale centrifnge equipment are found to be only 70 to 80%.

The extraction of cesium from simulated Purex formaldehyde treated
waste by clinoptilolite results in fission product decontamination factors
of 2 x 107, 9x 104, 1.4 x 10° and T for strontium, cerium, ruthenium
and niobium, respectively. Complementary studies showed that clinop-
tilolite lost only 16% of its original cesium absorption capacity after
eight process cycles over a 60-day period.

1230894
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Dissolution rates of fused, cesium bearing cliroptilolite in iap water
at room temperature were found to be approximately equai to those of
the most insoluble glasses.

Two hundred gallons of current, centrifuged Purex 1WW waste was
obtained for use as feed to the radiant heat spray calciner installad in
the High Level Radiochemistry Facility. Although the waste was found
to contain about 13 volume percent solids, the particulate material is
easily suspended and is not expected to cause sxcassive operational
problems, '

Miniature pulse column studies showed that cesium, after extraction
into a dipicrylamine-nitrobenzene-tetralin solvent, could be back extracted
readily irto dilute nitric acid with a high {99, 9%) recovery efficiency.

Characterization studies of sludge in the 108 SX tank revealed that the
14-inch-thick solid deposit consists of relatively hard and thin (2 - 3
inches) top and bottom layers with a softer center layer.

Glass-like solids can be produced by fusing Linde Zeolite 13X with a
mixture of Si0g, BgOg and LiF. A volume reduciion of zbout three is
obtained,

Studies to determine the cause of low extraction effiviencies of radio-
iodine from Redox stack gas by ~harcoal beds revealed the pr=serce of
two radio-iodine bearing componerts, The major nomporent {$3%)
abscrbs with a high effi mency {~90%}: +he mircr component {2%) aheorbs
with a very low efficizncy (A~ 7%,

Engineering studies show the diffusion of molter chloride scifts through
walls of graphits containers car be prevernted by the appli:ation of low
external gas pressures,

An elec:': yt technique was examired for the purificztiorn of zontami-
nzfed m r;or*de salts. Preliminary resuits show that 29, 99, 37,5,
98 and 60 percent of the uranitm, :ron, plutonium arnd europium,

respectively, can be removed readily.
y

The nuclides, ng5 - Nb95 and Ru106 have been prssent in surface zir
z11 through this year at steady levels of about 0. 1 d/m per cubic foor,
Air samples in July showed the zr95 - Nb95 concertation at the

12, 000-foot leval to be ahoit 100 times the surface 2oriamination,
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Calculations were made to compare the shielding requirements of fission
product promethium relative to other radionuclides when uged in a heat
source generator producing 250 watts (thermal) with an allowable radi-
ation level of 200 mr/hr at one foot. Three-year-old promethium wasg
found to require about one-twentieth the lead shielding necessary for
either Sr-80 or Cs-137 (0.2 inches vs. 4.5 inches).

Biolog

Three hundred nineteen people from Point Barrow and 82 from Anaktuvuk
Pass, Alaska, were counted in the whole-body counter. The Anaktuvuk
people, who are nomadic and utilize much caribou, contained the highest
levels of Cs-137 found to date. Total body burdens of permanent Eskimo
residents of Anaktuvuk averaged 400-440 nc with a maximum of about

790 nc. The permanent Eskimo residents of Point Barrow averaged
about 35-50 ne,

Thyroid adenoma was observed for the first time in a sheep that had
received a single dose of 1-131. The animal had been given 3 mc of
I-131 orally in 1958 when it was six months old,

Following exposure of rats to I-131 aerosols, the maximum level of
I-131 in thyroids was about 20% of the total deposited. Maximum thyroid
levels of 2.5% of the total deposited were obtained when the I-131 was
diluted with 10% atoms of stable I-127 per atom of I-131,

Gross examination revealed fatty livers in rats intravenously injected
with 6, 12, or 24 mg citrated Np-237/kg body weight. Animals receiving
the higher doses did not survive past 48 hours. Some of the rats which
received 6 mg/kg died within 48 hours, but others survived to the
72-hour sacrifice,

Survival studies of rats which were treated with 1, 5 mM/kg EDTA as
the zinec, manganese, calcium, or nickel salt before receiving 800 »

whole-body X-ray suggested that the protective effects of treatments

employed may be dependent upon the cation rather than on the EDTA

moiety.

X-radiation caused yeast cells to lose potassium to washing solutions.
The capacity to retain potassium was restored, however, by placing

12308650



xviii HW-74522

the cells in glucose solution, indicating repair of the damaged K-
absorptive mechanism.

The biological half-life of Ce-144-Pr-~144 retained in the whole body
from inhaled administration was 400 days in two dogs at 100 days after
exposure. Aerosol and intraperitoneal injection administrations of
DTPA were equally effective in clearing Ce-144-Pr-144 from the lungs
and whole bodies of dogs after exposure to Cel4402. Treatment was
most effective when started immediately after exposure. Excretion of
Ce-144 removed by DTPA is via urine.

No statistical differences were found in swimming performances of young
Chinook salmon that had been reared in zere, three, or five percent
concentrations of reactor effluent water.

Gamma emitters found in plankton from near Hanford, listed in order
of decreasing abundance, were Mn-58, Cu-64, Na-24, Cr-51, La-140,
Zn-65, Zn-69, Sc-56, Sb-122, Mn-54 and Co-§0,

The fish disease, columnaris, was noted for the first time this season
in fish troughs at both 100-F and 100-K Areas.

5. Programming

Revigion of the MELEAGER physics code to improve its accuracy has
been completed, In particular, the code can now be applied to evaluate
reactors having higher plutonium enrichment than before. The revised
code is being used not only to re-compute the plutonium values previously
reported in HW-72217, but also to determine plutonium values when
plutonium from an unlimited stockpile is used to enrich natural or

tails uranium, It is intended that these new results can be obtained in
time to be presented at the American Nuclear Society National Topical
Meeting in Richland on September 13.

TECHNICAL AND OTHER SERVICES

One new case of plutonium deposition was confirmed by bioassay analyses
during July. The total number of plutonium deposition cases that have
occurred at Hanford is 292, of which 210 are currently employed. The new
deposition case resulted from a plutonium oxide contaminated injury
recejived by a CPD process operator in the 234-5 Building, The injury
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occurred when a plutonium casting was unintentionally flung from a lathe and
sliced through the hood glove and a surgical glove on the man's hand, causing
the injury. After two excisions, the plutonium in the wound was reduced to
about one-tenth of the maximum permissible body burden, A total of about

1.9 pc Pu was removed from the injury by both excisions (the maximum per-
missible body burden for Pu-239 is . 04 pc). It is not yet possible to provide

a reliable estimate of the magnitude of the plutonium deposition because of

the effect of treatment with DTPA which was administered. : o

There were 12 incidents at the 234-5 Building and 4 incidents in HLO facilities
which required special plutonium bioassay sampling for 25 potentially
involved employees,

Two employees were exposed momentarily to high gamma dose rates or the
front face work platform at the 105-B reactor during the charging of a poison
column control facility tube with the reactor operating. The charge machine
broke free from the ball valve assembly and allowed reactor cooling water

to flush several poison and aluminum pieces from the tube., Although the

men left the work platform immediately, evaluation of the dosimeters which
they were wearing indicated gamma doses of 0. 78 r and 0. 19 r. The exposure
was believed to be due to three aluminum pieces that had been irradiated about
three minutes before the backflow occurred,

Levels of I-131 in local milk returned to normal values of 3 to 4 puc/l in
early July following the sharp rise noted last month (maximum of 68 wac/1
on about June 20, 1962). Concentrations of fallout materials in air filter
gamples for the Pacific Northwest decreased steadily in July., The monthly
average was 3 ;1)1.1c/m3 of air compared tc the average of 6 ,u;.w./m3 noted in
June,

The mathematical analysis and computer program which determines the steady-
state nonviscous flow pattern of a fluid in a cylindrical tank has been completed,
These developments will enable numerical studies of the effectiveness of
various axially-located circulating devices in connection with the concentra-
tion of suspended waste products.

In connection with the preparation of metal blanks to be shear-spun on a
Floturn machine, a computer program was written which specifies the pre-
cise geometry of the blank, the lathe coordinates required to machine the
blank, and the lathe coordinates required to machine mold surfaces for
casting blanks, The program is designed to specify blanks which (1) have
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uniform or minimum shear during the turning process, and (2} meet the
practical congiderations involved in casting.

An extensive analysis is being made of the relationship of warp to hot spots
on fuel elements in the various reactors. Preliminary results indicate
differences in the relationship between reactors, probably due to the differ-
ences in annuli, The latter hypothesis is now being examined,

As a result of significant differences noted ir the mass spectrographic
measurements by two different laboratories, a modification of the routine
monthly measurement procedure has been adopted to aid in the elimination
of bias and/or to identify unexplained variance,

A study of statistical properties of railroad accidents is being made based
on data received from the ICC. The ultimate objective is to obtzin the prob-
ability that a given freight car will sustain a given impact.

A joint paper was written which describes the data logging system for znd
calibration of the gamma absorptiometer used to assay the uraninm concen-
tration of pulse column aqueous and organic phases,

An experimental design was devised for the estimation of the radial void
distribution in tubular fuel elements from micrographs of cross sections
of the elements.

A mathematical model has been fitted to data associated with liver damage
in sheep. Further analysis is being done to provide tolerance bands for the
curves obtained.

Statistical analysis of pencil data for the first four months of 1962 was com-
pleted, A technique is being developed whereby individual urinalysis samples
will be tested for Pu content only if 2 composite sample fails to meet arept-
able criteria.

Authorized funds for 13 active projects amount to $2, 744, 600, The total
estimated cost of these projects is $9, 117, 000 of which §1, 484, 000 has been
spent through June 30, 1962,

e e,
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SUPPORTING FUNCTIONS

The PRTR was shut down the entire month to effect repairs to the damaged
flow straightening vanes noted late in June. Complete reactor discharge and
‘AQraining of thé primary system was accomplished without incident. During
various stages of the cutage, advantage was taken of system conditions to
inspect and clean the primary system of all foreign objects, and to condust
a total power failure test, containment tests, and special procass evaluation

tests,

One of the flow straightening vanes which consisted of 10 gage sheets, 2 feet
long, with unsupported widths of approximately 6 inches was found to have
come loose. Failure was attributed to fatigue. Five major pieces of the
vane were found and determined to comprise all of the vane. One short
gection was still intact in the vane assembly, one large section was lying in
the vane assembly, two triangler (»~4' x 6'") were located in the lower ring
header, and one small (=17 x 2'") piece was located in a process tube jumper.
The replacement assembly was made up of a bundle of 2 inch stainless steel
tubing, 2 feet long.

About 50% of a planned wiring improvement program in the PRTR control
room was completed during the month. The improvement program involves
installing a better quality wire marker on about 1500 wires {(old gum type
labels were becoming illegible or falling off), removing about 70 unused
wires, and rerouting others for easier and quicker trouble shooting.

The 2400 volt cable to primary pump motor #3 {single speed) shorted during
startup, destroying a section of the cable. The short occurred where the
molded rubber plug is vulecanized to the cable insulation. The cable had
been in use only a short time. A spare new cable was installed and all three
motors and the wiring between the motors and breakers were "megged" to
ground as well as phage to phase, No defects were found. No damage
occurred to the motor, its connection box, or its brezker,

After reactor discharge special flow tests were conducted to determine the
flow required to backseat the primary pump discharge check valves and the
primary pump bypass check valve to ascertain that light water injection
flows would provide adequate cooling under certain postulated emergency
conditions, It was found that over 700 gpm was required and that this was
not satisfactory. The valves were modified during the month such that the
bypass valve would be positively closed by an external actuator and the
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other valves would be more nearly closed under no-flow conditions., Sub-
sequent tests resulted in 30 - 50 gpm flows closing the check valves.

A total power failure test wag conducted at PRTR. Emergenay lighting,

DC power and compressed air were found to be satisfactory. Instr:imeriztion
was also observed to function as needed, Air supply was shown to be adecuate
for approximately two hours,

Total productive time for the Technical Shops was 21, 572 hours. This
includes 16, 104 hours performed in the Technical Shops, 3975 hours assignec
to Minor Construction, 1303 hours assigned to off-site vendors, and 190
hours to other project shops, Total shop backlog is 21, 929 hours, of which
70% is required in the current month with the remainder distribut=d over a
three-month period, Overtime hours worked during the month was 4. 8%
{(1137) of the total available hours,

Four Ph.D. applicants visited HAPO for employment interviews. Four offers
were extended; four acceptances and nine rejections were received, Currsnt
open offers total five, Eight direct placement offers were extended to

BS/MS applicants; seven acceptances and two rejections were received,

Five program offers were made. At month's end, four dirsot plazemert

and eight program offers were open.-

Six Technical Graduates were placed on permanent assignment; eight members
were added to the roll and two terminated, Current program members total
56. '

The AEC's Inhalation Toxicity Group met 2t Hanford on July 5 and €.
Fighteen scientists from AEC-supported laboratories attencdad,

Or July 29, at approximately 4:15 p, m., a fire occurread in the -limatizer
roomn of the 108-F Building. The fire was attributed to a defe='ive ballzs?
serving the light system. The fire was restricted to one room, zand tctal
damage to room and equipment was estimated to be about $20, 000, Raiiz-
active isotopes {tracer quantities) were contained and no spread of contami-
nation was detected. There was no reported injury associated with the

S o,

for Manager
Hanford Laboratories

HM Parker: WKwW:mlk
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATICN

TECHNICAL -ACTIVITIES

A, FISSINABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Corrosicn of Titanium Bonded Fuel Element End Closures. Coextruded,
Zircaloy-ciad, fuel elements with titanium bonded end closures are
currently being corrosion tested. One group of elements is belng
exposed to LOO C, 1500 psi steam while the second group 1s being
subjected to 360 C water. Two weeks of exposure in either enviren-
ment indicates the fuel elements have excellent corrosion resistance
with no signs of accelerated attack.

Autoclave Testing of NPR Fuel Elements. Following the etching and
autoclaving of several batches of NPR production fuel elements in
the 333 Bullding facility, grey areas were found on some of the fuel
elements. Investigation disclosed that these grey areas were due to
several causes: -

1. BSecuff marks from Teflon rollers.

2. Marks on the ends of the fuel elements produced by
bumping the elements against the basket during etching.

3. Contact between the ends of the fuel elements and the
wire baskets during etching.

b, Copper contamination produced by spatter during spot
welding of the supports. ’

To evaiuate the effect of these grey areas c¢n the corrcsion integrity
of the fuel, representative fuel elements are currently being auto-
claved in 360 C deoxygenated pH 10 water. Following seven days of
exposure, the copper contaminated areas were slightly greyer in coler.
Qther grey areas were unchanged: however, the brazed and welded end
closures were white and flaking. These welded areas had an acceptable
black corrosion film when the elements Were placed in the autoclave.
Further evaluation of these fuel elements will be madé following
additional exposure.
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Metallic Fuel Development

Puel Irradiations. Five N-inner fuel tubes (NIE), which were suc-
cessfully irradiated to 3000 NMD/T under N-Reactor operating condi-
tions in & KER lcop, are being examined. The superficisl appearance
of these elements was good, with no evidence of outer surface bumps,
erud, clad striations, or warp. The brazed closures were free of
whitish deposits. The measured average fuel swelling was 1.7 * 0.5 u/o
and the average (D change was +0.007 inch, accounting for about three-
fourths of the measured volume increase. The average length change

of the 23-inch elements was +0.005 inch. Visuasl examination of the
0.44-inch diameter bore of the tubular element indicated a slight
degree of inner bore buckling. A few small cracks, typical of highly
exposed uranium, were found in the fuel. The closure appeared sound
and unaffected by its irradiation service.

The experimental single tube, dual enriched fuel element which had
previously received cne cycle or irradistion in the ETR was recharged
into the M3 loop of the ETR for resumpticn of the irradiation test.
Temperature and flow measurements of the loop water indicate that

the element currently is operating with & maximum uranium temperature
of 410 C.

Radiometallurgical examination is continuing on the variable braze
thickness irradiation test, GRH-4-68, 69 and 70. Two of the three
fuel elements have been sectioned. All closures exemined appear to
be in good condition. The uranium is extensively cracked in the
braze-heat-affected zones of some of the closures, but none of the
cracks propagate into the cladding and only one crack extended into
the braze between the cap and the core. No indications of ineipient
failure have been observed.

Fluted NPR Single Tube Element. The die and billet components for
the fluted NPR single tube element are in fabrication. Components
for a dummy of this shape are also being fabricated. The dummy will
- serve the purposes of checking out the die, providing flow test
material and, it is hoped, cap material for the fuel element. The
blllet is designed with & Zr-2 core with unbonded Zr-2 cladding which
is thicker than that on the fuel element. After extrusion and strip-
ping the clad, the Zr-2 core should fit the inside contour of the
fuel element clad

Cladding Deformation Studies. Diameter measurements have been com-
pleted on 12 irradiated fuel rod specimens which had intentional
striations machined in the Zirecaloy-2 cladding prior to irradiation.
Three of the fuel rods, each containing U-2 w/o Zircaloy increased
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in diameters approximately 3.6 percent. No indications of necking
or plastic instability of the cladding could be cbserved. Cladding
surface temperatures were approximately 360 C for these elements

and fuel exposure was approximately 1500 MWD/T. Initial calculations
from the diameter measurements indicate that the greatest total clad-
ding streins took place in the specimen with the deeper striations.

The other nine fuel specimens, which contained unalloyed uranium,
increased in diameter a maximum of 1.4 percent. Again, the fuel rod
with the deeper striation had the largest total cladding strain.
Although only a cursory visual examination was made on these last
elements, no indications of cladding instability could be seen.
Cross-sectional metallographic specimens will be cut from the rcds
to determine if the cladding strain 1s associated with the machined

striations.

Fuel Element Swelling Model. A mathematical model for the swelling
of uranium 1s being empirically evaluated using test data from fuel
element irradiations. The model accounts for burnup and temperature
distritbutions and considers the constraint of the uranium to be
equivalent to & pressure. The restraining pressure is & power
function of temperature and burnup and has a factor which may be
physically identified as a cut-off temperature. Thus far, data from
twelve fuel irradiations have been used to statistically evaluate
the parameters in the model. The model is strongly dependent on the
rete of increase of the fuel temperature above the cut-off tempera-
ture.

Heet Treatment Studles. The as-extruded length of fuel elements

from tube 1024 wag compared with their beta heat-treated length ard
these data were compared with the as-extruded thermal ccefficient

of expansion of the fuel. The change in length of a two-foot element
due to heat treatment was +C.0l5-inch for the front of the extrusion,
-0.008-inch one-third of the way down the extrusion, and +0.0LO-inch
at the rear of the extrusion. Thermal expansion of the as-extruded
fuel elements showed similar trend. The coefficient was 13 x 10-6
per degree C at the front, decreased in the central section, and

then increased to 14.5 x 10~ per degree C at the rear. Samples

from four tubes extruded under conditions similar to those for tube
1024 provided thermal expansion data to determine if 1024 was typical
of all extrusions made at 1170 F, 1b4-15 in./min ram speed, and 800 F
die temperature. Only one of the four tubes showed as much variation
in expansion coefficlent as tube 1024, thus indicating that 1024 is
not typical. This study does indicate, however, that change in length
on heat treating provides an easy means of detecting large variaticns
in as-extruded texture. The small amount of data available also
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‘indicates that when there is large variation in length change on
heat treating, the tendency to warp on heat treating is also large.

Four NIE and one NOE urenium coextrusion billets were beta heat
treated as a final fabrication step before coextrusion. The treat-
ment consists of a single beta phase heating in chloride salt and

water quenching.

A second NON Fe-Al additive ingot was beta treated, then alpha
soazked three hours and water guenched prior to primary extrusion.

" N-outer tube coextrusions from the previcus Fe-Al ingot are cur-
rently being heat treated in a variety of conditions to observe the
effects on compound size and dispersion, grain size, clad-core bond
and hardness. These results &re intended to provide data for both
element heat treatment and future billet heat treatment.

The effect of nitrate salt quench bath circulation and témperature

on the quench rate of NIE fuel was determined. There is no eppreci-
able effect at standard quench temperature (300 C}, but an increasing
effect on cooling rates is observed st lower temperatures.

Fuel Component Development. The susceptibllity of K-Reactor fuel .
assemblies to vibration was examined. It was found that the tendency
to vibrate in the lowest frequency mode dominated. The measured
natural frequencies of the fuel components agreed well with calcu-
lated wvalues besed on spring constants of the supports measured
statically. The fuel assembly is now being analyzed as a two-degree
of freedom system to determine the displacement of the supports as

& function of process tube motion; support spring constants, damping,
and forcing freguency. The cbject of this study is to esteblish &
basis for specifying spring constants for both the inner and outer
fuel tube supports.

Fuel Deformaticn Studies. A series of laboratory tests designed to
evaluate the effects of surface irregularities on the mechanical be-
havior of Zircaloy-2 cladding was completed. Burst tests of -extruded
tubing with internal notches of controlled geometry indicate that any
notch producing more than 10 percent reduction in wall thickness re-
sults in z pronounced reduction of the total elongation accompanying
fracture of the tube. Sharp notches (0.005-inch radius) were more
effective in this regard than notches having a one-eighth inch radius.

KVNS Self~Support. The proposed KV self-support is & "suitcase
handle” type rail with the bridge section forged in an inverted
channel section to provide adequate strength. The die has been
proofed on 25 aluminum, and approximately 300 supports of X-8001
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aluminum alloy have been fabricated. Inspection of these units
Indicates a need for some die modification to eliminate scme of the
metal flash and produce better dimensional contrel. The present
supports are satisfactory for testing the basic support properties
of strength, collapsibility, and welding stability. A sample lot
(approximately 100 supports) has been provided FFD to examine
welding behavior and furnish FFDQ with welded supports for strength
and collapsibility tests. No modifications will be made on the dile
-until preliminary testing indicates the present design to be a
satisfactory approach. '

N Quter Fuel Element Support. Testing of the N outer fuel element
support is continuing in an attempt to determine the cause of process
tube seratching in the 314 Building mockup. Testing is proceeding

as follows:
Test IV-A
a. Process tube length S feet
b. Lubricant Statlc process water
¢c. No. of fuel elements 22
d. Charging One at & time
e. No. of charging passes (total) 135,

Periodic inspection (approximately every 1l elements) showed
no damage for the first 66 charging passes. Between the 66th
and T7th pass some light scratching was noted but did not in-
crease in the 78th through 135 passes.

Test IV-B

a, b, c. Same as Test IV-4A
d. Charging Short column

e. No. of element passes 92.

Test IV-B differs from IV-A in method of charging. A short
columm of three elements was in the tube continuously, the
downstreem element being displaced by charging a new element
into the tube. Some light damage was noted in this test also.
The light scretching began at the "charge" end of the tube and
disappeared three feet down the tube. -This slight demage does
not appear to resemble the severe scratching encountered in the
314 tests. Additional testing is planned to determine if
scratching 1s length sensitive before another test is run in a
full length tube. This interim test will be carried out in a
17-foot length of process tube in the 306 Building.
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Hot-Headed Closure Studies. During July 1962, effort was shifted
from the joining of end caps to discs to the Jeining of end caps
to hot-headed fuel element sections. Three approaches were Iin-
vestigated:

1. Caps to fuel elements without interface material.

2. Caps to fuel elements with thin vapor-plated copper
at the interface.

3. Caps to fuel elements using copper shim as interface
material.

Although the search for the optimum bonding conditions is not com-
plete; the most significant results seemed to occur with the use

of three-mil thick copper shims. Preliminary metallographic exami-
nation of cne of the best samples at 100x and 400x showed good en-
capsulation of the copper shim and good contact at the Zircaloy-to-
Zircaloy snd uranium-to-Zircaloy interfaces. Metallographic
examination of the bond is proceeding.

Resistance-Brazed Closure. Use of & modified "self-brazing" process,
in which the plated caps are "tinned" by heating in vacuo prior to
asgembly and electron beam welding, has resulted in greatly improved
metallurgical bending in the closure zone. However; there is a
tendency for the uranium to be extruded, or dissolved in the alloy
and carried with the molten braze materiel intc the annuli between
the cap and sidewalls of the fuel element. This is thought to be
detrimental from the standpoint of corrosion, although it would
offer the advantage of announcing an incipient rupture during ir-
radiation by evolving radicactive corrosion products. Cap modifi-
cations designed to prevent flow of uranium into these annuli are
being studied.

Glass Extruslion Lubricants. The possible use of a low temperature
softening glass as a lubricant for coextrusion werk is presently
being evaluated. The glass would be used to eliminate the need for
the coextrusien billet to be canned in copper, reguiring only that
the Zircaloy-2 components be sealed to protect the uranium. The
glass would be &pplied to the billet prior to preheat to provide a
protective covering during preheat as well as provide the necessary
lubrication for extrusion.

Three lead glasses are being considered for a suitable glass lubri-
cant. Glass #1 had a chemical composition of Pb0, 59.2 percent;
8102, 28.2 percent; Cu0, 3.3 percent; Na20, 9.3 percent. This
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glass gave indications of having good lubricating properties around
650 C with a softening point of approximately 350 C. Glass #2 had
an addition of Pive percent Pb0 and a five percent reduction of
8i0p. This change had an effect of lowering the softening point

of the glass to about 330 C. Glass #3 had a further increase of
five percent Pb0, giving a composition of PbQ, 69.2 percent; S5iOp,
18.2 percent; Cu®, 3.3 percent; a0, 9.3 percent. Glass #3 had a
softening point of avout 310 C, but upon quenching the molten
glass, small psrticles of lead separated from the melt as the glass
system had apparently reached its lead saturation point.

Each glass batch was hand mixed and melted at 1050 C in an induc-
tion furmace with & total firing time of 40 minutes. After a water
guench the glass was ball milled for six hours, screened to -3z5
mesh, and mixed with & 50 percent HpQ, 50 percent ethyl alcchol
solution to give a mixture suitable for brush application. The
glass was then applied to & zirconium billet and fired in a muffle
furnece to determine its softening point and lubricating potential
in the 500-T700 C range.

The lead glasses have to date only been tried on three solid
Zircaloy-2 tubular billets at approximately five to one reductions.
It was necessary to heat the blllets to 700 C to insure extrusion
on the T00-ton press; therefore, only glasses #l and #2 were used.
The billets were prepared as follows:

Billet #1 - Billet initially copper displacement plated
and painted with glass #1 emulsion.

Billet #2 - Billet vapor blasted and painted with glass #2
emulsion.

Billet #3 - Billet vapor blasted and painted with glass #1
emulsion.

Billet #1 had the lowest extrusion constant and the least galling
to the die with blllet #2 having the highest extrusion constant and
the most galling to the die. The mandrel did not gall in any of
the three extrusions. The glass appeared to readily vapor blast
from the extrusions.

Rolling of Cerium. A cast cerium billet was rolled from a one-half

inch thick slab to 0.065-inch sheet. The first attempts to roll

this apparently ductile (lead-like) metal failed. The cerium cracked
into many pleces before a 20 percent reduction had been made. The
metal may be successfully reclled if a 500 C vacuum anneal 1s made
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after each 10-12 percent reduction. The cerium was placed in a

long quartz tube which was connected to & "Megavac" pump. Ome end
of the tube, containing the cerium, was placed in a muffle furnace
at 500 C. Cooling one end of the tube allowed it to &act &s & con-
denser for any volatile matter that might be given off by the cerium.

2. REACTOR PROGRAM

Gas Atmosphere Studies

Hydriding of Zircaloy-2 in Hydrogen-Carbon Monoxide-Helium Mixtures.
Zircaloy-2 coupons have been exposed up to six months to & simulated
reactor helium gas mixture contaminated with hydrogen and carbon
monoxide and a dew point of about -30 € (0.1 to 0.5 mm HzO partial
pressure ). No gas phase hydriding was observed et temperatures up
to LOQ C for & variety of surface pre-treatments including vapor
blasting, etching and pre-autoclaving. However, it was not com-
pletely clear from these data whether the observed inhibition was
due to the water vapor or the carbon monoxide or both.

To resolve this point, Zircaloy-2 coupons with the same three surface
pre-treatments (vapor blasting, etching, pre-autoclaving) were ex-
posed at 325, 375 and 425 C t¢ a helium-hydrogen-carbon monoxide
mixture. Water vapor and oxygen were guantitatively removed from
the gas stream by passing the He-Hp mixture over 650 C calcium metal
and the C.P. carbon monoxide over 1200 C graphite. The gases were
then mixed to make & He plus 4% Hr and 24 CO mixture.

After two weeks of exposure, gas phase hydriding was found in all
the 425 C samples, the etched and vapor blasted 375 C samples and
the vapor blasted samples at 325 {. Almost no protective Zr0p film
was formed during the two-week exposure and most of the observed
weight gaips could be accounted for by the hydrogen absorbed.

The hydriding observed and the lack of protective film formation in
the He-Ho-C0 mixture is in sharp contrast to the previous experiment
where water vapor was present. This indicates carbon monoxide is
definitely inferior to water vapor as a hydriding inhibitor and is
inadequate as an oxidant in the absence of hot graphite. However,
CO may still contribute to inhibvition by reacting with Hp in the
presence of hot graphite, CO + Ho — HpO + C; to form the required
water vapor. A -
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Effect of Heat Treatment on Electrical Resistance of ZrQp Films.
Previous data have been reported which showed beta quenched
Zirealoy-2 to have a lower hydrogen abscrption rate than the as-
received material. Electrical resistance measurements have been
made on the TO-8ay corrosion filmg of samples in these two condi-
tions. At L50 C in low pressure (25 mm) water vapor, the ZrQp film
on the as-received material had a rezistance of 5 meg chms .compared
with 200 K ohms for the beta guenched material. The energies deter-
mined from a log R versus 1/T plot give 17 K cal for the as-received
material and 12 K cal for the beta quenched gxide. This very in-
teresting result offers an explanation as tc why beta guenching
reduced hydrogen pickup. If the conductance and electron mebility
of the oxide is increased by beta gquenching, then the twe negative
charges brought to the metal by the oxide anion (0™~ ) during cor-
rosion can be neutralized by electrcn flow back cut from the metal
through the oxide rather than by proton (H*) diffusion inward tc
neutralize this negative charge. Increasing electron flow relative
to proton flow would reduce hydrogen pickup. Orie possible explana-
tion as to why beta quenching could increase electrical conductivity
would be that beta heat treating (1010 C) takes second phase alloy-
ing ingredients into soluticn. The resulting mere uniform distribu-
tion of foreign atoms in the ZrQOp film increases the number of active
sites to provide electrons to the conducticn hand.

In-Reactor Hydriding Corrosion Capsule. Eighteen Zircaloy-L and

18. Zircaloy-2 samples exposed to simulated NPR gas atmosphere (He,
0.5% CO, 0.5% Hp, 0.05% Ho0) in the reactor for 167 days have been
recently analyzed for hydrogen. Two analyses of each sample were
made, and a third analysis was made on eighl Sawpics =Nere agree-
ment between the first two analyses was poor. Agreement betweern

the hydrogen anelyses was generally very good. In-reactor samples
showed corrosion weight gains about twice that of comparable ex-
reactor samples. The percent corrosion hydrogen pickup was approxi-
mately the same for irradiated and ex-reactor samples for the same
temperature and environment. Corrosion rates increased with-in-
creasing temperature with samples at 400 C, especially the Zircaloy-4,
showing signs of spalling oxide. Fourteer of 18 irradiated Zircaloy-L
samples showed somewhat lower hydrogern pickup than comparable ir-
radiated Zircalcy-2. The four cases where Zr-L hydrogsn prckup was
higher were at the higher temperatures where the Zr-4 was corrodirg
more rapidly. The fact that the hydrogen pickup fractions were
generally in the 10-50% range found for ex-reactor corrosion data,
indicates there was negligible gas-phase hydriding from the 0.5% Hp
in the gas. The water vaper inhibited gas-phase hydriding in-rezctor
in the same manner as was previously chserved ex-reactor.
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Graphite Burnout Monitoring. Recently all Hanford reactors began
cperation under provisiocns of a Process Change Authorization (PCA).
The purpose of the PCA is to minimize air in-leakage and to reduce
the inlet dew points. It is expected that these precautions will
reduce the graphite burnout rates.

The effectiveness of reducing air in-leakage at C Reactor was shown

by burnout monitoring samples inserted into Channels 1889, 1960 and
2780 for 14 operating days between June 3, 1962, to July 3, 1962.

No sample lost weight greater than 2 percent per 1000 operating

days, whereas between March 16, 1962, and June 3, 1962, the greatest
rate loss was 25 percent. Some weight gains (up to 3.5 percent per
1000 cperating days) were noted on semples from Channel 1889 downstream
from the point where the maximum weight loss occurred.

Burnout rates from small graphite samples in 3580-F from June 2L,
1961, to July 2, 1962, were measured. The highest weight-loss retes
were approximately .6 percent per 1000 operating days both at Lo
and 160 inches intc the graphite stack; however, the reglion between
50 end 100 inches where it is now known that the reaction between
oxygen and graphite is likely to occur was not monitored in this test.
Also, these rates may not be representative of the lower portions of
the stack. Experience at C Reactor with monitoring channels in the
top and bottom portions of the graphlite stack indicates that highest
burnout rates occur in the lower regions. Therefore, to gain confi-
dence in burnout monitoring at F Reactor a lower facility is needed.

At 1880 XW between May 5, 1962, and July 3, 1962, maximum burnout
rates were approximately U4 percent per 1000 opersting days; these
were measured about 4 foot downstream from the (.130-inch coring
zone where the highest temperature would be expected. The channel
was recharged with enough samples to thoroughly menitor this zone
and to help clarify these unpredicted measurements.

Burnout rates in 3478-D between May 28, 1962, and July 10, 1962, were
reduced Dy one-half from those between February 8, 1962, and May 28,
1962; nevertheless, the maximum rate was still 20 percent per 1000
operating days in this last test period under the PCA. Again, =
moenitoring facility in the lower portion of the reactor might indicate
an even higher burnout rate,

Corrosian and Coclant Systems Development

Corrosicn of Chromium Plate in Deccontamination Solutions. Samples of
chromium-plated stainless steel, presumably the same as portions of
the NPR primary pumps which may be chromium-pleted, were exposed to
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an alkaline permanganate solution for 2 hours at 105 C. Each of
six samples lost about one mil of plate thickness in this solution;
whether previously defected or not, and considerable dark film was
formed on the samples. Exposure in & 90 g/l solution of Bisulf-16
a2t 85 ¢ removed the dark film.

Fuel Element Rupture Tests. Two NFR inner tube elements were tested
in TF-G to determine if there was any difference in the manner and
degree of rupturing with 10C ppm Fe and 5C ppm 5i added to the U core
of one of the elements. Both elements were defected close to the

Zr - 5 w/o Be braze with & 0.025-inch pinhole. Three runs of one
hour each at 300 C, 1800 psi and 20 fps were made. After one hour,
the ursnium core element had ruptured considerably worse than the
alloy core element. A blister about l-inch long by li-inch wide
with a welght loss of 13 grams was present on the uranium core
element and on the alloy core element the blister was about 3/8-inch
in diameter with a weight loss of 5 grams. After three hours, both
elements were ruptured around the entire circumference for about

2 inches down the element. Weight loss of the uranium core element
was 236 grams and the alloy core element was 327 grams.

Long-Term Corrosion Tests for NPR. A new test has been initiated
in TF-1 to determine the corrosion rates of A212 carbon steel, 30k
stainless steel, and Zircaloy-2 in 300 C deicnized water with the
pH adjusted to 10.0 using ammonium hydroxide. One-half the carbon
steel samples were polished before charging, the other half wers
polished and then soaked in inhibited HCL for 10 minutes before
charging. The purpose of the acid scak is toc evaluate the effect
of surface treatment on corrosion. :

Samples of AZ12 carbon steel which had previously been exposed %o
six cyclic decontaminations using alkaline permangsnate followed by
Wyandotte-5061 (one week exposures to pH 10, 300 C water followed
by a decontamination) were also charged in TF-1 to determine the
uniform corrosion rate following a series of decontaminations,

This test will determine if carbon steel returns to its normal pre-
decontamination corrosion rate of 0.1-0.2 mil/year, or if the rate
remains high as Indicated from & plot of corrosion penetration vs
number of cyclic decontaminations.

A low-temperature corrosion test at NPR graphite cooling system
conditions (but without the hydrogen addition) is in progress in
TF-4. Corrosion rates of Zircaloy-2, 4212 carbon steel and 30L
stainiess steel are being determined. After 1200 hours, the rates
of the stainless steel and Zircaloy are undetectable (£ 0.01 mii/yr);
the corrosion rate of the carbon steel is less than 0.05/mii/yeur;
crud release is very low.
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A test to determine corrosion rates of steels and Zircaloy in water
adjusted to pH B.0 with LiOH is continuing in TF-5. After 869

nours of exposure, the corrosion rates of the carbon steel (a212, 1051
and 313472) are less then 0.1 mil/year. The corrosion rates of all
meterials are comparable to those obtained at pH § or 10.

Corrosion Testing at 900 F. The results of the first test at G000 F

in TF-15 were obtained during the month, After 1900 hours in neutral
water, Hastelloy-X and DOT9 are corroding at very low rates (~1 mil/
yr); stainless steels (304, 316, 406) are corroding at rates <12 mils/
year; and carbon steel rate is about 24 mils/year. The Zr-2 samples
corroded at a low rate for about 4O days and then underwent a rapid
acceleration in rate.

Non-Uniform Corrosion. Several inlet and outlet sections of KER-1,
3 and I mein loop heat exchangers were descaled and examined for
corrosion. Numerous pite up to 1/16-inch deep were found on the
carbon steel surfaces exposed to the raw cooling water. All other
surfaces, including weld and crevice areas, appeared to be in excel-
lent condition. No stress cracking was found.

A stainless steel tubing line which failed on TF-5 was examined by
the Metallography Laboratory and definite stress cracking was found.
The loop has operated the past few years at pE 8-10, using LiOH
except for one 3-month period at neutral pH. The history of the
loop operation will be examined to determine if the presence of
chloride ion in the loop may have been possible.

Sodium Jon Detection. Provisions are beipg made to analyze the NPR
secondary coolant for sodium ion as a method to detect leakage into
.the system. The standerd method is the flame photometer, but another
system, the sodium electrode, is being evalusted =8 & check method.
The sodium sensitive electrode measures scdium ion concentrations in
the same manner, and with the same equipment, as standerd electrodes
measure the hydrogen ion concentration. Data obtained to dete indi-
cate that the electrode does not give reproducible readings for
identical solutions at approximately neutrasl pH levels. The recom-
mended procedure involves adjustment of the solution pH to 9-11 with
gaseous ammonia or morpholine before the sodium concentration is
measured. This minimizes the interference caused by hydrogen ions
present in neutral solutions and gives much more stable operation.
Sclutions adjusted to pH 10 with morpholine gave readings that were
reproducible for sodium ion concentrations between 10"+ and 10-5 molar.
Evalumption of the effects of using different pH conditioning agents
and different solution pH values 1s now in progress.
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Analyses of Dissolved Oxygen. In previous testing a great deal of
troubie was experienced with the dissclved oxygen analyzer, to be
used at NPR. The instrument consists of a galvanic cell with silver
and zinc electrodes. Oxidation of the zinc electrode releases zinc
ions and reduction of the dissolved oxygen produces hydroxide ions
in the flowing water stream. An electrolytic cell is an integral
part of the analyzer and is used to generate oxygen gas for calibra-
tion of the analyzer. In previous tests the analyzer did not cor-
rectly messure the oxygen concentration generated during calibration.

From the tests completed this month it was demonstrated that the
measuring cell had been passivated by exposure to too much oxygen
(>»250 ppb). Additional tests demonstrated that the snalyzer will
work satisfactorily at water temperatures from 70-85 F, that calcium
ecarbonate is a satisfactory material for adjusting the inlet water
conductivity, that the accuracy is within ¥ 2 ppd in the 0-100 ppb
range and within ¥ 1 ppb in the 0-20 ppb range, that water flow rate
variations of ¥ 5% of the desired rate can be tolerated without de-
creasing the accuracy (except during calibration), and that the
response time for sensing oxygen concentration changes is only 1-2
seconds.

It is possible that this same instrument may alsc be used for the
continual analysis of hydrazine.

Structursl Materials Develcpment

Stress Rupture Tests of NPR and KER Tubing. Under biaxial stress
conditions, NPR tube sections continue to exhibit creep characteris-
tics superior to those of 15 percent cold worked Zircaloy-2 strip
tested under uniaxial stress. To produce comparable gecondary creep
rates, the hoop stress on the tube section is 10,000 to 15,000 psi
grester than the stress in the uniaxial test. Purther, under these
same conditions, the primary creep strain of the tube is less than
that of the conventional creep specimen. The primary strain and
secondary creep rate of a KER tube containing 30 percent cold work
was greater by & factor of four than NPR tubing with 15, 18 and 35
percent cold work. Data are not available for a direct comparison
of the KER tube and strip materisl. Since the majority of the tubes
for the NPR were fabriceted by essentially the same process as this
KER tube, some concern was felt that they might alsg exhibit this
creep behavior. Tests have started on & 30 percent cold worked NFR
tube and after 64 hours the primery creep strain is slightly less
than for any of the other types of NFR tubing under comparable test
conditions, and better than the above KER tube by a factor of six.
Both pre- and post-irradiation data will be obtained in an effort tc
explain the unpredictable behavior of the Zircaloy-2 in this KER tube.
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Graphite Distortion

NPR Graphite Irradiations. The series of long-term irradiations of
NPR graphite continues to progress satisfactorily. The two capsules,
H-6-1 and H-4-2, currently being irradiated in the General Electric

- Test Reactor are operating satisfactorily with all thermocouples
functioning. Construction has started on the second of the second
generation capsules, H-5-2. This capsule will contain eight samples
previously irradiated in H-5-1, four samples previously irradiated
in H-4-1, and 12 new samples.

Thermal Hydraulic Studles

Visual Studies of the Effects of Fuel Supports on Boiling. Further
experiments were performed in the study of heat transfer conditions
as affected by devices used to center fuel elements in the process
tubes of the Hanford production reactors. The test section for
these latest experiments consisted of a 1.30k-inch OD electrically
heated tube placed inside of & 1.504-inch ID glass tube. Ceramic
coated ribs fastened to the inside of the glass tube were used in
some of the runs to simudate the reactor process tube ribs. The
heated tube was positioned ocn the ribs in a manner similar to the
wey the fuel elements normally rest on the ribs in & process tube.
Experiments were also run without ribs or centering devices to obtain
data for comparison.

The experiments were run at flow conditions corresponding to those in
the annulus of fuel elements in X Reactor tubes. Visusl examination
and high speed motion pictures of the test section were made whaile
the heat generstion was gradually increased.

From the experiments it can be concluded that little or no boiling

is initiated between the process tube ribs and the fuel elements and
that away from the rids with a full annulus width there is no surface
boiling at normal or even 13 times normal heat flux conditions. The
extensive and vigorous boiling which has been cbserved previously
with pressed down self-supports or bumpers costed with aluminum oxide
electrical insulation cannot be readily explained unless the presence
of aluminum oxide initiates boiling at 8 much lower temperature than
would otherwise occur.

Similar studies will be made with the following devices for centering
the fuel elements:

. BDF "sultcase hapndle" bumpers.
BDF elliptical bumpers.

C overbore self-supports.
0.50-1nch long s8lumins ribs.

|5 TR R o gl 1
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Hydraulic Tests. Failure of the threads on the ocutlet elbows from
the C-Reactor rear nozzles has prompted the design of a new fitting
which clamps to the nozzle without the use of integral threads.
Flow tests were conducted using this new elbow design to determine
the pressure drop and compare it with the pressure drop across
previously used outlet elbow and pigtail assembllies. The results
of these tests show that the new elbow has a higher pressure drop
than the previous assembly but by reaming the ID of this elbow to
enlarge the flow area around the temperature measuring elements the
pressure drop of the new elbow can be reduced to an acceptable value.
No evidence of flashing or critical flow conditions was detected
under normal reactor operating conditions. :

Heat Transfer Characteristics of NPR Fuel Elements. The studies fo
determine boiling burnout conditions for the NPR tube-in-tube fuel
elements were continued. BSix boiling burnout polnts were obtained
with an electrically heated model ¥f the fuel element with the inner
fuel tube positioned 80 percent eccentric toward the outer fuel tube.
(Percent eccentricity is that portion of the normal annulus thick-
ness that the inner fuel plece i1s displaced from a coaxial position
toward the wall of the outer fuel piece.) This degree of eccentric
Placement approximates that expected should the center porticn of
the support pieces break off leaving only the weld tabs to separate
the two fuel tubes.

The experiments were conducted at 1500 psig. The data were plotted
and compared with previous data for this same annular case but having
concentric placement of the inner tube. For mass flow rates from
1,000,000 to 4,000,000 1b/hr-sq ft, the burnout heat flux for the
eccentric annulus was consistently between 42 and S0 percent of the
burnout heat flux for the concentric case. However, for a mass flow
rate of 500,000 lb/hr-sq £t, the burnout heat flux determined for the
eccentric case corresponded very closely to that determined previously
for the concentric case. For mass flow rates of 500,000 and 1, OOO Qoo
lb/hr-sq ft upstream burnout was obtained for all three data point
Upstream burnout was not obtained with mass velocities of 2,000, OOO

to 4,000,000 1b/hr-sq ft. Failure of the test section prevented con-
tlnuatlon of the experiments.

B. WEAPQNS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued

in support of the Hanford 234-5 Building Operations and weapons develop-
ment programs of the University of California Lawrence Radiatien Labora-
tory (Project Whitney). Details of these activities are reported separat ely
via distribution lists appropriate to weapons development work.
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C.

REACTOR DEVELOPMENT - 4000 PROGRAM

1.

Fiisi

FLUTONIUM RECYCLE PROGRAM

Thermal Hydraulic Studies

falculetions of Temperatures for PRTR Fuel Elements. Celculations
were mode of Mark-11-C tubular fuel elemert jacket temperatures for
the case of a maximum UQp core temperature of 2500 C. Members of
Ceramic Fuels Development Operation are conducting & study of ex-
posures te which such fuel elements could be irrediated before pres-
sures from fission gases and sorbed gases might cause the lmner
Jackets to collapse. To perform their celculaticng it 1s necessary
te know the Jjacket temperatures.

Two limiting cases were chosen: (1) & maxirmum core temperature of
2500 C, and (2) a maximm surface heat flux of 800,000 B/hr-sq ft.
For the 2500 C limit case equetions were developed for determining
the heat generstion density and the fraction of heat flowing to the
inner and outer surfaces of the fuel tube. The caleulsticns indi-
cated that temperatures at the water cooled surfaces of the inmer
jackets of both fuel tubes would be sbout 640 F, and that the tem-
perature rise across the jJjacket wouid be sbout 200 F. Heat fluxes
calculated for this case were in the crder of 600,000 B/kr-sq ft.
As thie was 2 more limiting case, temperatures were not calculated
for & heat flux of 800,000 B/hr-sq ft.

PRIR Flow Distribution. During reactor cperation it has been

found that an unequal flow distribution exists 1rn the various
gquadrants of process tubes in the PRTR. In an attempt to explain
this situation it was assumed that the inlet.tee ir the bottem ring
header was completely blocked off on one side such that ali the
flow proceeded in one direction around the header. In the top ring
header it was assumed that the flow divided evenply at a point
opposite the outlet and proceeded in two directions from that peoint
toward the outlet. The pressure drops around the bottom and top
ring heeder were then calculated t¢ determine if they would be of
such magnitude to cause the unequal flow distribution that was being
encountered during operation of the reactor. The results of the
calculations, however, indicated that the pressure drops resulting
from such & blockage of the inlet-tee in the bottom ring header
would not be of sufflcient magnitude to accournt for the flow dis-
tributicn being obtained during reactor operation.

Iz a further attempt to explein the distorted flow distribution in
the PRTR, it was suggested that the fluid entering the inlet-tee

UNCLASSIFIRD
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in the bottom ring header had a warped velocity profile. Previcus
work bad shown that a 10 psi pressure drop between the fluld
leaving one side of the inlet-tee and the fluid leavirg the other
gide was required to cause the flow distribution that was being
obtained during reactor cperation. Results of the calculations
indicated that a relatively small distortion in the velocity profile
at the tee could cause an unequal flow split resulting ir the un-
equal flow distribution in the reactor process tubes.

A further possibility for & cause of the unequal flow distribution
could be a variation in the size of the orifices which are installed
at the inlet of each process tube. This possibilify has rot yet
been thoroughly investigated.

Vibration Tests of PRTR Fuel Elements. A FPRTR UQz Mark I fuel
element was installed in a& transparent "pressure" tube and was
examined for flow induced vibrations. Flows of room temperature
water up to 125 gpm were used. Visual examination with a streobes-
copic light and high speed motion pictures were used to detect
vibration. No flow induced vibrations were seen in any of the festis,
indicating that if any vibrations exist they have a very small
amplitude.

Further tests were made by inducing a vibration cn the outlet rczzle
at a frequency of 3500 cycles per minute. In this case small move-
ment of the fuel element relative to the process tube could be d=-
tected in the high speed motion pictures. The motion was Iin a hori-
zontal direetion, but it could not be determined if this was a zor-
sional or side to side motion of the fuel element within the ftube.

Component Testing apd Equipment Develcpment

EDEL-1 Renovation. OQverhaul of EDEL-1 continuved tc ready the
facility for the study of PRIR pressure tube fretting corrcsion.

The boiling water pressurizer snd its control circuits have been
removed. Installation of the gas loaded back-pressure valve will

be completed upcn delivery of the valve. Replacement of seals and
bearings in the Byron-Jackscn circulaticn pump has beern complated.
The motor and variable speed magnetic drive for this pump have bsexn
returned to the factory for repair of cracked welds between the
clutch poles and magnetic barrier, replacement of ali besrings, and
dynamic balancing. Owverhaul of the i2 gph injection pump is complete
pending the delivery of two bearings. All open electrical wiring mn
the back of the control panel has been removed. All electrical con-
trols will be located in one panel section, the back of which wilil
be enclosed. Design of the new safety circuit is complete and
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fabrication of the relay rack has been started. Imstallation of the
new thermocouple system is 25 percent complete.

Design work for long-term modifications to EDEL-l, which includes
changing the loop piping to stainless steel, has been halted for

lack of Tunds.

Fretting Corrosion Investigation. Techniques to determine vibration
characteristics of & PRIR pressure tube assembly in the prototype
EDEL-1 test facllity are being studled. BSurface mounted velocity
type pickup elements and accelerometers with appropriate amplifying
accessories are suitable means for determining the vibration ampli-
tudes and frequencies of pressure tubes and jumpers. Detecting and
defining the vibrations of fuel elements will regquire development
of appropriate techniques, however. Methods being considered in-
clude differential transformer, eddy current, electromagnetic, and
acoustic types of signal transmissions.

Shroud Tube Replacement Mockup. Work on the mockup pit was stopped
all month by a strike of construction ironworkers. Work on the
shield and calandria mockup crates has been delayed pending avail-
ability of funds. Design layocut of speciasl tools for removing a
faulty shroud tube continued.

Inlet Bellows to Process Tube Gas Seal. Additional leak rate tests
were conducted on & pressurized stainless steel "O" ring seal. The
B-F seal was tested an additional three thermal cycles in addition
to that reported last month. Leak rates were &s follows:

Max. Leak Rates Liters/Br @ 2" Hg

Thermal Cycle 1 2 3 L 5 6 Boit Torque
(1) Existing Copper "O0" Ring ©O.4 11.8 21.2 111 132 30 ft-1b
(2) Zirconium "O" Ring 200 260 3 0"
(3) B-F Ferrule (Zirconium) 3.2 1.5 1.k 15 "
(4) Pressurized SST "O" Ring O.% 0.4 36 50 kg 15 "
(5) B-F Ferrule 0.6 0.6 0.5 15 *

Test results for Items (1}, (2), and (3) were reported in the June
monthly report. The B-F seal, Item (5), was the same seal as previ-
ously tested under Item (3). The additional three cycles were run
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after the seal had been disassembled and reassembled on the same
section of the preocess tube.

An apparently satisfactory gas seal has been demonstrated in the
B-F seal. However, due to its intricate shape and high cost,
further testing of less expensive seals i{s contemplated.

Qutlet Nozzle to Top Shield Gas Seal. A purchase order was placed
for a compressihble metallic gasket for the seal. BShipment is
promised for early August, 1962. Drawing H-3-14547 has been issued
for comment and shows & more rugged nozzle hold-down design.

Hazards Analysis

An investigation of the nuclear safety of the PRTR loaded with
mixed uranium-plutonium coxide fuel was completed. A range of plu-
tonium enrichment from 0.43 to 1.5 w/o Pu in the fuel was assumed.

Tt was found that the negative fuel temperature coefficient, which
inherently coperates to limlt excursions, is nearly twice as large
ag the effective value for the present zone enriched core. The
effective delayed neutron fraction is substantially reduced and
ranges from 0.0046 to 0.0033 for the loadings studied. Delayed
photoneutrons from the DpO contribute significantly to these values.
A decrease in the prompt neutron lifetime from the present value
was also computed with lifetimes ranging from 0.5 to 0.3 milli-
seconds. Temperature and vold coeffleients of the moderator
appeared to be slightly more negative than for the present loading.
A detalled study of coolant vold effects was also undertaken for
coolant qualities from 0.25% to 10% HoO. The coolant void co-
efficient changes from negative to positive as the amount of HoO
impurity increases. The cross-aver point varied from about 6% HoO
for the lowest enrichment to about 1564 HoO for the 1.5 w/o Pu case.
These values are believed to be pessimistic because of deliberate
conservatism In the calculations. Soame reduction in both moderator
level coefficient and present shim rod strength can be expected with
the mixed oxide loading.

Design Studies

PRTR Power Level Study. A document summarizing the results of this
study was completed in rough draft form and issued for comments.

It was estimated that PRTR power level could be increased to approxi-
mately 100 Mw at a cost of $10C,000 or less and & two- to six-week
shutdown time, depending primarily on what modifications are required
to light water injection and primary system pressure relief
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equipment. It is estimated that approximately one year's time
would be required for design and safeguards analysils, equipment
procurement and modification, and processing the saleguards
Bnelysis.

Calculations were refined to determine the adeguacy of existing
equipment tc permit reactor operation at power levels above

70 MA. In general, the results of the calculations confirmed
earlier conclusions that the present cooling systems for the
moderator, reflector, and shields would be adequate for 100 MW
operation but not for 125 MW and thet shim and shroud tube bellows
temperatures would be acceptable at either of the power levels.
The study disclosed, however, that additional pressure relief
capacity would be required for the steam generator as well as for
the primary coolant system at either 100 MW or 125 Md.

Preliminary calculations were made of the effect of higher power
operation on adequacy of cooling following & total loss of power
to the primery pumps. These calculations indicate that the cooling
provided by forced circulation during pump flywheel rundown, and
by natural convection after the pumps stop; should be as adequate
at the higher power levels as at 7O MW. Although operation at
higher power levels would increase the heat load following re-
actor scram, such operation requires a lower normal reactor inlet
temperature and, thus, provides higher increases in coolant
temperature through the reactor and thus higher convective heads.

Plutonium Recycle Critical Facility

Hazards Analysis. Reactor kinetic studies for ftypical PRCF core
configurstions were formulated. Analog simulated reactor excur-
sions will be terminated by scram or inherent shutdown mechanisms.
The inherent shutdown mechanisms used in these studies are the
prompt negative fuel temperature coefficient and the moderator
vold coefficient. Moderator voids were assumed to have formed
from both steam generation in the immediate vicinity of the fuel
and radiclytic decomposition of D20.

Several analog studies terminated by reactor scram &t & power level
of 150 watts have been completed. The excursions were initiated by
reactivity addition of 10 cents per second for 10 seconds with the
reactor operating at 100 watts. Core configurations studied in-
cluded cores with 100, 80, 60 and 35 percent of the fissions
occurring in plutonium. In ncone of the studies was a measurable
fuel temperature increase noted. '
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PRTR Rupture Loop

Component Testing and Equipment Development. New retainer flanges
of 300 serles stainless steel have been ordered to replace the
present 17-4 PH retainers on the inlet valves. The leakage rate
of the iniet shutoff wvalves at 20 feet of water back pressure is
less then 1 ce/hr. This valve retains the water in the process
tube during installation of the inlet cooling hose prior to fuel
element discharge.

EDEL-II test facility was prooftested at 2100 psig and an apparent
6C0 F in preparation for rupture loop Grayloc connector thermal
cycling test. Loop flow.instability was encountered in the initial
operaticn; subsequent testing showed the existing temperature
readout to be faulty and the actual loop fluld temperature was
approximately 640 F {near saturation temperature)}. Fluid flashing
in the pump probably cccurred in the initial test.

EDEL-II has been shut down to correct a high pump seal leakage rate.
The seal shows conly slight damage; however, slight eccentricity in
the shaft exists., ©Since the shaft had been out-of-line and
straightened previocusly; & new shaft has been ordered.

Dismantling the pump also disclosed a plugged condition of the
cooling passage to the seal chamber exterior cooling jacket.
This condition apparently existed at the time of manufacture.
It is being investigated further.

Discharge Egquipment. Hydrostatic pressure testing of the process
tube end closures and hose assemblies has been completed. Results
vere satisfactory at 100 psig; this included the outlet elbow snap
Plugs, special three-way plug valve, and all hose assemblies and
gquick-disconnect fittings. Flow tests have yet to be conducted.

The shielded viewing cart has heen completed and delivered Lo the
314 Building.

Tool fabrication is approximately 90% complete. Completion of the
powered cutoff tool is pending receipt of a flexible drive shaft.
Delivery of this item is expected July 24, 1962.

Modifications to the quick-disconnect coupling tool and valve
gperator tool are required to eliminate a physical interference.

Individual tools have been given a preliminary test as they were
completed. -
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Hazards Analysis. A proposed new limit on the release cof noble gas
fission products from the rupture loop was analyzed for the effect
on the loop design and operation. This limit would allow up to
850 curies per day of noble gases to be exhausted from the PRTR
stack. The total noble gases anticipated to be exhausted in &
rupture test is of the order of 600 curies, within the proposed
limit. Therefore, no change in the facility is necessary to meet

the new limit.

PRTR Gas Loop

Component Testing and Equipment Development. "As bullt" work on
the in-reactor test section drawings was approximately 70% completed.
Various minor modifications to the discharge casks for the lcop
sample holders were completed. Design of a new transition piece
between the loop nozzle and the sample casks was completed. Re-
design of the nozzle closure to eliminate installation of the
closure without locking it in place was completed, fabrication of
cne new closure is in progress, and the existing closure is being
modified. Examination of the sample holder Installation and re-
moval tool discloses that it needs complete redesign. The sample
container has been redesigned and a prototype is being fabricated.
The spiral shielding plugs for the in-reactor test section have
been shipped off-site for applicetion ©f an aluminizing coating.

The first samples installed in-reactor in the Gas Loop will be a

special assembly to determine the temperature distribution in the
test sample as & result of gamma and neutron heating. Drawing H-
3-1L568 has been issued for comment showing & proposed design for
this special test assembly.

Plutonium Fuels Development

Flutonium-Bearing Fuel Elements for PRTR. UOQz-~PuQz fabricaticrn
during this period has consisted largely of continued swaging
experiments to obtain further information on the control of final
length. B8mall groups of tubes were selected from several tubing
weight categories and cut to various lengths ranging from 62 inches
to 63-3/4 inches. These groups were then filled with standard
loads of UO2-Pu0o and cold swaged. Collection of dats and evalua-
tion of the information received is not yet complete. The aim is
to be able to compensate for the variances in tubing weight &nd
yet fabricate a rod to a length tolerance of * 1/16-inch within a
diameter tolerance of * 0.002.
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The incremental loading procedure for vibrational compaction was
simplified by combining the coarse and medium UOp fractions so

that each increment was composed of two additicns rather than

three. The loader binds when feeding -20 +60 mesh UOp; however,

-35 +100 mesh UOp, mechanically mixed with -6 +20 mesh UQp does

not Jam the loader so that each loader cycle now feeds one com-
plete increment. Fuel core densities of 86 to 88 percent of
theoretical density were cobtained with the altered size fractions
when added in the same proporticns as previcusly (70 percent

coarse, 15 percent medium, and 15 percent -325 mesh mixed UOp-Pulp).

Two loaders were mounted on a sliding rack so that twe tubes may be
loaded at once and four rods may be compacted similtanecusly.

PRTR Fuel Element Examination. Fifteen irradiated plutonium-
bearing fuel elements were examined in the PRTR storage basin in
July. The two main objeétives of the examination were to gage
the end bracket diameters and to determine the general condition
of the clusters. Measuring the end bracket diameters over the
spacing gussets was necessary to determine the amount of wear that
has taken place between the fuel element and the process tabe.
Ring gages were used to measure the end bracket diameter. The
original diameter over the end bracket spacing gussets measured
3.216 inches to 3.226 inches. All eleven aluminum-plutonium
cluster end brackets inspected show some wedr with the lower
bracket being worn more than the upper bracket. BSix of these
also show the start of wear on the individual rod wire wraps;
although no wire wear was found on the element which had the
maximum end bracket wear. Qne of the four UOe-Pulp clusters in-
spected also hed meximum end bracket wear even though it had been
under irradiation only two weeks. The general condition of the
clusters was good, but some showed slight corrosion of the spot
fusion welds.

Fuel element 5061 was found to have & broken wire at the end cap.
This will be examined further to determine the cause of failure.

Bxperimental Elements for PRTR Irradiation. Twenty-eight Zr(Cso-Pulo
rods were fabricated by cold swaging for a speciral irradiaticn
cluster. The core maeterial consisted of fused, stabilized ZrQp

in the following size fraction: -20 to +60 mesh (47 percent);

-60 to +100 mesh (13 percent); -100 to +325 mesh (24.5 percent).
This material was incrementally loaded intc the tube along with

a master blend of -325 mesh ZrQp-Pulz containing 8.8 w/o Puls.
Final composition of the fuel rods is 1.3 w/o PuQp. Ttoal plu-
tonium for the cluster will be =322 grams. Three swaging passes
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plus several finishing passes were used to achieve the final length
of 90-1/2 inch * 1/16 inch. Total reduction in area is 42 percent.
The rods are currently being grit-blasted and etched prior to final

assembly steps-

Two additional zirconium-clad, plutonium-zirconium &lloy fuel plates
for en extended surface fuel element were made by roll-cladding. As
in the previous plate, the aluminum foil wrapping used arcund the
core for contamination control was eliminated. To minimize centamina-
tion which might occur during heating and early compaction of the
"loose" assembly, the assembled sandwich was cold-rolled until the
sendwich was tightly compacted. The plutonium core was thus "locked"
in place to prevent movement of minute plutonium particles, which
cause contamination. After cold-rolling, the sandwiches were hot-
rolied ir the usual mammer. The cold-relling was partially suc-
cessful. One plate was not contaminated and one plate had slight
contamination on the edge. Both plates were sheared to within one-
fourth inch of the core without encountering further contamination
and the plates appeared to be well bonded.

A metallographic examination showed the core thickness to vary
approximately twenty percent except at the edges and ends where
the core was thinner. The thinning results from the extreme soft-
ness of the core alloy. Tt is not believed that the thimning will
present a serious fabrication problem. A suitable fuel assembly
is being designed to irrsdiation test this fuel concept.

Several Al - 7.5 w/o Pu tubes have been hot extruded for use in the
segregated plutonium test cluster. These tubes have & 0.610-inch D
and a nominal 0.460-inch ID. They were extruded at a 7 to 1 reduc-
tion in aresa over a tapered floating mandrel at 350 ¢. They wiii be
dravn down to a final 0D of 0.5 inch with a 0.030-inch wall.

Earlier attempts to¢ extrude the tubes at a greater reduction, to
lessen the number of drawing steps, resulted in several mandrel
failures. No mandrel or other tooling problems have occurred using
the present extrusion conditions.

Irradigation Testing. Examination of the 42-inch long cosine erxriched
UQ02-Pulp seven-rod cluster is continuing in Rediometallurgy. Auto-
radiographs made from the irradiated fuel rods show areas of high
fission product concentraticon due to plutonium segregation within
ioaded increments. Dark spots on the external surface of the fuel
rods are assoclated with high plutonium concentration regions and
result from localized areas of abnormally high surface heat fluxes.
Transverse and longitudinal sections have been cut from selected
areas on the fuel rods. Columar grain growth and ceniral wvoid
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formation has occurred in some of the "hot spots”. The voids are
not necessarily located in the geometric center of the core indi-
cating radial displacement of the PuOs enrichment during fuel
loading.

The longitudinal sections taken through these areas are interesting
in that the areas of colummar grain growth are not symmetrical, the
void is not centrally located In the cclummar grain growth region,
the center wold is elllptieal and not circular, and the colwumsar
grains 1n the radial direction are smaller than the columnar grains
in the longitudinal direction. Considering the fact that the
element was irradiasted in the vertical position, the appearance of
the longitudinel section suggests that the "hot spot”™ had been
molten apd the colummar gralns and vold formed during freezing of

the liquid.

Autoradiographs made from the polished sections show no fission
product migratien in those aress which had equiaxed grain growth;
however, scme localized fission product migration has taken place
in those regions where central void formetion and columnar grain
growth has occurred.

One capsule (GER-14-85) containing high density UQp - 2.57 mole per-
cent PuCp is being irradiated in the MIR. The present exposure is
about 3 x 1090 fissions/em3 or 10,000 MWD/ton of UOp-Puls. It was
decided to discharge the capsule at the end of MIR Cycle 177 (about
August 6, 1962) and not recharge the second capsule {GEH-14-86)
because of the time delay to complete the required hot cell leak
test prior to reinsertion. Tentative arrangements for return of
the pair to HAPQ for metallurgicael examination have been made.

The bellows assemblies for the HELIOS Experiment were received from
the wvendor. Still no vword from the vendor as to possible delivery
of the modlfled thermocouple for the same experiment.

Uranium Fuels Development

High Energy Impaction. A medified Bridgman anvil technique for high
energy impaction of powders in vecuum at 1100 C and 500,000 psi was
successfully scaled up from one-inch to two-inch diameter specimen
containers. Uranium mononitride, UOp, UO2-ZrQ0z, and UQ2-U powder
mixtures were successfully compacted. The particle density of the
impacted UN was 14.25 g/ce (99.5 percent TD). The density of the
U0z was 10.92 g/cc. A powder mixture having the composition UQo -
LO mole percent Zrop produced 94.4 percent TD material that consists
of ZrQp particles in a UOp matrix. A mixture of uranium powder and
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micronized produced impacted particles, comprising metallic uranium
in a matrix of UOs oL, With & density of 10.86 g/cc and an over-all

composition of 00250051

Tungsten carbide dies are useful in high energy impaction of powders,
es they can be employed at pressures greater than those possible
using conventional tool steel dies. Previously reported results
indicated that a 12 percent cobalt-bonded tungsten carbide punch was
satisfactory at impact pressures of 300,000 to 350,000 psi, but
failed at 390,000 psi. A new, 25 percent cobalt-bonded tungsten
carbide punch was used successfully to compact three pounds of UQ2
in a 2.5-inch dimmeter can at 408,000 psi. The micronized UQs,
which had an O/U ratio of 2.09 before it was heated and impacted had
a particle density of 10.78 g/cc. The 0/U ratioc is not yet deter-
mined. It is encouraging that a technique is now available for high
energy impaction of UQz to ultra-high density without the subsequent
sintering treatment required when tool steel dies are used, and
without using expendable die parts, as required with the Bridgman
anvil technigue. While further experiments are aimed at defining
conditions necessary for preparing & final product of near-
stoichiometric composition; previous experiments with similar UQp
compacted by Bridgman anvil techniques showed that the Q/U ratio

* could be reduced to less than 2.01 by hydrogen reduction at 800 C.

Ten pounds of ultra-high density, six percent enriched UQp particles
vere prepared by high energy impaction for use in an AREC-sponsored
irradiation test at another gite. The six percent enriched UOo
powder was loaded into & four-inch diameter stainless steel can,
hested to 1100 C, and compacted by high erergy impact at 150,000 psi
to a density of 10.63 gfcc. The compacted UO, was crushed to minus
four mesh screen size and sintered 12 aours in 1750 C hydrogen %o
achieve an /U ratio of 2.001 and a density of 99.3 percent TD
(10.87 g/cc), based on the calculated density of 10.947 g/cc for Ulp
conteining six percent U-235.

Yttrium oxide powder wae compacted by high energy impact in an
evacuated stainless steel container st 1100 C and 200,000 psi to
8 density of %.36 g/cc {90 percent TD). The compacted material
was ground to spheres 0.050 and 0.035 inch in diameter for ir-
radiation experiments in & production reactor.

High Power Laser. The "Assistance to Hanford" contract with GEL on
the evaluation of a high power laser for welding and cutting was
completed. Individual laser pulses having duratiocns between two
and 12 milliseconds were directed into metal surfaces. A high peak
power, short duration laser beam produced cavitation and evapcration
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of the metal and little retenticn of molten metal to effect a weld.
Such a beam has application to cutting and drilling. A network
storage system provided a laser pulse of 12 milliseconds maximum
duration with lower peak-energy values. Spot welds produced on
the metal surface were similar in shape to spot welds produced by
arc welding. A continuously operating high power laser {not yet
developed ) appears necessary to produce welds having high depth to
wildth ratio comparable to high voltage electron beam welds.

Eigh Temperature Ductility of UQp. Permanent deformations {twists)
of 180 degrees were introduced in sintered U0z fuel plates during

. torsional testing between 2000 and 2500 C. Strain to fracture varied
greatly because of physical instability of the apparatus and non-
uniform strain rates. These conditions are belng corrected. Tanta-
lum reacted too extensively with the UO2 plates to serve as a re-
placement for tungsten as a heater material.

Thermal Etching of UQz2. At 1700 C, under one atmosphere of argon,
preferential vaporizafion from U0z grain boundaries intersecting a
polished surface yielded an excellent ceramographic efch. This
treatment also caused a change in vold shape from random, isometric
to rectangular and triangular. Surface diffusion in the veids to
approach a minimum energy shape (as dictated by the orientation of
a grain) probably causes the change in void morphology. A five-
minute vacuum anneal at 1700 C caused severe grain boundary etching
and enlarging of many of the voids.

Thermal Conductivity of U0p. The last group of a series of sin-
tered UO2 thermal conductivity specimens was successiully removed
from the capsule in which it was irradiated during the past four
years. Sample temperatures were maintained less than 100 C during
the irradiation to avoid thermal annealing of irradiation effects.
Exposure of the UOp is approximately 3 x 1020 nvt.

Burnup snalyses, ceramography and annealing studies were begun.
Two specimens {one low and one high density) were shipped to Battelle
Memorial Institute for detailled thermal conductivity measurements.

The large UQ2 single crystal used earlier for thermal conductivity
studies was irradiated at low temperature (& 200 C) for the second
time, gaining 2n additional exposure of 1 x 10Y5 nvt (total exposure,
2 x 1015 nvt). One end of the specimen was broken during pre-
irradiation handling; subsequent squaring of the end (by ultrasonic
sawing) reduced the specimen length to 1.00-inch long {compared with
1.77 inch originally). Post-irradiation examination of the Uop
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revealed several small surface cracks not previously evident.
Such defects, that would affect thermal conductivity if they
extendea invo ihe inverieor of the crystal, may have caused some
of the conductivity decrease noted after the first irradiation.
The crystal was returned to BMI for further thermal conductivity
measurements at temperatures to 1200 C.

Irradiation Effects ir Simgle Crystals. A single crystal of UQp,
the. second in & series to evaluate physical property changes re-
sulting from irradiation, was irradiated in the Hanford Snout
Facility to an exposure of 1 x 101° avt.

Materials Development

Effect of Partial Dissolution of the (xide Film on the Hydriding of
Zircaloy-2. Zircaloy-2 coupons were autocalved to form a 25 mg/dm<
oxide fiim, followed by heating in vacuum to partially dissclve the
£film. Samples were then autoclaved to a total exposure of G2 days.
As reported previously. vacuum heating at 600 C for one hour re- _
sulted in loss of the protective character of the film as evidenced
by a large increase in oxidatich rate immediately after heating.
Autoclaving for 92 days resulted in three corrosion eycles

(115 mg/dm?) for heat Trealwd specimens, compared to two cycles

(73 mg/dmz) for specimens sutoclaved but not heat treated. The
corresponding hydrogen pickups were 248 (36% of theoretical) and
139 (30% of theoretical) ppm, respectively. Analysis of an unm-
autoclaved Zr-2 specimen showed 16 ppm hydrogen. Normel hydrogen
pickups are 30-50% for autoclaved Zircaloy-2 at the above exposures.
Partial dissolution of the oxide film did not significantly increase
the percent of hydrogen pieckup.

Creep of Zircaloy-2 Pressure Tubes. Stress rupture tests were con-
tinued on three sections of the annealed portion of the PRTR pressure
tubes. The test data are tabulated below and compared to that ob-
tained by conventional creep tests of annealed Zircaloy-2 rolled
strip samples. To produce comparable strains a hoop stress consid-
erably larger than that of the uniaxial stress in the conventionsal
creep tests is required at both 288 C and 343 C.
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Stress for Equal Strain

% Ultimate Hoop Stress Temp. % Uniform  in Creep Samples from
Strength 1000 psi Hours e Strain Strip, 1000 psi
85 39,600 L2179 288 3.6 21,000
88 36,000 1571 343 5.0 23,000
75 36,200 2500% 288 1.3 17,000
¥Perminated -

Fretting Corrosion. A PRTR, UQp fuel element, exposed to average
reactor flow rates in a single tube mockup, caused no detectable
corrosion at points of contact after three months of operation
with the fuel in the same location. Earlier tests had caused 1-5
mils deep marks in the tube well at points of contact with the fuel
in lengths of time as short as two weeks. Apparently, some unde-
tected change in conditions has occurred between this and previous
tests. A vibrator was received for use i1n tests to measure the
effact of external vibratlons on the rate of fretting corrcsion.

In-Reactor Pressure Tube Monitoring. The present equipment for
visually inspecting and measuring depths of fretiing merks in the
PRIR pressure tubes is belng renovated as a result of the extensive
in-reactor monitoring in June.

Radiation resistant lenses are being installed in the one extender
section of the M-2 borescope presently equipped with standard lenses;
the complete borescope protective tube arrangement is being re-
designed for grester ruggedness and sized to permit inspection of
the PRTR Rupture Loop tube in the future; a ftube dryer is being
incorporated into the probe; and fabrication has started on a more
rugged and maneuverable dial gage assembly for measuring depths of
fretting marks.

The Mark TIT in-reasctor tube monitoring egquipment, a refinement and
combination of the two present probes, is 80 percent complete. The
omiscope objective secticn has been returned to the vendor for re-
cementing of the objective lenses which separated when overheated

by the illuminating light. The light mounts are being redesigned

to avoid a recurrence of this problem and to provide a sturdier unit.
The gas gap instrument has been assembled. Experience with the new
light mount and depth measuring device being developed for the
present equipment will be used in the Mark III unit.
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Post-Irradiation PRTR Pressure Tube Evaluation. Metallographic
examination of & l7-wil deep fretting corrosion mark through which
failure of a PRTR pressure tube occurred in a room temperature
burst test indicsted no increase in hydride content. In & previcus
sample, & 3-mil deep mark under which a 2-mil layer of hydride was
found, altered the failure characteristics of the tube. Apparently,
in the absence of hydriding, corrosion grooves up to 17 mils deep
do not affect the strength of the tube.

Autoradiographic Examinations. Scme crifices and inlet jumpers
Trom PRIR were autoradiograpbed to determine the pattern of de-
position of the radionuclides. The pictures teken during the
examination indicated the possible presence of & long crack on the
inside surface of opne jumper. The Jjumper was decontaminated for
non-destructive and destructive testing. To date, non-destructive
teste have revealed no evidence of & crack.

Zirconium Concentration ir the Primary Coolant. A program wWas €5-
Tablisned to obtain more frequent measurements of the zirconium
concentration in the primary coclant in an effort tc detect the
onset of fretting corrosion. Daily samples will be analyzed chemi.
cally with approximately the same sensitivity obtained by redio-
chemical anelysis (0.1 ppb)-

Failure of Flow Straightening Vanes. The discovery of a small
piece of stainless steel plate (l-inech x 2-inch x 0.140~inch) in
the primary system led tc the removal of the flow straightening
vane immediately upstream of the main venturi. An investigation
of the failed straightening vane is under way to determine the
cause of failure.

All four pieces of the straightening vane were recovered, decon-
taminated in alkaline permanganate followed by ammonium citrate;
analyzed,; examined and metallurgically sectioned. The failed wvane
(5.5-1neh x 2b-inch x 0.140-inch) had failed by four main cracks
with little or no deformation and one crack with extensive deforma-
tion. Two of the four eracks cccurred at the two weld-vane inter-
faces. The other two cracks went diagonally across the plate from
side to side. The fractured edges were all heavily coated with
the bDlack oxide normally asscociated with extended exposure to high
temperature water. Metallurgical sections of fracture surfaces and
adjacent areas revesl some cracks with & little branching. Al-
though the transgranular cracks resemble stress corrosion cracks;
the number of cracks and the extent of branching were less than is
usually seen in this type of corrosion. The plate is exposed to a
very turbulent flow of 230 €, pH-10, D20 which contained some
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fluoride and chloride contamination for & short period about a
year ago. Thus, several mechanisms of failure suggest themselves,
namely, stress corrosion, corrosion fatigue, fatigue or any com-
bination of these. More metallurgical sections are being pro-
cessed in an attempt to determine the initial cause of failure.

A non-destructive examination of the remaining five wvanes and
the pipe wall revealed only one more short crack in an adjacent
vane. Destructive examination of the remmining venes will be
started shortly.

PLUTONIUM UTTLIZATIQN STUDIES

Plutonium Oxides

Several samples of PuQ; gp were heated to selected temperatures
and annealed at various cooling rates in order to study the pos-
sible phase transformations. Cooling to room temperature in a
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observed sign of the current carriers. All samples examined To
date have shown p-type conductivity whereas oxygen-~deficient Pu0p
should be n-type.

Flutonium Carbides

Density plots or as-cast PuC alloys between 52 and O a/o C indicate
s Two-phase region between 52 and 49 afo C. The density stays
essentially constant over the region from 49-%0 afo C. is can
be explained by a defect NaCl type structure which becomes suc-
cessively more deficient in carbon. The loss in carbon atoms is
very nearly balanced by the cell shrickage to yield & constant
density. At 40 a/o C an umexplained sharp rise in density occurs
in which the value jumps from 13.75 g/cc to 1k.75 gfec. From here
the density values go almost lineerly to the density of the start-
ing metal. This indicates the appearance of a high density phase
at 40 a/c C. The linear nature of the plot from that point tc
zerc afo C suggests a two-phase system ir this region.

The x-ray patterns of these compositions also show & marked change
at the L0 a/o C point. The PuC phase gives a well defined pattern
in the 4] a/o C and higher samples, but in all those below 41 afo C
the high angle lines are very diffuse and difficult to read. Alpha
pilutonium lines eppear in this region, but there are several lines
which are not indexed either by alpha plutonium or the zeta lines
reported by Mulford, et al.

The 40 a/o ¢ structure reveals s needlelike substructure in the
grain boundary phase. This may be the beginning of zeta formati
If so, it could help explein the break ir the density curve (zeta
is believed from dilatometric data to be & high density phasse); it
could also explain the sudden diffuseness of the high angle PuC
lines. The acicular phase has become quite prevalent at 25 afo C.

In an effort to obtain & more nearly equilibrium room temperature
structure, the samples were heat treated 124 hours at 600 C in
vacuo. They were cooled at 100 C per hour from 600 C to rcom
temperature. These will be examined by x-ray and metallography.

Samples have been machined from different alloys for dilatometer
and resistivity studies. ’ '
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Plutonium Nitride

Effort this month was concentrated on the synthesis of high purity
plutonium mononitride and the comstruction of an apparatus with
which to carry out high temperature x-ray diffraction measurements
in vacuum. The thermel expansion curve for Pull will be obtained
from high temperature lattice expansion data. The plutonium mono-
nitride to be used for these experiments was prepared by reacting
-325 mesh plutonium hydride with gettered nitrogen at 600 C. The
product is single-phase Pull by x-ray diffractometer sanalysis.

The high temperature vacuum apparstus is complete and requires
oaly leak checking prior to operaticn.

Plutonium Sulfide

Initial attempts to synthesize PuS will be by the reacticn of
plutonium hydride and hydrogen sulfide at elevated temperatures.

A seven.gram sample of plutonium hydride was reacted with cne
atmosphere of hydrogen sulfide at 500 C for one hour and then
beated one hour at 1500 C for homogeneization. The resultant
product hed reacted with the tantalum crucible. X-ray examina-
tion of product material scraped from the remaining pileces of the
crucible indicated that PuQp was the major constituent. The hy-
dride reactant was in the furnace bell jar for several days while
the vacuum system leaks were being repaired and was probably
thoroughly oxidized during this time nullifying any further sul-

fiding attempts.
U0z FUELS RESEARCH

PRTR Thermocoupled Element

Exemiration of two fuel rods from PRTR thermoccupled test elemert
#1072, TC-1 (200 MWD/Ty) was completed. Examinatior of fuel cross-
sections from the center of each eight-foot long rod revealed
microstructure nearly identical tc that of ronirradiated, ccld-
swaged UQo. Phnotomicrographs of the Zr-2 cladding from beth rods
revealed what appeared to be excessive hydridirg (estimated 150-
200 ppm). However, vacuum fusior analyses of cladding from the
same rods showed only 37-55 ppm hydrogen. Nonirradiated Zr-2
having the same fabricetion history contains approximately 35 ppm
hydrogen. )
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Prototypic PRTR Fuel Element

Twe additional sicgle rod fuel elements were fabricated. High
energy impact formed UO2 was vibraticnally compacted in three-
foot long, 2.328-inch OD x 0.060-inch wall Zr-2 cladding. The
proposed irradiaticn of these elements in the ETR P-7-loop irv-
eludes three parts: (1) one element will be takep slowly o full
pover, held for three hours and discharged; (2) the second element
will be taken to full power &t & normal reactor startup rate and
immedistely discharged; and (3) the third element will be taken
to full power at normal reactor startup rate and will be left in-
reactor for the remeinder of the cycle. These tests are intended
to reveal irnformation about fuel core melting during rspid re-
actor startup, and about the effect of colummar grain growth on
subseguent central fuel temperatures.

Remote Fabrication

A welding turntable and welding power supply for remote fabricaticn
of PRTR Mark II nested tubular fuel elements were received. The
circuit of the latter is being modified tc adapt the comtrol se-
querces to the needs of the fabrication system. A smaller, less
sophisticated, experimental version of the remote fabrication
facility welding chanmber is being comnstructed. The smaller chamber
will allow teste of new design concepts before construction of the
large chamber is underteken.

BASIC SWELLING PROGRAM

Jrradiation Program

Two gerersal swelling capsules conteining axially split, hollow
cylinders of uranium were charged into individuel test holes.

Each is being irradiated at a constant temperature of 575 C. Two
capsules that had reached their goal exposures were discharged and
are in the reactor discharge basin to permit some radiocsctive decay
before being shipped for disassembly. Tweo previously irradisted
capsules are novw heing disassembled for recovery ard examinsation

of the specimens. The condition of these specimens will influence
the choice of the type of samples to be used in future gemeral
swelling capsuies. The construction of additional capsules of this
type has been delayed due to the fact that the one-eighth inch
electrical resistance heaters employed in the general swelling
capsules have not yet been delivered. As there is no assurence of
& definite shipping date, an attempt will be made toc use hesaters

of ¢ne-sixteentlk inch diameter that are on hand. Two hezters will
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be connected in parallel and wound in a double helix on the specimen
chamber in lieu of the former single helix for the one-eighth irch
heater. Minor design changes have already been made in the remain-
ing capsule components and external connections to accommodate the
different slzed heaters.

An MIR prototype capsule containing & singie cylinder of uranium
has been assembled and i1s now being thermally cycled from 75 C to
600 C. It is planned to subject this specimen t¢ 100 thermal
cycles to determine their effects on a metallegraphically prepared
surface. Depending on the condition of the surface the sampie may
be re-inserted into a capsule and be re-examined after additional

cycles.

Post-]lrradiation Examineticn

An axially split, hollow uranium specimen jrradiated to & burrup of
0.4 a/o at a nominal control tempeérature of 575 C has been polished,
etched, and replicated for electron microscopy. As previously
reported, this specimen had increased merkedly in volume and had
assumed a lacy microstructure. Unfortunately, the replicas had
picked up particulate radioactive particles from the specimen surface
and due to their high level of radicactivity could not be processed.
Additional attempts at preparing suitable replicas will be made.

Examination of replicas prepared from Zircalcy-2 clad U (errizhed} -
U (depleted) diffusion couples irradiated at low temperatures and
then annealed at various temperatures has continued. Two levels of
burnup in the enriched urarium layer of the cpaxial couples are
under study - 0.2 and O.4 afo. Rerlicas prepared from couples
annealed at 700 C were unsatisfactory due to insufficient reiiefl

on the etched surfaces of the specimens. Accordingiy; the specimers
will be etched and replicated again. Specimens of the same type
etched after anrealing at 800 C have been processed for electron
metallography. DPoresity 1s far greater (greater numder and size o7
pores) than was the case with similar couples annealed at lower
temperatures. The microstructure in the specimens is typical cf
gamma-treated uranium. Porosity is present in the depleted urarium
core section of the couples, where the burnup is estimated to be
0.02 and 0.01 percent. Porosity in some regions close to the
original U-U interface is greater thar in the central core regicn.
Due to the non-uniform distribution of pores in the depleted uranium
section; no rellable estimates of gss concentration gradients by
quartitative metallography can be made. Pores very frequert.ly
appeared in a linear array in the depleted uranium secticn which
may mark the position of some prior grain boundary. The specimen
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will be reground and reprocessed for metallography in order to sub-
stantiste the results obtained. No evidence of gas porosity in the
Zircalcy-2 claed or Zr-U intermetallic zone was found. A gap be-
tweern the uranium and the intermetallic zone immediately adjacent
to the uranium, however, did exist. At the present time it is be-
lieved tnat this gap is due to pull out during polishing of a very
brittle intermetallic betweern U and Zr.

A new approsch tc the quantitative determination of pore size dis-
tribution is being pursued to supplement the informatlion already
obtained with 0.29 snd 0.4l afo burnup specimens subjected to post-
irradistion eannesling. Additional measurements have been under-
teken to corrcborate and extend the existing data. The new method
invclves the assumption that the empirical distribution can be
represerted by & general log-normel distribution function with two
adjustable parameters. These Two parameters can be estimated
through & quantitative metallographic analysis from simple counting
measurements made upon the electron micrographs. The resulting dis-
tribution of three dimensional pore diameters can then be converted
to the expected distribution of diameters obtained or a random
section through the structure, compared with the distribution of
section diameters that have been previously cbtained empirically
and tested for goodness of f£it. The advantages of this approach
are (1) incremsed statistical accuracy, {2) reduction of the three
dimenzionel distribution from an empirical histogram to a mathe-
matical formila which may be more easily manipulated, and (3) un-
biased estimates of the total pore volume and tetal pore surface
area in the structure. ’

IRRADTATTION DAMAGE TO REACTOR METALS

loy Selection

An alloy whose mechenical properties indiecate that it may have
potential use in temperature eavironmerts to 1800 F is alloy R-27,
developed by the Allegheny Ludlum Steel Corpcration. A cursery
examination of the effects of varicus oxidizirng ecvironments and
irradigstion at high temperatures is now in progress. Corrosicn
and cxidation specimens hive been prepared with one specimen pres-
ently being run in 1700 F CO=. Initiel results from this test
indicate that the alloy has good cxidation resistance in this en-
vironment. Additional specimens will be run during the next month
t0o check the results of these initial tests. Tensile epecimens of
8lloy R-27 are being prepared and will be irradiasted in & geseous
envircnment at about 1200 F.
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FPour new high-strength, nickel-base alloys have now been received.
These alloys include Hastelloy Alloy N, Haynes Alloy No. R-41, and
Haynes Alloy No. R-235. These materials were received as 0.125-
ineh hot-rolled sheet. Cursory examination of theilr cxidatior and
corrosion properties will be made as well as a determination of
the effects of irradiation upon their tensile properties.

Hanford Laboratorles is to be responsible for the procurement,
gtorage and disbursement of structural material samples to be used
in the Irradistion Effects on Reactor Structural Materials Progran,
in cases where the use of the material is by more than one partici-
pating site. BSteps wers initlated durirg the past month to provide
for storage and disbursement facilitles for these materials. In
addition, tentative specificaticns were written for Zircaloy-2
plate, Zircaloy-2 rod, types 348 and 304 stainless steel sheet and
rod, and Inconel Alloy 600 sheet and rod. These specifications
will be reviewed and submitted to the Materials Selection Committee
for approval.

In-Reactor Measurement of Mechanical Properties

The in-reactor creep test conducted on a twenty percent cold worked
2ircaloy-2 specimen at 250 C and 30,000 psi stress was terminated
after 1407 hours. The test was concluded upon the failure of one

of three gspecimen heaters. During the test four reactor shutdowns
occurred. In two of these, creep rates were found to be greater
than Just after reactor startup. Experimental difficulties pre-
cluded creep rate measurement during the other two shutdowns. This
behavior is similar to that of a test conducted on the same material
at 310 C and 30,000 psi.

In the 250 C test transient creep was observed about 265 hours after
startup in two reector operating pericds. The otner operating
periods were less than 265 hours in length. The transient creep
curve was slgmoidal. Initially, the creep rate increased with time,
then after about 4O hours the rate decreased. The first transient
produced a plastic strain of about 0.03 percent, the seccnd 0.15 per-
cent. The second transient occurred at 1252 hours and nearly equaled
the creep strain which hed occurred before the onset of the transient.
No experimental condition has been revealed which might account for
the transient. Explanation may be related to the buildup of neutron-
induced defects which decrease creep strength at 250 C. The effect
appears to occur with regularity 265 hours after the startup of the
reactor. The nature of such a defect cannot be accurately defined;
however, various theoretical approaches tg radiation damage have
predicted vacancies will be produced by irradiation. The buildup
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of wvacancies could enhance diffusion and therefore increase dif-
fusiorn controlled creep. The "transient" effect will be studied
further as part of the specimen can still be maintained at 250 C.
The results will not be directly correlatable to isothermal

tests; however, the existence of the transient can still be con-

firmed.

At 1408 rours the total plastic creep strain in the in-reactcr
test conducted at 250 was 0.280 percent. Nearly 0.18 percent of
this ceeurred during the two transient periods. A parallel ex-
regctor test conducted in an Instron creep machine accumlated
0.116 percent strain in the same time period.

Two flux monitors were discharged from creep capsuies and new
oneg charged during a reactor shutdown this month. The monitore
are presently being analyzed for calculation of flux wvalues.
Until this time monitors have not been successfully discharged.
The monitors will be changed at regular intervels In the future.

Irradiation Effects in Structural Materials

The purpose of this program is to lmnvestigate the combined effects
cf radiation and reactor environmert or the mechanieal properties
of structural materials. BSpecial attention will be given to the
determination of mechanical property changes produced in metals by
irrediation at elevaied temperatures.

During the month 5) temsile specimens irradiated in the G-7 EIR
hot water loop were tested at room temperature. These specimens
were of Zircaloy-2 and types 304 end 348 stainless steel with
varying amounts of cold work. The raw data from these tests were
programmed for electronic data proceseing. A shipment of en ad-
ditional 226 irradieted specimens to Radiometallurgy from the ETR
was made dAuring the month. These consisted of tensile, notched-
tensile, and bend test specimens of Zirecaloy-2 irradiated in the
range 1019 to 1021l nvt (> 1 Mev).

Initial comparisons of tensile data for specimens lrradiated at
~A» 280 C in the G-7 loop with data for specimens irradieted in an
adjacent tube in ambient ETR water revealed only namiral differ-
ences in room temperature properties. For example, at an exposure
of sbout 1.2 x 1020 nvt the yield strengths for ¢, 20, and %0 per-
cent cold worked specimens, representing the rolling directioo and
irradiated at about 280 €, were 70.8, 93.3 end 92.2 ksi, respec-
tively. Corresponding wvelues for specimens irradiated in ambient
water to approximately the same exposure were T71.5, 96.5 and
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101.0 ksi. The directional effects observed for the two ir-
radiation temperatures were also about the same. For the

annealed specimens the rolling directior exhibited & yield

strength greater by about 10,000 psi than the transverse

direction. On the other hand, yield strengths for the 20

percent cold worked specimens varied less than 2000 psi due

to direction, which 1s within experimental error. The correspondence
in uniform elongation between the iwo temperatures of irradiation
was also excellent, and directional effects were consistent for
both series of tests. In general, the annealed specimens exhibited
about 4.5 snd 0.8 percent uniform strain for the longitudinal ard
transverse directions, respectively. The values of uniform strain
for the 20 and 40 percent cold worked specimens were about 1.2 and
1.5 percent, respectively, with little difference due to direction.

iation Effects on Tensile Properties of Nickel-Base Alloys

At the start of the alloy evaluaticn program, the four nickel-base
alloys Hastelloy X, Hastelloy R-235; Inconel; and Incgnel 702 were
selected for a study of the effects of neutron exposure upcn the
tensile properties. '

Series of duplicate subsize tensile specimens were prepared frem
the solution heat treated alloys. The unirradiated control
apecimens were heated on graphite supports in sealed, evacuated,
and helium refilled stainless steel containers at 650 C (120C F)
for 500 hours to simalate reactor ecvironment ceonditions. sccord-
ing to the original schedule, series of each alloy were ftc be ir-
radiated for three and six months, respectively, prior to their
being tensile tested at atmospheric temperature and at 700 C

(1292 F). Instead of the planned six-montn irradiatior, however,
the alloy specimens of the last test series accumulated a 16i-month
neutron flux exposure.

A comparison of the atmospheric temperature tensils test results
of the irradiated and the unirradiated alloy specimens does not
indlcate any pronounced property changes due to rediaticn. The
precipitation hardening alloys Hastelloy R-235 and Inconel 702,
however, did lose considerably in ultimete strength 8rd elongation
after one year of exposure, while the prgperty changes »f the
other alloys are moderate. :

Testing at 700 C (1292 F) reveals more severe effects upon the
alloy properties, particularly with increasing neutror expesure.

In general, testing at this temperature, compared with the rocm
temperature tests, results in lower yield and ultimate strengths
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and ap inerease in ductility, as expected, except for the simul-
taneous, very severe reduction ir elongation of the Inconel T02
elloy. Exposure to neutron radiation sppesrs to heve & cumula-
tive damaging effect upon the tensile properties of these four
alloys when tested at 700 C (1292 F) which is especially pro-
nounced in the Hastelloy X, Inconel, and Inconel 702 alloys,
vith losses of over 50% in ultimate strength and up to 80% in
elongation. It is hoped that additional hardness and structural
examinations of these alloy specimens will help to clarify their
behavier at 700 testing temperature after the long term exposure.

Since the high nickel-base alloys are known to be sensitive to
cold working and tool mark notching effects; such as result from
the conventional preparaticn and machining cf test specimeng,
effects of this kind may have corntrivuted to the consilderable
scatter of the test results.

Damage Mechanlsms

The objective of this program is t¢ establish the nature of inter-
actions between defects present prior to irradistion and defects
introduced by irradiation; and to investigate the possibility of
neutralizing the effect of impurity atams by chemiecal stabilization.
Bigh purity iron containing interstitial impurities, such & carbon
and nitrogen; and a chemical stabilizer such as titanium will be
studied. :

If specimens irradiated to various exposures are to be tested and
compared so as to yleld informetior on the role of interstitial
impurity content and the role of the stabilizer, it is essential
that specimens have & common and constant grein gize. Experimente
are therefore being performed to establish a preocedure which will
produce a controlled grain size in iron. The size of recrysta.-
lized grains obtained by annealing at suitable temperatures is
being surveyed and an appropriste working and annealing procedure
is being determined. Working by swaging originally appeared
promising. However, metallography on traneverse sections dis-
closed 2 swirled, spiral flow psttern in the metal; microhardness
values varied from 92 tc 148 D.P.H. This structure is unsatis-
factory. Drawing as & method for introducing cold work in the
iron will be investigated next. Dies for this operation have
beern ordered.

Precisiorn x-ray measurements of the lattice parameter of the as-

received high purity iron are desired; however, the grain size
is such that conventional methods have failed. A modified single
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crystal technique is being employed, in which a single large grein
in the polycrystalline sample is 1scolated by a fine x-ray beam.
This technique has been only partially successful because of dis-
torted pesk shapes; however, further experiments are under way.

The swaged rod of iron has been annealed at 600 C and will be

-rolled into fells for electron microscope and x-ray diffraction

studies. Techniques are being developed for thinning iron foils
for subsequent examination in the electron microscope. FPre-
liminary results indicate that only small iron specimens can be
satisfactorily examined in the electror microscope equipped with
an immersion objective lens. Large specimens due to their mag-
netic field distort the electron beam to such an extent that
transmission electron microscopy i1s lmpossible. An electrolytic
thinning technique which will produce many small specimens from
a large specimen is currently being developed, and a Jet electro-
lytic thinning apparatus is being designed for fabrication.

Ingot iron specimens which were decarburized in wet hydrogen af
1000 C, nitrogenized by annealing in an ammonia-hydrogen atmos-
phere, and then irradiated to a number of different exposures have
been tested. Very little é&ifference has been noted between the
mechanical properties of the two materials after irradlation
(decarburized versus decarburized and then nitrogenized). It is
believed that tmpurity effects due to added nitrogen have been
masked by the presence of other impurities. The uniform elonga-
tion and total elongation of the decarburized iron decrease with
exposure af a slower rate than do the same properties of the ni%tro-
genized material. The radiation hardening in both materials I1=s
essentially the same, i.e., increase in yleld stress (0.2 percent
offset) from 44,000 psi the unirradiated condition to 62,000 psi
at an exposure of 5 x 104° nvt. Strain-aging experiments are now
in progress on other specimens and may be expected to yileld informa-
tion on the more subtle changes, due to the addition of ritrogen;
in the accumlation of radlaticon damage.

GAS GRAPHITE STUDIES

EGCR Graphite Irradiation

The fourth capsule, H-3-4, in the series of irradiatioms of EGCR
graphite is scheduled for remcval from the General Electrie Test
Reactor at the end of the current reactor cycle. The capsule con-
tinues to operate satisfactorily with all thermocouples in operation.
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Flux Intensity Test

The irradiation capsule, GEH-13-8, designed to study the effect
of flux intensity on property charges of graphite at & contrclled
sample temperature will be removed from the Engineering Test Re-
actor at the end of the current reactor cycle. At that time it
is estimated that the meximum semple exposure will be approxi-
mately 1.5 x 10°% nvt (E» 0.18 Mev). The temperetures of the
samples in the four positions having electricel heaters are being
controlled at 650 €. The thermocouple in the #i position failed
(became open) during & recent reactor scram. Consequently, the
temperature at that position is being controlled menuelly. ALl
other thermocouples are functioning properly.

Speer Carbon Company Contract DDR-136

The first shipment of graphites produced by Speer Carbon Company
under Contract DDR-136 wes received. This contract is & con-
tinuation of the study of the effects of additives on radiation-
induced dimensional changes in graphite. Additives used in the
graphites just received include metallic aluminum and AlpQ3 at
the 5 percent level and three mixes containing L.5 percent
purified FepO3 plus 0.5 percent of cne of the principal impurities
found in technical grade FepO3. These are 510z, Alp03 and Cog03.
Under the previous contract the purified Fep03 appeared to have
less effect during processing thar the commoniy used technical
grade Fez03.

A standard mix containing no additive was again prepared. Mix
formulation was the same as previously used; however, processing
was altered at several steps. A slower baking rate was used to
reduce cracking; the impregnation step was eliminated as & variable
which might mask additive effects; and to insure full additive
effect the purifying ges was not admitted until the temperature
had reached 2900 C. Other mixes containing a fluid-coke filler
and several additives are currently being processed. These will
give an indication of effectiveness of additives in altering di-
mensional behavior of graphites having high radiation-induced con-
traction rates.

Boronated Graphite Irradiations

A new cepsule design has been completed which is capeble of ir-
radiating samples in the tempergture range of 400-600 C. The
principal heat source is the (n, alpha) reamction of thermal
neutrons with the boron additive. Thie reaction generally
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encumbers capsule design since heating levels of 40 watts/g per
101* nv are attained. This capsule design, once proven, will
enable wide variation of heat ilnput conditions and temperatures
to be handled. The samples of boron-containing graphite are
axially mounted in a graphite tube, and & set of graphite rings
of proper width and radius control the radial heat flow and thus
set the temperature of irradiation for the samples. Capsule
venting 1s provided to prevent excessive pressure bulldup of
helium gas during irradiation.

In-Reactor Tensile Creep of Graphite

The magnitude of radiation-induced dimensicnal changes produced
in graphite depernds upon the temperature and neutron exposure.
Since both flux and temperature gradients will occur in large
blocks of moderator graphite, differential stresses are expected
to develop caused by the differential radiation-induced straias.
There is some concern that the stresses developed could exceed
the strength and result in rupture of the graphite blocks.

If the rate of thermal or radiation-induced creep were suffi-

clently large, rupture of the blocks would ke prevented or

delayed. Thermal creep of graphite has been measured at temperatures
above 2000 C, but little information is aveilable for the temperature
range 400 to 10C0 € of current interest in gas-cooled resctors.

Calculations for conditions in the Experimental Gas-Cooled Reactor
nave indicated that a creep rate of 10™+1 in/in/sec at a stress of
1000 psi would be neceasary to prevent cracking of the graphite.

A progrem to study thermal and radiation-induced creep is in
progress at Hanford. ) '

At present tensile creep is being studied on EGCR graphite over a
load range of 800 to 1000 psi and at temperatures of 475 tc 600 C.
To date tests have shown an initial primary creep, which is small
and occurs over a period of a few hours. HNo secondary tensile
creep has been found. Tests to date have been run for 2000 hours.
From the sensitivity of the equipment it is estimated that the
secondary cresp rate mist be less than 10-12 infinfhro

An in-reactor test was recently installed in the F-6 position of
the ETR. The capsule uses & bellcws and draw bar assembly to
produce the desired tensile load on a 4-inch specimen, The
temperature 1s attained by gamma heating. In the first capsule
of this type, GEB-13-9, the specimen is loaded to 800 psi in a
helium atmosphere. The mean temperature is LB0O C. An ualoaded
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reference sample is being irradiated concurrently in the same
capsule. The cepsule design is such that a strain.rate device
can be installed if the initial resulte of pre- and post-length
measurements indicate that radistion-induced creep cceurs.

Alr Owidation Studies

A series of experimects is in progress to determine the effect of
variations in gamma intensity or oxidation of graphite by air.
Previous data had indicated a decrease in activation energy caused
by & gamma flux of 1 x 10° r/hr. However, no influence of radie-
tion on eir oxidation in the temperature ragge 500 to TOOC C has
beer detected in recent experiments at 6x10° r/hr. Experiments
are continuing at lower temperatures tc determine the range where
redigtion will influence the reaction.

7. ALUMINUM CORROSION AND ALLOY DEVELOPMENT

Ex-Reactor Corrcsion Testing

Testing of A288 and X-8001 aluminum, A212 C/8, Zr-2, and 304 5/8
continued at 300 C and a pH of 4.5 adjusted with chromic acid.
The loop was down during the month for removal of a valve that
developed & leak in the valve body. Examination of the 304 S/S
valve revealed extensive carbide precipitation with accompanying
intergranular corrosicon and cracking. Adjacent weld areas on the
30k 8/8 piping were free from this attack. Anocther valve will be
removed tc determine if this condition is general in the loop or
wap particular to the one valve.

Nickel-plated 1100 alloy aluminum bars were exposed in TF-3 at
580 F and & pH of 10.0 using LiOH. A one-mil thick plate treated
for 100 hours at LOC C and a two-mil thick plate treated for 100
bhours at 400 C were evaluated. After approximately 100 hours of
exposure; examination of the one-mil material revealed extensive
intergranular corrosion attack through portions of the nickel-
plate. The two-mil material is still under test.

The test to determine if 200 ppm each sodium dichromate and sodium
benzoate would inkibit the corrosion of carbon steel and aluminum
in npeutral pH, 300 C water has been discontinued after & 500-hour
exposure due to excessively high corrosion rates. The A212 carbon
steel was corroding at a rate of 0.876 mil/year and the X-8003
eluminum at & rate of 175 mils/year.
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8.

USAEC-AECL COOFERATIVE PROGRAM

Boiling Burnout Studies with 19-Rod Bundles

The electrically heated model of a 0.050-inch spaced 19-rod burdle
fuel element, which failed after 18 experimental boiling burnout
points were obtained, was removed and repaired. Several of the
ceramic beads used to simlate wire wraps were found crushed and
the 0.050-inch specing between rods was not necessarily maintained
throughout the tests. In fact, the rod which fajled as well as
three others were found to have bowed. It 13 not known when during
the course of the tests the bowing occurred. To circumvent this,
the test sectlon was repaired using 0.050-inch Inconel tubirg
filled with compacted MgO for wire wraps. The tubing will conduct
electricity and will therefore generate some heat at a heat flux
calculated to be about cne-third that of the rod surfaces. The
repalred test section was further modified to include a thermo-
couple to measure the water temperature of one of the sub-channels
of the btundle just downstream of the heated section.

The repaired test section was installed and testing started. How-
ever, a leak developed on one of the rods during the second bolling
burnout run, and this was sufficient to warrant removal of the test
section for replacement of the leaking rod. When the test saection
was dismantled, three of the MgO filled lengths of tubing used tc
simulate wire wraps were found split for lengths of one to four or
five inches. This is believed due to very small holes at the ends
of the tubing which allowed water to penetrate into the Mg(. When
the test section was coperated, the water was veporized faster than
the pinhole could relieve the steam formed and the resulting pressure
split the tube.

The leaking tube and the split tubing were replaced and reassembly
of the test section is in progress at the month's end.

BEACTOR AND NUCLEAR SAFETY STUDIES

Advanced Reactor Concepts Studies

> Mwe Spacecraft Reactor. Calculations of reactivity and fuel

burnup for a plutcnium-ifueled fast reactor for spacecraft appli-
cations performed by Applied Physics Operation indicated that core
life or control span are not significantly benefited by varying
the lsotopic composition of plutonium. Certain mixtures of Pu-239,
Pu-240 and Pu-241 did not produce a "phoenix fuel" effect in the
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fast spectrum considered here. Studies of the use of & burnable
poison are novw being performed to ascertain if performance can
best be improved in this manner. Fertile material (U-238, Th-232)
may be investigated later.

Burnup caleulations indicate that a very large control span

(A~30% K) is required to compensate for bwrnup &lene for a 20,000
core life unless & reducticn can be made through burnable poisons
or & more dilute fuel-fertile core. This span can be achieved
with reflector control of & suitable type and several control
schemes are being compared for feasibility and reliability. How-
ever, this great a span of control in the reflector will severely
alter pover distribution in the core during the core life and will
require & two- or three-pass coelant -system to compensa&te for this
effect.

Fast Supercritical Pressure Power Reactor. ? Somparison of the
Hanford Supercriticel Pressure Power Reactor 1} with a steam-

cool?d fast breeder reactor concelwved by United Nuclear Corpora-
tion 2) and a plutonium-fueled fast breeder reactor studied by
Atomic Power Development Associates(BS indicated that it should

be passible to design & fast breeder reactor basically similar in
concept to the Hanford SPPR. The major changes in physical plant
would be asscociated with sccommodating a different critical mass

of fuel, defining core and blanket fuel regions, eliminating the
moderator and substituting an alternate method of cooling for the
cuter fuel cans and control assemblies, .and establishing the contrel
requirements. A conceptual design study of a fast supercritical
pressure reactor wes therefore initiated to enable evaluation of

the economic potential of the reactor.

(1) EW-GBL20 Rev, "Econcmic Evalumtion of & 300 MWe BUpercritiocal
Pressure Power Reactor," H. Harty et al, June 1961.

(2) NWDA-2148.5, "Conceptusl Design and Economic Evaluation of a
StzamFCocled Fast Breeder Reactor," G. Sofer et al, Novenmber
1961.

(3) APDA-129, "A Plutonium-Fueled Fast Breeder Atomic Power Plant,”
April 19549,
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D. RADIATICN EFFECTS ON METALS - 5000 PROGRAM

Polyerystalline molybdenum tensile specimens with 0.180-inch diameter
gage lengths prepared from .cold worked rods which were annealed at
temperatures of 1050, 1300 and 1500 C have been loaded into capsules
for irradiation to three exposure levels, 1018, 1019 and 1020 nvt.

Thin foils of molybdenmum for study by electron microscopy and x-ray
diffraction techniques have been and are being irradiated between
aluminum spacers in small aluminum capsules. A recent test in such a
capsule equipped with a thermocoupled specimen has indicated that the
meximum temperature of foil specimens deoes not exceed 39 C during ir-
radiation in evacuated cepsules. If helium gas is introduced in the
cepsule, the specimen temperature falls to 30 C under normal reactor
operation conditions (normel power and flow of water coolant over the
capsule).

Capsules containing foil specimens {0.003-inch thick) of Johnson-
Matthey high purlity stock, and of stock with nominal carbon’ contents
of 10-20, 100-20C, and 400-500 ppm, have received a nominal exposure
of 1 x 108 nvt (fast). These capsules contain specimens which had
been annealed at 1850 C for one-half hour. Specimens will be pro-
cessed in the near future.

Foil specimens of Jolnson-Matthey molybdenum irradliated in the as-
rolled state and in the stress-relieved state have been annealed at
500 C and 600 ¢, and are currently being examined by transmission
microscopy. Some evidence of clustering of defects similar to the
"Black Death" reported by British investigators studying radiation-
induced damage in f.c.c. metals has been found In the feils annealed
at 500 C. Since the density of these defects is low and their size
is small (~25 A diameter), additional results are needed. It is

"hoped that the foils annealed =bove 500 C will supply confirmation
of this clustering phenomenon.

Molybdenum rod from ncmipnsel C.5-inch diameter recrystallized rod has
been subjected to swaging treatments in attempts st introducing

various and appreciable levels of "cold-work". Several reductions of
eross-sectional area were obtained at temperatures of 200, 300, 40O and
600 C. The "cold-worked" material will be studied in the differential
calorimeter to ascertain release of stored energy dus to the work
introduced in the specimens by mechanical means. This information will
be utilized In the interpretation of the release of energy stored in
specimens by neutron irradiation only.

UNCLASSIFTED
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An evacuable piatinum wound furnace tube capable of operation at
temperatures as high as 1600 C has been fabricated, tested, and
put into use. Modifcatiors to the shapes of foil tensile specimens
for testing in the electron microscope have been made. Tests cur-
rently in progress will establlsh an optimum shape for the die and
punch reguired for preparing specimens.

A total of five tensile tests, interrupted for x-ray diffraction
photographs, have been made on the unirradiated molybdenum single
crystal specimens. The specially designed [ixture has proven quite
satisfactory. Detailed anslysis of the deformation modes, as re-
vealed by the x-ray patterns, is being carried out.

. Low-carbon single crystals are quite ductile, failing only after being

drawn out to & chisel edge. Medium- and high-carbon crystals fail
earlier, & flat fracture surface parallel to (100) being formed on
the {Wo specimens tested to date. Deformation modes vary with the
initial orientetion. The first crystal examined, with rod axis
initially neer /011 7, deformed by a simple (211) ~ /I11 7 mechanism.
Crystals of other orientations deform in & more complex manuer.

CUSTOMER WORK

1. RADIOMETALLURGY EXAMINATIONS

The cause of the failure of the third low exposure element from
D-Resactor was determined tc be & defective spire that was dameged
during fabrication of the fuel element. A low exposure side
failure from F-Reactor has been examined. The failure regulted
from mechericel damage incurred during the cherging operation. A
heavy scrape mark adjacent to the rupture ares was observed on the
male end of the failure from 1372 E. It is the probable cause of
the rupture. The male end cap will be examined to determine
whether there was & defective weld.

A 3-1/2~inch core sample of sludge from & Redox waste storage tank
was removed from a rotary core drill assembly. Photographe of the
sample were ovtained and samples sent to Redox Technology for )
analysis.

2, EQUIPMENT DEVELOPMENT

Recent experiments in color photography have resulted in procedures
for the use of cclor film in the conventional and remote metelio-
graphs &5 well as the borescope. The color obtained with this pro-
cedure approximates the observed color very closely.

UNCLASSIFIED
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A new vacuum annesling furnace and the remote Rockwell hardness
tester have been set up in "E" cell. Both pieces of eguipment
are in operation on hot samples.

The High Level Utility Machining Cell 1s essentially complete
except for modification of the lathe. Procurement problems con-
tinue to plague progress cn the Physical and Mechanical Properties
Testing Cell with delivery of cell castings delayed until late
September 1962, The Instron Tensile Testing unit has been set up
in I-cell in preparation for accelerated testing of irradiated
structural materizls.

3. METALLOGRAPHY LABORATORY

A forged steel comnector for NPR process tubing was examined to
determine the suitability of & weld which was laid down to increase
certain dimensions of the comnector. The welding rod contained
approximately 0.5 percent Ni with no Cr, while the base metal ceon- -
tained approximately 0.5 percent Cr and no Ni. Otherwise, the
compositions were about the same., A diamond pyramid microhardness
traverse showed a rise from 250 to 310 DPH (equivalent to a rise of
9 points on the Rockwell C scale) within a distance of about 250
microns in the heat affected area of the base metal. A subsequent
stress-relief anneal reduced the hardness gradient sufficiently to
expect that all other connectors treated in this manner would be
sultable for service in the NFR.

k. N-REACTOR CHARGING MACHINE

Modifications

Fabrication of the new limit swltch assemblies which control the
vertical movement of the machine while loading or unloading maga-
zines was completed. One assembly was installed on the machine
and evaluated. Mechanically, the assembly was inadequate and the
assembly was removed. All of the assemblies will be modified.

Fabrication of the modified transfer arm pressure indicators was
started.

The new process tube nozzle which was damaged during installation

was removed and reconditioned. The process tube which was severely
scratched during charging tests will not be used again. A six and
one-half foot section of this tube was removed for additional testing
and evaluation.

UNCLASSIFIED
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About 80 hours of electrical craft time were expended in additiomns
and modifications to the control cireuitry. Installation of the
remote panel and comnecting wiring was completed and tested. Re-
wiring of the counters in the Selsyn assembly was completed.

Testing

A working committee has been formed with members from FFPD, IPD and
HLO to resolve the fuel element shoe to process tube compatibility
problem. Present work is directed towerd obtaining correlation of
the results obtained in 306 Building on short sections of process
tube and in 314 Building on a full length process tube. Future
work involves the investigation of various parameters such as tube
and fuel cleanliness, tube length, fuel columm length, and damage
mechanism.

The test of autoclaved fuel feet against autoclaved nozzle was
completed with no evidence of damage observed.

All flow contrel, pressure reducing, and pressure reliel valves vere
removed from the charge machine and set or calibrated as required.
The valves were re-instelled and tested. B8et points for all valves
were tabulated. This table will be Iincluded in the report on Design
Test 13.

FISSION PRODUCT TRANSIENT SAMPLES

Fabrication of 72 fission product transient samples for Phillips
Petroleum Company 1s ccntinuing. Autoclaving and final assembly
of 16 of the coextruded Al - 2 w/o 81 clad tubwlar elements have
been cormpleted. Ten, for irredistion, contain 0.2 gm Pu-239 each.
The others are calibretion standards. Two contein O.4 gm Pu-239
each, and four heve aluminum cores. Preparations for shipping are
in progress. Cores for 36 additicnel elements containing Pu-Li-Al
end U-235-A1 have been cast and machined. Difficulties in obtaining
analyticel results with the required precieion of one percent have
delayed further work with these alloys. Welding of the end fixture
on these elements 1s Delng done in the glass lathe. A centinuous
burn down fusion weld 1s being mmde without additional filler metml.

Reactor and Fuels Research
and Development

UNCLASSIFIED
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MOKTHLY REFORT

JULY 1962

FISSIONABLE MATERIALS - 02 PROGRAM

REACTOR

Exponential BExperiments for NPR

The finsl snalysis of the exponential experiments in the NFR condensed
lattice is ccmplete. The method of analysis used was to first determine
a suitable extrapolation distance for the front-to-rear, side-to-side
and vertical directions by averaging many experiments; then to determine
the material buckling from a £it of vertical traverse data.

The values of the extrapolation distances in the NPR condensed lattice
were found to be 0.93, 1.03, and -0.47 inches in the side-to-side, front-
to-rear, and vertical dlrections respectively. Tke negative value for
vertical extrapolation is the average of a large number of experiments.
One possible reason for a negative value is that the pile 1s 1.47 inches
higher than ten lattice units; thus if the pile were the correct ten units
high, the extrapolation length would be 1.0 inches.

For the diffusion length experiment horizontal traverses were not measured
and the extrapolation distances were assumed to be ope inch. The vertical
extrapolation was measured to be 0.67 inches.

The final bucklings are listed in the following table.

Miel Fuel . Relaxation

Type Wet or Dry? B10-5cm2) Length (em) Remarks

None -— -293 £ 5 26.19 L = 58.46 £ .49 cm.

Nat. U. Dry -160 = & 39.76

Net. U. Wet =155 £ 7 39.9L Average of twe

kT B35 pry + 56 6 Lg.02

OUT UR35 wet 250 £ 6 67.06 Average cf three
IMEEGR D S A Sanrm
TP ApmE
PAT S L™
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The errcrs quoted are dne to errors iz fitting the expcozential vits 2rrors
zaused vy uncertainties of ome quarter inch in tne Lorizontel extrarilia-
tiirn lengths and an uncertainty of one-kalf inch in the vertical extrap-

P A 64

sistion length.

Taere were o experiments perfcrmed witk the condensed lettlce exponentisl
ir. & ficsded conditicn or with control rods inserted.,

Ihe retic ¢f eraphite atoms 1n the NPFR mockur €0 grepkits atoms in the
condensed lattice ig 1.016 using solid grephite denmsities of 1.605 for the
meekur and 1.636 for the condensed lattice.

Tne streaming factor for the NPR lattice cearn te determined from the meass
uwrements. Thie ratio 1s 2.1 for enriched fuel axd 1.€ for matural fuel
frem the ratios of condensed lattice buckling to mockup buckling (reported
last month) for eack fuel. The wet end dry streaming factors were aver-
aged., The reasom for the difference in the buckling ratios for the twe
faiel enrichments is not understood. A correction for *he . .6% Zifference
ir grephite content 1s needed, but thig correction wil. make the differerce

gtill larger.

Octimization of Retubed lattlces

Twe verticel and two horizomtal flux traverses were measured in the C-pile
rotkup with C II K fuel. Ome vertical traverse was performed with one
contrcl rod in the center of the pile while the remaining traverses were
performed without control rods.

K-Reactor Progran

Measurements of the reactivity change with irradistion time for comtron
st.lines are zlamned for the PCTR with the K-lattice core. The splines with
the lowest ilrredlation have reamched their gcal exposure ani have deer re-
moves fram the reactor. The lrradiation of the 1 set will act be comp-
iete for several months.

Measurement of the Angular Distribution of Thermal Neutrons at Sae Surfaze
of Caimium Rode

The study of neutron transport involves the distributicsn in positics,
energy, and direction of the neutrons. Messurements of the space apd
energy distributions of aeutrons have beer made for many years. Howevar,
The angular distribution has not been studied experimentalily in sny detail.
The presert experiment was designed to measure the anglar distribution cof
neuvrens at the surface of a strozg sbsorber for comparison with the resilh:

1230953 ..



of the Sp method for solving the tramsport equation'l). This is the
first experiment ever designed to measure angular fluxes inside of a
reactor.

The sngular distribution of thermal neutrons was measured at the surfaces
of 37-inch long cadmium rods of two diameters, 0.9 inches and 5.% inches.
Each rod was placed in the center of the graphite core of the Physical
Constants Test Reactor (PCTR) in a separate experiment. Small holes

{63 mils diemeter, 140 mils deep) were drilled in the surfaces cf the rods
at several angles. Small foils (55 mils diameter, 11 mils thick) of a
Dyz03-plastic mixture were placed on the ends of aluminum or cadmium pins
for insertion into the holes. The activities with the cadmium pins were
used to subtract residuasl acfivation by epicadmium neutrons. The dimen-
sions of the holes allowed the folls to see about 2% of the 47 solid
angle., With this collimation the signal to background ratic (collimated
thermal activation to uncollimated epithermal activaticn) was about 10
for the 0.9-1nch rod apd 2.5 for the 5.3-inch rod.

The results showed the angular distribution anisctropy to be larger for
the larger bar. The experimental data indicated a slightly larger aniso-
tropy than did the calculations with HAPO-Program S-X, although the agree-
ment with theory 1s remarkably good for such a severe test of the computa-
ticnal model.

The results are useful to indicate the precisicn of transpcert codes which
are then used for analyzing other systems, as well as to show whether

. simpler codes can reasonably be used at a reduced cost in manpower and
computer operation. Verificetion of theoreticsl methods will be useful
in reducing the safety factors used in design and hazards analysis, esp-
ecially in situations which are not directly accessible to experiments,
s5¢ that decisions must be baged upon calculsticns.

Stability Difficulties with Sy Transport Analysis

Preliminary ccmparison of Sn transport theory predictions with recent Han-
ford measurements of neutron angular distribution has provided a baffling
contradictory evaluation of the level of reliability of the 3y, analysis
method.

(1) B. H. Duane, Neutron and Photon Transpcrt, Plane-Cylinder-Sphere,
GE-ANFD Program S; Variatiocnel Optimum Formulation, XDD-59-9-118
(1959). See alsoc Albedo Logic for Double-Sy Trensport Analysis,
PP 4-10 of EW~TL747 {1961). .
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A 52-angie transport caeleulation of the filux entering the surface of a cad-
mium cylinder centered in graphite moderatcr within a fueled amnulus shows
good gquantitative agreement with anguiar distribuotion measurements made Ty
rlacing tiny sensor folls within anguler-ccllimation heles drilled 1atco
the cadmium st various angles te¢ ite surface., Bat, in sharp contract wit:
the satisfactory prediction of lnward angular distrioution. the 5, trans-
port representation of the ocutward flux shows persistent numericel-instak.-
ility cscillation in the graphite within a mean free path of trhe cadmium
surface.

Tris outward-flux oscilletion eppears to be both spatially damped and
+ightly constrained in angular-harmonic contert, with no discernitle
oscillation in angularly-integrated flux, angularly-integrated current, or
inward engular distribution, despite the fact that the cubward angular dise
tribution shows distortion beyomd physical interpretation. Consequertly;
1t is felt thet this instebility may have only localized second~order
effects upon the calculation of eriticality, power distribution, isxtropic
senscr activation. neutron moderation heating, photon energy depositiom,
or other such angularly-integrated information. Nevertheless, wntil this
difficudty is cleared up, &ll 8, apalysis work in curvilinear geometry
snoudd be serutinized critically for evidence of outward-flux oscillation
near important materiel interfoces.

Sﬁatial Resonance Self-Shielding

Work on the program to compute group self-shielding factors, program
GROUSS: progressed to the peint where an ordered energy lattice combining
an equal lethargy mesh and an energy mesh centered on each resonance is
broperly computed. The treatment cf Dcppler hroadering will be im?r red
ry computing the ¥ function mumerically from the differensiel form

Lsing a central difference epproximation.

In order t¢ provide Progremming Operation with essistance in fuel element
calculations which depeni on spatiel self-shielding, on a time scheﬁul?
aread of program GROUSS. the ANP C-Fine tape generating program, FINDT 3),
was successfully used to make & test case tape.

(2) Amster, Harvey J., "A Differentisl Equation for Calculating Doppler
~ Broadened Resonances,” NSE 11, 343 (1961).
(3} Cooper, J. R. and W. B. Henderson, "Nuclear Data Tepe Program with
Fine Energy Detail," XDC-60-8-69, aAugust, 1960.

" .-’?‘L,?_,' ML
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The ANP Doppler broadening code, which computes D-B cross sectioms from the
¢-Fine tape by straightforward mumerical integration of the product of the
cross sections and the relative velocity probabilities, has been modified
t0 punch cards in the formet required by FINDT. Checkout is in progress.
The FINDT and D~B codes can then be used to generate tapes conteining D-B
eross sections of one or more isctopes over the desired energy range for
self-shielding calcwlations as described in the monthly report for June,

1962,
Bffective Void Diffusion Coefficilent

Present multi-group diffusion codes such as incorrectly allow no flux
change in curvilinear void regions. Garelis in an effort to correct
this deficiency has derived an expression for a fictitlous "void diffusion

coefficient,” which preserves P-1 boundary conditions when used in ordi-

nary diffusion theory. Because of memory limitations, the exact expressions

cannot be coded into HFN. Adequate, but more campact expressions are now
belng sought. :
EFN

Revised pages for the HFN document, HW-T1l545, have been issued as informal
document HW-TL545 Rev. These correct several typographical errors, and
describe an additional boundary condition option.

AFDAC

Helf~life data for dysprosium folls has been added to the bullt-in AFDAC
library.

The exlstence of two bugs in APDAC has been established. When using cer-
tain optional features of the cdde to analyze dysprosium foil activity
data, one of the bugs causes an incorrect error analysis. The cother bug
causes APDAC to "swallow" foil data under scme conditicns. The cases
which originally experienced these troubles were successfully processed
by changing the input slightly. The bugs have not been located.

Camputetional Programming Services

ICEDT, the complete exponential dats reduction code, has been written and
is now being debugged. Preparation, ocperation, and revision of various

(+) Garelis, E., Nuc. Sci. and Eng. 12, S47-548 (April, 1962).
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versions of the kinetics code, TRIP, have continued, Attempts t¢ ensble
TRIPOOL to satisfy stricter regquirements for parameter comvergence are

st1i} umsuccessful.

Inpat data preparation for further calculations on three of the four reac-
tor systems to be treated by the S5-X code has been turned over to the crig-
inatorg of the problems. Omly the prcblem of the criticel mass of dissolve
ing plutonium ie still being processed. In sidition, a problem inveolring
theton heating in a namogeneous Cs-137 cylinder was begun and returnped tc
the criginaters.

Irnstrumentation

Tue prototype gumma spectrometer was again returned 4o GE-APED for further
mxiificetions to sttempt to meet the specifications. The prototype 4if-
ferentisl alsrm module waa alsc returned for changes foliowling extenesive
testing. The prototype units, when satisfactory, are tc be used as models
for 24 instruments for use in the slow-scan portion of the NPR Fuel Fallure

Monitoring System.

Computaticns were completed and & report issued regarding necessary shield-
ing and absorbers to be used with both the top and bottam shield neubron
sensitive ionizetion chambers for use at NPR. The work was done at the
request of Electrical apnd Instrumentation Design, CEXUQ. In addition, the
genersl program of miclear instrumentation support for NPR continued with.
review of prints and specifications for the scurce range monitor. the
intermediate range monitor, and aessociated ion chamber assemblies in the
reactor shield. Assistance was rendered in the negotiations with GE-APED
regarding fabrication methods for the chsmbers.

Ar cutline of a proposed set of rupture ectivity moritors ani a rough draft
specification for the gross-gamma monitor cosnnel were submitted to Irradia-
tion Testing, IFD; following their request for mssistance. The work was
far the HAPO-26L project for a fuels development effluent activity monitor
for bWoth Irradiation Testing, IFD, and Ceramic Fuels Development, ELO.

Suggestions and advice were rendered to Irrediaetion Testing end Reacter
Poysies of IPD regarding the application of fission counters to their
polson spline monitoring problem, -end ir additionm, comments were made tc
Applied Reactor Engineering personnel regarding methods to simplify end
improve the fission counters of the subcriticel monitors of the existing
reactors.

At the request of Design Analysis, IPD, & critical review was made, and
caoments rendered; of a rough draft report which summarizes a caleulationsd
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study of anticipated temperature profiles, resulting from abnormsl condi-
tions, in the top shield complex of exlsting reactors. The report con-
cerned shield temperature comtrol by appropriate fringe process tube load-

mﬂ

An analysis was made and a report was issued regarding the decay and
attenuation properties of the radiation emitted by an irradlated sample

of titanium as proposed for use as the wire in the NFR Traveling Wire

Flux Monitor. Because of the high energy photons from the titanium and
from & small mangenese impurity in the wire, it was estimated that at least
5.5 inches of lead shielding would be required. If no mangsnese were
present, the lead could be reduced to about 3.5 inches. Since less than
two inches of lead can be incorporated in the present design, major design
nodificatices will be required. The analysis was made at the request of
Reactor Physics, IPD.

Tests intended to yield information on the flux distribution effects of
reactor comtrol rods under equilibrium operating conditions were continued
during the month. Simultaneous recordings of neutrom flux changes at
three loeations in the 105-XW reactor, due to four rod position changes
made one &t a time, were obtained. Measurement methods used in the last
test series improved the precision of the measurements. The test method
yields useful data with very small rod movements and thus can he carried
out during normal operations with negligible effect on the reactor flux
distribution. Additional tests are planned for the week ending August 5.

Work was resumed on & reactor control and transfer function study using
the EASE and GEDA analog computers. The analog model is the same as the
one used for the reactor instrumentation study, except that the scram

and vertical safety rod cirecuits are not needed. The simulation includes
a controller for each of the 11 regioms in which power and temperature
are computed. The controllers hold the regional power levels at a speci-
fied value while the entire reactor comes to equilibrium. Initial runs
vere made with the controllerg in and operating; a .1 megawatt step change
in power was introduced into each region in turn, and the results in all
nodes were observed by recording regionsl power on an 8-channel strip
chart recorder. Type zerc and type one control were both used, each with
gain constants of both one and ten on the controllers. Additional analog
runs are planned to verify our present concept of an equivalent reactor
structure,

The ll-node reactor instrumentation analog simulation study has been comp-
leted for the present and the results given to IFD. The purpose of the
study was to determine, for various instrument trip point settings, how fast
the control rods may be withdrawn without causing coolant boiling at the

T
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reastor outlet; the problem was stulied at seversl power levels. The
instraments providéing reactor scram signals were those which monitored
nevtron flux. reactor outlet temperature, and linear rate of rise of out-
l=t temperature. It ls probable that further instrumentation study will

he undertaken soom.

A purchase specification for one complete system of Bailey (NFR) comtrol
equipment was prepared for NPR Project Operatiom. A purchase crder for
tke equipment hag been placed.

The theory of Dynamic (ptimization has been extenled to cases of more than
cne varisble, such ag large reactors. The theory hes been verified, but the
sppiications %7 practical problems will reguire the use of a computer. as
the methemsiics become cumhersmme to handle analytically.

SEFPARATIONS

. Experiments with Plutoniun Solutions

Further criticellty experiments were conducted with plutomium-nitrate solu-
tizns in a lbé-Inch dismeter stainless steel sphere, fully reflecteld with
water.

Criticality wes studied as a functiom of the plutonium concentration and
acld molarity of the solutions. The plutonium concentrations were in the
renge of 33 to b4.7 g Pufe; the pltric acid molarities of the solutiomns
vere appraximstely two and four., The critical concentratiom of the full
sphere (23.22 liters) ie determined from extrapolation of the date {criti-
cal volume vs. concentration) as the Pu concentration is adjusted spd
zriticality in the fwll sphere is approached. Experiments are currently
heling cordusted witk Pu solutions at an acid molarity of ~6.0. When
complete, these dats will permit an evaluntion cf the effect <f nitrate
on the eriticality of the Pu solutioms.

Data were alsc obtained for estimating the correctiom to the measured crit-
izel volumes for the effect of the 0.O4k-inch steinlese steel vessel wall.
Ir cne experiment a mockup of the sphere neck support was appended t¢ the
vessel 16 determine its effect on eriticelity.

Toe date from the experiments couwpleted during the month are summarized
ir the following table.

1
The Pu comcentrations which result in eritieslity with the sphere fudl
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for azid molaritiss of 2.08 and 4.07 are given below:

Pu Concentration
for Criticality H/Pu

in Full Sphere Atetic Acld Toteal Critical

{23.22 liters) Retic Molarity Nitrate Mess
%3.2 g/g 750 2,08 164 g/s 771 g Pu
%8.6 g/t 613 L.07 292 g/t 8% g Pu

Qf special importance for the execution of the program of criticality
gtudies in the Laboratory 1s the 234-5 Development Processing Facility for
Critical, Mass Fuel Preperation, The equipment for concentrating plutonium.
nitrate solutiscns 1s now avallable. Routine loed out of plutonium solu-
ticme from the mixing roam of the Crltical Mass Ieboratory was begun dur-
ing the month; seven PR cans containing a totel of 56 liters of dilute

P. scliction were sent to the 234-5 Processing Facility for re-concentra-
ticn. These transfers were accomplished without spread of contemination;
the load out procedure has worked very well.

A new gphericel criticel assembly vessel of 15.5-inch diameter was re-
czived during the monih. 7This vessel contains provisions for a re-entrant
tube to facilitate flux measurements slong the axial diesmeter of the unit.
This is the second sphere of this design to be received. This unit will
rermit criticelity end buckling measurements at high Pu concentretions

ans acld molerities in the unreflected state, whereas the diemeter (11.6
inches) of +he previcus unit received will permit simllar studies with
high Pu concentraticns in a fully reflected assembly.

Status of Evperimentes with Plutonium Oxide Plastic Mixtures

Congtruction is proceeding on the criticsl assembly (split-half) mechine
for use in the criticality measurements with the PuOp~plastic mixtures.
Final testing, and the installstion of this device into the second hood
of the critical assembly roam is expected to be campleted 1n December of
this year., The electrical wiring of the movahle table has now beern comp-
leted and tested. The operation of one rod drive has alsc been tested
aad the construction of the other three rod drives has been started by

Technicel Shops for delivery in August.

The new neutrom source drive for use with the gplit-haif machine has been
Pramised by the vendor about October 1. The plutonium-beryilium neutron
source has been recelved.
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The fabrication of the PuOy-plastic mixture into small two-inch cubes by
the Plutonium Metallurgy Operation for the initiel series .of experiments
is about 75% completed. Since the K-9 incident, nc further preparation of
the fuels has been made. The problem of coating the individual cubes for
contamination control has not been fully resolved.

A supplement 1s currently being prepared to the Barzards Summary Report
for the lLaboratory to cover the operation of the split-half machine and
the experiments with solid plutonium bearing systems., This report is
expected to be ready for submission to the ARC by October 1.

In-Plant Neutron Multiplication Teat for Nuclesr Safety

On Saturday, July 14, an in-plant neutron multiplication measurement was
made for a large arrsy of partlally reflected shell castings in hood
HC-228R of the 234-5 Bullding. The array was reflected on three sides
with ten inches of water contained in fixed steel tanks.

Increased storage 1n hoods HC-22SR and HCO-LSSR were previously per?itgﬁd
upon the campletion of In-Plant Neutron Miltiplication Test No. 3.\2»

The increased storage resulted in increased neutron exposure to personnel;
"water walls" were then erected on three sides of the hoods to reduce the
neutron exposure. The multiplication measurements were made to examine
the effeet of these "water walls" on the eriticality of the srray.

This was a cocperative effort between perscnnel of Criticsl Mass Physics,
HIO, and CPD. The instrumentation for the experiments was supplied by
Critical Mass Physics - together with technical Airection during the meas-
urements. The three neutron instruments behaved perfectly during the
course of the measurements. Although a totel of 592 Kg of Pu were loaded
into the hood at 33 positions in three layers, the arrasy was far subcriti-
cal; these results show that it will not be necessary to reduce the number
cf units permitted in the array because of the effect of the "water walls".

This is probably due to the fact that the castings used in these experi-
ments had a smaller stacking density than in previous experiments, i.e.,

at each position in the storage array, the k.pp OFf the individual stack, or
its fraction of eritical, was smaller.

(5) mW-T2208, In-Plant Neutrom Multiplication Test No. 3, R. E. Isaacson
and R. L. Stevenson, 10-2-01,

(6) BW-71345, Critical Mass BEstimates for Arrays of Castings, R. E. Isaac-
son and R. L. Stevenson, 10-5-b1,
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Au experiment to study the effect of stalnless steel (as used in comtain-
ment vessele for solutions) on the measured values of k, in the PCTR was
carpleted during the month., The experiment was copducted with dilute
uraayl fluoride (UOp¥:) solution with uranium concentratioms in the range
12~20 g U/f; the uranium was highly enriched (93.154 1235).

Measurement of ke 1ln the PCTR for Dilute Solutions

Date from the experiment is now being a.na.lyzed and the results will be
used to evaluate a previous experiment on the limiting critical concentra-
tion of plutonium in water, which elso used stainless steel core tanks.

During the course of the experiments, & samevhat unexpected phenomenon was
observed. The reactivity with the core tank f£ilied with He was fornd to
be less than with the core tenk filled with alr; the results showed helium
to act as & polson to the system relatlive to that of air. A reactivity
measurement was then made with the core tenk under vacumm. The obgerved
differences in reactivity were dependent on the thicknesaes of stainless
steel in the core tanks, but in terms of increasing reactivity the order
was; He; air, vacuum.

The results show that He cammct be arbitrarily used as s substitution for
& vacuum {stepderd) wherein the PCTR method the ko in the core tank is by
definition unity. In previous experiments He has been used to simulete

a8 vold (ke = 1).

Consulting Bervices on Ruclear Safety - Criticality Hezards

Nuclear Safety in RIO

The following nuclear safety specificetions were spproved and issued:

G-1 (Revised) General Rules for the Storage, Processing, and Trans-

porting of Enriched UQs (Ceramic Fuels Development Operation)

J-1 Rules for Plutonium Handling in Dry Glove Boxes {Plutonium
Metallurgy Qperstion) .

J-2 Special Rules for- Ba.nd.'l.ing Flutonium Metel in Glove Box hTB
{Casting]

N-1 Geneml Rules for the Storage, Processing, and Transporting of
Flutonium end Plutonium Oxide (Ana.l:,rtTal Ia'bara.tories)

| 2 30950 3 _ L ; N iy L
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Nuclear Safety - Training and Blucation

A course in nuclear safety for the benefit of CPD engineers is belng
given at the Criticsl Mass Laboratory. The course consists of a series
of ten lectures together with the showing of several films on the subject
of criticality and nuclear safety. The lectures are belng given by
Messrs. Brown and Clayton. The first series of lectures was begun on
July 23; the meetings are from 10:30 AM to 12:00 ncon on Mcndays and
Thursdays in the lunch roam of the Critical Mass Iaboratory. Twenty-three
perscns from CPD are participating in the first session. It 1s expected
that Pfour sessions running consecutively will be required to accommedate
all those interested in participating, and thet about 100 supervisors
fron CPD will vwltimately complete the course.

Mass Spectrometry

The heavy-element mass spectrometer for this program has been out of
operation this month in order to investigate the possible reazons for the
poor resolution of the spectroameter. Measurements of the alignment of the
analyzer revealed that its axis is ocut of sligment by 0.28° from the
median plane of the magnet gap and 0.28° from the plane perpendicular to
both the median plane and the plane of the magnet pole boundary.

An examination of the inside of the analyzer tube revealed the presente
of magnetic filings bridging from one side of the tube to the other in the

magnet gap.

It has not been determined as yet that the miseligrment and/or magmetic
filinegs could account for the poor resolution. THowever. a part of the de-
flection in the direction of the magnetic field which was previously re-
quired to bring the bhemm into the center of the analyzer exit slit could
be acccunted for.

The linearity and accuracy of the vibrating reed electrometer and recorder
gystem cf the mass spsctrometer was alsc calibrated during the month,

Interaction by Matrix Methods

A straightforward extension of the s b ritical interaction problem to
matrix form using the work of Dcwson has been completed. A simple

{7) Dowsom, D. C., "Criticality of Interacting Arrays of Fissile Material ™
AHSB-S-R-28, 1961.
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assumpticn led to a method for predicting k. pr of an array of interscting
urits. Comparisor with the availsble data on such systems (3, 4, 5, cylin-
dere ip line; 3 cylinders in a triangle; 7 cylinders in hexagonal array)
showad the predicted k for measured critical systems to be in falr agree-
ment. The errors run 1-3% except for very close spacings of the 7 cylinder
svstem, in which case it may be as much as T%.

A rogsible method has beer found to take account of an external reflector;
however, nG date is yet available to check out this method.

Buckling of Partielly Filled | Spheres

A thecretical study to compute (or spproximate) the buckling of partially
fillsd;, reflected spheres has begun. Knowledge of this buekling wili
provide mach additional information from the experimental dats on plutonium
solutions.

The flrst step in the solution of the problem has been taken. The probabii-
ity function for neutroms leaving the reflector amd returning to the fuel
sclution before re-striking the reflector (assuming constant isotropic flux
was integrated anmlytically for the case of a half-full sphere (hemlsphere)).
The probability was found to be exactly ome-half. Taking account of multi-
ple reflections gives a probability 1/(2-R) {R = reflection coefficient)
that 8 neutrom leaving the reflector will ever return to the fuel. If the
rumber of neutrons returning to the fuel may be assumed to have & direct
relationship to the reflector savings, then the end points of a buckling
v&. helght curve are known and essumptions can be made sbout the curve be-
tween these points. Insufficient data ere avallsble to check the celcula~
tions mede thus far. An attempt is under way to analyticelly integrate the
rrobability function for erbitrery height of sclutioz.

Instrumentation and Systems Studles

4 redioactive waste disposal heat trapsfer study was conducted to determine
the maximum sphere of influence of the heat produced by & burled cylinder
of radioactive waste. Since the radicactivity decays at a known rate; the
temperature in the ecylinder reaches & maximm &t e time determined by the
initial heat generetion rate and the thermel characteristics of the soil.
The magnitude of the meximum tempersture and the time of its occurrence
were to be determined. Heat flow ls described by the diffusion equatior,

a partial differential equation. To solve this equation on the analcg com-
ruter, finite difference techniques must be used. Since the eguation is
second order; two boundary conditions are necesgary. However; only one
toundary condition was known. This mede it necegsary to use a lerge cylin-
dricel radius so that the sphere of influence could be considered as in-
finite. This restriction made it Jdmpractical to desigm a field with the

12309565
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mesk points zpaced closely erough to glve the needed results withcut exceed-
ing the capacity of the ccmputer. Therefore, this stvdy has been postponed
until better techniques are develcped or more computing equipment is made
avallable,

A study to similate the Batch Pot Calcination process for treating radio-
active waste was started. The purpose of the study is tc determine the
effact ¢f the variables on the temperature profile in the pot, The prob-
lem ig highly nonlinear, using 26 dicde functicn generators; 30 melti-
pliers, 35 ccmperator relays, and some specilal cirecrdts., A large amount
of this equipment has to be designed and fabricated since it is not aveii-
able on our present computers.

At the Critical Mass laboratory, some trouble was experienced with the
log-N period meter during hlgh level operation because of vwiolent signal
fluctuations. The fluctuations can be smoothed by increasing the filter
time constant but this increases the time required to actuate the trip
cireuit. A better sclution 1s t¢ increase the detsctor effiziercy, thus
improving the counting gstatistics and preserving the short +rip time.

A program to improve detector efficlency was started.

The control rod drive mechanlsm for use at the Critical Mass Labcratory
was operated and tested extensively during the meonth. Measurements showed
& nmaximum withdrawal speed of 8.25 inches]minute, 8 pesitioning error of
1.7% maximum, a repositioning accuracy of £ 0.015 inches, and a contrclled
fall time of 0.6 seconds which is 2.5 times longer than free-fall. The
mechanism was then adjusted to recycle (raise and fall) for six hours.
Following this, the gear system was examined and excessive gear backlash
was noted. New oversize keys are being installed to alleviate the prob-
lem,

REUTRON CROSS SECTION PROCRAM

Quasi-Elastic Scattering of Keutrons from Water

The analysls cf new data orn repeat measurements of the quasi-elastic com-
porent of the scattering of neutrons from water has been completed. The
new measurements which were made with a significantly thinner water sample
agreed with the previcus measurements withir the statisticel accurscy of
the data. This resvit agrees with a simplified calculation of multiple
scattering for thiz case which predicts a 2iffarence irx shape of the
angrlar distribution of intensity of only abcut twe percent.

Further analyses were performed on the results of the quasi-elastic scat-
tering of neutrons from water. These analyses show that the variation whica

»
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wag observed for the width of the quesi-elastic scettering component with
scattering angle for neutron energies of 0.1 ev and 0.15 ev is consistent
with a proposed model of the diffuslon of water. The parameters which
jescribe diffusion that are obtained from the £it of the model to the -
observed scattering data, however, are not entirely comsistent with the
expectation velues. The resulits of the geattering which were obtained
fcr 0.25 ev energy neutrons are, however, apparently inconsistent with
*ris model. The reason for this discrepancy has not been determined.
Howerer, the data obtained for 0.25 ev energy neutrons are of signifi-

cantly poorer quality.

Incelastic Scattering of Neutrons from Water

Measurements were completed of the amount of higher-crder Bragg dlffracted
nevirons in the incident neutrom beam of the triple-axls spectrometer
using 2 Be(0002) diffraction. Memsurements were made for the same neutron
energies of 0.15, 0.2, 0.3, and 0.} ev and in the same spectrometer con-
flguration that was used for the messurements ¢f the inelastic scattering
cf neutrons from room temperature water, The fraction of higher-order
nectrons was found to be the same at all of the measured epergies and equal
te 0.02 = 0.002.

In order to obtain direct information on the effect of multiple scabttering
of neutrons in the scattering sample, measurements were mede of the angu-
lar d¢istribution of ecattered intensity of neutroms of 0.15 ev initial
energy and 0.075 ev finel energy for water semples of two significantly
different thicknesses. These dats have not yet been analyzed,

The datae which heve been obtalned on the inelastic scattering of nevtrons
from room tempereture water have pow been reduced to an sbsolute differen-
t1lal cross-section scale and have also been prepared in the Egelstaff
Scattering Law presentation. These data are now complete except for cor-
rections for resolution of the measuring spectrameter and multiple-scatter-
ing effects in the water pample. These date bave been campared with the
results of similer meassurements obtained from the Chalk River-Harwell
program. In the region of overlap, which is for p values {AE/kT) of

2 to 6, the results are in good agreement. The Hanford results are of
significantly better statistical accuracy and extend to p values of 10.

The Scattering Law dete have also been used to derive the generelized fre-
quensy distribution function p(g) for water. The derived function sgrees
with the analysis of the Chalk River-Harwell resulte in the region of
overlep. The shape of p(B) in the region € £ @ < 10, which was hitherto
unexylored, reveals & strong contribution froam the vibrationel excitation
of water at about 0.2 ev. The derived p(p) does not, however, satisfy the

#: b
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Placzek normalization zconditicon. This inconsistency may be due in part
tc resclution effects. It may be of nc asizeable consequence in the appli-
cation of the results to thermel-reactor spectra calouwlaticns.

The results of the inelastlc-scattering measurements are being prepared
85 a manusceript for presentation at the TAEA Conference at Chalk River.

Rotating-Crystal Spectrometer

Design work om a rotating-crystal time-of-flight spectrcmeter for inelastic
neutron gcattering measurements is continuing. Shtudies are in progres
of possible neutrom detectors and shlelding prchblems. :

Fast Neutronm Ciross Sections

The ccmputer program for the reduction of fast-neufron total cress-seciion
dgta, BIGNED, has been essentislly completed. Tetal crogs-section data
which were cobtaired last December were re-evaluated using the coamputer
Frogram. The variations which had been observed in the previcusz hand cal-
culations which were due to improper aligmnment of time zers appear %o have
been substantially eliminated in the camputer program. The total cross-
section data cbhtained last month are now being processed by the computer
program. Additionsl sub-programs are being prepared to adapt BIGNED to
handle different experimental methods of determination of zerc time and
channel width,

Instrumentation

Werk has been completed on the 1024-charmel time-of-flight analyzer for
use with the neutron spectrometers. The analyzer is presently undsrgoing
long~term test in the lab. Tt 15 expected that *he aralvzer will be put
inte use within the next few weeks.

Studies of pulse shape in orgenic scintillators were continued., Data were
collected for three-dimensional families of curves of anthracene and

Ne 213 iigquid. The Ne 213 is used in & 2" cell and a 5" cell for the
Fagt Time-of-Flight Pregram. Both cells were measured, ard the 27 cell
was remeasured following decxygenation of the liguid. Plots weres mede

of the separatiorn, or dispersion between n and ¥ pesks as a function of
samrling time from the start of the pulse. The electron energy was held
constant. These plots can he used to estimats the required integrating
time constant to be used in pulse separatipg cirouits. It was found that
s%ilbere and anthracene have very long pulse tails. with photoms still
coming from the crystal after 10 usec for stilbene and at leasgt 30 pssec
Ior anthracene. On the cther hand, the liguid Ne 213 1s an order cf
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nsmitude faster thar stilbene. This suggests that the germa suprression
~ireuit wsed in the Fast Time-of-Flight Program. which was designed for
ztilvwene. can be redesigned with much needed improvemente in dead-time.

REACTOR DEVELOPMENT - Ob PROGRAM

PLUTONIUM RECYCLE

2raruite Lattice Parameters for Low Exposure Pu-Al Fuel

Trirteen~group, average cross section sets have been obtalned for the 10%",
8-3/8", and 63" Ix Pu~Al fueled lattices, both poisoned and unpoisoned.
Theze cross secticns were obtained from GAM-1 and SFECTRUM-V. The use of
this set in the case of the 103", poisoned lattice gives a value of

Ky = 0.9T4 when used in Program S. This case seemws to have comverged
sdequately. The calculated cadmium retio at the cell boundary is 13.9

ar ~cmpared to the experimental value of 15.2, Analysis of the cther two
‘attice spacings is under way along with further analysis of the 103"
lattics.

Tre Critical Facllity

Tne roaZs drafte of the twenty-four PﬁCF startup tests are coamplete,
Twenty-cne of the tests have been distributed for final review and accept-
ance, Taree tests are belng revised and prepared for distributiom for

s-raphancs,

Aszisztarce was provided on the Bazards evaluation of the FRCF quasi-
unifirr loading (Pu-Al-UOy supercells) end all Pu-Al loedings at 105 imch
ani £0 irsh moderator levels. “Coolant" void coefficients were celculated
zeing whe IBM 7090 program SWAP.

Tre twe flux treverses rigs have been completed.

Four different sete of BF3 counters (each set consisting of a preamp,
arplifier, high voltage supply and s¢aler) have been assembdled into two
mobile racke for use ip the startup of the FRPCF. All of the components
nave been cnecked for proper cperatior and repaired as necessary. These
racks are tc be taken to the Criticel Facllity and the equipment sets com-
tained in them are to be used with theparticilar BFs tubes that have

beern calibrated on them.

Six %" slrminum ,ja.c:ké'ﬁed Henford BF; counters have been celibrated on each
cf twe different sets of equipment. The required plots of counts per
mirate vs,. bias voltage have been made for the twelve calibratione.

e ey
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Twelve 4" aluminum Jacketed Hanford BF, counters were received during the
month which £111s the counter requireménts for the startup. At present,
the calibration of these tubes is under way. Scme difficulty has been
experienced becsuse the counting equipment in rocm l-A picks up signals
from the IBM Card Punch machine located in 24-A. These signals have as
mich as doubled the normal counting rates, depending on the cperating
speed of the card punch., The point at which these signals enter the
system seems to have been loceted and methods of reducing their effe-t
are being tested. Calibratiom work will continue as soon ag a sultable
method 1s found.

Critical Mess Studies for 1.8 w/o Pu-Al Fuel

The approach to critical with the two zone losding was completed using
the low comcentration of Pu-240 in the inner zcme. The results as tabu-
lated below, have not been anslyzed by the least squares method.

Extrapolated
Inner Zone ' Quter Zone to Critical

No. of Pu-2l0 Avg. Pu  No. of Pu-240 Avg. Pu  No. of
Rods Pu Total Raod Rods Pu Total Rod Rods P,

211 5.05% 7.06 gm  2Lo €.00% 7.19 gn  L86 3215 g
The lattice spacing used for the two zone ioading is 0.85".

PRTR Fuel Irradistion Experiment

semma-ray activities have been analyzed from foils which were irradiated

in the FRTR on unirradiated, Ix Pu-Al fuel elements, The foils were placed
vertically on a fuel element and between two rods in the outer ring of

the 19-rod cluster. Both bare and cadmium-covered folls were irradiated.
The temperature of the moderator was 302°K and that of the coolant was
305°K for this test.

Relative activities of Lu-176m and Lu-177 have been calculated for the
cadmium-covered and bare folls. Spectral indices and values cf r, the
parameter which charecterizes the epithermal ccmponent of the neutron
spectrum, have been calculated from these data as z function of positiom
glong the cluster.

The value of the spectral index was constant alcng the Pu~-Al alloy and
equal to 327 + 10°K. For this analysis, it was assumed that the shape
of the function which joins the slowing-down distribution has the fom of
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that messured by Johansson; et el.; and reported in the Transactions of the
AKS 3, 169, Paper 15-10 (1960). The anslysis will be repeated using an
energy distribution of neutrons calculated for the fuel region of the

ovter ring. In addition, data has been taken which will enable “he scin-
+illaticon counters to be recelibrated for the spectral index meassurements.

The value of r was constant and equal to 0.06k £ 0.00k. The valtes of

» were seloulated from the In-1T6m cadmium ratis.. Velues of 459 daruns
and 4€7 barns for the epicadmium (ebove 0.54 ev) and epithermal rescnance
integrals of In-175 respectively were assumed in the calculations.

Status of FRIR Fuel Irradiation Experiments

Cozlametric titrations of 19 unirradisted sampies of Pu-Al melts which
were used in the six I, Pu~Al physics test elements ani element 5075 have
been completed by Analytical Laboratories. The mass spectrographbic enely-
ses are 50% complete. The presence of iron in the alumimm, found in
ghout 0.5 w/o quantities, has an appreciable (es much as 3%) effect on the
Pu titration. A correction to the burnmup results obtained on element 5075
hy exlometric titration is required, since neither the unirradiated nor
the irradisted samples were corrected for irorn. The masss spechtrographic
analyses for Pu isotopic camposition will provide a better basis for
estimating burnup thar the nominal compoeition which hae been used to date.

Burmup anaiyses aualogous t0 those performed on L, Pu-Al element 5075 have
begun on U0, element 1041, which was exposed to sbout 2000 MWD/T. Fifteer,
Jxg-incn gamples have been cut off by Radicmetaliurgy, and one sampie has
tesar, dissolved and colometrically titrated for U, Pu, ani Fe. Since the
‘activity and Pu content of the solution was setisfactory for Anslyticel
latorateries' purposes, dissolutlon of the remaining samples will proceed.

The effect of the dissolution method, the additior of cesium carrier, and
the rresence ¢f iron on the burmup anslyses of Pu-Al elements will be

investigated by teking adjacent samples fram one rod of element 5042 being
shippred tc Radicmetallurgy as part of the CPD dissclution process studies.

FRTR The ory-Experiment Correlation

A 2omsistent set ¢f cross sections for use in the enaliysis of the PRTR 1is
helng campiled.

The ¢ross sections of selected isotopes in the RBU Basic Library are being
updated. Upon completion of updating the cross sectioms in the library,
& mem¢ will be issued citing the references used asnd assumptions made in

this compilation.
% -
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Program BABNS(S) has been altered slightly, so that the cutput can be
obtained on punched cards. These cards become input for a program form:la-
ted t¢ obtain the energy dependent absorption and fission cross secticns
(uaiﬁE and af\fﬁ as well as the scattering and transport cross secticas
(¢ 0g and (17~ 8|og). This prog{ 's output is or punched cards which are
in the formiat uséd in the TEMPEST\Y) updating subroutine.

The GAM-l(lo) updating program, yet to be completed, will permit the uvpdat-
ing of the crosgs sectioms on the GAM-1 nuclear deta tape, and the RBU
cross sections can be used to updete this tape.

With these three maclear datsa tapes being updated from the same tasic data,
a conglistent set of muiiti-group cross sections, for use in either a trans-
port or diffusion analysis with no restrictions on energy structure, will
be available.

HBetérogeneous BoQ~Pu-Al Reactor Calculatiors: Statistical Weight of Fuel
and Voids

A comparison of the calculated and experimentally critical number of 1.82
w/o Pu-Al rods in HpQ was made in the monthly report for June. The felilow-
ing results concern those lattices which had an effective plutonium isctopic
content of 5.63 w/o Pu-240.

Shown in Figure 1 is the reactivity worth of a 1.0% uniferm density decrease
or vold formation in the moderator associated with any rod in the lattice
for various lattice spacings. 1The effect is generally positive in regions
vwhich are overmoderated; in the whole core for the larger lattice spacings.
and always positive very near the reflector. Not included in this first
crder perturbaticn analysis is the effect of an altered neutron tempera-
ture which is expected to contribute a nearly constant negative term to the
value of the integral of each distribution.

Figure 2 gives the worth of a fuel plece added at a periodis point in any
of the critical lattices at any radius. The strong effect of leakage is

(8) sSchlosser, J. E., "BARNS - A Program to Obtain Cross Sections from the
RBU Baslc Library," HW-T211lT, December 27, 1961.

(9) sSmidde, R, H. and J. Dyer, "TEMPEST - A Neutron Thermalizatinn Code, "
NAA Program Description, September, 1960.

(10) Joanou, G. D" and J. S. Dudek, "“GAM-1 - A Consistent Pl Multi-Group
Code for the Calculation of Fast Neutron Spectra and Multi-Grour Cens-
tants," GA-1850, June 28, 1961.
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isminart ir the shape of each curve and does not reflect thne ecmpetition
netween thermal wtilizetion and fast leakage for the slowing down neutrons

as in Figere L.

Caiculations were performed w%th the SWAP code in the manner used {c cal-
coiate PRTR void coefficients 11) .

Cude Development

CALX

Decngging of portions of the CAIX multi-group cell burnup code has “eguan.
Tie test case, which uses only the maln program and the Runge-Kuthe mumer-
1:al irtegration routine, is & one-group apalysis of e reactor containing
cne fuel isotope and ome fission product. Successful campletion cf this
simpie case, which can be solved amalytically, will furnisb a check on the
acauracy of the numerical integration. No meaningful results have yet beer
sotained.

The CAIX routines which compute the effects of fuel recycle and handle
sherto~felife reactivity esdjustment are still being changed. The recycle
roonine. which is apparently camplete, contains severel features not
imcluded in MELEAGER., The code assumes that; on reactor shwtdown, the
+.s. -Figsior product mix is stored for some time before chewical process-
irg. The recovery efficiency of the chemicel processing is lectope-
depezdent, sni may be zero. A new fuel-isotope mix is constructed frow
tre rec~vered materisls and, cptionally, & fsed material. This mix is
ther &= --. Por some Time before insertion into a resctor. Reactivity
sririalization options will be able to use the separated isotope mixturs
55 errichment, as ir the use of plutonium recycle eprichment with a
matural aranivm feed.

Tre milti-group flux and reactivity cell analysis {program ANNE) gives

reactivity values which sre in good agreement with camparsble HFN resulis.
Tue fiuzes do not agree very well. Several changes, which will give CALX
~he muiti-grovr theory anslogs of some MELEAGER optioms; have beez ccoded.

REU
Treoreticsl work was completed on the double mass parameter spproach to
+ve treatment of binding apd molecular effects on thermal neutron scatter-
irg. Different values of the mass parameters are used to force the RBU

(.2) B8taff of Hanford Laborastories Operation; "Plutonium Recycle Test
Reactor Critical Test Results,"” EW-61900 BA, December 31, 196L.
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Mcnte Carlo routine to generate different distributions having at any
given energy the desired values for the average cosine of the scattering
angle, @, and for the average energy transfer, AE.

The expected values generated by Monte Carlo for B and AE have been de-
rived theoretically as functions of the mass parameters. In calculating

W ag generated by the Monte Carlo, integrals for the fonm,aiﬁe'x
{t(x))dx, were encountered. Although first attempts to evaluate the
integrals analytically proved unsuccessful, 1t was found that suitable
transformations of this type of integral will yleld the bivariate ncrmal
distribution function, which has been tallated.

Work has started on using kernel codes and experimental measurements tc
obtain at & given energy the u and AE for the actual physical moderators
in question. These values will be compared with the p and AR in the
theoretical expressions representing the Monte Carlo results to determine
the megs parameters which force the Monte Carlo to generate a ﬁ and AR
corresponding to those of the actual moderator.

Fast-Thermal Reactor Camplexes: "Fuel Re-Use"

Major portions of the work on "Fuel Re-Use" have been redone, using more
realistic compositions and more detailed calculatiornal procedures. Some
of the implicit assumptions irp the burmup calculations have been checked.

In the early fuel re-use calculations the fast reactor blanket loading

was assumed to be pure U-238. Subsequent analysis showed that the residual
U-235 has an important effect on the fuel economics. In the present cal-
culations, the faet reactor blankets are loaded with depleted natural
uwranium {.380 w/o U-235).

Also, in'the present calculations, the first cycle plutonium campositions
have actually been obtained from machine burnup routines, while previously
the Pu compositions were estimated by means cf simple recipes.

In &all fast reactor burmup calculations, the spectrum averaged microscopic
crogs sections are obtained only for the initial condition. It is assumed
that they remsin substantially constant during burnup. This assumption has
now been checked. In the table below, absorption and fission cross sec-
tions of U-2%5, U-238, Pu-239, Pu-240, Pu-241, and Pu-242 at various

stages of burnup are listed. The variation cf these cross sections seemg
to be amall enough to justify a constant cross section burnup calculation.
Such a procedure is very much simpler and cheaper than a calculation,
wherein cross sections are changed at each time step.
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Cross Sections as a Function of Exposure

. ¢hneute
we ) 0 1.524 x 1021 3.810 x 10°%
Mat'l.
U-235 g 3,111 3.054 2.977
of 2.375 2.3%6 2.285
U-238 g 0.4%05 0.397 0.388
of 0.019 0.020 0.023
Pu-239 Oa 2.893 2.818 2.772
of 2.116 2.100 2.080
Pu-240 Os, 0.835 0.831 0.826
of 0.167 0.178 0.194%
Pu-241 g, 3,839 3,716 3,601
: of 3,348 3.297 3.230
Pu-2bp Ca 0.8%2 0.828 0.82%
of 0.164 0.175 0.191

»itical Mass Calculstions for Potasslum-Cooled Cores

Work on physics statics calewlations for compact space power unitz has been
continved., The rubidium-cooled cores mentiomed in the June momthly report
have now been re-examined, using potassium as the coolant. For a very
limited range of cores examined, the substitution of K for rubidium does
not gppear to affect the resctivity to e large extent.

Possible modes of reactor comtrol have been briefly examined. Since the
cores are small, very large reflector control mergins seem achievable.
The possibility of reducing control requirements by introducing Pu-240
ard B-10 is also being considered.

Instrumentation and Systems Studies

Technical support contimied regarding the fuel rupture mopltoripg and criti-
cal facility work. 8ince PRTR was inoperative most of the month, the
rupture monitor testing and modification work wae curtalled.

Siliies . .
‘1; :
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The second generation scintillation transistcrized effluent moniter for
gamme, emltters for wse at FRTR was ccampleted including the installatiom
of developed adjustable electronic trip (alarm) circuits for both low and
high level alarm purposes. The instrument is undergoing camplete lsbora-
tory testing before installation at PRTR. All tests; to date;, have been
satisfactory.

The extended PRTR outage during the months of June and July has resulted
in a postponement of the scheduled systems tests (PRTR Tests No. 19 and
35). Two memorands were prepared (SRO 62-23 and 62-24) to describe the
test apparatus and to analyze some preliminary test data., A brief record-
ing of moderator level fluctuations was made on & two-channel strip re-
corder, using both the servomancmeter and the "dip-tube" transmi%ters as
signal inputs. The dip-tube trapsmitter ocutput contained an approximately
simusoidal component with a domipent freguency of appraximately 9 to 11
cycles per second. There also appeared tc be a lower frequency cowpcnent
Present, approximately one cycle per second, although it was masked by the
9 %o 11 cycle components. The servamanometer output signal definitely con-
tained a strong one cycle component. Therefore, it appears that there is
a system rescnence near one cycle per second which is being excited by
same local disturbance, possibly the relstively small compressor pressure
surges. The scurce of the 9 to 1l cycle per second signal is not known
but it could be a function of the dip tube "butbling" rate. Tape reccrd-
ings of these signals will be obtained during the next reactor operating
period. Analysis of these recordings are expected to yield accurate
icformation ou the relative frequency content of the signels and will aid
in determining their source.

An electrical transducer vas comnected to the PRTR pressurizer level trans-
mitter cutput signal for use in studying pressurizer level fluctuations.
Initial tests of a system for determining the powsr-depsity spectrum cf
reactor ncise by means of Fourier transformation have bteen ccmpleted. The
final configuration produced chert recordings of the spectrum directly,
with povwer in db as ordinate and frequency along the sbscissa on a
logarithmically-compressed and indexed scale. Available power range was
about %0 ab, over frequencies exterding fram 0.0l t¢ 500 cycles per second.
{These ranges can be extended as necessary.) Trace rate was ten minutes
per decede of frequency. This method of analysis is perhaps an crder of
magnitude fagter than the initial point-at-a-time technique; in additizn,
1t requires little surveillance on the part of tke coperator. If properly
applied, it is alsc more accurate. As the system is controlled by a
multi-chammel tape recorder, it can be programmed to autcmaticelly make
miltiple re-runs in order to provide added accuracy. Other instructicns
might be programmed as needed. The Sigmatron random signal zenerastor was
used to provide the system input, so the above tests served alsc to check
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the spectrum of this unit, which waes purchased recently. The 100-cycle
renge sppeared to be very flat; the 10-cycle range evidenced & four dt pesk
extending fram 1.0 tc 10 eycles. The 1000-cycle range is beyond the pres-
ext frequency range of amalysis. It is expected that information gained
from this set of tests will apply directly to a contemplated croes-spectral
gnslyzer to be used in determining the correlation between moderator-level
ani power-level fluctuastions at FRTR. As such, an analyzer wouzd require
& ccusidersble mmber of multipliers; further studies would require use

~f the EASE analog computer.

The Critical Facility study is a hazards study desiguned to determine the
nuclear eccident potentiasl of the reactor using verious types of fuel
elements in the core. Since the moderator-coolant of the Critical Faciiity
reactor ie in direct coptact with the fuel, previous studies were made
using a greatly simplified heat trensfer model. The current study uses

& mich more elaborate model including steam and vold formation 1in the
moderator and the effect of moderator boiling at the surface of the fuel
slements. The design of the simulation has been campleted and the study
is npow in progress on the analog camputer.

Ccils. for the Mark II probe for measuring the process-to-shroud tube
apnulus in the PRTR; were wound, belanced, and delivered to Structural
Materials Operation; also, soame technicel advice concerning the assembly
and testing of the electrical connections within the probe body was glven.

Meetings witk PRTR Operations and PRTR Equipment Development personnel

were sttended to discuee methods of measuring the frequency and emplitude
of fuel asserbly vibrations, both in the PRTR and in the hot-loop meckup
facility in the 314 Building. It is suspected that some movement (vibra-
tion) of the frel element essemblies with regpect to the process tubes is
reasponsible for at least part of the corrosiorn marke which have been found
on the inside walls of these tubes. A bench mockup of this situation 1s
being assembled; and initisl tests have shown that this motion can be
measured qulte accurately using eddy current techniques. Sensltivities

cf approximately one millivelt per .00l inch chbange in process-to-~sheath
tube spacing were achieved with very little effort. At this time it would
appear that the major problems involved in obtaining such & measurement
will be encountered in meterials selecticn {to withstand the extreme en-
vircenmental conflitions) and in accessibility requirements., Further investi-
gations will be conducted in an effort to determine the most practical
eclution te this difficult messurement problem.
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NEUTRON FLUX MONTIIORS

The interim technical study report; titled Feasibility Study of In-Core
Feutron Flux Monltoring with Regenerating Detectors; has been typed by
Technical Publications, HLD, checked for errors; ard is presently being

printed.

The neutron flux monitor IRM computer program was revised to utilize
more significant figures during the matrix inversion process and several
calculational options were added to provide a more useful and versatile
program. It became apperent In several cases;,; however, that the true
optimal composition of a regenerating detector for maximum lifetime would
require negative gquantities of certain isctopes, and since this is
impcssible to attaln physically, 1t became necessary to modify or revise
the ccmputer program.

For testing purposes, a mass spectrameter can be used tc determine the
spectral parameters of the neutron flux in & test facility in which the
regenerating detector elementsz are to be irrasdiated. The detector lsctopic
composition; as a function of expeosure; is dependent cn the cross section
values of the included isotopes.

NONDESTRUCTIVE TESTING RESEARCE

Electromagnetic Testing

The new graphical alternating current mulling unit being developed for use
with either conventional or multiparameter eddy current nondestructive
testing equipment was incorporated in a tubing tester and laboratory teshs
confirm the anticipated high level of utility of the device., Ccomstructicn
of prototype multiparameter eddy current testing equipment was started,
progressing concurrently with further design on the remainineg cirecuits.
Exploratory work was started in the use of a low melting temperature
alloy, 65°C, for eddy current model tests, in which movable internal
probes can be used in the ligquid state for studying current and field
distrivutions, and in which fabricated defects can be readily inserted
for tests in either 1liquid or solid states,

The graphical nulling device in its present state of development has a
cuxrvilinear geametry due to compromises made in its design in the interest
of simplicity in fabricatlon. A graphical analysis of the nature of the
nonlircearities ¢f the device was made, and correlation was observed be-
tween test patterns and the results of the graphical analysis. In spite
of these nonlinesrities; the unit works very well when cperating with a
tubing tester operating at 500 kc. Plots of test coll cutput voltage were

Jesfirian i a5y
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readily obtained for different test specimen conditions, and the detector
input of the tester was quickly sdjusted to the desired operaling point.
Several pctential problem aress were observed 1n:lud1ng edjustment of
scale factor and phase of the mulling signal; and desrease ir test signal
sensitivity due to shunting effects all of which will require further
ettention.

The design work on the multi-frequency eddy curreat test unit is proceed-
ing. Pour L-C type oscillators have peen constructed for evaluation.
These coscillators produce frequencies of 6 ke, 22 ke, 70 ke, and 200 ke,
An ultra-linear cathode fellower has been constructed to add these signals
together and produce & signel from & low output lmpedance scurce. Pre-
liminary checks Indicete this signsl source is operating properly.

In edditién to the above cirenrits, breadboard circuits of adders; sign

changers, and active filter circuits have been evaluated. The character-
isties of several commercial operational emplifiers have been determined
in the laboretory, Some amplifiers will be ordered for use in the adder

and sign changing circuits.

A literature gearch iz heing conducted on the diffusicr and propegetion
of eddy currents in conductors.

A simple, direct way to fabricate a variety of discomtinuities in metal
test specimens is desired $o facilitate the demonstretior and adjustment
of the multiparameter eddy current test equipment and for studying the
diffusior and distribution of eddy currents. In the pest mercury has
been used for eddy current models, but it has the disadvantage of beirg
toxic and having s low freezing temperature, -39°C. Initial tests show
that Woods alloy. which freezes at about T0°C, mey be useful for the
above purposes, Thin pieces of insulating material can be frozen in the
metal to produce & variety of simuleted defects of known size and ghape.
Test probes for measuring current density can be used in the liquld metal
and possibly in the solid metal, subject to determination of the uni-
formity of probe contact resistance during cooling.

Zirconium Bydride Detection

Changes in indicated ultrasonic attemuation in Zirceloy-2* samples were
obgerved during stress application, but were believed to be largely due
to changes in the glycerine coupling film. A sample holding jig t¢ permit
more refined measurements ip being designed.

A thin film of glycerine was used as a couplant in the stress dependent

attenuation measurements. The 15 Mc quartz crystal used in these measure-
ments was mounted in a Jig which was clamped to the sample. Changes in the
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wltragonic attenuation, cbserved during appliczation of stress, were not
reproducible upon removing the sample frcam the Jig and remourting it. This
lack of reproducibility is belileved due to the effzct of small differences
in thickneass of the thin glycerine coupling f£ilm which changes during
elagtic straining of the sample surface. A longer ccupling path from the
erystal to the sample should reduce changes in apparent attematicn which
result from small changes in sample surface curvature during loadlngz. De-
sign of a sample holding jig to allow water ccupling path lengths up to 16
inches is under way. Tests with a mockup of the Jig, using & small lahbors-
fory press, show that it will be necessary to apply stress to the samples
through a guided push rod. The guides must be mounted rigidly on the
sample holding Jig to prevent rotation of the sample during loading. Conio-
meters required to aceurately position the transducer crystal with respect
to the sample will alsc be incorporated in the jig.

Heat Transfer Testing

Ar electronic R-C analog simulater has been fabricated for use in studying
the effect of varying heat transfer testing conditions in aluminum clad
uranium fuel elements, and a ratio circuit for use in the proposed
emlssivity independent heat transfer tester has been developed.

The analog simalator sllows determination of the effect of variaticns in
bond conductances and other test comditions. Transient fuel element temp-
eratures which would result fram a given set of test conlitions may easily
be recorded as voltages at various peints in the simulator. The similator
should aid in optimizing test conditions for devecting differences in cver-
all bond conductance. It should also be useful in determining the minpimum
bond copductance differences that can be detected with the new duael radic-
meter emissivity independent heat transfer tester now under development.
Minimum surface temperature differences that can be detected with the rew
dual redicmeters must be known before such a determinaticn can he made.

It is necessary to continuocusly take the ratio of the two, 2 ke carriers
from the dual radicmeters to obtain the emissivity independent temperature
information. A circuit which will accomplish this has been developei.
Initial tests showed that the output of the circuit was the ratio cf the
two carriers within about 2% (at a bandpass of cne kc). Inputs tc the
circuit can be varied by a factor of two. This zircuit showld also e
useful in eddy current; and other nondestructive tests where it iz scme-
times necessary to find a ratio.
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Nendestructive Testing of Sheath Tubing

Ultresonic response measurements were continued on evaluating drilled holes
for uge as bench.marks for production testing of sheath tubing. Measure-
ments of ultrasonic response ag a function of entry angle were made with

& 5 Mc; flat reactanguiar, lithium~sulfate transducer on tubing containing
& 5 mil diameter hole through the tube wall plugged with paraffin. The
response obtained correlated well with mode propagaticn at the theoreti-

cally predicted angles.
A mumber of tests were made for the evalustion of production test parameters,

Pustulating Lamb-wave propagetion for the testing of thin-walled tubing,
simpler behavior is resmliized by the use of the lower modes. To achleve
lower modes, for the wall thicknesses involved, will require testing at

5 Mc. Accordingly, tests were made using this frequency, reflecting ultra-
sound from both notches snd holes. In ell cases the theoretical behavior
vags confirmed, indicating lovwer mode excitation is practical.

Rowever, & disturbing element in the use of the lower modes is the theocreti~
cally predicted behavicr for response to depth of diszintinuities. Cal-
cilations show the wltresonic response to be double valued and praiiminsry
tests appear to confirm this condition. Measurements of uwltrasonic response
ae function cf notch depth were made at S Mec using a flat rectangulaer
1ithium-sulfate transducer. The mesasurements were made at entry angles at
vhich the second end third Lamb-wave modes would propagate. The prelimi-
rary experimental results indicate that the response amplitude lncresses
repidly, reasches a maximm value, and decreaseg sligntly. In copfirmation
¢f the predicted response; amplitude from a 17.5 mil notch was approximetely
the same as from & 5.5 mil deep noteh. Double velues would not be trouble-
scme 1f the ultrasconic test were restricted to detezetion of only the very
fine discontinuities.

Transducer studies were made using & set of holes drilled in Zircaloy
tubing, to compare Lemb-wave sound fields in tubing with the fields meas-
ured by reflections fram bail~bearings. The longitudinal and transverse
Lamb-wave test glignments were used t0 evaluste beam shapes of focused
circular transducers, and flat rectangular and flat circulsr trensducers
covered with rectangular maesks. For the transducers with rectangular beam
shapes the twe alignments were used to evaluate the fields in the long and
shert dimensions respectively. The focused transducers were adjusted with
wataer-path distances equal to fceal lengths. For the masked transducers,
the water-path was made equal to the distance of the last near field pesk
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in the short dimension. The beam irregularities obtained with the drilled
hales correleted well with the previous measurements using ball-bearings
which indicates that both methods will provide suitable calibration of
transducer beams.

Instrumentation evaluation work this month involved transmitted wltrasound
frequency and comparison of commercisl units. The frequency of ultrasound
can vary considersbly depending on transducer center frequency,; type of
pulse; and connecting ceble ccmbinations used. ILamb-wave testing is
fregquency dependent and for valid interpretation of test data transmission
frequencies must be controllable. IRy tuning with Inductance in series or
parallel with the transducer, transmitted frequenciss were respectively
lowered or raised to desired values. The proper frequency was determined
by observing the signal reflected from a flat surface with & frequency
calibrated oscilloscope comnected in parallel with the inductance traps-
ducer combination. The reflected signal was first maximized 1n amplitude
by mechanlcally adjusting the transducer with relaticn to the flat surface.
The frequency of the reflected pulse was then observed during inductance
tuning adjustments. A flat reflection surface is nct essential. However,
the signals reflected from curved surfaces have modulation components which
make measurement of frequency difficult. TFrequency spectrum analysis
following this method of tuning confirmed that the reflected signels haed
the center frequencies chserved with the calibrated oscilloscope. Measure-
ments of witrasonic response as a function of entry angle were made with
two ultresonic Iinstruments representative of commercially available vnits.
. The measurements for the two instruments correlated fairly well in indicat-
ing mode propagation at theoretically predicted angles.

Fundasmental studies to meke clear the physical picture of Lamb-wave propa-
-gation behavior continuned. To ipvestigate the effects of multiple Lamb-
wave propagation, a Zircaloy plate was caused to vibrate in the third
symmetrical and asymmetricsel modes simultaneously. The end leakage ob-
served with the Schlleren system wag found to have an unbalanced pattern
abeut the centerline. During multi-mode propagation cancellation and re-
inforcement can take place through interference of in-phase and out-of-
phase wave campopents. The resulting unbalance of waves about the center-
line; causing nom~uniform particle vibrations,; may give rise to g different
detection sensitivity for external surface tubing defects as compered +o
internal surface defects. A difference in response to external defects
compared Lo internal defects has been experimentally observed fregquently
with existing pulse-echc test equipment. Simultaneous propagation of more
than one Lamb-mode is probable with this equipment since the transmitted
pwlses have a band of frequencies. Where equal internal and external res-
rponse is desirable multi-mode propagation should very likely be avoided.
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RIOLOGY AND MEDICINE - 06 PROGRAM

Atmoepbheric Physics

Off-cite work in the atmospheric diffusion program at Vandenberg Air Force
Base. California, was completed. Twenty-eight field experiments were
s.ccessfully conducted in this last series; giving & total of 108 experi-
mets at that site. A variety of meteorclogical conditions were embraced
Tty vthe shulies which, also, included topographic and sea-land interactions.
Wirst use of these dats will be to provide the basis for computer controlled
atmispheric dispersion predictions for fuel handling and advenced missile
firings from current meteorological dste. Assaying of all field samples,
wnizh lagged the experimental program by three weeks, was completed during
trne wonth, and editing of the data sheets started.

Field activities in atmospheric dispersion and deposition studies at Han-
ford increased during the month with return of the on-site force to full
strength. On July 22, field forces started on a special series of experi-
ments o be comducted during the night-time hours over & period of two
weeks, These experiments were designed to clarify certairn features noted
in the 1959 Greer Glow data relating to emission Guration, travel time

t¢ & giver distance; and averaging time of meteorological parameters in
relation to the dispersion perameters during stable atmospheric conditions.
By monbh end, eight experiments had been completed, of which four included
campling at eight miles' distance fram the ground level source.

s noved in previous reports, the rate of horizontel plume growth in the
distance interval twc to eight miles was slower than expected and was
rertislly sttribtuted to the sharp change in elevatlon at a distance of
cix miles from the source. Iater mnalyses of the wind velocity spectrum
during selected experimentis showed that such a plume growth could arise
frow a dorinent one te two-hour meander eddy when the release period was
thirty minutes. Therefcre, the release period during the current series
of experimerts has ranged from one-half to three and opme-half hours in
an effort tc determine the meander effect. In addition, drum samplers
were cperabed at twe and eight miles to obtain the time of arrival of the.
tracer materiel and the time history of collection of the measured dosages.

Dosimetry

Measurement of the radicactivity in Alaskan Eskimos was continued. More
thar three hundred people were counted at Berrow. The amounts of Cs~137
found were generally less than those found at Kotzebue. This was related
to & lower activity density in the meat availsble at Barrow. The equipment
is being moved to Anaktuvuk Pass for further studises.




A study wes started of the use of pulse shape discrimination cirecults, such
as are used in neutron secintillation counters, for noise surpressicn in low-
energy photon scintillation counters. Initiel results were very pramising.

The positive ion Van de Graaff developed excessive sparking during the
month. Two of the glass sections of the accelerating tube wers found to
be dsmaged. The accelerator operated satisfactorily for a few days with
these sections shorted out but then falled again. It was found that two
of the springs used to make =lectrical contact with the accelerating tube
had worked out of positicn and made comtact with the glass. As a result
the glass became very badly chipped which led to the failure. A new
accelerating tube was prouptly obtained and installed. It is now being
broken in. It is not behaving as other tubes have and it may turm out to
be unsatisfactory.

The helium ion source that we develcped for the Van de Graaff supplies
encugh current, dbut too much of it is singly charged helium instead of
the doubly charged helium that we need to use. A device was conceived,
designed, and 1s being fabricated that will eliminate most of the singly
charged helium as it leaves the ion source.

Arrangements were made with Mound Laboratory and Argomme Nationel Igbors-
tory for the loan of one of ocur precision long counters so that they can
campare theirs with it.

The measurement of near-background neutron fields at different Hanford
locations was completed.

Investigations were made to see if a calorimeter calibration error similar
to that recently found in our plutonium calorimetry might have existed in
any of our earlier work. The results showed an effect of a few tenths of

a percent. This is much less than found in the plutonium work. It will not
have an important effect on cur results.

Raediation Instruments

Tests were conducted on several of six prototype autamatic recharging
dosimeters, fabricated off-site, for use in the pocket indiceting and
signalling dose meters. The general fabrication quality was not copsidered
fully acceptable and appropriate comments were comnveyed to the manufacturer
for incorporation on the remaining 44 units. One dosimeter, tested to
failure, worked tc an integrated dose of 1200 r, The anncying problem cf
the fiber sticking tc the center rod after extemsive cycling is still
apparent and tests have shown the effect to be. probably, caused by welding
apd general surface roughening.

-
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One ministure dose meter prototype was completed in essentially fimal form
ir. 8 package which is easily inserted into s shirt pocket. This wnit, which
performed correctly for tests, incorporates the micraminiature binary elr-
cuits and indicating lights, and a selectable-level signalling (alarming)
trip cireuit. Initially, one of the off-site fabricated dosimeters, prev-
icusly untested; was installed; however, this particuler ope was determined
tz have a broken rod. A new "pencil" is being instelied end the dose meter
will then be reedy for demonstration and further testing. At least cne

more of the indicating and signelling units will be fabricated and two of
the indiszating-omly dose meters will also be assembled.

Esperiments were started to develop & relatively insensitive pocket-type
signelling dose meter for integrated dose alarm levels of 25 r apd greater.
Witk the knowledge gained by extensive work on the sensitive dose metere,
the problems involved on such an insensitive scale are camparatively less
aifficult. The insensitive units will be especially applicable for plant
disaster, criticality, and perbaps civil defense needs. _

A dual cutput transistorized pulse generator was developed and tested for
vge with the just completed "field mecdel" ccincidernt-~count alpha continuous
gir moritor and with the prototype coiucidenbt-count elphe alr filter counter
which was developed to permit rapid assesement alpha contaminstion on air
filters in use throughout BAPO. The developed pulese generator provides &
wein or initial pulse at one terminal followed by a delayed pulse &t the
cther. The delay time 15 adjustable from 10 msec to 400 usec to permit
proper gate adjustment testing of the coincident-count type alpha counters.
Tests with the pulse generstor were successful and the geperal operation
of hoth of the experimental alpha counters hes been sastlsfactory for ell
isboratory testing completed.

A secomd transzistorized pulee generstor was developed which requires nc
battery or 115 VAC line power for operation. The unit derives lis necessary
cperating power from the ususl laboratory-type sinusoidal oscillator normally
tsed to vary the pulse rate. The oscillator elso supplies the trigger to
cause pulse formatlon. A report was issued.

A relatively simple, yet stable, four to six watts output andioc alarming
circult was develcoped and tested. The circuit uses & varisble frequency

Una junction transistor oscillator and two power transistors which drive dual
loudepeskers. The alarm unit can be elther battery or 115 VAC line powered
and cen be activated by either s switch or by relay comtacts. It was devel-
oped for use; in partiecwlar, with area-type redistion monitors to provide

a2 suitable "local" alarm, and it is especially valuable for high amblent
ncise locations.

123008 1




General deslgn was canpleted on the Mark II Critical Radiation Monitor for
general HLO applications. The design supersedes the Mark T unit,of which
same 15 are still in satisfactory use after about 24 years. The forestated
audlo slarm circuilt will be used to provide low-level type local s&larming
where the monitor 1s s¢ employed. For the critical radiation ("eriticality™)
use, the elarm used will be the HAPQ Standard which is a cycling Klaxon.

horn.

Experiments contimued with silicon solid state surface barrier alpha parti-
cle detectors regerding their applicetion as sensors for contimous alpha
alr monitoring. Atmospheric inversioms; with consequent bulldup of radom
end thoron on the sir filters, resulted in the obtaining of data showing
the alyha pulse helght distribution of the radon and thoron. The exposed
filters were messured with the s0lid state detectors and the mltichannel
analyzer. The obtained data were compared with the slpha snsrgy spectrum
from Pu-239. With adequate sensor energy rescolution and for low dust
loading, which causes spectral smearing and shifting, it sppears that the
application could possibly provide an alrborne alpha sensitivity compareble
to that obtained with the duel phototube coincident-count alphe air monitor.
Several more extensive inversicns must be awalied to obtaln the necessary
complete data, .

Several more successful field teste ware performed using the experimental
comtinuous operation type zinc sulfide particle detection inmstrument

vwhick was developed for use in alr movemant and diffusion studies, A
method 1s being developed, using a zinc sulfide scraen and an alpba scurcs,
te provide calibraticn of the instrument in the risld.

The experimentsl scintillation transistorized six decade, 1 mr/hr to

1000 »/hr, logaritbmic response ares redistion momitor was completad and
was started in testing. General stability vwes acceptable; rowever, tha
slactronic alaxm trip cireuits showed too much vartiation in trip point
with temperatura and the circuits wers modifisd t0 obtain tha necessary
stabllity. Tests, to date, indicate trip peoint stability of = 3 of

full scale from TOCF to 1LOPP. Experiments will contimue to sacure im-
provemant. Operation for two veeke at 250 mr/hr at the probe showed lass
than * 2% veriatlon and no genersl shifting. Fabrication was started on
a prototype logarithmic and multi~dacads rangs linear response aresa radis.
tion monitor which employe several new olrcults. A differant type of alarm
trip cireuit will ba smployed, for comperison purposes, than vas used in
the forestated logaritimic response-only monitor,

Clreult nodificetion and general rebuilding comtinued on the sxperimental
beta-gamma hand and shoe moniter which employs garma dackaround auppresaion
or compensation clreultry, The scintillation transistorized Instrunent will
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employ electronic de trip (alarm) circults in place of the meter-relays
originelly used; ard in addition, the germs background detecting probe will
he redesigmed and located in & differeat location in the instrument to
provide better ccmpensation at higher background levels. An electronic
timer circult was deslgned to replece the electro-mechanical timer which
had beep used in the instrument. The chenge reduced the volume required
and the cozt., Tne trencistorized timer hes an opsrating rangs adjustable
from ope to 60 secomde; the "normal" hand and shoe cownting time required
iz absot 15 seconds.

rrication comtinued on the instrumentation for use with the Portablie Mast
+f Atmospheric Pbysics Operstion., All circuitry designed and fabricated to
dave has performed cerrectly and seversl campleted portions are uniergoling
comtirncus testing while fabrication moves forward on the other sectloms.
Conzideracle fabrication and assembly work remains to be done; however, a
mejsrity of the design effort has been completed.

A special low noise level multiplier photctube was recelved for use in
investigations of low level liquid =ffivent beta and gemma counting. A
transistor emitter follower circuit was designed and fabricated for use
with the dsts2tor.

A lovw-zciee level, four stege, transistor pulse preamplifier wae designed
on paper and partly fabricated for testing.

Work was started agein on the 400-channel analyzer for the positive ion
accelerator. Some redesigning is being done to incorporate new ldeas thet
were cbbtained by Weilding the 1024-chammel time-cf-flight analyzer.

A- informsl repert was iesued describing the new meymal keyboard entry for
the While Body Cownting Facillity.

WASHINGTON DESIGNATED PROGRAM

~sctoplic Analysls Program

Izcmoplic analyses were provided on progrem samples as received durlng the
month using the mass spectrometer for this program. In edditliorn, two
urasium sarples were analyzed for Ceramic Fuels Development in order to
sttair. the precision and high sampie sensitivity required for these samples.

A seriez of apalyses on urapium standerd samplies were performed during the
menth T.o calibrate the present performance of the spectrometer, The re-
selts of these measurements indigated that a bias of -0.6% + 0,3% exists
ir. the measurement of a U297/U2C ratic independert of the value of the

et -
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ratic. The 95 percent confidence interval on the measured isctopic ratic
for a single analysis was determined to be = 1.4 percent of the ratio.

Further work contimued on the use of a golid-state alpha-particle spec-
trometer system for routine assay of loaded sample filaments. The alphe~
particle pulse-height spectrum observed from loaded sample filaments has
been found to be very poor. A significant comtributlicn cf pulses presum-
aghly due to alphs particles degraded in energy is observed. The reason
for the apparent energy degradation has not been determined at this time.

TEST REACTCR OPERATICNS

Operation of the PCTR was routine during July although there was one
unscheduled shirtdown. The unscheduled shutdown resulted from electronic

failure.

The experiment to determine the nuclearly safe concentration of uranyl
fluoride was ccmpleted.

The experinient to measure the angular dilstribution of thermal neutrons
atr a graphite cadmlum interface was campleted.

The experiment tc determine design criteris for the proposed HTLTR was
started during the month.

The fcllowlng maintenance item was campleted during the month:
The fabrication and installation of the metel fuel storasge racks,

The TTR was operated two times during the month tc activate folls for
calibration purposes. '

The first two zone experiment for 1.8¢ Pu-Al fuel in a 0.85 inch lattice
was completed 1n the critical approach tank.

CUSTOMER WORK

Weather Forecasting and Meteorological Service

Consultation service was rendered on meteorclogical and climatological
aspects of 1) distance criterie for ipdustrial development in the vicinity
of 300 Area tc RPQO, 2) radicactive carbon dioxide releases from reactors!
sites to RPO for IPD; and 3) siting of off-site envirommental monitoring
stations to RPO.
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Metecrslogicel services, viz., weather forecasts, chservetions, and <limatoli-
sgicel services were provided to plant operations and management personnel
cn a routine basis,

wéa.':‘nsr Summary
Tvpe of Forecest Number Made ¢ Reliability
8-Hour Prodnovion 93 88,6
2i-Hour General 62 89.6
Special 166 92,2

Temperatures during July averaged near normal. This average was the result
rf umseasonebly cool temperstures during the first 19 deys, followed

opne contintous hest wave during the remainder of the month, A low of

sr. The 2nd came within ome degree of equaling the all-time record low for
the month. Maxima of 100 or sbove on the last 10 deys of July and first
day of August equaled the mll-time record of 1l consecutive 100-degree
dgys established July 13-23, 1938.

iy prexipitation during July was a trace on the ktn,

instrumentation

Tnztalilation of all mechanicel componentes of the Autamatic Conveyor Type
Alpna-Eeta-Gamme Laundry Monitor wes campleted. Both survey stations are
irstallisd and opersting. Except for minor repairs for light lesks in
gaveral probes. the equipment performed properly. The control conscle ie
ir service and one complete 2b-hour electronics test was made with ro false
glarm:. Following edjustment of the station segquercing circults and drop
gtationz. the complete system will be ready for & series of contimucus
sperational btests. The instruction and maintenance mamal has beez partiy
completed,

Imformetion and advics were rendered to instrumenttechniclans st lOO-H.
Ares regarding the conversion of thelr G.M. tube low-background counting
gyctem ©n wse a detechtor with an organic seiptiliator. Many HAPO locations

have =mow carried out this conversion with excellent results.

Irfermation was rendered to Radliological Engineering, IPD, regarding the use
of zickel-cadmium batteries and & simple battery recharger for direct use
ir the IFD pencil dosimeter charger-reader.

Five trapsistorized esecintilletion beta-gamma alr monitors, which use &
filter tape trensport mechanism, were completed In o;:;-sj.te fabricetior for

- i-_!E!L"t':t-l-\‘}'.' T
© e e L e a B fd Mo -

1230001 .



gng P 'i"' ‘-5 (ot
jbhigi r; 1 é’;‘ ?gg
VRN L 1
Mrwepy 8
e

use 1in the Radlometallurgy Laboratory. All five upits were inspected,
tested, calibrated, and are ready for delivery.

The completed prototype coincldent-count alpha alr filter counter, for
immediate counting of standard HAPO 4 inch x 8 inch filters, operated
correctly for the month. More than 100 filters from the 308 Building
were test-counted using s preset tilme of three minutes. All data plotted
satisfactarily. In crder to eliminate the necessity of hand.plotting;

-8 method 1s being tried of using the preset count mode on the coineidence
scaler and a fixed time interval for aystem control., If the method proves
successful, both very low-~level and also high level contaminated filters
can be counted without resorting to hand-plotting of data, This counter
was developed for Radlation Monitoring, RPO.

Fabrication, on-site, was ccompleted on all electronics and on the detector
head assembly for the contimmous coincident-count alpha air monitor. Fol-
lowing initial circuilt tests, the complete instrument was placed in opera-
tion for contimious testing. This unit is the "field model" with the
design based on the originally-developed prototype. The scintillation
transistorized instrument was designed for Radiation Protection Operation.

Instructions were given to Blology Operation personrel regarding general
operation of the transistorized scintillation self-powered radiation moni-
tor gnd analyzer which was developed for use in general field studies,

A lead skleld collimetor was designed and fabricated for use with an integ-
ral assembly scintillation probe for Biology Operaticn. In addition, a
new transistorized pulse preamplifier was designed and installed in the
probe to replace the unsatlsfactory commercial vacuum-tube preamplifier.

Discussicns were held with representatives of Instron Engineering Corp.

to plan the inclusion of shaft-position encoders in the tensile-strength
testing machine which they are building for the Fuels Development Operation.
The encoders will provide digitized stress~strain data for comversion to
punched paper tape readout.

Components are beilng procured for a paper tape readout system for the new
upderwater fuel element messuring device. The system is similar to one
rreviously developed for the 306 Building facility.

Calibration of micro-displacement readout systems to be used by Physical

Metallurgy Operation for in-reactor creep meesurements has continued during
July. To dete, the basic calibration of the transducer system used in the
third generation creep capsules is spproximately 65% completed. Since this
readout system employs a transistorized dec-dc converter for excitation and
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demodulation, a series of tests to determine the effects of changing the
ambient temperature of the dec-dc converter will be conducted. Ancther
seriles of teste is planned to determine whether or not the calibration
constants vary as a function of the zero control sebtting.

Zener diocde reference voliage packsges were lnstalied on each Protecto-
Vane tempergture limiter at 1C00-XW in-reactor test facllity. It will be
recalled that because of extreme line voltsge sensitivity in the upscale
thermocouple burnout circuits of the Protecto-Venes, four cspsules were
dropped out of operation in Msy. The installation of the reference voltage
packages seems 1o have solved the line voltage sensitivity problems; and
for the first time the POV's are indicating the correct temperature. Work
continued on the so0lid stete scamner-programmer and it is expected that a
prototype micropositioner digitel comtrol system will be installed at
100-KW within a week, The Non-Linear Systems digltel voltmeter system to
be used ir the creep capsule data logging system arrived and hes been
installed &t 100-KW. Untll other portions of the data logging system are
completed, the DVM will be used to manually read the variable permeance
x-ducers in the creep capsule.

During optimizetion of the temperature control systems for the swelling
capeule test, 1t was found that the open-loop transfer function of the
gystem is nonlinesr. There are three basic modes of reactor operation,
each of which affects the transfer function of the cepsule:

1. Reactor down, water pressure down - medium cpen loop gslin.

2. Reactor down, water pressure up - open loop gain high, closer
to instablliity. -

5. Reactor up -~ open loop galn low, easy to control.

Step response tests of the capsules with the reactor down (water pressure
up) and with the reector up gave the foliowing results:

System No. : Open Loop Gain
. Reactor Up Reactor Down, WP 1p
15 104° ¢/ma 240° ¢/ma
16 72° ¢c/ms 140° ¢/ma
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From these data, it can be seen that the open loop gain of both systems
decubled tetween the two reactor modes. This indicates that In crder to
comtrol at an optimum under all reactor modes, one of the elements of the
opez locp tramsfer fuaction aust be made nonlinear to campensate for the
_norlinearity ¢f the capsule. This could be accomplished by nonlinearizing
the static transfer function of the mag-amp, SR unit ir such a way as to
increase the gain at low power demand and decrease the gain at high power
demani. A compromise, as is aow the condition at 100-KW, wowld be to set
the control system to an optimum under the "worst"” mode (reactor down,
water pressure up) and thus control with a slower response time under

all other modes.

A review was mads of the Minneaspolis-Honeywell specifications for the
data logeging system to be used in the sweliing capsule experiments. The
vendor appears to have taken several exceptions to cur specification
BW-73150. Our approval of the M-E system is being withheld pending
clarification of these discrepancies. :

ics

A speclsel microscope was agsembled, tested, and delivered to the Lawrenze
Radiatior labaratory. The microsccpe ls adapted %0 measuring Jepth of
stratches and grooves in objects separated fram the user oy a bhood wall.
It is sealed to prevent air flow through the hood wall. Measurements

of the width of grooves and of the radius of curvature of the four corners
of the grecove may also be made, The accuracy and repeatability of the
measurements is + 80 microinches. Ar irformal report, HW-T4345, was
writtea to serve as a guide for the uvse of the instrument.

During tre taree-week period (JMly 1-July 22), covered by this report, a
total of 256 man-hours shop work was performed. The work inclades:

l. Conpletion of the fabricaticn and assembly of the Groove Depth

Microscope.
2. Febrication arni assembly of the electrical readout traverse
mechanism.

5. Fabrication of 50 pyrex wheels for FFD.

4. Fabrizatior of 10 glass bearings for CPD.

5. Repair of two camera shutters.

6. Febrication of components for a microscope closed zirzuit TV
system for Radiclogiczal Development and Calibratioms Operation.,

T« Repair of a crane periscope head for Redox.

£ CUNE DR L.LAS
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Prysical Testing

The usuel nondestructive and supplementary tests were employed in per-
forming customer testing work. A new capability is being developed for vi-
bretion testing end measurements, A total of 5,740 tests were made on 3,843
items, representing scme 62,695 feet of material. An increased footage

was reelized this momth as work with tubuler products increased. Work

was done for twenty-twe different HAPC camponents representing most cf

the operating departments and service orgenizatlons, and other ARC contract-
ore. Advice was given on 4o different occasions on general testing theory

and applicetions.

Anticipating the completion of the NPR pressure tube work and tc mainbain
a tube facility or plant capeble of handling a&ll sizes and types of
tubwler components, the Commission agreed to & transfer of NFR proJject
tube testing and treatment equipment to HLO. For the present, arraunge-
ments with Kalser Engineers will continve as in the past, where the equip-
ment and facilities are available for NFR project work on & priority basls,
Selvage NPR tube work remsins to be done on tubes demaged upon instella~
tica.

4 limited smount of testing will be dome on zirconium tubes being procured
for K reactcrs imstallation.

Edy current testing, using an encircling coil; of same 150,000 feet {over
28 miles) of small diameter Inconel instrument lead lines for NPR was
slmost compieted. Preliminery results indicate a rejection of scme 4%
may be necessary depending upon burst test evaluations currently belng
made. Burst test data tc date bave correlated with eddy currert Indica-
tions in that the larger indicetions burst at lower pressures.

Damage was Getected in the vened flow-straightening porticn of the FRTR
primary loop by rediography and was confirmed visually. Ultrasomic testing
disclosed minor discontimuities in the weld of & replacement sectlon;
however, the section vwes installed with provisions for periodic testing.

Physical Testing Operation was requested to attempt to raediograph & poten-
tially defective area in a section of the primary loop of FRTR containing
flow gtraightening vanes. The section of line involved was 14 inches in
diameter with & l-inch-thick wall filled with heavy water. Using Co°0,
setisfactory radiographs were obtained indicating that & sizeable section
(6" x 15") of one straightening vane wes missing.

On %he besis of the sbove information, 1t was decided to remcve the demeged
fitting and repair orreplace it. Subseguent cut-cut confirmed the radio-




graphic findirgs. In addition, a fluorescent pemetrant test on the radios-
actively hot section revealed another vane comtalning an 8-inch-long crack.

Ultrasonic testing of the longitudinal fusion weld of a replacement pipe
for PRTR showed small {5-20 mil) discontinuities present. The pipe was
¢crosa-sectioned at cne end and the weld metallographically examined in

ar attempt to ascertain the nature of the discoptinuities. The weld
arpeared tc be souni and free of discontinuities; unforbumately, onmly this
one surface was available at the extreme end of the pipe and may not have
been representative. On the basis of the small size of the discontinmui-
ties, and from experience with fatigue tests on the NEFR primary locp pilping.
where discontinuities of this size do not appear to appreciebly influence
or cause prematures fallure, Installiation of the new pipe section 1z pro-
ceeding, Provisions will be made so that the pilpe section 1n questicr can
be periodically monitored in service with nltrasound. Again, NPR experisnce
hag showr that any growth of the dlscontiruities can be wltrascnically
detected and observed as propagation occurs.

Equipment has been procured and callbrated for use in measuring vibrations
in the PRTR. An attempt will be mede to place the accelerameters prior to
FRIR stertup 3c that the reactor can be monltored under operating condi-
tlons, ' '

Brtrmsion marks cceurring in the inside surface of conmnector piping for

NPR were evaluated., Depth measurements showed the discontinuities t9 be
within dimensional tolerance for the pipe and crosg-sectioning demonstrated
that the discontimuities did not form a stress-rises notch. Grain structure
of the materisl was normsl. A series of tests were made to evaluate the
efferte of a protective coating used during the fabrication and processing
oF NPR pipiag. There was scme concern that residual amounts of the scating
would be detrimentsal during heat treatment. The alternative was 4o sande
blest the inside surface of all the pipes. Using seversl pieces ¢f the
pipe in questicn, the inside surfaces were deliberately cortaminated and
then subjected to & series of heat trestments representing at one extreme
the most severe case. Evaluation by metallographic examination and micro-
Lardress traverses demonstrated that in no cese wes a detrimental cordition
grcountered. On the basis of this test, the sand blasting opesration was
deleted with cogsiderable cast saving.

Anaiocg Computer Facility Operation

The majcr problems considered during the month were:

1. Reactcr Transfer Function Studies
2. PResactor Instrumentation Study
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3. NPR Flant Simulator

4. Redioactive Waste Disposal Heat Transfer
5. Pot Calelnper

6., FPRP Critical PFecility

A number of anslog demonstration problems were completed as follows:

1. Equstion of & vibrating string and its solution cr the analog com-
puter, The wave equatlon was used to derive the specific equation
for the vibrating string. The boundary conditions were specified
end the whole equetior translated intc an analog representation.

A memorandum was issued.

2, Anglog simulation cf coupled differentisl equation. Ir this partl-
' cular problem only one indtiel conditicn was employed, which was
s first derivative with time {velocity). This was accomplished
by charging a capacitor to a specific potential before computing
started. Change in velocity and change in direction did not change
the basic results of the observed patterms. The egquation, the
simylation, and the results were publisbed ir an SRO memorandum,
This setup was demonstrated to EDPO people.

3. Simdation of cylindrical heat trancfer with intermal heat source
on the analog computer. Starting with the most general case of
the heat or diffusion squation, the specific equations for the
eylindrical coordinste system were developed. The boundary
conditions and initial conditions are stated. The equatlons
for the analog computer are given end & 20-node analog representa-
tion setup is derived. An SRO memorandum was issued. The anslog
representation was not put on a computer, due to the fact that all
computers are in use at this time.

An analytical solution of the afcorementioned problem was cbtained.
One equation given was programmed for the 7090 computer. The
results will be used to check on the necessity to extend the ocuter
radius to 1000 feet or beyond. In order tc do this, the root of
the Besselfunction; first kind, zero order (J, (x)) were needed,

a routine was written and checked out which d.oes furrish the flirst
40 roots to an accuracy of £ 1 x 10-7. Checkout of the main
program is in progress.

L, gain versus stability of & system. A memorendum it being issued
on some findings using an analog computer on a system having variatle
stability with gein. Amplitude limiting and dead zone festures
are introduced. Thae influence of the initilel condition, in this
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case influence of a step function, on the stakllity 1s cbserved.
It was found that amplitude limiting glves rise to an osclllation.

Introduction of a dead zone requires the use of describing func-
tions for interpreting the results since it 1s difficult to assesc
the over-all amplification factor of the dead zore when excursions

cceur which go beyond the dead zone.

Tnstrmment Evaluation

Inttial acceptance tests Were started on 21 of 65 total Model IT Scintran
instruments fabricasted in Seattle and ordered by Radlation Protectioa
COperation. BExcept for slight signal feedthrough on a few audio clreuit
boards, which was corrected by transistor replacement, the Initial tests
were satisfactory.

Two scintillation transistorized alpha hand counters, fabricated on-site,
are being thoroughly tested before delivery to the field for general use.
A number of wiring errors have had to be corrected and an incorrect lay-
cut procedure caused plclip nolse to be gensrated in the circuits for the
external clothing-checking probes. A few minor troubles remaln to be
respclved., The particular field techpicians, who will be responsible for
the maintenance, will be thoroughly instructed before the instruments are
delivered.

Tests contimied on a logarithmic and milti-decade linear respomse sciantllla-
tion transistorized ares monitor slated for use in the 326 muilding. As
with the foregoing alpha hand counters, & more judicious layout and fabri-
cation procedure would have provided a far more satlsfactory instrument.
Following correctlon of errors, recorded operation for the last two weeks
has been satisfactory on both the logaritimic and lipear scales.

Suggested changes were made on the primts for the standard HAPC "C-P"
dose-rate portable instrument since RPO intends to purchase about 150
units to be off-site fabricated. The successful bidder will be required
to provide at least one completely satisfactory prototype before fabricab-
ing the rest.

Thirty transistorized portable tube instruments for neutron monitoring
were received from an off-site fabricator, Initial testing has been satis-
factory on the instrument. It ls plamned to employ a small cammerclal
tube, which will have about one-thirtieth the sensitivity of the
present 10-inch standard HAPO tubes. This will provide a far more
scceptable range of operastion for genersal fleld use., The instruments,
however, are designed to work correctly with either detector and with




scintilletion neutron detectors 1f so desired.

One prototype transistorized scintillation porteble alpba "poppy" instru-
ment, which successfully completed all tests in June, was used for the
preparation of as-bullt tracings following the campleticn of a layout
satisfactory for easy maintenance.

Field tests have been satisfactory on the prototype transistorized moduliar
"plug-in" gated oscillstor loudspeaker circuit for use with mogt present -
BAPO portable radistion detectior instrumente of the count-rate type. The
unit, which plugs directly into the earphone Jjack, eliminates the necessity
of using earphones during low-level monltoring. All users, to date; have
been quite enthusiastic regarding the unit and three more are being fabri-
cated for general testing and use.

Complete eveluation testing was started on & commercial {Nuclear Measure-
ments Corporation Model GA-2A) logarithmic response aree and/or critical
radistion monitor at the request of FFD. Temperature, lines voltage, and
scme constant-source level operation tests have heen conducted to date

on the scintillation vacuum-tubed instrument with the results, in general,
reagonably setisfactory. Future tests will include gamma energy depend-
ence, recovery after exposure to high dose-rates and.f or integrated doses;
recorded running tests at various dose-rate levels, and examinetlion of

fell-~gafe features.
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CHEMICAL RESEARCH AND DEVELOPMENT OFERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 PROGRAM

IRRADIATION PROCESSES

Environmental Studies

Following the recent simultaneous shutdown cf all reactcrs and
the subsequent start-up of C reactor, it was possible to measure
the flow times to Pesco of the radionuclides by frequent sampling
or monitoring as the radionuclide concentration decreased and
later increased. The two values obtained were 15 and 20 percernt
longer than the flow times estimated from float studies. Further
studies at the lower flow rates used in our depleticn studies

are needed 4o evaluate the effect this change of variable will
have on the depletion values calculated using flcet study flow
rates,

Reactor Effluent Water Radioisotope Studies - Silicate Addition

Additign of silicate to a tube in KE Reactor was increased from
10 ppm to 20 ppm (as silicon) on June 24, 1562, and continued for
two weeks at & pH of 7. This higher concentration of silicate
did not effect the expected improved reduction in the major
radioisctopes released in reactor effluent water. In comparison
with a control tube without added silicste, the P-32, As-76 and
Np-239 were reduced by average factors of 2, 3 and 3.5, respeci-
ively, although for shorter periods reductions of 3, 5 and 8
were obtalred. Comparable reductions obtaired with 10 ppm
silicate (as Si) were about 2, 2.5 and 2.5. Addition to the

20 ppm level alsc reduced the effluent water concentrations of
Cu-64 by a factor of 2, Mn-56 and Cr-51 by a factor of 1.5. The
Na-24 increased by a factor of 3. Tke redustisons cf P-32 end
As-T6 are considerably less than those cbtained in laboratory
tests where reductions of the order cof a factor of 10 were
obtained, but this difference cannct be explained ai present,
The pH at which these tests are corducted seems %o heve a marked
effect and this will be studied in further tests.
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Water Tregiment Facllity

The water t-eatment pleat at 1705 KE is now operaticzal and treat-
ment of raw waier with this facility has begun. +t if expected

that water will be supplied to two process tubes by late August.

The first studles on this facllity will be eim=d at optimizing

the alum treatment process variablies for reactor operating conditions.

Ground Weter Temperature Studies

Tae temperature of the ground water in the region bvetween the 100-D
Ares snd the 100-H Area is several degrees centigrade above normal.
The “emxperature pattern suggests that the source of this thermally
rot water is from the 100-D retentlon tasin. In one wel]l, located
cae-helf mile ncxthwest of the 100-D Area, the temperature of the
grourd watsr at the water table was 46 C. This new dalta strongly
supporis tone geperalized ground water contour pettern which has
been érawn for this region based on a limited number cf observation

Well's »

The maximum temperature of the Yskime River reached 26 C during
JWly. This sharp rise in river tempersture, from a recorded 17 C
in June, vas reflected in several wells located ncrith apd east of
the river in the visinity of Horn Rapids. From & study of the
ground waher temperstures in this region it mey be possidls to
Gelineate the approximate aresa of rechargz of the Yakima River,

Rediocnueclide Migration Rates

A test of dhe applicability of Inoue and Keufmai's equaticnl for
prediciing time ¢f itrace radionuclids migretlcn through soll wase
pade using nitrete Zon ané Sr-85 trreakthrough dete from a model
erib®, Ceoculated travel times for Sr-B5 were 10 to 24 percert
iess then actual guclide trevel times determined by monitcring
the pereolsting waste wabter ir three fest wells.

2. Kavwfmar. W.J. "Ground Disposal of Radicactiive Wastes,”
Cq:ferencs Procedings, p. 135, Berkeley, Califormis, August
25-27, 1959,

2. Knell, K.C. and J.L. Kelsor. Redicisctopes and Molsture
Distribution Benesih s Model Crib, EwW-T1l573, January, 1962.
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Effluent Monitoring

An attempt i1s belng made to decrease the amount of in%terference
encountered in the As-76 momitor by applicatiorn of a subtraction
correction to the arsenic count. The correciicn is tased upon

the iodlne isotopes present im the energy spectrum of €.7 to 1.1
Mev. The success of this technique will depend upon the counstancy
of the ratio of the warlous icdine isoteopes to eack othker during
equilibrium conditions of reactor operatica.

An iodine iscotope monitor was assembled and is being tested at
146-FR. A continuous carbon tetracbloride extracticn of iodine
from the 107-F Basin effluent is accomplishel in a cell with
pretreatment and mechanical mixing. The carbon tetrachloride
extractant stream flows into a counting c2ell where the icdine
isotopes are measured by use of & gamma ray specirometer. Clean
separation of ifodine with no interference f£rom other isotopes is
the main advantage of this system. Difficulty irn maintaining
censtant flows through the cell and consumption of pretreatment
chemicals as well as rarbon tetrachloride ara disadvantages of
the system.

Uranium Oxida+tion and Fission Product Veolatilization Studies

A *topiecal report, HW-~72321, "Pission Product Relesse from Uranium -
Effect c¢f Irradiation Level,” by R.K. Hiliiard and D.L. Reid,
dated June 20, 1562, was published.

Efficiency of Charzoal in Reactor Coufinement Ha’ogen Traps

Todine-131 adsorption efficiencies of ins%alled reaztor confins-
mezt charcoal and fresh charcoal were interzompared. Fresh
charcoal was about 2 percent meore efficient than similar charsoal
which had been beld in the 105-F ventileticn air stream sircee she
reaztor confinement instailation was completed. This differerce
is no% considered important in the applization; it might well
reflect variahility ip charcoal efficienciss rather 4han indicate
deterioratirg I-131 removal efficiercy with expcsurs to the air
strean,

SEPARATIONS PROCESSES

Purex Prccess

Recently Purex process equipment was modififed to permt alkaline
permanganate washing of the second 2ycle solvent. Almest

m m
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ipmediatelw, immrovemert in 2D-2E columm performance was noted;
W

[N o 4.0 I
kigher pulee rétes witkout flooding were aczhievsezle ard waste

iosses imorovei. This plant performance substantistel eerlier
laborabory wests whizk shewed that slkeline permsagansaie washing

of plact ZDX effectively removed or inactivated meterials in the

scivent which hed an sdverse effect upon the urenium transfer rete
{(of. T-73524 G and EW-T73305 C).

nurwams studies are directed toward the process water as the source
of the detrimenial meterial. That O“ganiﬂ gnd inerganic impuri-
ties are preseci in Purex process water IS eviient from the residue
thet colliects or the giess wool filters locsted do wns,ream from
the izz exnhanzt beds., Teste on this fliter residue tc dete heve
indicsted thet it conbteins:

1. S:l%d pisces gf predomirantly incrganic meterial containing
A1+3, end SO, . This material, when dissoived in acid, glves

a positive test for large orgaric anions, e.g., dﬂtnrgents,
snd. significantly lowers uranlum trensfer rate.

[

. A rmust larger emcunt of browz plastic-like materis) which is
fairly solutlie in ether, metbancl or hot watier end hae a
1imtted solubility iz chloroform. These exiracis &lso ghow &
positive "detergent" test end affect trancsfer rate adversely.

3. Amines. es evidenced by thelr typical odor when the fijters
sr2 extractel with NaOH soluvion.

On ke assumpt:oz hat ¢09g He pacs thrcugh a given Zil%er, the
smount of organic reccvered represents an iritiel concentretion
¢f s few parics per tilliien. ‘There ie no way of estimating how
muekr was not reiasined by the filter.

A sempiz of used "Anthrafilt” froxm the weter treaimernt system to-
gether with itz mssoziated alum floc was slso cbtairned and briefly
exerined, A water extract ¢f thies material also produced a
retaréaiisn of transier rate and gave a positive "detergent” test.

Further tests are being made tc more posiiively identify functional
groups present in these ssmples. Besed on the present evidence,
cne might tenistively conclude:

1. The slum cosgulation is very necessery sanld thei perhaps It
srouid be holstered somewhat. :

2, Tre inz exchange beds are not doing su effective job, and/cr
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3., the ion exchange beds are contributing new impurities, and/or

4, a source of organic and inorganic impuriiles exls%s down-
stream from the beds.

S0lid State Eiectromigration

In preliminary experiments using Fe-59 and Zn-£5 traeced slumirum,

no migration of the tracer elements was observed with current
densities of 8300 amp/inc (potential gradient of about C.03 v/inch).
Since work at the Albany Staticn of the Bureau of Mines has shown
the existmce of a voitage threshold ian the migraticn process; a2quip-
ment and mechods are being developed tc permit much higher woliages.’
Prelimipary experimerts in which the specimen Is cocled bty

immersion in a molten alkall chloride have permitied current
dersities of 30,000 amp/in2 and gradierts of 0.25 v/in. T:is
technique should also provide tetter proteciion against corrosicn
and permit a study of electromigration over a much droader rangs

of process parameters.

Electrochemistry of Plutonium in Molten Chlcride Sal® Solutions

Equili®rium of liquid plutonium metal with 55 m/c KC1-BaCl, +

55 m/o KC1, which serves as the sclvent irp the preseat stu&ies of
the electrowinning of plutonium, indicated that the metal was
soluble to & slight extent. The addi*icn of PuCl, {(~ 0.3 molal)
to the melt caused the solubility of +he metal to”increase bty a
faztor of about 1.6. These results may explain the ancmalcus
waves cbserved in the E-I curves of the system Pu{M)/BeCl,-KC1l.

Blectrowinaing runs using & molten plutonium meial pool as tre
cathode with constent potentials of 2,05 v and of 10 v (vs. Ag/AsCl
reference ) were unsuccessful in chtainirg significari amcunts of
plutonium. This was likewise the case when tungs<wen rod catrodes
wer§ used in order to cbiain high current densitiss {20 amperes/
em©}).

The melt ir the last run, except for a thin lsyer aicng the teiicm
of the cell, appeared to be devoid of PuCi,. Appareaily ihe
bottom layer, which was deep blue-green in color, was insciubie

in molten BaCls-KC1, and this precipitate, being unatble to tontact
the cathode, could not be reduced to the metal.

Deritration of Purex 1WW with Formaldlekyde

In an attempt 4o define and eliminate the operating diffisuities
that are being experienced with the plart deritration unit, an
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approximetely 1/10-scele, giess model of the unit has been bduilt.
Tre glees unit coreiste of a 9-foot high, 6-~inch I.D. reector pot
surtcunted oy & 9.5-foot kigh, 4-ineh I.D. tower. A L-foot section
<% tae tower, beginning 2-ft. 8-inches above the reactor pot, is
packe? with 1/2-inch porcelain Intalox® saddles to provide intimate
contast Tetwsen the gases from the pot and the IWW feed which
enters gix inches above the packing. In each run the formaldehyde
entered the reecicr pet in the vapor space sbove the liquid.

Ir. geaeral, the unii operated smoothly and the reaction was easily
controlled. Wasite (1WW) flow rates equivalent to Purex capacity
requiremsrts and at 1WW to HAF Zlow ratios of 0.1 were explored
with JTormelidehyde to IWW flow retics ranging from 0.01 to C.11.

At all retes invesitigated the preesure &rcp meross the tower was
ie3s than one irch of weter and the foam leyer on the ligquid in the
reactor pot was sbout 1/2-inch thick. The nominal *ree acia and
total nitrate ccnesatrations in the simuleted 1WW feed were 5.1 M
&ni 7.35 M, respectively. Filtratiorn of the 1WW feed did not
appear 4o descrease foeming cr affect the operation of the unit.

WASTE THEATMERT

Waste Cherscterization

Siulge samples were oniaired in the 108-5X tank by rctary core driile
ing &nd In the 101-C tenk by push-tube, in a contiouing program of
weete chargcterizeticn. Ir the 108-8X. teak, the l4-fnch thick
sludge layer {ramaining after reducing & 30~-inch layer by water dis-
selution} cousisted of reletively hard, but thir, top and bottom
leyers with a softer center layer. Apparently or:y the top layer

(2 - 3 inches) wae sampled, witk the barder material blocking

entry of the softer meterial into the tube. A new attempt wiil be
mese to obitair a complete ssmple.

The coeling wasts sample from the 101-C tank ccneisted of abou one
liter of & highly viscous dark drown "mud" obtained from the tank
tottom. Crhemical anelyvees of boit sampies &re in progrsss,

Produrt Forms

Evalustion of synthetic alumino-silicate zeolite materiais continued
with a tumblisg attrition test of Linde 4A end LAXH, 4 x 8 meeh beads.

® .5, Stoneware Company )




No significant difference was cbserved beiween 4AXE (0.8 percent
fines) and ¥4 (0.7 percent fines) despite previous informatior
that HAXE would be more atirition resistant. In gemeral, bead
form materials are three- to five-fold more resistant 4o attrition
tkan pelletized materials.

Glsss-like solids are produced when the Linde Company kigh-capacity
syathetic Zeolite 13X is fused with & mixture of S5i0p;, B 33 ard LiF.
A mixture containing 50 percent zeolifte - 12.3 percent sfog - 12,5
percent BpOs - 25 percent LiF by weight fused at a tempersture acar
800 ¢. Af43r solidification, the solid volume was about cre-third
that of the zeolite only in peilet form. Similar glasses prepared
from zeolite loaded with cesium traced with Cs-i37 are being pre-
pared for leaching studles.

Iodine-131 in Airborne Bfflueris

A charcoal bed through which had pessed Redax stack gas was
examined for I-131 throughout the depth of hed. Twe separste I-131
components were identified. One component, adscrbved wiith ar effis-
iency of 92 percent or am 1-1/2 inch bed, made up S8 percent of
tre entering I-131. A second component repressated 2 percent of
the entering I-131 and was only 7 percent adscrted, This result
supports and partially explains the early cozclusion thet I-131
appearing in the stack exhaust 18 not as =ffieisatly adsorbed on
charcosl as is laboratory-generated I-131.

Czeium Removal from Formaldshyde-Treated Waste

A columm of Cliroptileclite has been recyzled eight times &2 per
the process siteps reported earlier for recovery of cesium from
Purex ¥TW. The volume to cesium dreskthrouvgkh declived about z
percent per ayele for a total of 16 perceat decrease nver the
period of the experimernt. This appears tc be due to a siow
breakdown ¢f the mineral in the 0.5 M scid since some sluminum
18 released to the effluent and some siliza S0 the alkaline
eluate, During the course of the experiment the clinoptiiclite
was in conitact with thoe scid for more *han €0 days. Ths cssium
capacity loss thus amounte to less than 0.3 perczeant per day.
Occasional bed make-up is expected to take care of this lozs.

Cesium losses in 0.5 ¥ HNO- used in sodium rerzoval operaticns
were determined for variou3 degrees of cesium trzaxthrough. AL
6, 18 and 53 percent ceslumr breakbthrough levels, reapeciively,
the cesiux losses were 0,23, 0.56, and 2.5 perzent for eight
column volumes of 0.5 M HN03.

‘
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Baravior o Fiasion Produess During Cesium Removaed frow Formeldehyde-

- e

Teegted Westss

ors quantitative Gate &re now eveilable on the behavior cf mejcr fission

produsts during the loading cf cesium o- clinoptilclite from & simulated
FIW solution. (CR & D May Monthly Report, HW-73903 C). Decontemingtion
factors for stroniium, cerium, rutbecium, end nicbiun were 2.1 x 10Y,

9 x 107, 1.4 % 107, ead T, respectively.

Caszing of Ammonium Carbonate Sciutions

Seversl sxperimerts were performed tc messure the effect of temperaturs
sl armeris comcentration on the gessing of ezmornium carbonate solutions
pezivm from & cosumn of cliroptilolite. Tne results

e cn can be minim’zed by mainteirning ithe temperaiure
; edding ammonia tc the ammonium cartonate golution.

Strcatium Peckagin

Toe Ziret pilot pLant experiment oa the peckeging of sirontium on an
insrgezic zeolite was completed. A feed rate of 0.2 column volures/min
{1.% g;ﬁfft3} was used for the experiment with 1/i6-iach pellets of
Lirfe 4f in 8 2-inch dismeter by 36-inch icng column. Fifty percent
brescrircugh cccurred after 10 columm volumes had been precessed.
{laboretory experimerts besed on bed meiterial of & smeller particle size
veack thiz breswinmough efter 31 column veolumes.) About 8 to 10 columr
velumes cf riuse water were required 4o reduce the resgilual ritrate

ir the rinse sffluert by a fastor of 10020.

Cerziur Fethagling

Curgory Lap waber lsaching tests were continued on fused Ce-clinoptilclite
chhained frow volatilization studles. Leeching rates of the glass st
Too_veTperalure epproached & cousiant value of approximetsly 3 x 107
g/er®/3ey after 72 days. The cosztinucus reduction from the initial
epperent leack rate of 2.3 x 1¢-7 g/cm?/day depicts the decremeing
infiaence of surface effects on leachirg rates. Thess dissolution

rates are spproximately equal to those reported for the most lmscluble
glssz aznd are beitter thern most by an order of magnitude.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Cesium S-~lvent Extraction

e ririmm in the distribution ratios cf cesiun between dipicrylamine
in nitrchenzene srd ritric acid solutiors has beer shown to bhe due te
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extraction of cesium by nitrobenzepe. The distribution ccefficlent
for the nitrobenzene system has a positive dependence cn nitric
acid concentration whereas that for the dipicrylamine-gpitrobenzene
gsyster has an inverse dependence. Thus, at an aqueous nitric acid
concentration of 1.25 -~ 1.5 molar, extraction by dipicrylarine is
eassentlally suppressed and extraciion by nitrodbenzene becomes the

predorinant process.

Scouting experiments were performed ¢ investigate cesium extrsction
into nitrobenzene from aiirate salts. The results from Ca(NO;),,
A1(NO,)}, and LiNO; indicated lower disiribution ratics thea f om
nitrié acid. Experiments are in progress to determire the extract-
ability of sodium, rubldium and cesium by dipicrylamine in oitro-
benzene from lithium hydroxide solutions.

Assistance to Purex Flant Head-End Fission Product Recovery

Tracar level investigation of the complexing of the rare earths by
© radiolytic and peroxide decomposition products of tartaric acid
during the precipitation ¢f strocatium and lead suifates was con-
tinued. The addition of either dibydroxymaleic acid or tartronic
acid after pH adjustment gave an Iincreased soludilization of
cerium but no effect on strontium. The addition of 10 grams per
liter of either reagent increased the cerium content of the super-
nate from 3 to 20 percent. The use of 75 grams of tartaric acid
pius 100 ml of 30 percent hydrogen peroxids per liter of feed
caused TO percent of the cerium to go intc solution. This indi-
cetes that much of the tartrate 1s probably converted to the
"active" complexant in the %artrate-peroxide system, aund the
addition of additional amounts of the specific complexant is aoth
eccaomically feasibla., Some additiopal work will te direxted
toward the use of the "pure" complexants, tut the majcr effort will
te centered cn the tartrate-percxide system.

Tracer lsvel experiments were performed to determine the effect of
the addition of varicus amounts of tartrate on the amount cof
precipitate obtained during the sulfate prezipitation from iWW or
FIW at pH 1.5 and 2.3. A%t pH 1.5, the amount of precipitate
obtained ir the absence of tartrate or with small additiorns cf
tartrate was small in every case, tut tke eddition of .25 tc
0.50 meles of tartrate per liter of feed (1WW containing 0.5

Fe or FIW containing 0.67 M FPe) resuited in gross quantities o’
precipitate. FPTW contaiaing 0.5 M Fe 2id not yield excessive
precipitates under any of these condiiionms. A% rH 2, *he volume
0of precipitate varied from 25 volume percen* in the absencs of
tartrate, through little or no precipitatz at 0.1 to 0.2 moles of
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tar+rate per liter, to & more voluminous precipitste st G.3 to 0.8
meies of tartrate per liter. The volume of preciplitaie then
decrexsed tc zerc when cver 1 mele of tarirate was ussd., A% present,
Purex uses artcut G.B8 mcles of tartrate per liter of feed. A sli
reduction Iz *this smount would be expected to yisld & gross pre-
cipitate, while & reduction by a fastor of stcut & should yield
enly the normsl sulfate precipitate. This will b= checked in B
Cell in the near fuiure. The present interprztatioz of the pre-
cipitete is thei irop sylfate or Lydroxide precipitasies in the
abserze of tertrete, and tartrate complexing of the iron prevents
this precipiietion. EHowever, certalin iron tc teritreis rasios
resuit In an iron tertrate precipitete which redissclves iz an
excess ¢f taervretle.

Garms Dose Rate from Pr-147 asnd Po-14B

Shieiiing requiremerts for s promethium source were made and checked
experimentally using a 3.8 ml nitrate solutioz eccniaining 11.8
curies of the Pm-147 purified late last year in & Cell. Promethium
was compared with other fission products as heat sourges. The

bssie for comperison wes & generator of about 250 watts (thermsl)
with an sllowable radimtion level of 200 mr/hr at one Foot from

the source. The results are summarized in the teble below (all
veluse &re approximete j:

A Comperison of Fission Product Hesi Sources

Pt Shielding
Nuzlide Kilocuries Grams Thickress {inches)
Sr-¥ 50 Lo LBo L.5
Pr-147 (1Y) 660 660 L
Px-147 (2Y) 660 660 1.25
Pe-~137 (23Y) 660 660 0.2
Cs-Ba 137 52 15C0 k.5
Ce-Pr 1hk 31 80 8

On the basis of shielding requirements, strontium and cesium are
equivalent $0 eack other and to one year old promethium. When
premetiium is aged 3 years or more, Pm-1L8 does not control and
only & very small amount of skieiding is required. It is inter-
esting thet fur Pm-~1L7 the best shield is & mixture o7 lesd gnd
Tungeten because sn appreciatle amount of radietion passes througk
lead bekind the K absorpticn edge while tungster still heg s high
absorption coefficient in this region.



Acid Destruction in 1WW

Work has deen initiated to determine the rate of hydrogen ion
destruction by the addition of organic acids or salts to nitric
acid in a radiation field. Preliminary results bave been obtained
for the destruction of nitric acid in sclutions of sucrose, acetle,
citric and oxalic acids., These resulis indicate that the nitrie
acid 1an a synthetic 1IWW solution can be destroyed ai ambient
temperatures over a perlod of & few weeks by the addition of
sucrose Wwithout radiation. An inerease in tempersture is bene-
ficial. The benefite of sucrose as opposed to formaldshyde are
being examined.

Recovery of Np and Pu from Purex IWW and FIW Solutioms

Batch contact extractions of Purex Flant 1WW solution with D2EEPA-
Soltrol sclvent were made to test flowsheets for the recovery of
plutonium and neptunium from the waste. About eighty percent of
the plutonium present was extracted when the 1WW, as received,

was contactad with sclvent under coanditiona wherein plutonium
extraction was greater than 95 percent from similated 1WW spiked
with Pu(IV). This suggests the possibility that not ail of the
plutonium in plant IWW is present as Pu(IV). To reduce neptunium
present to the extractadle Np(IV) state the plant IWW was mede 0.2
M iIn bydrazine and allowed to stand 30 minutes at 25 C before
contact with solvent. Eighty-three percent of the neptunium
present was extracted as compasred to §7 percent when similar pro-
cedures were applied to synthetic 1WW spiked with Np(V).
Apparently more severe reducing conditions will be required %o
agsure reduction of neptunium in plant IWW. Other experiments
with the plant 1WW showed that Zr-Nb decontarination in the
extraction step 1s increased from 8 o about 70 1f the weste is
made 0.0l M in EDTA prior to extraciion; plutonium extreacticn is
not impaired.

Experiments to develop 8 flowsheet for cco-extraction of aneptunium
and plutonium from Purex Plant PTW (1965 composition) were promis-
ing. In these, synthetic PTW spiked with Np(V) and Pu{IV) was
contacted with 0.1 volume of DZEHPA-Solirol solwvent. ils

still in contact with the solvent, the aqueous phase was treated
with bydrezine and ferrous sulfamate and the *wo phases were
mixed again. When the solvent contained Q.1 M DZEHPA and the
aqueous phase was made 0.05 M in hydrazine and ferrous sulfamate
between the two coutactings,_the fipal organic con’ained 98 per-
cent of the rlutonium and 37 percent of tae neptunium icitially
present in the aqueous.
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Pilct Plen® Exirestioans with DZEHPA

Iritigl pilet plent palse coluam rums Cemonstreting cerius and

atrarmtive extrasticr concepts for the proposed Eanford Waste

Managsman Program were successful in extracting grester than 95
—semt of the ceriux in e citric acid-complexed feed, Toe

extrection was carried out in & 9-foot high exiraction colum

using 0.2 ¥ DZEHPA (3i-2-ethyilhexyl phosphoris acidl iz Soitror-170%

car thet siow cerium extrection kinetivs might seriously limis

degree of cerium extraction appears tc he unfoundel.

2,
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Svhesguent sttexpis Yo strip the cerium oud of +he orgezic phsase

were only pertiy successful, apparently beceuse of the preseace

of some Cef{IV} in the Ce-14k trecer used Yo fscilltale cerium
spelyees, Cmly 70 percent of the Ce-lbk wae removel or the £irst
pass with nitric mci@ ICX, and several sucuesding passes with nitrige

oxsaliz moil cixtures succeeded in removing only sz additiozel 20
percent.,

Solvart Extraction ¢f Fission Products from Parex FIW

Miziajure-river-settler runs tested partiticoninmg of shrcutium from
rere sarthe snd subsequent stripping of rare eariks from DZEEPA-
TBP-Scltrol extrastans. Feed for these rume was solvent proiuced
iz previcus rune Sesting the extraction colurr lowsheet. For

the partitioniag, seven mini-stages were ussd. Witko (.23 M HRO;
as the partitioning agent end with en organic to agquecus flovw rétio
of four, strontivm loss to the solvent was G.2 to 1.3 percent and
decontamination faztors from cerium, europium snd iron were 00,
7600 end 40, respectively. Similerly, with 0.2 M citric acili as
partitlicring agent, £trontium loss wee C.5 perczent and cerium and
iron deconienination factors were 130 and 20, respeciively.

Rare earins remsining in the crgenic after periitioning were
reefily stripred with 1-3 M ENO4 as showrn oy batch ¢ontasts and &
mini-mixer-setiler run. In the latter, seven cteges were used,

Tee siripring agezd was 2.0 M HNO, at sn organic to aguecus flow
ratio ¢ ahout eight. Cerium losE tc the orgenic was lese than one
perczni. No reazor attributable to the orgenic hes beepn found for
the pocr cerium removel in the pilot plant pulse colurm Tuns.

Batch contect studies of the effect of temperature on extraction of
verious soustituerte Prom citric acid complexed FIW feed sslutions by
DEBEPL -TBP-Solirc) extractants were made. Extraction of zerium and iron
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was higher at 60 C than at 25 C. Extraction of strontium and
chromium decreased with inereasing temperature - provably due to
inereased loading of the solvent with iron. Further temperature
effect studies will include extractiion rate determinations to
evaluate desirability of operating the extraction column at
elevated temperature.

The Centrifugation of Cesium 12-Tungstophosphate

The precipitation and centrifugation of ceslium l2-tungstophosphate
from dilute and four-fold concentrated, similated FIW were studled
in two pilot plant runs. Essentially guentitative precipitation
of the cesium occurred with a 50 percent excess of 1l2-tungsto-
phosphoric acid over that needed to form tke dicesium salt and
with one hour agitation at 25 C.

Centrifuge efficiencies in the continuous, 25-inch, baffied, sclid
bowl centrifuge were unearly independent of holdup time in the
range 3.2 to 10.6 minutes. At 340 G's the cemirifuge efficisucies
were 73 and 81 percent for the dilute apnd concentrated FIW,
respectively, for these feeds, Although the cake was readily
slurried from the centrifuge, a film of precipitate tended to
adhere to the centrifuge internals.

Recovery of Cesium from Purex Waste by Iom Exchange

The ability of sulfonated phenol type resin Duollite C-3 to remcve
cesﬁum from a simulated Purex 103A tank supernate containing 5 x
107" M cesium was confirmed. Five and 50 percent breakthroughs
of cesium occurred at 83and21.7 bed volumes, respectively, in &
L-ipeh diameter resin bed 11§ inches long. The run was made at
reom temperature with an average flow rate of 9C.8 gal/hr/sq.f+.
The performance compares favorably with a previcusly reported run
made with a 33-inch bded (EW-T4153 C).

A 2.5 M ammonium sulfate solution effectively removed cesium a%
room temperature from a 33-inch bed which had been losded to 10C
percent breakthrough. More than 90 percent of the cesium was
removed In six bed volumes at an average flow rate of 49.7
gal/hr/sq.Pt.

3olvent Extraction Recovery of Cesium

Miniature-pulse-columm studies tested stripping of cesium from
0.0l M DPA - 50 percent nitrcbenzeme - 50 percent Tetralin solutick.
Thls organic was produced in earlier runs testing ex*traction cf
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cesium from simulsted Purex sicred waste supernabent liquid. The
sziurn was opersted at an £/v of one with 0.5 M ENO; as the eirip-
ping agent. Cesium recovery was greater then 59.9 Dercent
Eréraulic performance cf the column sppeared satisfactory &lthough
the mpurkv-hrown color of the organic when in cozntacht with acid
imtarfeved wiih obssrvation of column performence.

Radicivsis of Strontium Citrate anl Tartrate Scivtions

Ir continusd studies of radiolysis of strontiuz-uoataiging citrate
en? tartrate scluticns, total exposures up to 2.4 x 107 R ha?e
been sccumuisted. Soiuiions simulating Hot Semiworks siront
product golution were subiected to CO-860 gamms radistion. Stron-
tiun sitoeie-citric acid scluticns initially 6 M in nitric acid
vere ehable toward stroztium precipitation during exposure to 8
% 10° R tut over 99 perzert of the strontium was precipitated at
1.6 x 209 R. A simiisr solution (& M HNOg) coataining taTtrate
inetead of citrate was stadle toward strofitium precipitation at
doses up to 2.4 x 107 R. In the absence of nitric acid; tartrate
sclutions convert slimost completely to s Jelliy-iike mass at

Z.h x 109 E.

EQUTPMENT AND MATERIALS

Izdustion Furnaze Design

A steinless steel ipduction heat;ng coil was demonstrated for
sprilzation t¢ the heating of & hollow, cylindricel, sisiniess
gtecl charge. Matching wag perfect within x 5 percent. Important
dimensions and electiriesl characteristics were:

Coil: 3/2-inch, schedule 80, 30k stairvless steel pipe;
i2-inch ingide dimmeter, 29 lcoches long; 12 turms.

Charge: 10-inch, schedule 20, 304 steinless steel pipe.
requency: 10 kiliceycles

hieiding Window Design

EW-73938, "Survey of Effects of Redietion or Shielding Windows,”

was issued. This document reviewed the dielectric discherge pheno-
meung and recommends that windows be operated et miidly elevated
temperatures (100 F) and be designed so that thick glass panes

&re pleced in the low dose rete zone of the window. Thin panes

are less subject teo dielectric charging andé can be used on the radio-
setive side of tbe window. Purther information: {& beilng obtained.

<
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Remote Welding

HW-73933, "Remote Welding Closure for Waste and Fission Product
Containers - Interim Report,” was issued.

Stress Cracking in Mild Steel

Eight large (3 ft. x 3 £4. x 3/8 in.) weldments were prepared
from 1020 mild steel plate. BExposure of part of these to 50 per-
cent sodium nitrate and part to simulated, neutralized Purex FIW
was started. After two months of exposure, the FIW will be
butted to about 6 M nitrate. The primary variagble in the fabri-
cation of the weldments was in the weld metal used. These
included 6010, 6016 and Incomel 182. In one set of weldments, s
95 Cd-5 Ag roé was welded to the plates parallel to the weld seams
to provide cathodic protection.

Corrosion Saqples from Purex 101-A Tank

Ultrascnic cleaning and identification of all samples from a set
of corrosion samples recently removed from the Purex 10l-A waste
storage tank haz been completed. FPreliminary calculations based
on total welght loas indicate an average corrosion rate of about
0.1 mil/yr. Pit depth measurements and microscopic exemination
should be completed within the next month.

Failed Redox Demineralized Water Heat Exchanger

Huey tests coupled with visual and microscopic examination indicate
that the corrosion failure of a heat exchanger in a Redox deminer-
alized water unit was due to the presence of sulfuric acid in the
water inlet stiream. Sulfuric acid could be in this stream after
regeneration if incomplete flushing was given to the ilon exchange
bed feeding the heat exchanger.

Non-Metallic Materials

A new adhesive designed for plastic cementing was tested for use
in bonding pelyvinyl fluoride film to polymethyl methacrylate
panels. This adhesive appears very promising for sealing the
transparent, highly resistant film to the inside of hood panels,
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PROCESS CONTROL DEVELOPMENT

Pursy Cexvon Electricel Connectors

A specisl irstrument-electrical connector Jumper has been devised
to overrcome tae problem of limited caryor connectors. The jumper,
containing twe enexial connectors and two power contects; is
des'ened for installation in Purex E cell. Trke initiel sppli-
cation will provide & coaxisl copnector for a neutren moniter

in the E-6 tenk. A prototype coaxiel catle connector has been
completed and tested mechanically and elestricelly. NWo diffi-
culty has beern incurred Iin simidated remote instellation.
Electrically, the connector has & satisfactorily high insulation
resistence; ap ion chamber current of 1 x 10-12 amperes was
passed itkrough the connector and read out oo & standerd izetru-
ment,

C-Column Studies

An extensive seriee of calibration tests were msde on the re-
locsted experimental C-Column, Calibration data were obtained
on columr fempersvure, pulse frequency, snd agqueous stream pE
instrumentation. The shorter pulse leg in the new inssellation
resuiie in Jess varlistion of puise amplitude with changes in
pulee frequency; & situstion which should produce betier experi-
menial date for use in refining the mathemstical model. Seversl
Tans were meie Yo develop additionsl information on fluctuations
iz column variebles under nominsl steady state conditions. Also,
the veriations lp uranivm conceptration st s perticuiar point in
22 cllumm were studied as & function of ihe pulise frequency.

Using tape punched by the new scanner-punch system, the C-
Column Dats Reduction Code wes checked out with & new Paper

Tape Ioput conversion code. A minor bug inp the latter code has
bteen eliminated. A procedure is being set up to process punched
tapee on & "production” basis so that experimental date taken
one day will be returmed in final processed form the foliowing
moraing,
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REACTOR DEVELOPMENT - Ok PROGRAM
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PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Electrolytic Decontamination of Molten Halides - Purification of
contaminated alkali chloride melts will reduce waste volume in
the Sal%t Cycle Process. Two electrolytic purification techniques
were investigated., Impurities added were europium and iron.
Residual amounts of plutonium chloride and uranyl chloride were
also removed since uranyl reduction precedes that of irom enmd
reduction of plutonium ions to metal precedes that of europlum.

1. A molybdenum cathcde and an open graphite anode were used iz
the first, and least successful, method, with no attempt to
exclude anodic chlorine from the cell. Elesctrclysls was
performed at -2.0 volts relative to an Ag/AgCl reference
electrode. Current efficiency for the remeval of all im-
purity ions was less than 5 percent. Percentages of the ions
removed were: uranium, 53; irom, 36; plutonium, 23; and
europium only about C.0l. Furthermore, the deposit would not
adhere to the molybdenum cathode.

2. The second technigue achieved high remcval of impurities even
with & chlorine atmosphere in the celi. This methed made use
of a Mg0 cell-liner, a molten lead cathode; and an open
graphite anode at & cell potential of 4.5 - 5.0 volts.
Percentages of the ions removed were: ursoium, $9.99; iron,
97.5; plutonium, 98&; and europium, £0.

Electrolytic Preparation of lLarge Single UQ2 Lrystals - Ceramic
Fuels Development Operation has beer attempting to obtain large
single erystals of ursnium dicxide containing enriched uranium
without success. Approximately 30 g of enriched uranium dioxide
erystels in the l-gram size rapge were produced In two molien
salt elsctrolysis runs. Crystal size was lipited in each case
due to premature shutdowns csused by ingtrumeet trouble. Pre=
- vious runs withk normsl uranjum have prcduzed erystals in the 3
to 4 gram size by the same techniques, whickh utilizes the
PbClp-2.5 KC1 system as solvent. Aluminum impurity in the
electrodeposited U0, was reduced tenfoid from its 2oncentration
in the starting material.
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Presaurized Wail Conteiners for Moulten Salis - Impermeable graph-
TTe Wonld Te & SuSTALLE conteipner for molten chloride salts
pecause ¢? its corrosion resistance. To prevert sall permestion
of prroue graphite, application of external gas pressure to
izduetione-heated, 2-liter graphite crucitles with 1/Z-insh thick
wallis was tested with LiC1-KC1 molten Salt at 50C C. Duricg &
16-nour period, 25 percent of the salt lsached thrcugh the wall

of &n unpressurized graphite crusible. Arn idemtizel crucibie was
operated for T1 houre 8%t an external pressure of & paig with

salt penetrstion of less than C.10 ineh into the crucitle wall.
This presgure wac about three times that exerted by the salt at
the bottom of the crucible scd apprecisblie gas bubblad through

tre vessel well. The gas consumpbion was 1.7 liters per minute
wat ¢oald be reduced by decreasing the extermel pressure, although
czicrine gas right be used iz thies way tc dissolve materials in
tre salt beth.

RADIGACTIVE RESIDGE FIXATION

Synthetic Zeolites

The Getermipation of egquilibrium constacts (K.) for the synthetle
zeciftes Linde BAXW, Linde 13X, Linde AW-300, Linde AW-40C, Linde
AW-500, Zeolcr and zlinepiilclite wae continued. Systems for wkich
the ecuilibrium relstionehips were determiced with the sbove zesclites
incluéed stromtivm-celeium, strontium-barium, sireptium-magneslum,
lithium-cesium and ammonium-cesium: the K, for the bydrogen-ceslux
system was determined for clinoptiiclite only. ‘

Seversl sdiitions)l checks vere made on the aczuraczy of tre Ko
surves of the above zecliites using column data. Cclumm 50 percent
“reskitrough capsnities of 0.037 and 0.011 meq Cs/g for Linde
AW-5C0 and Linde 443W. respectively, were predicted Irom cesium-
ammnium curves for an influent cortaining G.00L K Cs¥ + Ce-134 +
1.0C K NE;,*. Actual capacities chtained were 0.039 meq Ca/g of
Linde AW-520 aué 0.011 megy Cs/g of Linde LAXW. Similarly fever-
ahle corparisone resulied in other experiments.

Condernsste Trentrent

During MPP Run 22 the steam-siripped Purex Teuk Farm condensate
feed acidified toc pH L.Z was pesred through ar activated carbea
Bed prior t¢ being pasced through a bed of Amberlite IR-120 in the
godivm forr. Both bzds removed ruthentwr so that the firsl
efflusns corncentration wee lese than the isctope's MPC, {greater
thar 95 percent remcval). MPP Run 29, which wei & repest cf this

-
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test but without the activated carbon bed, resulted in much less
ruthenium removal (ca. 22 percent).

Clinoptilolite Beneficiation Studies

Preliminary crushing and grinding tests on selected Hector,
California, clincoptilolite were completed by Dr. J.A. Pask of the
University of California. These tests were to determine If means -
exist for improving the yield from mine-rur ore and minimizing
the creation of fines in clinoptijolite mireral columms. Rolling
mill and rod mill tests disclosed that a maximum of about 50 per-
cent could be obtained in the 10 to 20 meah size, about 25 per-
cent in the 20 to 50 mesh size, and that about 25 percent fines
{less than 50 mesh size} would be produced by the best erushing
methods. Some degradation of climoptilolite particlzs was poted
in the wet screening tests, suggesting the preseacs of water
soluble minerals in the ore. Tests are under way at Fanford to
termine the physical and chemicsl properties of the crushed
and acreeaned size fractions relative to earlier-procured material.

Cliceptilelite, powdered to < 100 mesk, was pellstized with
silicic acid. These pellets were ther crushed azi scrzeaed o
O.% - 0.7 mm size. Performance characteristics of columns of
this materisl and columms of crushed clinoptiloliite of The aame
size were compared for ceslum loadings. Flow rates were adjusted
50 that the residence time was the same for =ach cclumm, and the
results were compared on the basis of cclumn volumes of actual
¢clinoptiloiite present. There was very little difference in
performance, but the crushed pellets showed slightly better

ineticsy.

Irn-Call Calciner Feed

Approximately 200 gallons of 1IWW were obtained and get aside to
alliow the iodine-131 to decay prior to calcination. A zmmail
portion of the 1WW was traasferred tc B Jell for imspection snd
sampling. Althcugh the 1WW was centrifuged at Purex, 1t was
observed to contain a large amount of solids. A 1500 ml zampis
in a 2-liter graduate was found to corntain 500 ml of sclids

after settling for 30 minutes, and 200 ml of solids after setiling
overnight. The solids were readily susperded in the supernats by
alr sparging, and the slurry passed easily through a scrzen with
openings about the same size as the opening ir the caleizer spray
nozzle. Therefore, cperation with *the slurry might nct cause
excessive problems. However, for the initial calcination experi-
ments, a clear solution i1s much more deszirasle than & siurry.
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Characterization of boih the supernate and the sclids has been

E=1

iritieled but sozmclusive results are nct yet evallabie.

In-02l2 Anelysis of Off-Gas from Waste Calciner

The in-cell grmma analyzer has beep medified o aliow counting
+he asectivity collected on the off-gas filters from the wasts
caleiner. Sisndsrd samples prepared by absorbing known amount
of cesium-137 ca the f£ilters show the minimum cesium ac*ivitv
detectable o be about 107 v/min., Geamme energy analysis can be
made with about § x 107 y/min. These results spow toat any
samples wbich sre toc "hot" to handle witkout etieldinmg (out of
the cell) cen bs mnalyzed in-cell,

A-Cell Installstiosn

The calciner equipment has been moved from the mock-up location
into A-Cell. The transfer went smoctily and the pipefitting will
be essentisily completed by the end of July. There were neo
probiems in placement of equipment for remote manipulator operation.

The elecirical hookup is not yet complete but should be QOEP_BuEd
during the first week of August. The in-cell anéd exierior bus
work, instailaticn of tremsformers, swiitchgear, ete., for L0OO
ampere power to the caleiner is complete. Remaining work on the
celziner power 16 limited to control instrumenteation, peicilng,
insteiiation of cocling blowers and the extermel bue shields.

The water-cocied coaxisl cables for conducting radic Ifrequency
povwer to the pot calciner heve been fabriceled and installed.

Tke Tooeo unit has been placed and modified for this installstion.
The electricel and cooling water circuits n-cell are rot se yet
cormplete.

Teete of the electrositetic bubble serubber were meade with magnesium
cxide smoke. The de-entrainmert factors obtained for the sub-

cron Emoke were of the order of those obtained previouely with
calciner off-gac. DF's of up to 1000 were obieined. The magnesium
pickep of <the downstream filter varied almost directly a&s the
flow rate and as 3 negative exponential functicn cf the voltage.
The results of the scrubber development and experimental dste
were summarized iz & report, "The Electrostatic Bubble Scrubber,”
(EW-74%210) by R.T. Allemann and U.L. Upson. The mechanically
"beefed-up" unit hes been installed in A-Ceil. The righ voltage
leads into A Jell end line power to the Hv supply location are
vet to be irstalled. .
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Radiation Resistant Elastomer

A larger series of tests than previously reported were made on
the 65 durometer (B-3 batch) ethylene propylene rubber. Seven

- unirradiated samples were compared with four samples irradiated
to 2 x 10¥ R. The irradiated samples iost 3 percent hardness,
22 percent elongation, and 47 percent tensile strength. Samplas
of Estone rubber, adiprene, nitrile, styrene-butyl, and urethane
rubbers were all destroyed by 24-hour immersion in 6 ¥ HNO; at
70 C, BHowever, etbyleme propylene rubber was still strong and
Tlexible under the zame treatment. The rubber mAy have several
hot c¢ell applications.

BIOLOGY AND MBDICINE - 0§ FROGRAM

TERRESTRIAL ECOLOGY ~ BARTH SCIENCES

Hydrology and Geology

Initial runs were completed with the Fortran program for caleul-
ating time for three-dimensional flow between & crid and the
river. Included ip the run was a soclution for flow teitween the
NFR cridb and the river, which was treated previcusly in *wo
dimensions through use of electrical conductance paper analogs.

The first arrival times at the river for flow along the shortest
streamlines in the two methods wes in close agreemert {less thar
1 percent difference). However, as expected for longer stream-
lines, the earlier two-dimensional analog gave conservative times
in comparison to those found with the three-dimensional resuliaz.
¥or example, the time for the longest straamline 18 over 30 times
that of the analog.

Several samples of volcanic ash were obtained Prom the Jokn Dey
Formation in central Oregon and analyzed by the X-ray diffraction
technique to determine if the mineral clinoptilclite was present.
The results show that samples from one locality, located six
miles west of Kimberly, Oregon, on Highway 19, had a relatively
high percentage of this minera}] present. There was ro evidence
that this mineral was present in the other samples. (A latora-
tory determination of the cesium distribuiicn coefficient, Ky,
showed the a&sk to have about one-half the exchange capacity of
the clinoptilolite material obtained from Califarnia and Nevada.)
In the large areal extent of this particulsr clinopilolite-
bearing ash deposit in Oregom it is possibie that in some regious
“he mineral content is as high as that found in the material frcnm
California and Nevada.

A L
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DrillZng begar or Project CAR-963. About 10 perecent of the
ectimated footage wss completed. The first weil at N 10,000 -

E 12,000 1ize in the ares toward which tritium from Separations
Areas wactes is moving through ground water. The second well,

cne mile south of the 300 Ares;, will confirm the southern 1imit

of movement of uranium-contaminsted ground water from the 300 Area.

ATMOSPHERIC RADICACTIVITY AND FALLOUT

Fallcut Studies

The nuclides Zr-95 - Nb-95 and Ru-106 have been present in surface
air all through this vear at steady levels of about C.1 d/m per
cuniz foot. Sinee the Zr-95 - Nb-35 concentration bhes remained
neariy constant during the last six month period, it must be fed
to the surfase air at & rate about equal to iss decay. Ailr
samples were taken on July 2k, 1962, at altitudes of 3000, 6000,
9000 ené 12,000 feet, which showed an interezting increase in
4r-95 - Nb-35 concentration at the 12,000 fooct level about 100
times the surface concentration. I-131 has_been present in near
surfece ailr at & concertration of sbout 1072 d/m per cubic foot
since June 13, 1962, The I-131 is collected in about equal
amounts on & membrane filter to remove particulates and & back-up
harcosl) filter to remove the gaseous maierial.

Radiation Chemistry

Previous determinations of "protection indices" of compounds in
aqueous solution have sall been made on solutions containing less
thun G.1 percent solute by weight. As more concentrated solutions
are examined, one can expect to deal with systems of more compli-
cated siructure and hence more complex radieticn-induced kinetics,
until finglly the "dirzet effect" of irradiastion om the solute is
vredominant. This "in-between region" of concertrated solutions
has perplexed many investigators, the general comclusion being
that the protectior cffered by chemicels in irradiated solutions
does not increamse proportiopetely &s their concentration is in-
creased. Several phenomena postulated to explain this "saturation”
elffect have teen tested. Ir order to obtain & new perspective for
hiis problem, experiments were begun to extend the protection
index determinations. In terms of protectiorn indices, the
"saturation” effect should appear ac m decressing protection index
&z the conceniration of protector is imeremsed. Ures was the first
compound examined at high concentrations since it has a very low
protection index even at low councentrations. Complications were
cbserved immedistely cince the usual lineer plot.of log [Dye]

oD T e
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versus absorbed dose was curved more and more a3 the concentration
of ures wag Increased., Utilizing the initial streight-line
portion of these curves, the following proteciion indices of uresa
were evaluated:

[Urea ] P.I., 25° % Ures by Weight

2.00 x 103K 3.0 x 107% <0.1
5.00 x 103 ¥ 3.5 x 10~ <0.1
2,00 x 1072 ¥ 8.8 x 1077 0.1
5.00 x 1002 1.8 x 107% c.3
2.00 x 10+ ¥ 3.k x 107 1.1
5.00 x 101 ¥ 2.2 x 1072 2.8
2.00 M : 3.0 x 1072 11

.50 M 2.8 x 1072 25

The protective ability of urea as measured by the protectica
indices is only decreased by a factor of 10 even when the concen-
tration is increased by a factor of 2000. The smallness of this
decrease is surprising since, at the higher concentrations, a
substantial amount of the radiatlon must be adsorbed directly by
the urea (urea and water each have approximately the same elsctron
density, 3.2 x 1093 electrons/grem ard 3.2 x 1023 electron/gram,
reapectively, so that the fraction of Lhigh-energy radiation each
absorb i1s equal to their weight percent in the scliutior).

Thin layer chromatography techniques are being used to exemine

the purity of separated dye fractions for the studies of chemical
protection from radiation. Glass plates coated with ap atsorbing
medium such &s kieselguhr form the statiorary phase while devalcp-
ment Is accomplished by ascending chrcmatography using various
solvents. Using this technique it was fourd that Fracticn IV
(Food and Drug Administration nomenclature)} of sxicgiauczine couid
be resolved into at least two components for wkizh a praciical
gseparation procedure is being scugkt.

Ta 0.05 M scdium Lydroxide the blue form of the dye, erioglaucine,
is converted tc one of its colorless forms through the sd2i%icn ofF
a rhydroxyl ion. In addition to the coloriess form, a purple
derivative is observed to form. To the exient that this purtle
species is formed, the protolysis and hydrolysis constarts
measured for the interconversicc of the various species cf erio-
glaucine will be in error. The rate of formation cf the purpis
specles inpcremses =g the pH increases, It is readily formed i

the absence of oxygen indicating *hat its formation is rot a

1251022



http://pzo..ect.cn

base catalyzed oxidation of erioglaucine. In basic solution it
slowly converts itself to & colorless species, while, in strongly
acid solution an orange species is slowly formed.

RADIOISOTOPES AS PARTICLES AND VOLATIIES

Particle Deposition in Condults

Computer programs were written and used to calculate particle and
fluid flow parameters for all current deposition data. The much
more rapid bandling of the date permitted & re-examination of the
correlsation previously developed. The independent review showed

the theoretical basis upon which the correlstion of variables wae
established to be valid and supported the observation that & conduit
diameter term was needed to yield betiter correlation of the data.

A computer progrem is being written to calculate particle deposition
for & distribution of particle sizes passing through a conduit.

(0.4, foua

Mansger .
Chemical Research and Development
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UNCLASEIFIED D-1 HW=-7L522

BIOLOGY OPERATICN

A. CRGANIZATION AND PERSONNEL

Dr. Roy E. Nakatani was appointed Manager, Aquatic Biology, effective
July 1, 1962.

GENERAL

On July 5 and 6, 1962, the AEC's Inhalation Toxicity Group met at Hanford.
Eighteen scientists from AEC-supported laboratories attended., Dr. W, J. Bair
wag in charge of arrangements.

Dr. R. F. Foster was guest of the Internal Emitter Committee on July 11l.

Results of environmental monitoring programs and p32 uptake studies were
discussed. Dr. E. “. Thompson also reviewed the recent meeting of the

NCRP, held in Salt Lake City.
B. TECHNICAL ACTIVITIE3S
FISSIONABLE MATERTALS - 02 PROGRAM

Effect of Reactor Effluent on Aquatic Organisms

The swimming performances of young Chinoock salmon (73-74 mm) reared in G,
3, and 5 per cent reactor effluent were ccmpared in a hydraulic test flume
with a 1.6 fps water velocity. Eight experimental groups with 11 fish per
group were tested after they were reared in each of the three sclutions.
No statistical differences due to the effluent were found. The mean
performance times for the second trial were 370, 312, and 425 seccnds for the
0, 3, and 5 per cent effluent groups, respectively. As expected, the

more important scurces of variaticn in the observed swimming time were
trials or number of experiences with the test flume and size of test fish.
The mean performance time for each test group {73-7L mm) was treated as
the independent normal random variable for the preliminary analysis of
variance sumnarized as followss '

Degrees of Variance
Source of Variatipn Freedom Mean 3Square Ratio
Effluent effect, E 2 65,080 1.30
Trial effect, T 1 106,597 2,13
Interaction (E x T) 2 58,925 1.18
Error L2 50,017

Monitoring of 100-KE reactor effluent with young rainbow trout was
temporarily postponed tecause of adverse water temperature problems.

UNCLASSIFIED
DECLASSFEY
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Ceolumnaris

Columnaris was noted for the first time this season in 1L6-FR troughs and
100-KE troughs. River fish from 100-H slough and Hanford area were not

infected.
BICLOGY AND MEDICINE ~ 06 PROGRAM
METABOLISK, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Phosphorus

Cichlids on chronic feeding of P32 are approaching sexual maturity. Spawning
pairs will be isclated soon to study the effect of body burden of P
repreoduction. Ne asparent difference in mortalltles have been observed after

seven months of P32 feeding.

Zinc

Preliminary results of a single intraperitcneal Zn65 injection given to rats
fed 25, 50, cg 75 ppm cadmium indicated that as the dietary cadmium level
increases, 5 uptake by certain tissues, notably liver and kidney, %ncreases.
An excepticn was the small intestine, less the ducodenum, in which Zn
accumulations decreased as the cadmium levels increased.

Some preliminary work to study the distribution of Zn65 in rainbow trout after

a single oral administration was initiated with the assistance of

Mr. William P. Miller, én AFEC Health Physics Fellow from University of “ashington.
The distribution of Zn®® in various tissues (blood, eyes, kidney, liver,

muscle) at different times is to be studied.

Iodine-131

Eleven female Palouse swine, including five controls and six that had received
SJpc 1131 /day for four and one-half years, were killed and autopsied., The
control animals were each given 50 mc of I+3l at 18 to L8 hours prior to
posting. Iodine-131 concentraticns per gram of tissue in thyroids of the
control group ranged from 0.8 to 2,1 per cent of the single 50 uc administered
dose and the concentration in the S uc/day group of animals was 18 per cent

¢f the daily administered dose. The thyroids frcm the 5 uc/day group appeared
more flbrotic and weighed one-half, or less, than thyroids from the contrel
animals.

TSH determinations on serum from three ewes (control, 5 mc I+51/day level,
and one that received a single oral 3 me dose in 1958) indicated that the
3 mc animal had a T8H level in the serum of L.,% mp USP per ml, while the
other two ewes had levels rot detectable (40.L5 mp USP per ml} by this method.

UNCLASSIFIED
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4 ewe given a single oral 3 mc dose of I+31 in 1958, when six months old,
expired showing symptoms of hypothyroidism. Higtological examination of
the severely damaged thyroid remnant revealed an adenoma. This is the
first time a thyroid adenoma has been cbserved in a sheep following a
single dose of Ti31,

Thyroid uptake of 1131 in four weaned male lambs about 3 months of age
was determined with the whole-body monitor. Hach lamb was administered
S pe of 1131 by a different roiai, i.e., intravenously, subcutaneously,
orally, and topically. Peak I concentration in the thyroid was
about 15 per cent of the administered dose in all but the animal given
the topical dose, in which peak concentration appeared to be less than
two per cent, The study is being repeated with higher tracer doses and
varying the routes cf administration.

Plutonium

The liver function of two male sheep intravencusly injected with 180 pe
of Pu23? was determined using 113l 1abeled rose bengal. There appeared
to be no acute effect from this dose of Pu?39 on liver function.

To study the comparative toxicity of Pu230 and Pu239, rats were injected
intravenously with 0.9 pc of cne or the other of thess isotopes and
distribution determined after 1, 3, 8, and 21 days. Data available for the

* 1- and 3-day sacrifices indicate no difference in the distribution pattern
of the two isctopes. This experiment will be extended to study distribution
of a higher dose, 20 pc, at which level differences in toxicity of the two
isctopes have been noted.

Neptunium

Studies were continued to evaluate the chemical toxicity of Np23?u Rats
were intravenously injected with 6, 12, or 24 mg of citrated neptunium

per kg of body weight, and sacrificed after 24, L8, and 72 hours. Animals
receiving 12 and 2l mg did not survive past L8 hours. Some of the 6 mg/kg
rats died within 48 hours but others survived to the 72-hour sacrifice,
Gross examination revealed fatty livers in the Np237 injected animals,
even at the 6 mg/kg level. This was apparent as early as 24 hours after
injection. A parallel experiment wherein rats were injected with lead
nitrate resulted in distinetly different symptoms. None of these animals
died but all showed grossly enlarged spleens and livers; apparently due '
mainly to edema. Histological results on these animals are nct yet
available.

In cooperation with W, E., Keder, Chemical Research and Develcopment

Operation,; spectrophotometric studies were made of the valence state of

neptunium in various forms suitable for injection or feeding to rats,

Techniques are available for the administration of neptunium in either the

4y 5, or & valence states. The presence of citrate seems to stabilize the

)y valence state and earlier results obtained using neptunium=-citrate solutions”
in which other valence states were assumed tc be present, now appear questionable.

UNCLASSIFIED
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Radiocactive Particles

A further experiment to determine the effectiveness of 1127 as a diluent

of 1131 aercscls was completed. Using I crystals as a source of free

7127 only slightly increased the aerésol concentration {2 x 1073 ug 1127/ml
of air) obtained in previous eriments. The maximum I131 level in thyreids
of the 13%s exposed to mixed 1131-1127 aeroscl was about 2.5 per cent of the
total T deposited during the L2 hours following exposure. This is about
two-thirds of the lowest levels seen in previous experiments, Table 1. These
results encourage further efforts to increase the levels of the I127 exposure.

In order to determine whether the adrenal cortex is involved in the lymphopenia
caused by exposure to Pu23902 aerosols, 20 rats were adrenalectomized and 10
were sham operated, Ten of the adrenalectomized rats are being maintained on
hydrocertisone, The lymphocyte levels of all rats will be studied following
exposure Lo Pu23902 aercsols.

Biochemical st%daes on animals exposed to radioactive aeroscls were started.
Gelhhoz and Pul> 0o deposition had no effect on transaminase and lactic
dehydrogenase levels in the bleod of dogs over a periced of four months.
Methods for determination of 17 hydroxy corticosteroids and for extracting
lung mucopelysaccharides were developed.,

In dogs, aeroscl and intraperitoneal injection administrationg of DIPA were
equally effective in clearing the lungs and body of Celid-_Pr following
exposure to CelthE. Ireatment beginning immediately after exposure was
more effective than when started after 5 or 10 days, Table 2.

Table 2. Effectiveness of DTFA in Removing Inhaled Celhh02

Tetention of CelW-Prifil one month after exposure

Per cent of Per cent of body burdan
Dogs total deposited five days after exposured
Controls 75, T4, 63, 66 86, 88, 82, 87
Treated immediatelyset 5.6 32
Treated after 5 days 25 29
Treated after 10 days 27 Lo

# These values are given because occasionally 50 per cent or more of the
total radicactive aerosol is cleared and excreted by the Sth day after
exposure, It did not cccur in any of the controls, but there remsins
a slight possibility that it could have occurred in the treated dog
had it not been treated. If so, the effectiveness of DTPA would be
over-emphasized by the 5.5 per cent value.

##4 second dog, given DTPA by intraperitoneal injecticen, showed a similar
response. However, the dog died about one week after exposure (cause
unknown) .

UNCLASSIFIED

1231021



MA=-7h522

D=5

sxaquetd ut (F0) o

T 01 (o) el 20 oT9er gxx ‘PAsLATIT jo7T puz rcopl %

’

12 €€ 26 T

6T 9'2 6°¢ gt

62 €4 61 1z sInoy 2h

£°2 9°2 Ly ot

c'e L€ S ¢ T

e 9'1 £ h 9t

9'T G T°C 6 8.0t 42

L1 't 2 ¢ ¢

62 Lz L% T

3'e Gt G4 T ginol] T2

Q2 £'e 1'% L

't T'e 6°¢ RT

' 'Y a€ 2t sanaoy T

msoo Nm.o m:.o - .J.._“

g0 1970 #5°0 10T

€60 £z2-Q &0 2670 AragnTpoum]
- #3G ¥#06G = PNAH\HmHH #x062 = ﬁmHH\HmHH %ol P9 9 aangodxa
%) o7l & %)zl 2w 0%e | x)prl "W COT + rerl 219 19938 SULL

+ pepl W g + gyl ow 4 _
a 4] 2 ¥

(paytaodap eyl TRIOY 10 32D Iad)
mzmpwz PTOIAUY,

1080157 el 30 quentIq B S8 )T IO agoUaAT02I I

T atred

S3TTTED

L

T A

UNG

1231028



UNCLASSIFIED D-6 HW-7L522 -
The clearance of Ce:l-m-1 removed by DTPA is via the_urine. The biclogical half-
life for whole-body retention of inhaled Ce*34-Pr was h0O days in two

dogs over a 100~-day period after exposure. The effective half-life was about

170 days.

A second dog died about two and one-half years after exposure to Pu23902
serosols. The lungs showed gross effects, Three other dogs are beginning
to show respiratory involvement but no gross changes are detectable
radiographically.

Radiation Protective Agents

Rats which received 800 r whole-body X ray were pre-treated with 1.5 mM/kg
EDTA as the zinc, manganese, calcium, or nickel salt. Five out of ten
untreated control rats died within 27 days. Seven out of ten of the nickel
and calcium EDTA animals survived. Eight out of ten zinc EDTA animals,

and all of the manganese EDTA animals survived. Although the numbers of
animals employed were small, the results suggest that the protective
effects of treatments employed may be dependent upon the cation rather than
on the EDTA moiety. The superiority of the manganese salt may possibly be
explained by the fact that it is present in the divalent state and has more
available reducing power than the other cations employed.

Preliminary toxicity studies have been made with the polystyrene sulfonate
obtained from Kroll. This material is highly water scluble but is expected
to be very slightly absorbed and may be the useful chelating agent for
wound decontamination.

Bone Marrow Studies

Studies on modification of secondary disease contimue with no definitive
results to report this time,

Cellular Studies

After X-irradiation, yeast cells lost K to washing solutions. The capecity
to retain K was restored after being placed in gluccse solution, thus
indicating damage to K sbsorptive mechanism was reparable. Cellular
phosphate, unlike X, continued to decrease.

Uptake of fully deuterated glucose by yeast cells was less than normal
glucese, regardless of media, either Ds0 or H»Q,

Plants

Uptake of Csl37 by beans from contaminated field plots was slightly increased
by potassium, Uptake of Cs from soils which had been surface contaminated
was less than tilled scils.

411 plants grown in nutrient solutions during the last six weeks were abnormal
and not satisfactory for experimental purposes. The toxic agent has not been
identified but is believed to be in the water supply. :

UNCLASSIFIED
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Plant Ecologz

Uptake of SeTS by cheatgrass from field soil placements was greatest at 6=inch
depths with diminishing amounts from 12, 18, and 2L-inch placements. Uptake
from the maximum placement depth, 30 inches, was barely detectable,

Annual above-ground harvest yield of cheatgrass averaged 86 g dry weight
per square meter in 1962 as compared t¢ 100 g per square meter in 1961. The
reduction in harvest yield is attributable tc less fall and wirter

‘precipitation during the 1961-1962 seascn.

The uptake of Csl34 by duckweed (Lemna sp.) was studied under Var{iﬁg
ecological conditions. Results obtained recently sugzest that Cs 3

agsimilaticon is inversely related to light intensity.

Columbia River Limnologz

A study of the accumulation and tranafer of radionuclides from the Hanford
reactors by Columbia River plankton was initiated. The gamgﬁ emigters ggund
Cu Na b

in_plankt in order of de asing abundance, were Mn56 Cr
Talli0 776" 7n69. So56, Spiss, Mﬁgh, and Co®0, The levels of Mn56, Cr5i,
10

and Zn®° were 3.6 x 104, 1.1 x 108, and 2,3 x 103 pe/g wet weight.

A significant decrease in the chloride concentration of the water has been
evident since May., Nitrate and phosphate concentrations ccntimue to decline,
This is assumed to result from utilization by phytoplankton populations.

Radiation Effacts on Insects

Ephestia larvae were given 0, 10, 15; and 20 kr X radiation. The controls
pupated and then developed into adults, but all radiated groups remained as
larvae, Larvae that three weeks previously had received 22 kr X radiation
and controls were analyzed electrophoretically to determine protein changes
in hemolymph, Four preotein fractions were demcnstrated. Twe fractions from
the X-rayed larvae were lower and one was higher than in the controls., The
other fraction appeared similar in both groups.

Project Chariot

The total body burden of Csl37 in 150 permanent resident Eskimos from
Kotzebue, Alaska, averaged about 135-1L5 ne, with a maximum of about 500 nec.
Eskimo students who had recently returned from attending schools elsewhere
in Alaska for a nine-month period averaged about 45 nc. White residents of
Kotzebue generally contained lower Csl3$ levels than the Eskimos,

From Point Barrow, Alaska, 256 permanent Eskimo residents contained an average
of about 35-50 nc of Csl37, with a maximum of abcut 170 nc. Students who had
recently returned to Point Barrow averaged about 15 nc.

UNCLASSIZIED
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The highest cs137 body burdens generally occurred among the Anaktuvuk Eskimos.
Fifty-three permanent residents of the Anaktuvuk Pass region averaged about
120 nc with a maximmm of about 790 nc. These higher levels are apparently
due to greater usage of native foods from the terrestrial environment.

The diet of the Kotzebue and Point Barrow people includes much marine fish and
mammals-~seal, whale, and walrus. The Anaktuvuk natives, on the other hand,
rely upon caribou as a primary food source.

Three men from the Radioecclogy Operation reported to the Project Chariot
site to initiate field collections for radioecological studies of the environs.

SPECIAL

On July 29, at approximately L:15 p.m., a fire occurred in the climatizer room

of the 108-F building. The fire was attributed to a defective ballast serving the
light system. The fire was restricted to one rocm, and total damage tc room and
equipment was estimated to be about $20,000. Radliocactive isctopes (tracer
quantities) were contained and no spread of contamination was detected. There
was no reported injury associated with the incident.

7 Aghhing Manager
LOGY OPTRATION

JJ Davis:es

UNCLASSTFIED
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C. Lectures
a. Papers Presented at Society Meetings and Symposiums
None
b. Off-3ite and Local Seminars
Inhalation Toxicity Meeting, Richland, Washiﬂgton, July 5 and 6, 1962:
Brown, M.G. Hanford's dog cclony.
Park, J. F., D, H, Willard, S. Marks, J. E. West, G. 5. Vogt,
and W, J. Bair, Acute and chrenic toxicity of inhaled

plutonium in dogs,

Tombropoulos, E. G., and W.J. Bair., Treatment for removal
of inhaled Celllo,,

Bair, W. J., J. P, Herring, and L. A. George, Jr. Retention
and excretion of inhaled PuQ,.

Rhyneer, G. S. FProposed study of Pu239 induced lymphopenia.
Tombropoules, E. G. Proposed lung biochemistry studies.
Casey, H. W., W. J. Bair, J. F. Park, &, G. Tombropoulos,
and W, J, Clarke, Planned experiments on acute effects
‘of Celllio, inhalation in the deg.
Summer Institute, University of Utah; Salt Lake City, Utah:
Dockum, N. L. July 3, 1962. Autoradiography of tissue.

Uhler, R. L. July 19, 1962, Factors affecting the accumulation
of cesium and strentium by plants..

Bair, W. J. July 26, 1962. Inhalation studies of internal
emitters.,

Summer Institute, University of "ashington, Seattle:
Mahlum, D. D. dJuly 2, 1962, Effects cf radiation ¢n cells.
Mahlum, D, D. July 3, 1962, Biochemical effects of radiation.
Uyeki, E. M. July 12, 1962. Modification of radiation injury.
Health Physics Fellowship Program, 300 Area: |
Thoampson, R. C. July 2, 1962. Internal emitters.

Uyeki, E. M, July 30, 1962. Ceilular radicbiology.
1231032 UMCLASSIFTED
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c. Seminars (Biology)

Dr. Vernon H. Cheldelin, Dean of Science, Oregon State University,
Corvallis, Oregon, Biosynthesis of glutamic acid in an
organism lacking a Krebs cycle" - July 23, 1962.

Dr. Marylou Ingram, University of Rochester, Rochester, New York,
nSome newer hematological responses to radiation" - July 30, 1962.

d., Miscellaneous
None
L. Publications
a. Open lLiterature
Marks, S., L. J. Seigneur, P. L, Hackett, R. J. Morrow, V. G, Horstman,
and L. K. Bustad, 1962. Effects of the administration of single

doses of iodine-131 to sheep of various ages. Am. J. Vet. Res.
23:  725-730.

McClellan, R. 0., W, J. Clarke, J. R. McKenney, and L. X. Bustad.
1962. Preliminary cobservations on the biologic effects of sr?0
in miniature swine, Am. J. Vet. Res. 23: 910-912,

McClellan, R. 0., J. R. McKenney, and L. K. Bustad. 1962. Dosimetfy
of caesium-137 in sheep. Nature 194: 11L5-46,

Mraz, F. R. 1962, Intestinel absorption of Cahs and Sr85 as
affected by the alkaline earths and pH. Proc. Soc. for.Exptl.
Biocl. and Med, 110: 273-275.
b, Documents (HW)

None
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COPERATIONS RESEARCH AND SYNTHESIS CPERATION
MONTHLY REPORT ~ JULY, 1962

ORGANIZATTON AND PERSONNEL

Effective July 1, 1962, D. P. Granquist transferred to the Operations
Research and Synthesis Operation from the Programming COperaticn, and
R. J. Brouns transferred from the Operation to the Chemical Research and

Development Cperatiom.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Consulting assistance continues to be provided in connectlon with interpret-
irg ocutput from the MERCY progrsm concerned with evaluating measurement
errors at various statlons within FPD. -

Ingot chemistry data from the feed sites are being incorporated in the
HAPOC data system. For some elements with lower detecticm limits exceeding
impurity levels for a fair proportion of ingots, some technique has to
be used which gives a realistic summarization of the dsta. It was found

% utilization of censored distribution techmniques, on either the raw
or transformed data, provides a solution. Appropriate calculation formlas
were supplied for incorporation into the data processing system.

Additional data are being analyzed from the multiple failure lot, HZ-065.
Severzl types of measurements are being made on the uncharged fuel elements
from this lot apd on "control” lots to determine if its rupture proneness
could have been anticipated on the basis of preirradiation measurements.

In connection with re-measurement of fuel elements in 100 percent inspec-
tion, appropriate formlas were derived to use iIn estimating tester
efficiency and product quality when the items are measured three times.
Previocusly, formulas were developed for +the situation when items were
measured twice.

Wettability data from two pilot plant experiments were analyzed as
requested.

Silicon concentration data from the duplex and canning baths over a cone
month pericd were analyzed to determine the ability of the process to
remein within specifications.
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Tata from an experiment to determine the effect of silicon content, lead -
temperature, and lead preheat time on such dependent yleld vaeriables as
internal and external totael bond count, percent UAL3, primary and totel
bond layer thicknesses, stud pull strength and number of cracks have been
anslyzed. A response surface model has been fitted toc each of the yield
veriables and the results bave been graphically depicted. The ccmbination
of independent variable levels which gives the best results in general

still needs to be determined.

Imte from an experiment to determine the effect of different core and
sleeve combinations on the ellipticity of the canned fuel element have
been analyzed. Several different core and sieeve combinatiocns were
investigated. The results confirmed a previous analysis.

A seven variable experiment (22 37) was designed for use in evaluating
effecte of certain control variasbles in the ultrasonic welding operation.

Rail height date for KIVN fuel elements were analyzed to determine 1f &
glven type of sizing can produce fuel elements meeting minimum specifica-
tions on bumper height and maximum specificaetions on projected diameters.

Comuents were provided on the rupture testing of dingot meteriel produced
after the moratorium.

The behavior of well thickness eslong &n extrusion was characterized for
NOT extruslions. :

Extensive preparations are being made to analyze KIT data back to the first

extrusions. The primary purpose of the analysis is to determine process
- capabilities with respect to control of warp, wall, and clad thickness.

Irradistion Processing Department

During the month the time distribution records for the period 8/27/61
through 5/27/62 were matched to the active work order master file for
7/1/62. From this coperation two sets of work order listings were obtalned,
active and closed., Some time was expended 10 determine whether these orders
could be translated back to expense account codes which describe specific
Jjob activities. These work order sets are nov in the hapds of IPD Financial
personnel where each is to be tagged with the appropriste expense sccount
code, or deleted. The analytical program to accumulate these data by reactor,
by Jjob, by craft, by essigned or borrowed labor, by straight or overtime
houres is in the final stage of debugging. A program heas yet to be written
to substitute the above mentioned expense account codes for the various

work order numbers in the source data., By the time the master listings are
created apd returned, the analytical and substitution program should be

opersabl
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An extensive analysis is being mede of the warp and not spot relationship,
one purpose being to compare reactors. Preliminary resulis show that there
are differences bebween reactors with respest to the frequency of hot spots
for & given amount of warp. In view of the differences in ennuli between
reactors, thls result is not surprising. Attempts will be made to see if
differences between reactors disappear after accounting for differences .

in arnuii.

The high incidence of 80 and 90 profiles in the PT-310 data has spurred
on sn investigation into the measurement capabilities of the C-basin
Profilcmeter, particularly with regard $o measuring bumper fuels. Changes
in techniques and processing of the data will probably be reccmmended as

a result of thls study.

Megsurement precisions and biases for various types of inner diasmeter
gages were estimated based on several measurement runs by different opera-
tors on different gages.

Work eontinued on the problem of estimating defect frequency and size
distributions in connection with welded primery piping for the NPR
project.

Chemical Processing Department

The demonstration of the specified fabricated part plutonium and Pueho
content was readily made for the second guarter of this calendsr year.

A review was made of the shipper-recelver differences for total U235,

As a result of the significant difference noted in the mess spectrographic

measurements by the two laboratories, a modification of the routine monthly
measurement procedure was asdopted to aid in the elimirnation of bias and/or

identify unexplained variance.

The available data cbtalned in the demonstration of dimensional stability
of fabricated parts are heing examined to better define stability character-
isties. While an cover=all tendency for shrinkage is evident, significant
interactions exist, indicative of differences in types and amounts of
shrinksge from one part to erother.

A _study of %the patierns cf statistical regulsrity asmong railroad accidents

is being continued for use in assessing the risks assoseiated with shipping
radicactive materials. Deta, which have been received from the ICC, give
substential information on each railroad acecident which has occurred in

the years 1958 through 1960. These data have been put on punch cards and use is
being made of several data processing programs which produce umivariate ard

123103b
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bivariate frequency distributions. The ultimate objective is to obtain a
function giving the probability that & freight car, x cars behind the epgine

will sustain a given impact.
Work was begun on & spare parts and general inventory control anelysis.

Relstions Operation

Work continues in planning for the forthcoming HAPO-wide asttitude survey.

D, STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program

Pulse Column Facility

A joint paper wes written which describes the date logging system for and
calibration of the gammn sbsorptiometer used to assay the uranium concentra-
tion of pulse column aguecus and organic phases.

Work continued on the power spectrum analysis of the stabllity experiments
for the estimation of the pulse column flooding curve as & function of
capaclity and pulsing charecteristics.

Fuel Element Swelling Model

The NELLY nonlinear least squares progrem was adapted to the estlmation of
the parameters in a Fusl slement swelling model derived by Fuels Development.
The program was tested successfully with experimental swelllng date and was
turned over to the customer zs & research tool.

Genersl

The methematical analysis and EDFM program which determines the steady-state
ponviscous flow pattern of & fluid in a cylindrical tank hes heen campleted
and placed into service for the customer. Studies can now be mede on the
effectiveness of various axislly-located circulating devices on concentrat-
ing suspended waste products.

Mcdifications and additions heve been campleted on an ETPM program for the
rapid end efficient evaluation of the longevity end sensitivity of e propoeed
neutron flux monitor as a function of its original isotopic constituents.

Density and hamogeneity measurements on additional ceramic fuel elements
vhose ﬁigle sizes and size distributions had been determined by theoretical

1231031
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considerations continue “c confirm their exceptiomal quality. Calculations
are being made for other fuel element gemmetries.

Detailed mathematical analysis is under way on the theory of the propogation
of Lamb waves in metal plates. This study waa initiated in an effort to
more effectively interpret data cbtained from specimens in the nondestructive

testing program.
A nomograph was made which enables ome %o calculate the welght of material
of a glven percent enrichment which may be put in combination with other

gaterials of various amounts and enrichmemte and still mairtain a safe
criticality level.

SC00_Program

Machining Development

Te pulse motors, magnetic tape reader, and assoclated equipment have been
assembled on the experimental Gorton lathe. A magnetic tape was generated
to mill a prototype model of an actual manufactured part, and several
experimental runs have been mede. In general, the lathe appesred tc per-
form as intended, but & more critical evalustlon awaits the results of
dimensional and surface finish measurements.

. Agreement, wag reached on several experimental designs f£or metsl blanks
which are %o be shear-spun on a Floturn machine into preselected shapes.
An EIPM program 1s being written which wlll specify the precige geometry
of the blank, lathe cocrdinstes to machine such a blark, and lathe
coordinates to machine mold surfaces for cas*ing blanke.

LO0O Program

Plutoniuwm Fuels Research

An experimental design was devised for the estimatice of the radial vold
distribution in tubuler fuel elements using micrographs of cross sectiouns
of the slement. The design is based on the systemstic point count method
of estimating vcii fraction from 8 two-dimepnsional random section,. Daia

on a single micrographed cross sectiom were collected by two observers

and analyzed on the IBM 7090 with appropriate araliysis of variance routines.
The results of the analysis, including the radial void distribution; the
cbserver effect, and accompanying precisioz estimates were aupplied tc

the customer.

1231030
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Swelling Studies

Modification of the existing program for detelled analysis of micrdgraph
pore size distributions was completed, and the dats reevaluated.

5000 Program

Actinide Element Research

Work on indexing crystals is being concentrated on the hexagonal case. Work
on the orthorhambic case has been temporarily suspended until the major 4dif-
ficulties of the hexagonsl case have been solved.

A report (HW-74198) has been issued describing the function and use of the
"90° extrapolation" program to determine lattice parsmeters. A generallized
version of this program has been requested. Two meetings have been held,
the exact problem defined, end the desired results decided upon.

The final dreft of the report on the search pattern and detection grid
problem has been completed.

Division of Research Programs

Several improvements in the GEM FORTRAN language program were made during

the month., A subroutine was added which would check the inversion of the
coefficient matrix and, if necessary, compute the inverse using a slower

but more accurate method. Caleulation of the lnverse was attempted using
eigenvectors, double precision, and an iterative {Crout method) routine with
the last method giving the greatest improvement. Several other modifications
hzve been made to GEM to improve the numerlcal accuracy of the program.

Several cases have been run on the Monte Carlo program which will test
program GEM using dete genersted in & controlled manner.

6000 Program

Envircmmental Btudies

The statistical analysis of data to lnvestigate the relatlonship of certain
factors to the uptaeke of P32 apd zn®5 in Whitefish was continued. The factors
under consideration are temperature of the river water, concentration of isotopes
in river water, and the rate of flow of the river water.

Biolog&

uweggon applying & multicompartment model to & study of Pu reten-
% Better approximations ortrate parameters are beling sought by

using an iterative technique.
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Work was renewed om data from an Alasksm falliout study. Presence or
absepce of isotopes is to be detected by analyzing data from a mlti-

channel analyzer.

A model has been Pitted to a problem assoclated with liver damege in
sheep., Further analysis 1s being dome t0 provide tolerance bands for the
curves being plotted.

Other
Tostrumentation

The mathematical details of the GRA program modificatiozn providing for
the use of monthly updated tackground estimates and the primt out of
irdividual nuclide precision estimates were worked out. Copies of the
mathematics and some suggestions for inclusion in the FIRTEAY language
program were supplied to the customer and to EDPC.

Personnel Monitoring

The statistical anelysis of data to evaluate the present pencil program
wag contimed. The rélationship between dose level and exposure level was
determined and calibration curves were constructed.

Statistical analysis of pencil data for the first four months of 1962 was
completed. The purpose of the analysis wae 45 determine if the readirgs
of pencils worn together were significantly different and to make =
tolerance statement regarding the magnitude of the differences of the
readings of two pencils worn together.

Work is continuing on develcoping a technigue where the individusl urinaiysis
samples are tesied for Pu coctent only after a composite samplie falls to
meet acceptance criteria. The detection of Pu is sersitive sncugh and the
frequency of samples above the permissibie level is small erough t5 enable s
procedure of thisz =ort to work.

General

Sme time was spert defining and organizing a shudy t3 delineate ihe
operatiors] processes in the Radgio-Met laboaratory to permit establishment
of an information system which will provide information to uwsge in Justify-
ing additiznel marpowsr, equipment ard/sr facilities.

CE»&C3<§;mIV#

Marager
Jrerations RNesearch and
‘# «  Syrrhesis dperation

CA Bermett:dgl
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REACTOR DEVEIOPMEN? - O PROGRAM
L —

PLUTONIUM RECYCLE PROGRAM

Code Development

l-

MELEAGER

The calibration of MELEAGER carried on over a pericd of several months 1s now
completed for the present. The calibration included the following changes:

a.

The spectral index r calibration indicates that MELEAGER code can
now be applied to evaluate reactors having far more plutonium
enrichment than before. The change involves adoption of a formula-
tion derived empirically to glve agreement with SPECTRUM ¥ code
which uses T5 energy groups to develop cross sectlons.

Americium-241, formed by decay of Pu-241, has a pronounced effect

on exposure attainable in plutonium enriched reactors; thus,
economlics are also affected since credit is not given for the
valushle by-products from Am-241. SPECTRUM V with 75 energy groups,
was used to calibrate c¢cross sectlons in MELEAGER. Values were
chogsen for the croes section constants which leave MELEAGER slightly
pessimistic. Other isotopes were also checked with SFECTRUM.

A neutron temperamture correction term was added to MELEAGER to
properly increase the effective neutrorn temperature as the neutron
spectrum 1s hardened, The correction is based upon earlier work
by Applied Physics Operation which shows that & neutron temperature
correction could be based on the cell averaged absorption cross
section and the cell averaged moderating power.

An improved over-all formulation for the reactivity was adopted
that agrees better with theory and experiment for reactors havirg
large amounts of nonfuel absorbvers than the previous formmlaetion.

The fast effect € was not precisely reflected in the power summation
{exposure MWD/Ton) and this was corrected as studies with significant
fagt effects are now conterplated.

An additional array was added to the Thysies library tape to supply
the specific fisslon energies for the various fissile specles.
Fission energles vary as much as seven percent between fissile
species such as U-233 and Pu-241, Formerly, a median value had been
used for all fissions regardless of species, This becomes important
in the Comblined Cyclee studies where different fuels are to be
compared.

UNCLASSIFIED
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h.

A new method of estimating the neutron flux for each burn-up step
was adopted. It wae observed thet considerable error could exist
from large time steps due to the fmct that the flux for a itime step
is based on the initial fissile concentration. Little or mo error
exigted if either the time steps were made small or the rate of
grow-in of fissile material approximately egualed the rate of burnout.
Tt was shown that relatively large time steps can be taken with
negligible error if the flux for a time step 1s based on a predlcted
(for the time step) average fissile population, rather than on the
fissile population at the beginning or end of the step. The flux is
now baped on & sophisticated prediction of the population density of
the fissile species, and comparisons of the energy released versus
decreased mass of the fuel give excellent agreement.

The linkage of MELEAGER (known as MELEAGER D) and a two-group diffusion
code has been debugged. A new genersting code has been written to
handle the extra data needed for diffusion.

Three factors will require future attention, elther in MELEAGER or in other
improved burn-up codes that are being written.

a.

b.

2.

The calibrations were limited to & maximum energy of 4.2 ev, the
limit of SPECIRUM V code as utilized for these experiments.

The calibrations were for the homogeneous case. No geometrical
shielding is considered by SFECTRUM V. MELEAGER does-have scme
gecmetrical shielding capabilities but they are not calibrated

with the care given to other factors because & suitable convenient
standard is not available. Geometrical shieldlng assumes grester
importance with plutonium fuels than with U-235. A4s currently
formulated, MELEAGER does not fully account for geometricel shielding
and, 8s a consequence, tends to underestimate plutonium wvalue,

Severel variations exist of the basic MELEAGER deck., These special
options are to be combined intc & single master deck in the near
future. These varietions include: (1) & burnable poison option,

and (2) a zoned spectrum option that allows for adjustment of lattice
parameters during the burn~up cycle.

Special CHATIN

The bookkeeping of the wvarious codes tapes became so involved that 1t was
decided to chain the codes for general burn-up analysis as was done for recycle

anelysis.

At the same time that the codes were chain-linked they were modified

50 that future chain linkage would become very simple. Each code is so written
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that it cen operate equally well as a separate code or as & link in a chain
sequence. In addition, JASOV code has been so modified that it prepares an
input tape for MELEAGER-CASE GENERATOR. Also, the CASF GENERATOR has been
modified to receive changes from the JASON output tape and to prepare input

cases for MELZAGCER code,

Due to the outstanding cooperation given by the authors of the variocus codes,
it was possible to complete a working chaln quickly containing JASQN-CASE
GENERATOR-MELEAGER-FPROTENIS~QUICRK-PIOTRER links. DIFFUSION and CALYX codes are
to be added. QUICK and PIOTTER will be modified so they can call subsequent
links 1f desired {at present they are terminal codes -- when they complete,
they stop the entire computer run).

Combined Cycles Studies

An experiment was cerried out with the latest version of MELEAGER fo compare
fuel costs with those calculated previously. It was concluded that the pre-
viously calculated library of fuel costs has considerable value for obtaining
prelimirary answers to numercus questions; however, they are to be checked
with the later code before publication.

JASON code 13 utlilized to make more valid compariscons among the various fueling
schemes. It calculsates the input parsmeters for MELEAGER code at each enriche
ment level for the actual fuel element geometry under study. The nonfuel
neutron stgorptions are dependent on the amount of moderator {which can absorb
neutrons), the guantity of fuel that affects the flux depression in a fuel
element; and the neutron spectrum that affects the effective fuel cross section.
In previous combined cycle studles, the neutron spectirm was assumed to be
independently variable because it was not practical to compute the proper SNF¥*
for each combiration of moderator and enrichment.

Three generalized reactor types have been gelected for a pilot study of the
various fueling schemes. These include reactors moderazed with Do0, graphite,
and water. 2Jrelimirary resulte have been obtained with the EJONCMICS CHAIN
sequence during debug cperation.

During the origiral design phase of a reactor, it is possible to choose a
lattice spacing that gives coptimum results for a specific fuel. This might
rot be the cortimum for ancother fuel. It is not expected thaet the lattice
gpacing ideal] for W=23% will also be the idesl for plutonium. This becomes
a8 very important factor of the Combired Cyele Study in which camparisons
should he made between each of the ten fueling schemes st minimum fuel cost
at optimum spacing. This miaimum fuel cost is determined with both lattice
gpaclng and fuel enrichment as prime variables.

* ENF = Sigma Nonfuel; i.e., the flux weighted nonfuel abscrption cross
section.
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The following are preliminary resulis and are pregented only for illustration

of the prineiple.

DeacriEtion

Reactor Type - Water moderated.

Fuel

- U0 95 percent theoretical denslty U-235
enriched 0.520-inch diemeter fuel in
hexagonal array 0.010-inch cladding
stainless steel and zirconium (alternates).

Lattice Spacing - Varied, reflected by SDPV* term.
Moderator Temperature = 260 C.

Specific Power - 15 MW/Ton of uranium.

Size - 3000 MW thermal.

Fueling Method - Batch.

TABLE I

THE EFFECT OF LATPTICE PTTCE (Reflected in SDFV)

Lattice Pitch (in.).

SDPV

MTFC, mills/kwh

OF MINIMIZED TOQTAL FUEL COSTS (MTFC)

0.6k2 0.673 0€.7T10 ©.745 0.81 0.928 1.127
0.75 0.95 1.2 1.k 1.9 2.8 L. T
1.79 1.8 - 1.35 1.31 1.33 1.4 1.63

Thus, by means of the CHAIN-LINKED code sequence, it will be possible to make
more nearly valid comparisons rapidly emong the various fueling schemes because
it 1s nov practical to optimize each fueling scheme for each of three basic

reactor types.

¥ SIPV is the moderator index and is the slowing down power of the moderator
normelized to unit fuel volumre.
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caleulation of Tuel Flemen* Fabricating and Jacketing Increments {;ﬁ}FﬁEU}

The new fuel fabricstion cost code bas been completely tested. Cases were
set up for a model fuel element fabricatior plart {19-rod PRTR +type) as
described in EW-T430L that 13 soox to be published by H. Hanthorn. ZBoth the
uranium end piutonium fabrication lines were used.

The "delta" values, piutoniur fabrication cos3s minus urarium fabrication costs,
were calculated varying the recycle and reject rates for each fabrication step.
The totals and corresponding "desitas! for various multiples of the base recycle
and reject rates are shows iz Tarle IT.

-

" T
- e
e At T«

CALCULATED FUEL TARRTCATTON O0S0S T9B LISFERENT RECYCLE AND RECECT RATES

Multiples of ' Calculated FTEU, $/pound
Reject and Recycle 1 2 4 5
Pu enriched fuel $20.30 $31.%6 $34.09 $41.24
7 enricbed fuel 28.30 26,20 31.26 36.93
"Delta" 2.00 2.26 2.83 k.31

Another set of calculations wae made ir which the added costs for labor and
equipment in the plutonium steps wers increased no represent further difficulties
that shielding may present as higher expcsure plutorium is procesged. The

e nad

"deltas" resulting from these calcularions are shown in Table IIT.

TABLE III

CALUULATED ENRIJEMENT FEFJ, "DELTAS, " O
VARZFJS CPERATING EFTTUCIENCY AND SHIELOING COMPLEXTTICS

Multiples of Recycle and Fejest 1 2 4 8
Multiples of Tabor ard Equirment "Dela, " $/pound of Uranium
1 2.00 2.2¢6 2.83 h.31
2 3.7 4.03 4,76 6.45
I 6.0h 6.39 7.18 9.20
8 10.75 11.21 12.27 14 .85

At the extreme, thiz ghows that if the zalculanion of labor, equipment, reject,
and recycle were in error v a factor of 38, the "delwa" weuld be only $1k.85
per pound.
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Plutoriwm and U-233 Values Computed with MELEAGER CHATN

Caleulstions of plutonium value for the five reactors, with most of them
having six fueling systems, are nearing completion with 35 percent in thelr
final form and the rest in verious stages of iteration. This work ls & gross
extension of the analysis reported in HW-T2217, "Fuel (ycle Analysis for
Successive Plutonium Recycle - Part I." Aside from adoption of loglcal
improvements in the codes and re-evaluating the cases reported in EW-T221T7
over a wider parsmeter range, two additional cycies are consldered. The first
is named Flutonium Enriched Successive Recycle, which presumes an unlimited
stockpile of plutonium identiecal in composition to the plutonium discharged
from the previous cyecle. This plutonium is mixed with natural or talls uraniunm
and does not reach an equilibrium composition, as does successive recycle in
which the available plutonium limited to the quantity discharged from the
previous cycle. The second cycle considered involves thorium enriched with
U-233 from the previous cycle and U-235 from the cascede as necessary. The
statius of these computations is summarized in Table IV.

TABLE IV

PROGRESS SHEET CHAIN MELEAGER COMPUTATIONS*

Fueling System

T-235 Enricoed ~ Pu Enriched U-235 Enriched
Reactor __Pu Recycle Pu Recycle _U=233 Recycle

Simulation Batch Graded Batch Graded Batich Graded
APWR F 1l F X F X
BWR** 2 2 2 1 F F
HWR 2 2 2 2 F 2
GCR 2 2 F 2 F 2
OMR 2 1 F X 1 X

*  Symbels used irn the Takle have the following meanings:

no iteration

iterated

no further iteratiorn required
not to be lnvestigated

B by 1O
B 0Honmn

*¥¥ There will be many variations mede to the BWR case including reactor
paranmeters &s well as economics.
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Fremature Dlscharge Zrice Calculation

An investigation was begun to determine the market price of bred plutonium
gufficient to Jjustify interruption of a plamned irradiation and premature sale
of the plutorium and spent uranium, rather than to await piarred discharge
dates. If the premature discharge price should become the firm market price
for plutoniwm, it would be more economicel to reduce the enrichment of the
reactor in subsequent fuel leadings and appropriately maximize production for
this market price. 7The premature discharge price represerts the worith of the
increased exposure contributed by the tred plutonium. A zimilar price couid be
allocsted to uranium or special fission products. The premature discharge price
for plutoniuwm is s function of the muelear performarce of tke plutosium in a
gliven reactor ard assumed economic environment. I bears little relation to
the recycle walue (FUVE golution}; in tkat, i+ does not represent optimal
reactor operation at equilibrium but, ranher is a guldepost for dynamic adjust-
ments 1f the plutonium market price ig subject 1o large urforeseen swings.

The term Iz situ value, has sometizes beer appiied to the premature discharge
plutonium price. However, this price does not repreqert in situ value for the
usual case ir whick the fuel is irradiated to a reasctivi*ty i:mit and this is
reflected in the premature discharge price fonnulation when evaluated for
varishingly small incrementa near the reactivity limin. In situ values are
academic in the sense that plutonium %o a potential ¢ustomer 13 valued in
marketable form such as plutonium nitrate. There ere exceptions to this such
as witk fuel reuse hetweer thermsl and fast reactors, and as with the fuel in
variable spectrum machines. However, each of the exceptioms does represent
changing the envircrment, which does not guite evaluate *he itype of iz situ
value assoclated with essen*ially burned fuel in a fixed laktice situation.

An informative in gitu formulation car be derived for thes hypotheitical situa-
tion of extending = resctivit by limited fuel exposure by edding & minute smount
of plutonium corresponding to *he compoziticn ard Locasion of the piutonium in
the otherwise spent fuel.

Steted formelly, the premsture discharge price of tke plutorium in reactor
after an exposure E 1s the unit price assigred to the plutorium that wil

yield the same fuel cost whether: (1) the burn-up is terminsted and the
plutonixm sold at the assigned price, or (2’ the burr-up 1s terminated after

an exposure E + AE and trke plutonium scld for the assigned price. Eguating
the expressicns thabt represent these alvernatives will give an sxpression for
the premature discharge price. I'or exspprle, if the fuel <08t carn be conaidered
ag & function only of the uranium hurr.up costs, 're plutonium credit and the
jacketing costs, then: '
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where;
F = fuel cost, mills/kwh,
D = uranium price $/om3
P = plutonium concentration, gram/cmd
¢ = jacketing costs, $/cm>
X = plutonium price, $/am
E = exposure, MWD/Ton
K = constant
o = Initiel conditions
e = condition at exposure E

Equating this to a similar expression for the fuel cost E +/\E and considering
the limit as AE —» 0O glves an expression that, for a given burn-up situation
and economic enviromment, is a function only of the exposure E. This is:

dDe
Do +C-Dg +D ==

X =

d-Pe
P - F S
€ aE

Prices have been calculated with this formula by constructing polynomial
expressions for the isotopic concentrations during burn-up. {This technique
permits X to be calculated as & continuous function of exposure.) Comparisons
of the prices obtained at the reactivity limited exposure with the recycle
values (i.e., PUVE 2 step values) show that the premature discharge prices
are always substantially higher. Since this particular formulation is for
vanishingly small £\ E's, data are alsc being cslculated for consideration of
premature discharge substantially before the planned date.
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Salt Tyele Feonomies

Several additional debug runs were made using the Salt Cycle Economics code
to check out various options in the code. Um the basis of spot-check hand
calculations, all feetures of the code appear to be funciticring properly.

A detailed outline ¢of the changes required in the previously prepared
Conventional Peprocessing code for compatlibility with the Salt Cycle code has
been worked out, and the process of translating these chenges into Fortran
language is well along. With continued progress Bs represented by the recent
results, this revised code should be ready for use by the end of rext month.

MISCELLANECUS

Radfoisotope Studies

In reviewing the radioisotopic heat sources which may moat likely Te alternstes
for Pu=238, Pm-14k7 appears to be the only candidate with reasonable expectations
for recovery in the near future. Although its bhalf-life is much less (2.5 years),
it iz believed that it will be adequate for many applications now considered
limited to Pu-238. Although the gamme emitting contamirant Pm-148 is a problem,
substantial sources of Pm-147 aged sufficiently to essentially elimirate this
objectionable isctope are at hand at Hanford.

Hanford Seience Colloguium

Professor Francis Birch, Barvard University geophysiclst, will address the
Hanford Science Colloquium cn August 29 on the subject, "The Internal
Canstitution of the Earth."

Professor Harold C. Urey will address the Harford Science Colloquium or
October 2 on the subject, "The Problem of the Abundances of the Elements."

WK Mok

Manager,
Programeing

WK Woods: jm
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RADTATION PROTECTTON OPERATICN
REPORT FOR THE MONTH OF JULY, 1962

A. ORGANIZATION AND PERSONNEL

Changes in the work force included the transfer of Robert 0. Budd from
Missile and Space Vehicle Department into Extermal Dosimetry, and assign-
ment of Rose Marie V. Allen (new-hire) to Intermal Dosimetry. Shirley B.

Bridge resigned from the Company.

B, ACTTIVITIES

Occupational Exposure Experience

One new case of plutonium deposition was confirmed by biomssay anslyses
duripg July. The total number of plutonium deposition cases that have
oceurred at Hanford is 292, of which 210 are currently employed.

The new deposition case resulted from a plutonium oxide contaminated
injury received by a CPD process operstor in the 23%-5 Building. The
injury cceurred when a plutonium casting was unintentionally flung from a
lathe and sliced through the hood glove and a surgical glove on the man’'s
hand causing the injury. After two excisions, the plutonium in the wound
was reduced to about one-tenth of the maximum permissible body burden. A
total of about 1.9 uc Pu was removed from the injury by both excisions {the
maximm permissible body burden for Puf3? is .Ok pc). It 4s not yet pos-
sible to provide a reliable estimate of the magnitude of the total plutonium
deposition in the body because of the effect of the administered treatment
with DIPA on excretion rates of plutonium.

- Two additional CPD employees experienced plutcnium contaminated wounds.
Examination with the wound counter revealed 0.026 pc and 1 x 10°3 pc at
the wound sites. In the first case, excisicn of tissue was successful in
removing the contamination from the wound. Local skin decontamination vas
effective in +the second case.

There were 12 incidents at the 23k-5 Building and 4 incidents in HLO
facilities which required special plutonium bioassay sampling for 25
potentially imvolved employees.

Two zmployees Were expesed momentarily to high gamma dose rates on the
front face work platform at the 105-B reactor during the charging of a
poison column contrel facility tube with the reactor operating. The charge
machine broke free from the ball valve assembly and allowed reactor cooling
water tc flush several poison and aluminum pieces from the tube. Although
the men left the work platform immedlately, evaluation of the dosimeters

UNCLASSIFIED

1231050



UNCIASSIFIED G-2 HW-T4522

vhich they were wearing indicated gemma doses of 0.78 r and 0.19 r. The
exposure was believed to heve resulted from three sluminum pieces that had
been irradiated about three minutes before the backflow cccurred.

Autoradiographic exeminstion of & radioactive particle detected on the
foot of a CE&UC plant laundry employee indicated the average dose rate to
one square centimeter of skin area was about 18 rads/hour. Based on the
five hour maximum estimated time of exposure, the locallzed dose to the
skin of a small aree on the ankle could heve been es high as 90 rads.

Rediation besms to 1.5 r/hour and extremity doses to 3.2 rads/hour were
encountered during the extended outage at PRTR. Use of lead-impregnated
gloves was effective in reducing the extremity exposures 90 percent.

Activeted sodium silicate was accidentslly spread over major floor areas
in the load-out facility, storage basin area, and change room at PRIR result-
ing in floor contamination to 750 mrads/hour. During the incident, two
cases of nasel and facial contaminstion (maximum 30,000 ¢/m) and seven
cases of shoe contamination (maximum 100C c¢/m)} occurred. Examination in the
Whole Body Counter indicated no internal depesition occurred.

Envirommental Experience

Levels of I131 in local milk returned to normal values of 3 to 4 ppc/l
in early July, following the sharp rise noted last month (meximm of 68 upe/1
on sbout June 20, 1962). Concentrations of fallout materials in air filter
samples for the Paclific Northwest decreased stesdily in July. The montbly
everage was 3 puc/m3 noted in June.

A total of 112 fish was taken from Columbia River sampling stations at
Priest Rapids, Hanfocrd, Ringold, Richland, Burbank and McNary Dem.

The following produce samples were collected: 55 sets of beef thyroids;
& pounds of Willaps Bay oysters; 16 samples of pasture grass; 120 gallonse of
milk; and 30 samples of 18 varieties of vegetables and fruits.

One aserial monitoring flight was made as part of the background radiatio
study. :

Studies and Improvements

All of the 30,100 new personnel dosimeters were shipped by the vendor.
Transportation trays for these dvsimeters were alsc febricated and readied
for routine use. The first 8000 dosimeters were assembled and audited in
preparation for the August 10, 1962, issue date.

URCIASSIFIED
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The ad hoc commitiee that is preparing the final dosimetry report of
the Recuplex incident issued a second draft of the document. This report
will be used as an appendix of the main investigating report on the inei-
dent.

The 0.075" silicon dicde neutron dosimeters were irradiated with 0.4
and 4.0 Mev neutrons tc compare the constant voltage and constant current
readout systems. Three constant currents and five ccnstant voltages were
used in the study. At constant current, the sensitivity of the diodes
varies between 0.1 and 0.3 percent change in current per rad. At constant
voltage, the sensitivity varied from 0.2 to 0.75 percent change in voltage
per rad. The observed varlations were dependent upon the particular diode
and the voltage or current used. Based on this study, it would be possible
to detect a dose of (0.2 rads of fast neutrons with these particular p-type
silicon dicdes.

Equipment and methods for conducting gamms energy studies at field
locations were assembled and tested during the month. A review of gamma
radiation exposure experience at Hanford indicates that garma energy
studies at the production reactors, Purex, Redox, and Buildings 234-5,
231-Z, 308, 327 and 326 should be included in the study. A large fraction
of the total Hanford gamma radiation exposure is obtained in these build-

ings.

Several special Columbia River measurements were performed last month
during and subsequent to the simultaneous outage of all the production
reactors. Ko change was detected in the Columbia River temperature at
300 Area or Pasco over the temperatures noted while the reactors were
operating. Forecasts of river travel time.were confirmed to be reasonably
correct by checking against the actusl flow time of reactor efflusnts.

An instrument for measuring the Columbie River elevation was installed
at the PRTR intake to measure fluctuations in the river level. This device
coupled with Priest Rapids river flow data should give us additiomal infor-
mation on river flow and the times during which the McNary Pool extends to
the 300 Area.

A Tinal review of the CPD's hazard analysis was completed and the
document 13 now being issued.

~ The Fuels Recycle Pllot Plant (FRPP) design guides for stack emssion
rates vere reviewed and revised. Included were the upper gas=ous &mission
rateslggr Natural Uranium, Pu239, unknown beta-gamma Mixiturss, Sr89, 5r°
and I s

A nuclear safety audit of the Calibrations Operation, Radiation Protec-
tion QOperation, was performed on July 31, 1962. The report of 9 nuclear
safety audit of the Experimental Reactors Qperation, Physics and Instrument
Research and Development Operation was issued.
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Three HV-T70 air sample filters and one membrane air sample filter were
autoradiographed for s week to provide an estimate of the number of radio-
active particles contained. The three HV-TO alr semple filters were used
in the 231 Building during & plutonium cerbide sair contamination lncident.
The membrane filter was used in collecting air from s plutonium carblde
powder lomding hood. Counting in an alpha-beta-gamma air sample counter
pricr to the autcradiographing revealed nc detectable beta-gamma activity.
The radiograph of the filters appeared to indicate a significant difference
in size between the particles collected in the room during the contaminetion
incident and the particles collected in the hood. Thke majority of the
perticles sampled from the hood were two to five times as large as the ones
sempled in the room. In addition, the room filter showed an overall haze
on the radiograph which would appear that the contamination was very finely

divided materisl.

C. VISITS AND VISITCRS

Vieitors consulting with members of the Radiation Protection QOperation
staff during the month included:

Wagstaff- - - Oregen State Poard of Health, Salem, Oregon
Barr- - - - - U. 3. Public Health Service, Portland, Oregon
Mattys- - - - Euratom

G. Lindberg - U. S. Atomic Energy Commission, Washington, D. C.
Lammering - ~ U. 8. Public Heslth Service, Cincinnati, Chio
- F. Marlow ~ - U. 8. Atomic Energy Commission, Weshington, D. C.

=EwEoy

Visitors who toured the Whole Body Counter and the Rioassay Laboratory
during the month included: .

6 AEC Manasgement trainees

Members of the Radlation Protection Operation visiting off-site during
the month included:

G. E. Beckman - Attended 1962 AEC Emergency Radiation Monitoring
Training Course at Sandia Base, Albuguergue, New Mexico

E. C. Watson - Consulted with J. R. Horan and staff at the Ideho
Operaticns Office, U.S.A.E.C., Idaho Falls, Idaho

D. REIATIONS
Six suggestions were submitted by personnel of the Radietion Protection

Operation during July. Two suggestions were sdopted; five were rejected.
Two suggestions are pending evaluation.
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Six non-employees were examined in the Whole body Counter during July.
Three were housewives, twoc were children, and one was an employee of the

Afomic Energy Commission.

Radiation orientations were presented to 26 laboratory employees. A
lecture covering the use, function and interpretation of emergency moni-
toring equipment was presented to 300 Ares firemen. A one-hour talk was
presented to members of the Region 8 AEC Off-site Radiological Monitoring
Assistance Team. Fifty-seven persons attended the Disaster Level Monitor-
ing course bringing the total te 179 General Electric and AEC employees
that have attended the course. Approximately 95 percent of the 300 Area
radistion monitoring personnel have attended the Emergency Monitoring
classes.

E. SIGNIFICANT REPORTS

HW-T2691-6 - "Summary of Radlological Data for the Month of June, 1962,
by R. F. Foster.

HW-58312REV- "Columbia River Flow Time Calculation”, by J. K. Soldat.

HW-T4518 - - "Monthly Report for July 1962, Radiation Monitoring Opera-
tion", by A. J. Stevens.
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PERSQONNEL, DOSIMETRY AND RADIQLOGICAL RECORDS

External Exposure Above Permissible Limits
Whole Bedy Penetrating
Whole Body Skin
Extremity

Hanford Pocket Dosimeters
Dosimeters Processed
Paired Results - 100-280 mr
Paired Results - Over 280 mr
Lost Resultis

Hanford Beta-Gamma Film Badge Dosimeters
Film Processed
Results -~ 100-300 mrads
Results - 300-500 mrads
Results - Over 500 mrads
Lost Resulis
Averasge Dose Per Film Packet - mrad (ow)
- mr (&)

Hanford Neutron Film Badge Dosimeters

Slow Neutron
Film Processed
Results - 50-100 mrem
Results - 100-300 mrem
Results - Over 300 mrem
Lost Results

Fast Neutron
Film Processed
Results - 50-100 mrem
Results - 100-300 mrem
Results - Over 300 mrem
Lost Results

Hand Checks
Checks Taken -~ Alphs
- Beta-Gaxms

Skin Contamination:
Plutonium
Fission Products
Uranium
Tritium

t231053

July
0
0
o

2,262
N

0
0

10,293

315

28

10

29
12.07
21.92

214
19
73

0
15

35,677
52,391

36
52
1
0

BW-Th522

1962 to Date

3
3
2

21,500
62

8

0

67,439
2,239
208
81
170
12.73
27.18

9,T16
9

29

2

35

2,485
342
Lig

11
15

219,542
368,206

158
318
12
0
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Whole Body Counter Maele Female July 1962 to Date
GE Employees _
Routine 33 b 37 114
Special 17 0 17 153
Terminal 19 1l 20 73
Non-Routine - 15 2 17 180
Non-Employees 1 E 6 13
Pre-Emplo nt 1 5
| TrerEmpioyme 8 1 T 57
Bioassay
Confirmed Plutonium Deposition Cases 1 g%
Plutonium -~ Samples Assayed 39 2,627.
- Results Above 2.2x10-8 uc/sample 13 121
Fission Product - Samples Assayed 61 3,275
- Results Above 3.1x107° pe/sample © 15
Uranium - Samples Assayed 0 1,070
Biologlecal - Samples Assayed 11 20
Strontium ~ Samples Assayed 0 299
Uranium Analyses . Following Feriod
Following Exposure of No Exposure
Units of 1079 uc Ufee Units of 10-9 pc Ufec
Number Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation

Fuels Preparation#*

Hanford Laboratories

Hanford Laboratories¥* URANTUM INPUT DID NOT PROCESS., RE-
Chemical Processing SCHEDULED FOR NEXT DATA PROCESSING.
Chemical Processingkt*

Special Tncidents

Random
Tritium Samples Maximum Count Total

Urine Samples

> 5.0 pe/l T1 211

< 1.0 pe/1 1k

Samples Assayed 260
D20 Semples

Moderator 720.6 pc/ml 10

Primary Coolant 249.6 ue/ml I

Reflector T98.5 pc/ml 10 _

' 24

Other Water Samples

No. 3018-37-08 299 W 22-14 0.1887 pe/mi %gg

2

* The total number of plutonium deposition cases which have cceurred at
" Eanford is now 292, of which 210 are currently employed.
**3Zamples taken prior to and after a specific job during work week,

UNCLASSIFIED
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Calibrations Number of Units Calibrated
JEEX 1962 to Dete
Portable Instrments
CP Meter 972 7,032
Juno 253 1,910
GM Skl 3,892
Other 137 1,336
Audits 102 728
' 2,008 1L, 858
Personnel Meters
Badge Film 2,48k 11,896
Pencils - 12,670
Other 260 2,817
L 77,383
Miscellaneous Special Services 1,411 T;2T9
Total Number of Calibrations 6,163 49,560
Manager

RADIATION PROTECTION

AR Keene:ljw

URCLASSIFIED
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FINANCE AND ADMINTSTRATION

ACCOUNTING

Cost Accounting

The FY 1963 control budget used in July reporting was the interim financial
plan received from HOO-AEC the first of the month. Details of the financial
plan were made available to Hanford Lsboratories' management, program levels
reviewed, and comments transmitted to Contramct Accounting. The tentative
operating cost budget for FY 1963 totals $28,049,000. Tentative control
budgets for capital equipment by program are as follows:

02 Program $1 600 000
03 Programw 100G Q00
04 Program 1 200 000
0% Program : 115 000
06 Program : 262 000

Total $3 277 000

A proposed allocation of the financial plen by the Genersl Msnager-HATO to
Hanford laboretories follows:

1. All funds for O, 05, and 06 Progrems were allocated to
Banford Laboratories.

2. 02 Program research and development funds allocated to
Hanford Laboratories are detailed below:

Thousands

of Dollars
Plutonium Nuclear Safety $ 375
Columbia River Studies 109
Separations Development 350
Metallurgical Development 135
Reactor Technology Development 100
Total §l 062

3. The 03 Program research and development allocation to Hanford
Laboratories is $175,000.

As an interim asuthorization, $30,000 of the $250,000 total authorization for
F{ 1963 research and development support for Project Whitney has been recelved
from UCIRL. No accompanying suthorization for capital equipment purchased has
been received. An suthorization of $100,000 was received to cover Project
Whitney fabrication work during the six-month period ending December 31, 1962.

UNCLASSIFIED
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Funds allocated by the BEAPO Gereral Menager to the laboratories for atten-
dance at professional and trade societies and at off-site courses end

seminars in FY 1963 amount to $53,500 and $h,h00, respectively. The pro-
fegsional and trede society funds were in turn allocated to Hanford Labora-

tories' sectlons.

Specinl requests established during the month ere listed below:

Accounting
Code Activity

.3D Development of dome-type pressure tube closure for USAEC/
ARCL cooperative program. Total estimated cost is $20,000
and the program should be completed in FY 1963.

.3E Boiling burnout without a wire wrap for the USAEC/AECL
cooperative program. FY 1963 funds suthorized amount to
$75,000.

.3F Fog cooling of fuel elements for the UBAEC/AECL cooperative
program. FY 1963 authorized amount is $100,000.

6B R. J. Sloat - Participation at APED in an evaluation of
the engineering aspects of the development of processing
UFg to U0,.

.6C Packeging and haendling charges for shiyment of an excess
tensile testing machine to University of Californis,
lawrence Radiation ILaboretory st Livermore, Californie.
Estimated cost - $350.

.6D S. H. Bush - Participation in a contimulng review of the
technical sudit of superheat problems at APED.

«2A Argonne National Laboratory - Pyrophoricity Studies.

Additional muthorization - $20,000.
The following organi;ational code changes became effective July 1, 1962:
New Codes

Tl24k - Vigual Displays
7626 - Waste Caleinstion Demonstration

UNCLASSIFIED
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Canceliled Codes

7123 - Advanced Englneering Courses
7523 - Shielding Functions

End function progrem code changes during the month were:

Code Title Remarks
.83 Mechanism of Craphite Demage Program cancelled.
-T2 Columbia River Studies New regearch and development

program sponsored by the
Division of Production.

T3 Plutonium Nuclear Safety Program sponsored by Division
: of Production; in FY 1962 was
a portion of CPD sponsored

funds.

Th Reactor Technology Development Title changed from Pile
Technology Development.

.19 Plutonium Ceramics Title changed from Plutcnium
Utilization.

Outstending routire work orders were reviewed with Laboratories' field per-
gsonnel. Required cancellations, code revisions, and reissuances have been
completed.

Preparation of a budget bookiet for use by Hanford Iaboratories' manegement is
expected to be completed in the nesr future.

General Accounting

Following is a summary of the stetus of letters or agreements covering specific
actions requiring AEC concurrence:

AT-244 Participetion in Wallowa County Returned unapproved
Educational Dey Camp July 13, 1962
AT-246 Special Science Seminars | Approved June 8, 1962
{Not May 23 as reported
last month)
AT-247 Participation in Standardizing Approved May 29, 1962
Activities
UNCLASSIFIED
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AT-256 Participation in Standsrdizing In Process
Activities
AT-252 Miniature Swine for Colorade To AEC August 6, 1962

Etete University
Agreement No. AT-6 requests from the Commission follow:
Training of Buratom Heelth Physicist at Hanford
Fabrication of Fuel Element Piates for University of Washington

Development of Dome-Type Pressure Tube Closure Sesl for USAEC/AECL
Cooperative Program

With the cooperation of representatives from each sectlon, information on
committees and group activities of Hanford Laboratories' personnel wae com-
piled and forwarded to Counsel's office for review. This ie paxnt of & study,
gtill in progress, to determine the status of these activities ip relation

to President Kennedy's Executive Order 11007 on Government Advisory Committees.

Totel investment in Henford laboratories’ Plant and Equipment in Service at
July 1, 1962 amounted to $69.6 million compared to $67.3 million at July 1,
1961. The net increase of $2.3 million includes equipment velued at $2.4
million transferred from Work In Progress Accounts, $.7 million for egquipment
transferred from University of Californis - Lawrence Radistion Laboratory,
$3.7 million representing mejor projects such as Structural Material Irradi-
ation Testing Equipment - ETR, Modifications and Addlitions to Hlgh Pressure
Heat Transfer Apparetus - 189-D Building, additional bdillings to PRIR and
PFPP and other projects of lesser magnitude. The major offsetting entry dur-
ing FY 1962 was the transfer of Hot Semi-Works ($4.5 million) teo CPD.

The following i1s a summary of Hanford lLaboratories' plant investment at
July 1, 1g62.

{Amounts in Thousands)

Building and Structures $27 146
Equipment Lo 329
Dtilities 22
Improvement to Land 88

$9 85

At June 30, 1962, Hanford laboratories had 17,828 imdividually comtrolled
ltems on record, lncluding both movable and fixed plent apd equipment.

UNCLASSIFIED

1231001



UNCLASSIFIED H-5 EW-7h522

The Laboratory Equipment Pool has been requested to provide storage spece
for approximately 25 tons of structural meteriasls. This material will be
used by the Physical Metallurgy Operation on the studies of irrsdiation
effects on reactor structural materials sponsored by the Division of
Reactor Development. Nine research laboratories are ticipating in this
program with Hanford Laboratories acting as the coordinator. Hanford
Laboratories' responsibilities include the procurement, storage, and dis-
bursement of structural materials of general program interest fo each
participating site. Approximately tem alloys in various shapes and sizes
are expected on-gite within the next two months. The Pool presently con-
tains approximately 35 tons of Hastalloy also to be used in this program.
The Laboratory Pool facility is expected to provide suitable accountability
procedures including records which will show welght, heat number and piece
mumber .

The physical inventory of movable catalogued equipment in the custody of
Reactor and Fuels Research and Develcopment Operation is progressing on
schedule. The inventory count started on July 5, 1962 and will continue
through October 1962.

Hanford Laborstories investment in materials at July 1, 1962 totaled $25.2
million as shown below:

(Amounts in Thousands)

SS Material $ou 148
Reactor and Other Special Materials 7hi
Spare Parts 324 1)
$25 216
(1- Includes a reserve established at July 1, 1962
of $81,062.

Total HAPO Nuclear Materials Consumed in Research for the fiscal year ended
June 30, 1962, is $4.2 million of which $3.7 million is applicabla to Hanford
Laboratories and $.5 million to Fuels Preparation Department. The increase
of $1.7 million applicable to Hanford laboratories resulted primarily from
devaluation of research and development material assigned o the PRTR. A
detail of the Banford Laboretories’ portion by program shows:

(Amounts in Millions)

2000 Program $i-1
3000 Program .2
LODO Program 2.4

$3.7

UNCLASSIFIED
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The transfer of certain plant facilities from Fuels Preparation Department to
Hanford Iaboratories included transfer of 550 movable capital equipment items
valued at approximately $230,000 in July. Remaining equipment will be trans-
Terred during August.

Brsed on an aenelysis made by the Savanneh River Operstions Office of heavy

water shipped there during May 1962, an adjustment charge of $6,180 was made
to operating cost during the month of July. Our records show 20,508 pounds
shipped, whereas SROO enalysis indicates 20,567 pounds received - & varisnce

of 342 pounds.

A summary of Leborstory Equipment and Materisl Pool activity for the month
ending July 31, 1962 follows:

uipment Quantity Value
Items received €0 $ 28 572
Withdrawals by custodians 15 6 339
Equipment reassigned

(purchased elimineted) 25 14 701
Totel equipment items om

hand at July 31, 1962 1112 574 110 ~1)

(1- Includes 140 items on loan valued at $62,999.

The inventory of materisls in the Laboratory Pool at month end was comprised
of the following:

Material Quantity Value
Berylliwm 1 03-5 grams $ 592
Gold 2 182 grams 2 g2k
Palledium 2 224 grams 2 535
Platinum 1 896 grams 5 537
Clean gcrap 10 grems 29
Contaminated scrap 6 703 grams 19 573
Silver 6 633 grams 463
Hafnium 2 939 grams 1 boo
Zirconium 5 443 1bs. 107 575
140 T27
All other materiel] held for the
convenience of others 148 838
Total value of material held EE?ELZEZ
UNCLASSIFIED
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During the month 18 Zircaloy-2 ingots (3,886 pounds) were shipped to
Wolverine Tube Compeny for use on IPD P.O. H2K-33584. The dollar value
($11,658) was backcharged to create an accounts receivable item for billing
to Wolverine Tube Compeny on their P.0. 9085-D. In addition 10 excess
Zirealoy-3 ingots (5,862 pounds) and 14,249 pounds of zirconium scrap
accurmlated at the Laboratory Pool were forwarded to Central Stores for
dispogition.

During FY 1962 Reactor and Other Specisl Materials received at the Laboratory
Pool totaled $361,325 while $260,238 worth of suck materisls was disbursed
during the same period.

Action as indicated occurred on the following projects during the month:

New Money Authorized Hanford laboratories

CAH-916 Fuels Recycle Pilot Plant $40 000
CAH-958 Plutonium Fuels Testing and Evaluation

Laboratory, 308 Building 2 000
CAH-962 Low lLevel Radiochemistry Bulldingz 31 000

The following comtracts were processed during the montk:

BA-227 Bowen Engineering Incorporated

CA-339 E. C. Lingafelter

DIR-157 Battelle Memorial Institute

DIR-156 Armour Reszearch Foundastion

CA-343 The Sheffield Corporation

CA-3L2 American Machine & Foundry Co., AMF Atomics Divisiorn
DIR.152 Cregon Metallurgical Corporation

CA-3Li H. A. Laltinen

DIR-138  Battelle Memorial Institute Supp. No. 1

CA-3L5 J. K. Minasian

OPGe issued in July are listed below:

OPG No-. Title

3.4.11 Reduction of Force--Weekly Salaried Fmplovees
T7.10 Weapon Data

il.z2 Mumerical Index

22.1.5 Biclogy Operation
Functional OPGs for all level 3 managers and specialists with the exception

of Physics and Instrument Research and Develcpment were forwarded to the
Manager - Hanford Laboratoriss for approval.

UNCLASSIFIED
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As of the first of fiscal year 1963 there were 130 off-site comntracts,
Hanford. The distribution by

including consulting agreements, in force at
sponsoring component is tabulated below.

Number of % of

Component Contracts Total
HLO 52 Lo
CE&UO 30 23
IFD 23 18
R&OHO g T
FFD T 5
C&AD 5 L
CPD b _3
Total 130 100

Perzonnel Accounting

Humber of Hanford Laboratories Employees
Changes During Month

Employees on payroll at beginning of month
Additione and transfers in
Removals and transfers ocut

Employees on payroll at end of month

Qvertime Payments During Month

Exempt
Nonexempt

Total

Gross Payroll Paid During Month

Exempt
Nonexempt

Total

1231000

Totel Exempt  Nonexempt
1 512 659 813
24 - 10
20 10 _lo
156 03 8
July June
$ 6 695 $ 7239
22 392 33 932

$ 667 441
k36 251

&l 171

$ 640 067

560 622

il 103 @2

§1 200 682
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Participation in Employee Benefit July June
Plans at Month End Rumber  Percent Number  Percent
Pension 1 332 99.1 1 323 99.1
Insursnce Plan - Personal 376 378
- Dependent 1 099 99.9 1093 99.7
U. §. Savings Bonds
Stock Bomus Plan 88 38.1 90 38.6
Savings and Security Plen 1133 88.3 1112 89.0
Savings Plan 72 L.7 ™ L.g
Good Neighbor Fund s89 65.2 991 65.5
Insurance Claims
Bmployee Benefits Nmber  Amount Fumber  Amount
Life Insurance 1 $23 129 0 3 0
Weekly Sickness & Accident 7 820 6 501
Comprehensive Medical 32 2 987 29 2 139

Dependent Benefits

Comprehensive Medical 90 7 L87 & 6 763
Total 130 $34 Loy 116 $9 403

TECHRICAL ATMINISTRATION

BEmployee Relations

Sixteen nonexempt employment requisitions were fillled during June with thirteen
remaining tc be filled.

Two PEM classes and one BOCE class will be conducted this fall. Class members
have beer. named end all arrangements completed except selection of instructors.

Professional Placement

Advanced Degree - Four Ph.D. applicants visited HAPO for employment interviews.
Four offers were extended; four acceptances and nine rejections were received.
Current open offers total five.

BS/MS - During the month eight direct placement offers were extended; seven
acceptances and twe rejections were received. Flve program offers were made.
At month’s end, four direct placement and eight program offers were open.

UNCILASSIFIED
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Technical Graduste Program - Six Techmicsl Gradvates were placed on per-
menent assignment; eight members were added to the roll and two terminated.

Current program members total 56.

Technical Information

The first quarterly report for the Dlvision of Reaclor Development covering
January-Msrch 1962 was completed.

ECONOMIC EVALUATIORS

A comprehensive epalysis was made of Part IV, the complete cost structure of
H. E. Hanthorn's fuel fabrication plant study which is scheduled to be issued
as "Calculated Cost of Fabricetion of Plutonium Enriched Fuel Elements.”

Based on 10-12 statistical guidelines derived from other marufacturing busi-
nesses, especially composite Metals Fabrication Industry, the hypothetical
fabrication plants and costs appear reasonable, provided the suppositlional
yield ratios and comsequent direct lebor man power requirements are reslistic.

There was one slgnificent omission in the calculations which when corrected
increassed the smount of return on investment. Other criticisms of the cost
dets are of a minor and compensatling nature.

A complete cost recast from functional to fixed and variable classifications
was completed for the 19-rod U and Pu enriched plants as s base case for Pro-
gramming Operation's fuel element fabrication computer code. This code ig
designed to analyze the effect on unit production costs of significent vari-
ations in yield and recycle rates and in labor and equipment costs.

The differences in cost of working capitel between leased and owned nuclear
materisl during the irradiation period were investigated with R. W. McKee

in order to resclve logicaml decislons for his comparative economice com-
ruter program. Examples of the cash flow and conseguent average inventory
investment were developed in order to complete egquations for calculating this
important cost.

Additional progress was made on the middle portion of a major report on
"Ruclear Cost Estimating snd Electric Utility Economics.”

PROCEDURES

Hanford Laborstories' secretaries were informed by letter that a two-week
sampling of 300 Area duplicaeting orders indicated that little thought is
being given to the cost and work eaving benefits of reproducing on both
sides of each sheet of copy peper. Their consideration of this and other
office procedure improvements was encouraged.

UNCLASSIFIED
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FACILITIES ENGINERRING

Prejects

At month end Facilities Englneering Operation was responsible for 13 active
projects having total authorized funds in the amount of $2,744,600. The
total estimated cost of these projects is $9,117,000. Expenditures on these
projects through Junme 30, 1962 were $1,48%,000.

The following surmarizes proJject activity in July:

Furber of authorized projects at month's end -~----------=~-- 13
Number of new projects authorized -e=----------c-rommmmuaaaaa- 0
Projects completed ~---m---—m-meammo oo emmmeammaea o)
Ne§ projects submitted to ABC ----ccmcmmccmamcvmmom e ccaan e 1

CAH-977, Facility for Radloactive Particle Inhalaticn Studies

New Projects awaiting AEC authorization ~-----------=c--n---- 1
CAH-Q7T7, Fecllity for Radiocactive Particle Inbalation Studies

Project proposals complete or nearing completicn --w--------- 5
Addition to Redionmuclide Facilities
307 Basin Expansion
Additions to the 222-U Building
Neutron Celibration Facility - 3T45-A Building
Graphite Machine Shop

Pages appended to this report provide detailled project status information.
Services

Satisfactory progress was made in the engineering services provided on the
following jobs:

Proposed 300 Ares apalog simulation facility

Split-half machine

Controlled enviromment facility - 108-F Building
Pressure system assistance was provided on:

Operating procedures for autoclaves in €-29 Building

A review of the Laboratories Pressure System Manual
The Tube Burst Test Facility vessel

UNCLASSIFIED
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Technical Shops code compliance problems

The testing of the visible fuel rupture sutoclave

The design of e high temperature uranium test furnace
Third Party inspection of five FRTR vessels

Plant Engineering effort was expended on:

308 Ventilation system instrumentation modification

325 Ceramic Fuels Area sir conditioner

309 M & M Building office addition

325 Second floor office addition survey

3760 Northwest corner conference room noise diffusers

325 Anmlytical laboratory glove box fabrication

325 Laboratory vacuum pump replacement

325 Decontamination facility installation

321-A Rlectrical load survey

308 Emergency power tie-in

327 Fifteen ton crane operability

327 Critical incident alsym planning

108-F Trensformer addition

100-F Animal farm expansion and relocation of electrical lines apd
substations

231-2 Fire, criticality and evacuation slarm stendardizetion

Maintenance and Operation

Costs for June were $151,526 bringlng FY 1962 costs to a total of $1,751,925

or 98% of budget. The construction strike together with a significant refund
from Fuels Preparation Department for previous overliquidations sccounted for
most of the underrun. Despite the strike, improvement maintenance costs were

$20,456.

The following tabulation summarizes waste disposel operstions:

June May
Concrete Barrels L 3
Loadluggers 1 4
Crib Waste (gallons) 300,000 240,000

Drafting

The equivalent of 158 drawings were produced during the month for an average
of 21.6 man-hours per drawing.

UNCLASSIFIED
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Major Jjobs in progress are: 280 T extrusion press, PRTR "as-builts,” new
PRTR seven-rod fuel element, PRTR shim-rod control, electrical resistivity
sample holder, scintillstion scenner housing, cladding cutter assembiy for
PRTR, remcte welding chamber, Mark 1-E fuel element end bracket, and FRIR
borescope.

Construction

There were 97 existing J. A. Jores Company orders at the beginning of the
month with a total unexpended belance of $175,719. One mundred and twenty-
seven new orders, five supplements and adjustments for underruns amounted
to $72,047. Expenditures during the month were $65,304. Total J. A. Jomes
backlog at month's end was $182,462.

Hanford Laboratories

Unexpended
Balance

Orders outstanding begimning of month - $175 719
Issued during the month (inc. sup. & adj.) 72 O4T
J. A. Jones Expenditures during month

(inc. C.0. costs) 65 304
Balance at montk's end 182 Lé2
Orders closed during month 148 896

Maintenance W.0Q. total 7 - Face Value $23,000.
Construction and maintenance activities completed during July included:
141-C/141~F Install desert coolers |
309 Elsctrical and mechanical modifications to rupture loop
309 Modify PRTR storage basin crane

325 Rercute waste line; install pump and hold-up tank
325 Install electrlcal service apd base work for calciner

305-B Install air conditioner

Manager °
Finance and Administraticn

W Sale:whm

UNCLASSIFIED
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SEMI — MONTHLY PRCJECT STATUS REPORT

NW- Ti5RZ

GENERAL ELECTRIC ¢0. — Hanford Laboratories DATE  T-31-62
PRGJ.NO, TETLE FUNDIN®
CAH-822 Pressurized Gas Cooled Loop Facility 414l Operating
AUTHORIZED FUKDS !onun s _h31300 ra:c 5 _15.,000 COST & COMM TD 2_15_62 s ] 131 132
s 1 lZO 200 1:0:4:1.51 1 000 i‘“ s 1,155,000 ESTIMATED TOTAL COST s
aTarTiNG DEMGN =195 DATE AUTHORIZED  D=R=H2F 53';‘;’;_‘93.«"1-29-60"— PERCENT COMPLETE
DATES conar. 10-17-60  Joik. comr. date 6-30-62 oaTES | conat l2—3l-6£ WT'Dr {SCHED, [ACTUAL
ENGINEER DESIEKR 100 100 | 100
TR&AO-MEEC - TP Schively TITLE
MANPOWER AVERAGE |AcCCuM MANDAYS || SE-TIT.1)
FIXER FPRICE AE-TIT )L
COST PLUS FMIXED FEE
FLANT FORCES CONST. 100 100 ol
ARCMITECT=ENGINEER FF 1.4 100 0O
DESIGN ENGINEERING GPERATION CPFF 22.1 | 100 99
GE FIELD ENGINEERING Fp £.6 100 | 100
Bovt .E_ql-_69. 9 100 90

SCOPE, PURPOAE, STATUS & PROGRESS

ir proje-t funds.

of both units is s%ill B-15-62.

*Initial authorization date was December 18, 1958.

Struthers Wells' estimate for heater completion by Auguet 3, 1962, mppears firm.

Pro ject Proposal CAH-822, Revisicn V, has been forwarded to HOO-AEC for spproval.
This revigion requests extension of completion date to 12-31-62 with no incresse

Firs: gas bearing blower scheduled for test on July 16, 1962. Earliest completion

PROJ. NO. TITLE FUNOING
AVTHORIZED FUNDS | oo o™y AEC § CO5T & COMM. TO s

H ! coMaT. $ {o: 13 ESTIMATED TOTAL COBT 5
STARTING [pgEsigw DATE ALTHOMIZED E;L‘g-i_. DESIGN PERCENT COMPLETE
DATES consT. OIR. COMP, DATE DATES |cONET. WT'D: | SCHED. |ACTUAL
ENGINEER DESIEN 100

TITLE |
MANPOWER AVERAGE |ACCUM MANGAYS|[GE-TIT. ||

FIXED PRICE JAE- TIT. 11

COST PLUS FIXED FEE

PLANT FORCES CoNsT. 100

ARCHITECT — ENGINEER BF

DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING re

SCOPE, PURPOSE, STATUS & PROGREMS
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SEMI—-MONTHLY PROJECT STATUS REPORT MW~ 71322
GENERAL ELECTRIC co. — Hanford Laboratories DATE  7.31-82
FROJ.NG. TITLE : FONDING
“GH-857 Physical & Mechanizal Properties Testing Cell - 327 Buliding O250
THORIZED FUNDS {“,,,N s 145,000 Ame § — COST & COMM T2 7_~ £ 40 5 296,066
s 450,000 const. § h-ls, c00 R %0,000 ESTIMATED TOTAL COST s LAD 000
STARTING [pEsign L1=2-50 DATE AUTHORIZED Qm 22 A1 % EsTD; |oEsiGN 3-15-61 PERCENT COMPLETE
DA YES Al‘ccmrr. 2-12-62 DIA. COMP, DATE 12w]15=62 CATES |conar. 12-15-A3 WT'D. [3CHED. [ACTUAL
ENGINKER - DESIGN 100 100 100
PEQ - KA Clark THLE §
MANPOWER AVERAGE [ACCUM MANDAYS || SE-TIT1 | 200 00 100
FIXED PRICE AE=-TIT LI
COST PLUS PIXED FEK 3k
PLANT FORCES consT. 100 2f 2
ARCHMITECT= ENSINEER PF
DESIGN ENGIMEERING OPERATION 833 CPFF 15 of ]
GE MELC ENGINEERING Fr
Equip.| 82 2 0

ICOPE, PURFOSE, STATUS A PROGRESS

Phis prolect will provide facilities for determining physical and mechanical nroperties
of irradiated materials, and involves the insiallaticn of a zall in +the 327 Suilding.

Current estimate of Title I and II costs - $55,000. Detailed design started 4-1-60.
Prccuremen® and construcztion suthorized G=22-61.

Besement *lcor and foundation concrete work is completed., Construstlion has sicpred
until cell assembly is delivered.

- mber 2f purchase oriers required 19 Value {Es%.) $253,000%¢
..mber ¢ purchase orders placed . 19 Value 203,789

Construcsicn is planned to resume 7-27-62 based on agreement with Tthe U. 5. 3teel
Company +hat delivery of the cell assembly will be made 9-1-62, f.c.t. Los Angelss,
except fcr the south panel, which will come 9-21-62.

* Original authorization for design was October 1, 19%59.
*xInclndes delivery charges, inspection and contingency.

# A revision to the schedule of construction is teing prepared, reflezving the labe
cell delivery.

BM=7300=043 [ 3—61) ABCAL RIEALAND. wash.
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SEMi—MONTHLY PROQJECT STATUS REPCORT Hw-  Th52P
GENERAL ELECTRIC co. — Hanford Laboratories | bate 77-31-62

FRAJ.NG. FiTLE FUNGING
CAR-866 rShie:LdB(‘- Analyticel Laboratory - 325-B Building gl-a-l
AUTHORIZED FUNBS [pesian s 50, 000 AEC ,_5]*6’500 COST & COMM TO 7_15_52 s 135 839 (ﬂ
s TGOqOOO {CONST. 3‘6]4,0’ 090 GE § 153, 500 ESTIMATED TOTAL COBT s 55@0
STARTING [DEaign 9= 5+~50 DATE AUTHORIZED =31 =00% EsTO: |omion 11-154-56 RERCENT COMPLETE
DATES const. ©-15-61 otk comF, DaTe  11-15-62 |oATES |consy. 10O-30-~6F WT'D. |SCHED, |AcTUuaAL
ENGINEER ' DESIGN 100 100 | 100

FEO - BW Dasoenzo TITLE |

MANPOWER AVERAGE [hcouM maANDAYs ||9E-TITa1 | 10 | 100 | 100
FIXED PRICE 10 1994 aeTinr, 90 | 100 | 100
COST PLUS MXED FEE
PLANT FORCES 2 5 CONST. tao 100 8
ARCMITECT=ENGINEEN PF 2 1 1
DESIGN ENGINEERING GPERATION CPFF 2 0 0
GE FIELD ENGINEERING 1 FP 95 | 100 87

ACOPE, PURPOSE, STATUS k PROUGRESS

This project will aliow greater capacity for analytical work Involving today's
more highly radicactive soiutions and consists of adding e shielded laboratory
to the 325 Building.

Directive No. HW-LO5, Mod. No. 4, dated July 10, 1962 changed the project completion

date 1o Novemter 15, 1962. A Work Authority is expected increasing General Electric's
suthorization on Fieli Engineering by $7,000.

Ceilings and walie were p.attered where reguired.
Cell partitisng anc window installations were completed.

Ventilation *ie-inc were made and electricsl building tie-in is schedule for
July 28, 1962.

¥ Originel sithorizaticn for preliminary deslgn was August 12, 195G.

! 5T
i i

"
u

L)

i Z
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SEMI — MONTHLY PROJECT STATUS REPORT RW=74582 3
GENERAL ELECTRIC co. — Hanford Laboratories DATE 7-31-62 )
PRQJ.NOQ. TITLE FUNDING"

CAE-S6T Fuel Element Rupture Test Loop 58-e-15
JTHORIZED FUNDS [pesian s 130,000 [aecs 820,000 COST A COMMTO  7.18.6D $ 550, 366 (GE
s 3. B0 . 900 consT.$ 1, %70 000 165 s 6803000 ESTIMATED TOQTAL CQST s_l_,_m,O_O_O___

sTamTiNG [pEsign O=1=60 DATE AUTHORIZED B=2U4—-60% gsT'o- |ossieN el 5=l FERCENT COMPLETE
DATES l=°N"- 11-2=60 oIR. comp. oaTE 1.0=31-62 DATES | conar. L0-31-6 WT'D: | SCHED. |[ACTUAL
ENGINEER DESI 6N 100 19C 102
TE&&O- - Wal k:!:lp TITLE |

“,prffg Ee AVERAGE JACCUM MANDA vs || SE-TIT.0) gl 00 100
FIXED PRICE ' 5 2ksgs AE= TIT I Y g | 100 |100
COST PLUS MXED FEE
PLANT FORCES 10 2290 CanNsT. 100 =00 o9
ARCHITECT-ENGINEER PF 2 | 130 52
DESIGN ENGINEERING OPERATION CPFF e 00 1 XK
GE MELE ENGINEERING Fp fl) it 100 100

i2)] = {200 ] 99

SCOPE, AURPGSE, STATUS kK FROGRES3

{1) &. A. Grant Company
(2) Lewis Hopkins Construction Company

Phig facility is to be used for fuel rupture behavior st..uL.-a with respect to physizal
distortion and rate ¢? fission produce release.

A reviged project proposal has been approved which exterds “he pre Jact completion date
o October 31, 1962.

Leop design tests and filter pisat acceptance tests are In progress.
|_#* Initls]l authorization was on 10-1-59.

PRQJ. MO. TITLE FUNDING

AUTHORIZED FUNDS | oo o0« faEe 5 CO5T & COMM. T 5
5 | const. {ﬂx L] ESTIMATED TOTAL COST $
STARTING {Dg,,‘m DATE AUTHORIZED '.3;:"3;_. DESIGN PERCENT COMPLETE
DATES COMST. DIR, COMP. DATE DATES |consT. wT'D. SCHED. |ACTUAL
ENGINEER DESIEN 100 I
TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. I
FIXEDL PRICE AE=TIT. 11 |
COST PLLS FIXED FEE l
PLANT FORCES COMST. 100
ARCHITECT = ENGINEER PF
DESIGN EMGINEERING OCPERATION " [crrr
GE FIELD ENGINEERING ' FP

S3CQPE, FURPOSE, 3TATUS & PROGRESS

Lag

S SR |
)

1
i [y

| Z
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SEMI—MONTHLY PROJECT STATUS REPORT nw- k522 ]
GENERAL ELECTRIC ¢o. — Hanford Laboratories DATE  T-3-62
PROJ.N G- TITLE FUHGING
CAH-588 Biciogy Laboratory Improvements 60-h-1
AUTHORIZED FUNDS |pegian s 44,000 “ec$ 353,500 cost g oMM To  [-15-62 s 60,355 (COB)
s 420,000 {ccmrr. s 516,000 ee s 00,500 BETIMATED TOVAL €37 — § 3
BTARTING [pEsian  O~O=00 | OATE auTHorizep +=1O0=0BL% reTo {oesion 2-31-61 FERCENT COMPLETE
DA TES ].CC'N-‘T- 7:10-61 DIR. COMP, DATE 3_31_62 DATES | const.B=l-62 WT'D: |SCHED. [ACTUAL
ENGINEER DESISN 100 KS 100
FEO - JT Lioyd TITLE | -
MANPOWER AVERAGE |accuM Manpays | $E-VTar ] 17 | NS 100
FIXED PRICE 2660 AE-TIT 11 33 RO 100
COST PLUS MXED FEE
PLANT FORCES CONET. 100 100 99
ARCHITECT - ENGINEER 2 1] 100 | 100
DESIGN ENGINEERING OFERATION CPFF 10 NS _90
GE MELD ENGINEERING Fp 89 | 100 120

SCOPE, PURFPOSE, 3TATUS & PROGRAESS

This project provides additional space for biological research supporting services,
and involves an addition %o the 108-F Building,

The 100 Area shutdovns caused work stoppage on installation of the Rediation Handling
Facilities. Checking out aund tieing in the conscle-instrument wiring is now mearing
completion. The storage shield 1s in place and the control rod assemhb.y has been

bung from the ceiiing.

The Lump Sum Jontractor is in process of ordering vinyl floor covering for comference.-
room ané segretary's office. Minor Construction ies to furnish an estimate of zost for
replacing the exhaust fan motor sheave for reducing fan speed and alsc rebalancing
first and thirdi floor. This is to reduce the noise level.

The paint manufacturer has been requested to recommend and specify sealant and paint

for pumice block walls to prevent molsgture sbsorption.
are underway by CPFFF Construction Sedvice Contractor.

* Original suthorization for design was May 3, 1960.

1251075

Completion of other exceptionsg
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SEMI—~MONTHLY PROJECT STATUS REPORT nw- 4522
GENERAL ELECTRIC co. — Hanford Laboratories DATE T-31-62
FROJ.NO. TITLE FUNDING
S “AH~-0l6 Fuels Recyzle Pilot Plant hef2-3-3
~TAOWIZED FUNDS |pzmian 5 465,000 aEC 5 cosTacommTo 7-15.62 Lou 800
s ’-165=000 {comr.s -0 cE § ]-I-6_5,000 ESTIMATED TOTAL COST $ 5__]_,_50;,300;,‘_1__._-_
STARTING [0E8IGN 3~ LG=DL1 | DATZ AUTHORIZED H=2G=H2¥* E’OL.EL.{DEIIGN 10-15—6%7 PERCENT COMPLETE
paTES CONST. 9—15--62‘5‘ DIR. COMP, DATE oATES | congT 2 -15-6 WT'D: |SCHED. |[ACTUAL
ENGINEER DESIGN 100 98 96
FTEC - BW Dascenzo TRE O I 1120 107
MANPOWER AVERAGE |[Accud Manpavs || SE=TIT1 | 5O %] 9= |
FIXED PRICE AETIT I} O i
COST PLUS MXED FEE ;
PLANT FORCES | CONS T, 100 0 0
ARCHITEGT— ENGINELR ad
DESIGN ENGINEERING OPRXRATION CPFF
G MELD ENGINEERING FP

SCOCPE, PULAPOIE, $TATUS & PFROGRESS

Thiz prejest is tc provide a facility to perform a full siocpe of engineering Sests
and pilc* plant studies assoclated with fuel reprocessing conzepts,

Design effort on the project has been reduced in the last montkh pending firming up of
the scope criteria on the waste 2alcination proposal and $o make changes to design to
reduze the estimate to $5,700,000.

Qf a total of 325 drawings, 322 have ‘been issued for ccmment including 190
for approval. The specificabtions are 70% comple%e. Tnese tora.s ani the ghove per
ant complete do not include the waste calcinaticn work.

# Eaztimated consiruction sitarting daite for remcval of burfial ground fi{il,

*% Original amthorization for InZtiation of design was February G, 1361. Tun
1562 is the authcrization date for the last design sopplement.

(1

¥#4Tn>luding transferrved capital property velued ab $1.00,000.

BM-TINO—=H4Y { A=F)|) ACC-GE HCHLARD wakn
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SEMI ~MONTHLY PROJECT STATUS REPORT Hw -5 522
GENERAL ELECTRIC ¢0. — HanfTord Laboratories DATE '?“31-62
PRQJ.NG, TITLE FUNDING
CAH-322 Purst Test Farility for Irradisted Zircoaium Tubes £2-k
AUTHORIZED PUNDS [pesien s 25,600 {asc s cosT s coMMTe 7 TE_£D 8 29,690
$ 2&639 1cous~r. $ cE § 29;_6_00 ESTIMATED TOTAL CRST H 2&9.000
STARTING {DEStGn Li=7-H1 DATE AUTHORIZED 1D~ 2361 HE%L'E“__;:E!IGN C-2 wFE PERCENT COUMFLETE
DA TES _chNST. Il b | DIR. COMP. DATE = =~ = ~ 'DaTES |consT D2 -FR wT'D- ]s:nzn. ACTuALl
ENGINEER ' ) DESIGH 100 00 0o
FEO - XA Giark _ TIRLE |
MANPOWER AVERAGE 1ACCUM MANDAYS || GE=TtT ) £ (100 lion
FIXED PRICE AETILH| k3 10D 109
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT-ENGINEER - Rovay Engineers 260 PF !
DESIGN ENGINEERING OPERATION 290 CPFF

GE FIELD ENGINEERING FE

SCOPE, PURROSE, STATUS & PROGRESS

Thiz rrojeat will provide facilities %o permit deliberate destructive testing of
irredigted zirconjium tubing. This will provide opersting and trbe I1Zfa2 dmbe not
available bezause of the limited operating history of Zircalsy-Z pressure tubing
in reacters.

Phe project propossl for construction funds has been forwarded to HOC-ARS.

A meeting in being requested with the Commission %o resolve guestions developed
at the AET Review Board meeting of T7-16-62.

| PRoJ. No. nTie pgditions to the 271-CR Builiding Wasie Preatme % FUNDING

CAH-G27 1 Demenstrati.a Facility . bo-]
AUTHORIZED FUNDS | egioy g 11,000 TAEC s 16,300 COST acomm. T0 T—J D=02 g L 888 (GE;
s 92,000 Yconst.s BL,0 00 ~lee s 15,700 ESTIMATED TOTAL COST s g—-i s 0
STARTING [pesion el 5mel DATE AUTHORIZED 5-15_%1 gson'g-“ bESIGN £~ G 2 FERCENT COMPLETE
DATES JCQN“. £_16.£0 TDIR. COMP. nﬂt_'l-_ﬂ-é? DATES cous'l’._'_‘_:‘:;l-.é } WT'D. | SCHED. |ACTUAL

ENGINEER PESIEN 100 00 A0

FEC - XA Clark TTLE ]
MANPOWER AVERAGE |ACCUM MANDAYS|[GE TIT. [

FIXED PRICE 8 we-Tit 1§ A0C 300 [ 200

COST PLUS FIXED FEE i

PLANT FORCES : CONST. 100 100 30

ARCHITELCT — ENGINEER :‘.:,:r‘ RF

DESIAN ENGINEERING OPFERATION cPEF 33 100 20

GE FIELD ENMGINEERING J FP b? 1040 30

| SCOPE, PURPOSE, STATUS & PROGRESS

This pxoject provides Zfacilitiee for pilot plant develiopmert 2f decontamination
processes for intermedlate level chemical processing plant weete for safe dischargs
to the plant environs. Design was accomplished by the Bovay Engineers.

A revision No. 3 to the project proposel has been subnithed, requesting extensinn

of the completion date to 10-31-62 becmuse of the sirikes whiczh started 5-16-62 and
ended 7T-23-62,

1231071
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SEMI -~ MONTHLY PROJECT STATUS REPORT MW TLESE
GENERAL ELECTRIC co, — Hanford Labtcratories oaTE T-31-62
FPROJ-NO. TTLE GooLant Systems vevelopment Laboratcry FUNDING
CAE-936 1756-KE Puilding Addition 62K :
-UTHomIZED FUNDS (pesian 5 5, 00C aecs 115,000 CosT A COMMTO  7T.1FE-/2  $ 14,359 GE_:‘_ i
s 230,000 ‘[CONST. s12%,000 g § 15,300 ESTIMATED TOTAL COST 5_:_:?05,—)0,3
STARTING DESIGN _G=0=H1 DATE AUTHORIZED L= O=62K E3T D |oEsieN T-i-72 I PERCENT COMPLETE
DATES lccm.rr. 5-;.‘-62 DIR, COMP. DATE 10_31_62 DATES | consT. 1_1,30_(::; WT'Ds |SCHED. |ACTUAL
EMGINEER DESIGN 100 200 o
FEQ - KA Ciark TITLE 1 :
MANPOWER AVERAGE |ACCUM MANDAYS |[|SE-TITY | 10 pEgle) pEs
FIXED PRICE 3 230 AE=TIT I
COST PLUS FIXED PFEE
PLANT FOMCES CONST. 100 i on
ARCHKITECT=ENGINEER 166 PF
DESIGN ENGINEERING OPERATION CRFF
GE FIELD ENGINEERING b 10 id ins i3 22

SCOPE, AURPOSE, STATUS & PROGRESS

studies for nuclear reactor ccolan® systems,

by “ne Bovay Engineers. Current estimnte of

Phis project provides facilities for the condunt of

laboratory facli’ty or the west szide of the 1706-KB

sorrosion ant derontarinatlion
addi+ico of 2,700 23. T%.

113 ing.
IZ 2otz - $12.700.

by the

Pitle I and

L=

as

Desian waz arromylisked

An extension to the FP contract, of 33 days, has been granted bheoause el i,
<crpage due to the carpenters sirike.
% Qriginal euthorizatior for design 8-5-61.
|
PRQJ, NO. TITLE FUNDING
CoE=951 A-C Column Facility - 321 Bulldirg 250
AUTHORIZED FUNOS [ns:lsn s 5,000 ARC § 0= COST & COMM. TO '_7_1'5-5-3?_ S 13,939
s 58 000 | conaris 50,000 {Gt s 55,000 ESTIMATED TOTAL COST $ e D00
STARTING F@au 1-32-62 oaTe auTNOmIZED  1-12-52 E8T D, . DESION bat-fZ PERCENT COMPLETE
DATES conaT, 3=2G5=-62 DIR. COMP, DATE ] (~31 =52 CATES :cmnleBl-"E WT'D: | SCHED. |ACTUAL
ENGINEER DESIEN 100 ToD | A0
FEC - OM IL.yro TITLE §
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. 111 2 37 Y| 300
FIXED PRICK AE=TIT. 1) .
COST FLUS FIXED FEE
PLANT FGRCES CONST. 100 .-__Q =l
ARCHITECT - ENGINEER PF 100 5F, ::;
DESIGN ENGINEERING QPERATION CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPQSE, STATUS & PROGRESS .

Relocation of "C" Columm is compliete.
Migcelianeous interconnecting piping work L
and inatailation work 18 in progress.

12310786

1g prcject will prcvide a closely integrated "A" Colomr sapda
“ocated "C" Oclumm to permit the development of @ mathematical mod
+wanifer of uranium, as well as the exploration cf the porzinilities of ccmplter
cptimization of a combined "A-C" extraction baklery.

ix wiag with toe ne-
o

al ¥or the mass

e

Instrument iine gutiers are inshailisd.

continuing. "A" Column Tanrization
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SEMi—MONTHLY PROJECT STATUS REPORT

GENERAL ELECTRIC cOo. — Hanford Labora‘bories oATE ":'—31—62
PROJ.NGO. TITLE FUNDING
| aE-g3s Reactivation of the H-1 Loop - 105-H Building oL
FAUTHORIZED FUNDS pesion s 10,000 [AEC % COST & COMM TO ?_1_62 : 2‘,@-1‘
s -~ a0 ‘[conn. s se s 10,000 ESTIMATED TOTAL COST 105, 000
STARTING [DESiGN =L B=62 DATE AUTHORIZED R~DQ=62 ESTO. [oEsign B=20=H02 PERCENT CoMPLETE
DATES lco”s_r' IR, COMP. BATE DATES | cONST- WT'De |[SCHED, [ACTUAL
ENGINEER DESIGN 100 1_1
FEO ~ OM Lyso TITLE | 11
MANPOWEFR AVERAGE lACCUM ManDays | SE-TITd
FIXED PFRICE AE-TIT 11
COST PLUS FIXED KFEE
FLANT FORCES CONST. 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FFP

SCORPE, PURPOSE, STATUS & PROGRESS

e preject x21l provide the primary test facility for determinaticn of the
cepeitisity of using aluminum-<laé fuel elements In high temperesture water DY
gtadying imprcved aileys and corresion inhibitors.

Design work has been stopped. A project proposal, requesting cancellaticn cf this
vroject. is belng prepared.

7 PREJ, NG, TITLE FUNDING
CGE-957 Swall Partisle Pazuaclogy Leboratory - 325 Bulliing fo-X
AUTHORIZED FURDE [ o o o 21009 AEC § - COST & COMM. YO ":_3_::,.{ s 25 .50
s 40,00 -V const.s 38,009 lee s 40,000 ESTIMATED TOTAL COST s Lo, 000
STARTING [pEgign limgie=f2 DATE AUTHOMIZED 327 -2 s oL, [oEsIeNn Se e 2 PERCENT COMPLETE
DATES ICONST. Tahebl DIR, cOMP, BATE  ]1-1-67 DATES |cowsT. 1l @ WT'D. | 3CHED. |ACTUAL
ENGINEER DESIGN 100 on 252
FEO - I5 Jackaon TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|[SE-TIT.§1 | 105 190 20D
FiXED PRICE A E- TIT. 81

COST FLUS FIXED FEE

PLANT FORCES CONST. 100 i 3
ARCHITECT = ENGINEER RF 120 z" 3
' 0 32.6
DESIGN ENGINEERING OPERATION (ELO) s CRAFF
- GE FIELD ENGINEERING FpP

ACOPE, FURFPOSE, 5TATUS & PRAOGRESS

Thie project provides labcratory space for research and development In small
particle technclogy relsted to the generation, conirol, and disposal of redioactive
waEte:.

Aot

Construstion was started by J. A. Jones Comstruction Company forzes on July 6, 1962.

ot

The f:.oé-r was cut, drain lines roughed in and the fioor patched. Electriclans
installed servize conduite to the electrical panel location and siarted installetion
of the emergency power line, +# Project Plarming Schedule J

B - 7300 ~OAZ{ 2611 afc4s MCRLANL, Whev.
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SEM| —MONTHLY PROJECT STATUS REPORT HW- L35z _4
GEMERAL ELEC'rmé co. — Hanford Laboratories RATE ‘?..31,...62 sl
PRGNS, TITLE FUNDRING .
ZAR-GR8 Piutonium Fueis Tecting and Evaluation Labeorasory - 308 Bifg., 632-k
\UTHORIZED FUNDS [pesign s 15, 500 AEC S 11;8,000 COST & COMM TO ?_15_62 s - o
5 :."-‘39300 ICONS?. 5 lal", 500 1 GE § 21000 ESTIMATED FOTAL COST $ 15.—,9000
STARTING [oESIGN H=l-62 DATE AUTHORIZED H=22-£% EST D |oESieN 17 -1-/2 FERCENT COMPLETE
DATES lcoNsT- 1i-i-62 DIR. CoMP, DATE 5=15=H3 OATES | consT 3-15-673 wT'D. | SCHED. |ACTLAL
ENGINEER DESIGN 100
FEO - OM Lyso TITLE |
MANPOWER AVEMAGE |ACCUM MANDA s || SE-TIT.1 ¢
Fi{XED PRICE AE=-TIT 11
COIT PLUS FIXED FEE
SLANT FORCES CONST, 100
ARCHITECT—- ENGINEER PF
DESIGN ENGINEERING OPZRATION CRFF
GE FIELD ENGINEERING Fp

SCOPE, PU.RPO!E. STATUS & PROGRESS

Phis rreject provides for the extension of plutonium research latoratoriss OL The
pensond Floor of 308 Building by erection of plastered ceilings and walls T rweviie
sonteminebion control barriers. I4% also includes laboratory service extension an?
Pabrisation of a metallography hood.

The projest was autrorized by HOO-AEC June 22, 1962.

Work Auttority CAE-956 (1) dated July 3, 1962 suthorized “he feneral El=riril Lompany
$2,000 +7 review the project scope and design and to submit a cost estimale Lo
suffici=nt detail to assurs the Commission that costs for ths project ars wegFonablie -
CE&X iz presently preparing this review.

PROJ, NG, TITLE FUNDING
AUTHORIZED FUNDS [oasmn 5 AEC § COST & COMM, TO [
5 1 CONST. % {ax 5 ESTIMATED TOTAL COST 5’
STARTING .pESIGN DATE AUTHORIZED Eg’;‘g;' DESIGN ' PERCENT COMPLETE
CATES Icous"r. OIR, COMP, DATE DCATES |conaT. wt'D. |SCHED. |ASTUAL
ENGINEER DESI1GN 100
TITLE | o
MANPOWER AVERAGE |ACCUM MANCAYS|GE-TIT.II
FIXED PRICE AE=TIT. 1|
COST PLUS MIXED FEE : ;
} -
PLANYT FORCES CANST, 1 . !
ARCHITECT — ENGINEER FF -
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING | : FR i
1
I

SCOFE, PURPOSE, 2TATUS & PROGRE3S

12310380
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SEMI~MONTHLY PROJECT STATUS REPORT

GENERAL ELECTRIC €O0. — Hanford Leborgtories DATE  7_3y &0

FROJ.NO, TITLE FUNDING
CAE-G62 Iow Level Radiochemistry Building (5=1-63-H=-001-23
AUTHORIZED FUNDS [pesian § 113,000 aecs B2, 000 COST ACOMMTO 7. 1560 8 O
s 113,000 CONST. § g § 31’000 ESTIMATED TOTAL COST 5 1,2
STARTING [DESIGN [ ~23-62 DATE AUTHDRIZED G=28-52 E%L.EL.{D"‘“"‘ 5-15-63f PEMCENY COMPLETE
OATES lcons-r. .13 DIR, COMP. DATE . DATES |consr. B-1-fk WT'D- [sScHED. [ACTUAL
ENGINEER DES1 8N 100 0 (e

FEO - KA Clark TiTLe )

MANPOWER AVERAGE |[ACCUM MANDAYS || SETIT.
FIXED PRICK AE-TIT 11
COST PLUS MXED FEE
PLANT FORCES EONET, 100
ARCHITECT~ ENGINEER ®F
DESIGN ENGINEERING ORERATION CRFF
GE MELD ENGINEERING | Fe

I

SCOFRE, PURPOIE, STATUS & PROGRESS

This project provides s bullding in which extremely sensitive readicanalyses and
methods developmant can be performed in an atmosphere provected from the environs.
It consiste of designing and constructing & bullding housing spproximately 22,000
square feet of fiocr area Including the basement.

The project propoeal requesting $113,000 total design funde was submitted %o the AEC,
for sutho=ization on April 30, 1962. .

Directive Ng. AEC-207, dated June 28, 1962 authorizing BOC-AEC total design funds
in the amcunt of $113,000 hes been lgsued.

W(ff."k Autherity CAE~962(1) dated July 5, 1962 authorized the General Electric Company
$32,000 for prepare*lon of tae design criteria and minor ietaiied eguipment design.

A deeign =cope planning meeting was held with CE&X and H.0 representatives on 7-25-62.

A rchedule for the design criteria progrese is being prerared.

1231081
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. SEMI—-MONTHLY PROJECT STATUS REPORT Hw-TA32% |
-GEMERAL ELECTRIC co. — fanford Laboratories DATE T-~31-62
F,Rm_’m':_ TITLE FUNDIN G
CAF 063 Geclogical & Hydrological Wells - FY-1962 | _ 62k .
WTHGRIZED FUNDS |ppsiGN § _]_’14.00 agC S 68$ EC0 COST 4 COMM TO 7-}_5«-62 s 1L, 3":8 LEE .
s 8';,000 . Icom'r.s 75,600 e s 11,500 ESTIMATED TOTAL COST s oQ,Uo
lsTaRTING pESIGN Y—1O=B2 DATE AUTHORIZED 5-9=02 EsTo. pesign o1=02 AERCENT COMPLETE
DA TES k:ous*r. 7_932 DIR. CoMP. DATE  L-1-03 GATES | conav. F=1-63 WT'D. ,SCHED. ACTUAL
ENGINEER DES|GN 100 100 100
FEO - HE Ra_]_ph . TITLE | .
MANPOWER Avnj:a\a: actm maANDAvs || SE-TITar | TG0 [ 10 bl
FIXER PRICE AERTIT I
COST PLUS FIXED FEE s
PLANT FORCES | SomeT 190 12 i
ARCHITEST=ENGINEER PE
DESIGN ENGINEERING CPERATION CPFF z 1 -
GE FIELD ENGINEERING Fp a8 12 _9
SCOPE, FPURPOSE, STATUS & PROGRESS
This project involves the continued drilling of speclal hydrcicglcal researcn, test
and menitoring wells. -
Apprcximately 400 feet of holehave been drilled to date. EBoulders and heavy gravel
bave slowed driliing speed.
Contractor has 3rd driliing rig on well site 67-86.
Contractor unloaded a carioad of well casing at the Ratch Plant during tke week ¢
July 16, 1962.
l
RO, NO. TITLE FUNCING |
=97 Facilities for Radioactive Imhalsticn Studies 62~k
AUTHORIZED FUNDS DESIGN § AEC S COST & COMM. TO 5
5 CONST. § GE S E3TIMATED TOTAL COST L T oy
STARTING [pemign1]-15-62% [ DATE auTHORIZED - 27D |oEsian 1-15-63 PERCENT COMRLETE
DATES JgoN,T.g_ls_sg* DIR. COMP. DATE —- DATES |CanNsT. -L-l5461& WT'D. | SCHED. |ACTUAL
ENGINEER DESICH 100
% ﬂ LlOYd . TITLEA
MANPOWER AVERAGE |ACCUM MANDAYS{GE-TIT. 1]
FIXED PRICE AE- TIT. ||
COAT PLUS FIXED FEE
i\ PLANT FORGES CONST. 100
AACHITECT — ENGINEER PF
DESIGN ENGINEERING QPERATION CRFF
GE FIELD ENGINEERING FP
. SCOPE, PURPOQSE, STATUS & PROGRESS
Thiz preject will provide additional facilities sssentisl te the conduct 5f Bicliigy
reszarch programs invelving the effects of inhaled radicactive particles, I wilil
comprisz an additlon to the 1i44.F Building consisting of approximately 2000 sguare
feet of indcor dog pens and supporting facillties and approximately 2200 gquarz fezm
of outside dog runs.
The proposal was submitted to the ABC on 6-29-62.
Approval by AEC Review Board on 7-19-62 was deferrsd for study of dstailad coste ani
congtruction
* Baged upon AEC spproval by August 15, 1962.
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TEST REACTOR AND AUXILIARTES QPERATION
JULY 1962

REACTOR DEVELOFPMENT - 04 PROGRAM

PLUTONIUM RECYCLE PROGRAM -

Plutonium Recyecle Test Reactor

Operation

The reactor was shut down the entire month to effect repairs to the
damaged flow straightening vanes noted late in June. Complete reactor
discharge and draeining of the primary system was accomplished without
incident. During various steges of the outage, advantage was taken of
- 8ystem conditions to lnspect and clean the primary system of all foreign
objects, conduct a total power failure test, contaimment tests, and
special process evaluation tests.

The primary system was refilled and the reactor was charged with startup
activities underway at month end.

Do0 inventories indicated a net gain of 663 pounds which is & reflection
on the June inventory. Net loss for June and July was 3,031 pounds.
Eelium losses were 28,800 scf.

Egg;gggnt Experience

One of the flow straightening vanes which consisted of 10 gage sheets,

2 feet long with unsupported widths of approximately 6 inches was found
to have come locse. Failure was attributed to fatigue. Five major

pieces of the vane were found and determined to be all of the vane.

One short section was still intact in the vane assembly, one large section
was lying in the vane assembly, two trianglar {~L4" x 6") were located

in the lower ring header, and one small {~1" x 2") piece was located in
& process tube jumper. The replacement assenbly wes made up of & bundle
of 2" stainless steel tubing, 2 feet long.

Other foreign particles were found in two inlet header angle valves, and
another angle valve was repaired. IFourteen additional angle valves were

repacked.

Two pressurizer pressure relief valves were overhauled. The spring from
one of the valves had a surface crack.

UNCLASSIFIED

1231083



UNCLASSIFIED I-2 BW-~-TL522

The 14" motor operated discharge valve was completely disassembled for
inspection and repair.

About 50% of a planned wiring improvement program in the control room

was completed during the month. The improvement program involves instal-
ling & better quality wire marker on about 1500 wires (old gum type lsbels
were becoming illegible or falling off), removing about 70 unused wires and
rerouting others for easier and gquicker trouble-shooting.

The 2400 volt cable to primary pump motor #3 (sipgle speed) shorted during
startup activities destroying & section of the ceble. The sghort occurred
where the molded rubber plug is vulcanized to the cable insulation. The
ceble had been in use only & short time. A spare nev cable was installed
end all three motors and the wiring between the motors and breakers were
"megged" to ground as well as phase to vhase. No defects were found. No
damage occurred to the motor, its connection box or its bresker.

Programmed maintenance required 633 man hours or 12% of the total availsble
man hours.

Improvement Work Status (significant items)

Work Comple te& :

Modification of primery pump discharge check valves¥*

Modification of the pump by-pass check valve¥*

Installation of improved primary system drain prov1sions*

Removal of ebandoned primary system injection check valve and instal-
lation of 4" header for future use¥*

Shim rod readout modifiecation -

Rupture monitor sample line changes
Modification to storage basin crane

*These items were performed to take advantage of the
-draeined primary system condition

Work Partislly Completed:

Safety circuit ground and low voltage detector

Outlet nozzle cap modification (now 90%)

Fueling vehicle hoist modification

Primery oxygen analyzer installetion

Core blanket system piping modifications

Flanges for safety relief valves in helium system - 85%
Chein barricade for rotating shield

Fuel transfer pit hoist drain
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Degign Work Completed:

Enlarge chemical feed system

Decontamination facllity

Primary pump recording ammeters

High pressure helium compressor Inter-after ccoler relief

Outlet nozzle bracing

Modification to helium valve stems

Interlock between charge - discharge machine, shroud seat and dis-
charge hoist

Control room ventilation scope

Third exhaust air aetivity channel

Fuel transfer system modifications

Design Work Partially Complete:

1

Additional fuel storage and examination
0il storage building

Boiler feed pump seals

Compressed air supply revisions

Process Engineering and Reactor Physies

After reactor discharge special flow tests were conducted to determine the
flow required to backseat the primery pump. discharge check valves and the
Primary pump bypass check valve to ascertain that light weter injection
Tlows would provide edequate cooling under certain postulated emergency
conditions. It was found that over TOO grm wes required and that this

wag not satisfactory. The valves were modified during the month such that
the bypass valve would be positively closed by an external actuator, and

the other valves would be more nearly closed under no-flow conditions. Sub-
sequent tests resulted in 30 - 50 gpm flows closing the check valves.

A total power failure test was conducted. Emergency lighting, D.C. power
and compressed air were found to be satisfactory. Instrumentation was
also cbaerved to function a8 needed. Alr supply wes shown to be adequate
for approximately two hours.

Selected pipes, nozzles and orifices were subjected to nondestructive and
destructive examination to determine the condition of the primery coolant
system. All pieces that were examined showed no defects and were within
specifications. Radicactive decontamination of these pieces was difficult.

Twelve UQ,, eleven Pu-Al and three moxtyl fuel elements were subjected to
vigual exAmination and go:no-go geuge inspection of the end brackets in
the PRIR basin. The data are to be related to the previocusly reported
process tube fretting corrosion damage.
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Procedures
Revised Operating Procedures issued 13
Revised COperating Standardsg issued 1
Temporary Deviations to Operating Standards 1ssued 3
Revised Process Specifications accepted for use 2
Maintenance Manusls issued 2
Meintenance Procedures issued : 0
Drawing As-built stetus June Total

Approved for as-built 83 739

Rendy for spproval 15

In drafting 15

Voided 51

No change required 81

901 (corrected)

Scheduled for review ) .290

1 191 (corrected)

Personnel Training

Qualification subjects 370 manhours
Specifications, Standerds, Procedures 35
Fueling Vehicle 10
Eig'manhours
Stetus of Qualified Personnel at Month End
Qualified Reactor Engineers 10
Provisionally Qualified Reactor Engineers 1
Qualified Technicians 6
Qualified Technologists 19
Provigionally @Qualified Technologists 2

Plutonium Recycle Critical Facility

Design Test Btatus:

Electrical 100%
Instrumentation 96%
Fuel Handling 35%
Moderator System 100%
Thimble Coolant 75 %

Each safety rod was cycled 50 times and inspected. All performed sastisfactorily.
Testing and development work on the irradisted fuel transfer thimble system
was conducted. Improvements were made to the flux monitoring cireultry to
eliminate difficulties developed in testing. Cell cover blocks were instal-
led and total confirement features of the PRCF were cbserved in conjunction
with the PRIR total containment test. Satisfactory performence was observed.
Initial drafts of startup physics tests were issued. Sixty-eight FRCFO and
FRTRO manhours were devoted to training.
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Fuel Element Rupture Test Facility

Project Status (Project CAH-862)

The revised project proposal extending the completion date was approved
and revised schedules are being prepared. The project is 98% complete.
The filter plant is 99% complete. Acceptance tests for the filter plant
were gtarted in July. The electrical design tests for the loop were 80%
complete and instrument testing and calibration were 50% complete.

Revised designs were issued for approval to provide needed refinements and
equirment orders were placed. Initlael testing of the discharge equipment
was started.. s i

Visual aids for classroom training were completed. A total of 55 manhours
wvas spent on training.

GAS COOLED POWER REACTOR PROGRAM

Project Status (Project CAH-822)

The revised project proposal, requesting extension of the completion date,
was approved and revised schedules are being prepared. The replacement
heater fabricator indicated early August shipment. The first blower was
re-built and run successfully to 12,500 rpm outside of its case. Final
testing was scheduled for August 3. The second unlt was scheduled one
week later. Construction forces worked on punch list items. Modified
inlet jumpers were lnstalled on PRTR to facilitate the upcoming test
section installation. '

ALl but two cperating procedures have been completed. Fifteen manhours
were spent on treaining.

TECENICAL SEOPS OPERATION

Total productive time for the period was 21,572 hours. This includes 16,104
hours performed in the Technical Shops, 3,975 hours assigned to Minor Construc-
tion, 1,303 hours assigned to off-site vendors, and 190 hours to other project
shops. Total shop backlog is 21,929 hours, of which T0% is required in the
current month with the remainder distributed over a three.month period. Over-
time hours worked during the month was 4.8% (1,137) of the total available
hours. :

UNCLASSTFIED




UNCLASSIFIED I-6 HW-T4522

Distribution of time was as follows:

Manhours ﬁ of Total

Fuels Preparation Department 4,063 18.83%
Irradiation Processing Department 2,886 13.38%
Chemical Processing Department Gl 2.99%
Hanford leboratories Operation 13,971 64 . T6%
Construction Engineering and Utilities 8 LO4%

Requests for emergency service declined from the previous month, reaching & level
which is considered normal for this operation.

Manager
Test Reactor and Auxiliaries

WD Richmond :bk
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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. BSuch
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

M. Lewis Proposed Use of Magnets for a Magnetic
Ski Binding. July 20, 1962

D. C. Brandt Continuous Apparatus to Produce

Aluminum Sulfate by the Process
Described in HWIR-990

R. H. Moore A Pyrochemical Method for Separation
: of Uranium and Thorium Using Immiscible
Molten Salts (HW -74425)

Manager, éaéor:‘i Laboratories
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