DECLASSIFIED HW -7:813

\
o L - MAN-33305

HANFORD LABORATORIES OPERATION
MONTHLY ACTIVITIES REPORT

REPOSITORY %AL,& AUGUST, 1962

COLLECTION WMO QJJMG—L
éox No. L8] I A
Fooer N ] £

SEPTEMBER 14, 1962

THIS DOCUMENT HAS BEEN SCANNED
AND IS5 STORED ON THE OPTICAL DISX DRIVE

THIS DOCUMIMT 12 PUBLICLY

AVAILA3LE

HANFORD ATOMIC PRODUCTS OPERATION

RICHLAND, WASHINGTON

GENERAL @D ELECTRIC

DECLASSIFIED

ICHLAND W,

12306711



LEGAL NOTICE

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

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contoined in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

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

As used in the above, "person acting on behalf 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 contractor prepares, disseminates, or provides access fo,
any information pursuant to his empioyment or contract with the Commission, or his employment with
such controctor.
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BUDGETS AND COSTS

August operating costs totaled $2, 236, 000, an increase of $99, 000 from the
previous month; fiscal year-to-date costs are $4, 373, 000 or 15% of the
$28, 524, 000 tentative control budget. Hanford Laboratories' research and
development costs for August, compared with last month and the control
budget, are shown below:

COST

{Dollars in Current Previous FY Annual To

thousands) Month Month To-Date Budget Spent
HLO Programs

02 Program $ 173 $ 63 $ 136 $ 1 069 13%

03 Program 3 6 ‘ 9 175 5

04 Program 961 888 1 849 11 150 17

05 Program 98 87 185 1293 14

06 Program - 240 233 473 3 154 15

1375 1277 2 652 , 16 841 15

FPD Sponsored 88 85 173 1370 13

IPD Sponsored 94 87 181 1325 14

CPD Sponsored 150 121 271 1 369 20
Total $1 707 $1 570 $3 277 $20 905 = 16%

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels .

A section of NPR Zircaloy-2 process tubing has been made into an in-
reactor assembly and inserted in the ETR, Idaho Falls, Idaho, This

section replaces the stainless steel pressure tube in the P-7 position.
The new assembly will operate at NPR conditions of power, flux, and
temperature.

A Zircaloy-2-clad uranium rod with intentional striations as deep as 20%
of the cladding thickness was irradiated, then subjected to metallographic
examination., No concentration of deformation in the striaiions was
observed in spite of a 1. 2% total strain of the cladding. This contradicts
previous observations of highly localized cladding deformation on
irradiation of fuel elements of non-uniform cladding thickness.
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Visual examination of a dual enrichment, single-tube, metallic uranium
fuel element after a second cycle of irradiation in the ETR indicated that
the element was in excellent condition with no visible indication of
damage or corrosion,
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A prototypic N fuel element has been charged through a full length N
process tube with no scratching of the Zircaloy autoclave film. This
test suggests that there is no ‘'length effect" which causes iron clad
supports to scratch during charging in full length tubes, It is possible
that scratching encountered in earlier experiments was caused by the
presence of foreign particles within the tube.

Fabrication of “'buggy spring' Zircaloy-2 supports for N fuels from fine
grain size strip appears to yield a product less subject to cracking.

Graphite is generally considered impossible to weld; however, recrystali-
lization and bonding was achieved between a graphite cap and a graphite
tube by the magnetic force resistance butt welding process,

An impact pressure of 400, 000 psi can be obtained in the Dynapack machine
with a tungsten carbide punch without resorting to Bridgeman anvil
techniques. At this pressure micronized UO9 powder, heated to 1100 C

in evacuated cans, can be compacted to 99% T.D. It thus appears

feasible to impact large batches (10-14 pounds) directly to high density.

It has been shown that an empty four-inch length of 2,328 inches OD x

0. 060-inch wall Zr-2 tubing with end caps welded in place will collapse
explosively when subjected to 1100 psi at 400 C, However, the same
cladding will not collapse under these conditions when connected by five
equally spaced ribs to a 3,068 x 0, 060-inch wall Zr-2 outer tube. Thk=
latter arrangement allows the fuel tube to resist collapse untll a pressure
of 1500 psig at 400 C is reached. In addition to acting as a fuel cladding
strengthener, the outer tube may possibly be used as a disposable prccess
tube.

Process tube activity records indicate that failure of a swage compacted
MgO-PuOg 19-rod cluster fuel element occurred shortly after the first
startup of the PRTR subsequent to charging of this element. Examina-
tion of the discharged element is continuing.

1230684
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A capsule containing high density UOy - 2.57 mele % PuOj was discharged
from the MTR after an estimated exposure of 10, 000 MWD/T and is now
undergoing radiometallurgical examination,

Examination of a 42-inch long cosine-enriched UO9-PuOg seven-rod
cluster is in progress following ETR irradiaticon, Dark spots on the
external rod surfaces are definitely associated with regions of high PuOg
concentration and correspondingly high surface heat fliixes,

Eight Zircaloy-clad capsules containing ZrOg-PuOj fuel pellets and eight
containing MgO-PuO, pellets have completed their irradiation in the ETR.
Transverse sections of the MgO-PuOy samples show that general
cracking has occurred in the specimens which operated at maximum core
temperatures of 1700 C, whereas center voids and columnar grains have
formed in the samples which operated at core temperatures of 2200 C,

Electrical resistivity measurements have been made on samples of
plutonium oxides having O/Pu atomic rations of 1,84, 1.92, and 1,98,
and exhibit an electronic activation energy of 0,50 * 0,02 ev for the
single face-centered cubic phase existing above the temperature Lmit
for the solid immiscibility region,

Based on resistivity, thermal expansion, X-ray diffraction, and thermal
emf experiments, a phase diagram has been constructed for the Pu-O
system. -

PuOg compatibility tests at 1700 C in a helium atmosphkere showed v=ry
slight reaction with molybdenum, some observable reaction with tings.=n,
and apparently complete reacticn with tantalum,

Samples of PuC with 5% Pu2Cg3, and beta PujOq have been prepared by
the reaction of carbon with PuOg at 1800 C in a heiium aimosphers,
The melting point of beta PuyO3 was observed tc be about 2020 C,

Resistivity measurements on a 28 a/o C-Pu alloy gave 230 ohm-cm at
room temperature with a slightly positive temperature co=ffizient,

The average coefficient of linear thermal expansicn for plitonium

nitride as determined by a high-vacuum, high- temperature X-ray
diffractometer attachment was calculat=d o be 13,80 x 10°5/°C ‘n *he
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range 26-800 C, The average diamond pyramid hardness number for
PuN was computed, from the best indentations, to be 370 kg mm“z.
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Two coextruded, Zircaloy-clad fuel elements with unwelded titanium
bonded end closures failed after 31 days of exposure to 400 C steam.
Though no failures have occured after 38 days in 360 C water, up to 27
mils penetration of the 120-mil bond layer was measured,

The first test in H-1 Loop of the in-reactor corrosion of aluminum was
completed during the month, The samples were designed to test ccr-
rosion with low and with high beta flux,

Unexpected difficulty was encountered in decontaminating some PRTR
primary system piping specimens. The standard APACE procedure was
ineffective but did modify the films so that they could be removed by
scrubbing. The alkaline permanganate-oxalic acid procedure removed
the film and activity, provided high solution velocifty obtained. The
occurrence points up the need for additional information concerning the
characteristics of films formed in pressurized water systems.

Laboratory tests were successful in demonstrating automatic in-line
devices for oxygen and ammonia analyses, Continuous hydrazine analyses
were obtained during a recent test run in KER-3 Lecop. The hydrazine
proved effective in controlling the oxygen content of the coolant during

the cutage.

The Mark III unit for in-reactor monitoring of PRTR pressure fubez "=
85% complete.

Metallographic examination of the 24-mil deep corrosion mark :In PRTR
process tube 5540 caused by contact with the lower fuel <lament end
bracket showed no indication of increased hydrogen conient in the mefal
just beneath the mark,

The pressure drop-flow data obtained recently under PRTR shuidown
flow conditions indicate that single phase natural circulation ccoling may
be inadequate during total power outage. Cooling by ligkt water injeciion
during a total power outage is not certain since the time requirsd <o
depressurize from operating pressure to the 100 psi light water supply
pressure is calculated to be about 15 minutes,
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A re-examination of the thermal hydraulic test data for the PRTR
indicates that the allowable tube power can be increased from 1200 KW
to 1800 KW if the inlet temperature is decreased sufficiently to prevant
bulk boiling at the tube outlet, It was also concluded that the maximum
heat flux could be increased from 400, 000 to about 750, 000 Btu/hr-sq ft
without violating the 1. 85 boiling burnout safety factor proposed for the
PRTR.

The use of the special tools and equipment for discharging ruptured fuel
elements from the PRTR Rupture Loop was successfully demonstrated.

Boiling burnout data obtained by General Electric Company at APED with
a 1/2-inch OD externally cooled rod and compared with data obtained at
Hanford with a 0, 444-inch ID internally cooled tube were found *o agree
very well at high flow rates.

Visual studies performed with an electrically heated test section in a
glass tube revealed that very little boiling was induced by any of the
devices used to center fuel elements in Hanford production reactor pro-
cess tubes when the test section was centered coaxially within the tube.

Specimens of zirconium - 2Nb - 2 Sn alloy have been tested in tension
after irradiation in the ETR at ambient coolant temperatures. This alloy,
irradiated in a number of heat treated condition8, had a considerably
higher strength before and after the irradiation than is normal for Zr-2.
It is noteworthy that the uniform elongation of this higher strength alloy
is superior to that of Zr-2 after an irradiation of approximateiy 1020 pe,

Specimens of beta-quenched and as-extruded uranium have been irradi-
ated simultaneously to an estimated burnup of 0,16 a/o at a control
temperature of 625 C, Macro examination has shown slight warpage in
the as-extruded specimen and surface roughenirg as well as warping ir
the beta-quenched specimen; some swelling has also occurred. Thess
observations point out that 'dimensional instability" siill persisis above
400 C and possibly as high as 600 C.

Molybdenum single crystals, one-eighth-inch diameter x 15 inches, have
been successfully grown by an electron beam floating zone technigue,

It is expected that seeding of crystals to yield crystals with specifiz rod
axis orientation will now be possible,

1230681
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Oxidation specimens of nickel-base alloy R-27 were tested in flowing
COgq for 300 hours at temperatures of 1700 F and 1800 F. Results of
these tests show that the alloy has an oxidation resistance comparable
to the austenitic stainless steels under these conditions, Tensile tests
indicate that the alloy has considerably more high temperature strength.
Specimens are presently being prepared for irradiation to exposures of
1021 nvt fast neutrons in a gaseous environment,

Physics and Instruments

Instrumentation activities in support of the NPR project included: review
of tests on the prototype gamma spectrometer for the fuel failure moni-
tor; recommendations for purchase specifications for the multichannel
analyzer to be used with the fuel failure monitor; development of a method
for analyzing the dynamic response of start-up instruments; recom-
mendations of tests for the nuclear instrument channels; and review of
test procedures for the flow and temperature monitors and their data
logging systems.

An exponential pile mockup of the C Reactor was used to obtain buckling
data with control rods in the mockup. Two arrangements were used:
one with a single control rod, and the other with six control rods.
Further analyses will be needed to deduce control rod strengths for the
large reactor, ‘

Criticality measurements continued in a 14" spherizal vessel containing
plutonium nitrate solutions. The effect of acid molarity on criticality
was studied using a molarity of 6, These data plus data previously
obtained with molarities of 2 and 4 have been compared with P-11 data.
The agreement is very good. The largest discrepancy obtained is less
than one percent. This is well within the experimental uncertainties
arising in chemical determinations of plutonium concentration.

Experiments were performed with a ., 03" cadmium wrapper on the
criticality vessel. The cadmium layer separated the vessel from a
thick water reflector, The effect of the cadmium was to reduce the
worth of the water to the equivalent of a paraffin reflector about one-
half inch thick.

A parametric survey of fast oxide reactors was completed. Most of the
reac:ors investigated were fueled with U-235 and U-238, but some

1230688 | .
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Pu-U-238 and Pu-Th-232 systems were also considered. This study
prcvides the physics statics data which could serve as the basis for pre-
liminary economic evaluation of various fast reactors for production of
special materials such as high grade plutonium and U-233,

Due to the long delay in obtaining use of the PRCF and gamma scanning
facilities, it is planned to bypass these on some cf the low exposure
Pu-Al physics elements and send them directly to Radiometaliurgy for
preparation for burnup analysis. The first of these elements, Ne. 5051,
is now being prepared for disassembly,

A fairly detailed series of investigations of the use of Phoenix fuel for
compact, water moderated power reactors has been started. These
investigations are an outgrowth of previous work done for a small,
Phoenix-fueled, pressurized water reactor (HW-71279), and will include
several reactor types. Analysis continues on the study of the feasibi-
lity of performing a Phoenix fuel burnup experiment in the central cell
cf the PRTR. :

Subcritical measurements were made to predict criticality for a system
of plutonium-aluminum rods in light water. This month rods containing
6% Pu-240 were loaded in a central region surrounded by a region con-
taining rods with 5% Pu-240, The estimated number of rods for criti-
cality was 490. Previous experiments have shown that 485 rcds ar=2
required when the loadings in the regions are reversed, and 494 rods
are required for a random loading of the rods.

Tests were successfully completed on the second g=neration liquid
effluent gamma activity monitor for actuating the PRTR :zcontainmen®
trip circuits., This has improved trip circuiis and final packaging, and
will repiace the first prototype which was tempcrarily instalied several
months ago as a replacement for the original inadequate equipment.

Development was started on instrumentation for measuring the vibration
of PRTR fuel elements, both in the hot loop mockup and ultimately in the
PRTR.

A PRP Critical Facility analog study was complef=d to determine *h=
nuclear accident potential with various fuel loadings. This study included
the effects of steam and void formation in the moderator and boiling at
the fuel surfaces,

5
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Invention disclosures were filed on a new graphical alternating current

nulling device for use with either conventional or multi-parameter eddy
current nondestructive testing equipment on a Hall Effect magnetometer
for nondestructive testing of steel,

The tentative procedures developed for Lamb wave ultrasoric nondesiric-
tive testing of fuel sheath tubing were subjected to their first evaluation
in the field through tests at the plant of a tubing manufacturer, Results
there were somewhat limited by the available equipment, but will be
compared with further testing of the same tubing at Hanford later.

A simplified pocket size dose meter which has a single audible alarm
point at about 50 mr and no visual indication was developed, This is
intended to be the reference design for expedited cff-site procurement
of instruments for large scale field trials in the reactor and separations
areas, Final design of the selectable alarm and indicating mocdels con-
tinued to fulfill anticipated specialized needs,

A series of nine dispersion experiments, designed to clarify ceriain
features noted in the 1959 Green Glow data relating to emission duraticn,
travel time to a given distance, and averaging tim=z of meteorolegical
parameters in relation to dispersion parameters during stable atmospheric
conditions were completed,

The field work for the study of radioactivity in Alaskan Eskimos is drawing
t0 a close, Measurements are now being made at Point Hope. Avallable
results show that in some villages, the average body burden is compar-
able to or higher than found in Lapland. The high burdens app=zar 0 be
related to the high activities in caribou and reindeer as in Lapland,

One zxperimental high level, 5 r to 100 r, miniature signaling doss mzter
was completed, tested, and demonstrated for pecssibls applications in
nuclear accident moniioring and civilian defense,

Good -zorrelations were observed beiween the results of an uliranscnic
zest under. development to monitor instalied NPR primary piping fcr
fatigue and the results of destructive fatigue tests at Hanford and off-size.

3. Chemistry

Extended tests have been zoncluded which show that Permutii. SK resin
has more than sufficient stabili‘y toward nitric acid degradation to

1230690
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permit its long-term use for the extraction of plutonium from 234-5%
oxalate supernates.
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Hecti cell experiments were performed to test the denitration of actual
Purex 1WW with sugar, vice formaldehyde, The reaction is easily con-
trolled and there was little or no tendency of the reaction mixture 10
foam. In addition, no precipitates, tars or other insoluble reaciion
products were observed to form.

A hot cell demonstration of the nickel ferrocyanide process for precipi-
tation of cesium from Purex tank farm supernatant was completed and
showed that an over-all cesium recovery of 90% could probably be
realized in plant equipment.

Reactor studies, wherein deionized water was passed through a new tube
‘containing new fuel elements, show the source of Ga-72 in reactor
effluent water to be impurities in the aluminum and that determination
cf Ga-72 in effluent water might be a measure of the corrosion rate of
new aluminum,

Improved estimates were made of thermal conditions in containers of
zeolite loaded with Cs-137. Typical results show that correction for

gamma leakage in a container loaded to two milliequivalents of cesizm
per gram of zeolite permits increasing the vessel diameter from 10,3
to 12,25 inches with no increase in centerline temperature.

In pilot plant studies on the removal of cesium from synthetiz, alka.lne
Purex wastie by clinoptilolite, the absorption cycle was characterized by
an almost constant minimum cesium loss of about 1, 5%, Five and 50%
breakthrough occurred at about 17 and 30 bed volumes, respeciively,

The use of dipicrylamine dissolved in niirobenzene to extract cesium
from a synthetic, alkaline Purex waste supernate solution was success-
fully demonstrated in a nine-foot high, three-inch diamel=r puise c¢olumn.
Cesium extraction and subsequent stripping lossss were as low as 0,8
and 0, 6 percent, respectively.,

Over 98% of both plutonium and neptunium can be removed from Purex

iWW, after treatment with hydrazine, by an equal volume exiraction
with 0,04 M D2EHPA - 0.02 M TBP - Soltrol. Likewise, over 97% of

12300691
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the plutonium and neptunium in the organic phase zan be stripped upon
contact with an equal volume of 0,25 M oxalic acid,

In-tank solidification of synthetic coating waste by evaporative iechniques
may leave a liquid residue, The addition of about 65 weight percert of
sodium bicarbonate reduces this remaining liquid to a solid rapidly and
over a wide temperature range.

The addition of 0.4 g/1 DBP to synthetic Purex 1WW initiates foaming
in the semiworks formaldehyde denitration reactor, paralleling the
behavior of the Purex plant unit with current waste. Introduction of a
silicone antifoam reagent at a concentration of 0.2 g/l reduced the foam
level two-fold,

Installation of the radiant heat spray and pot calciners and associated
equipment in the High Level Radiochemistry Facility was completed.
Cold shakedown runs for both the spray calciner and pot calciner equip-
ment (the former with continuous melt down of the calcine) with a
synthetic feed were performed successfully, all operations being done
remotely with manipulators. The first full level spray calcination run
is scheduled for late September.

Biologz

In the transfer study of I-131 from food which was contaminated once
with I-131, it appears that peak thyroidal I-131 ccncentration in cows
occurs after one week and remains for about two weeks, with abou* 55%
of the first day's dose in the thyroid., Peak milk concentrations cc.ourred
four days after contamination event was about 0, 4% of the initial dose ‘n
each liter of milk,

Eight-hydroxyquinoline appears to have some promise in helping to
remove plutonium from sites unavailable to DTPA. It causes an incrcase
in fecal excretion of plutonium. Even though it is not nearly as =ff-ztive
as DTPA alone or even in combination with DTPA, it still may offer
some usefulness under special conditions which are being investigaied.

The effectiveness of DTPA on the removal of inhaled Ce14402 frem dogs
was confirmed, If administered immediately after exposure %o the

amount " initially deposited. Without treatmen’r approxumately 80% is

retained at the equivalent time,

™ e o
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Sodium polystyrene sulfonate obtained from the Eltex Laboratories was
found without effect on removing PuOg or Pu nitrate from the lungs of

dogs.

5. Programming_

A major effort was made to complete the computer calculations asscci-
ated with the successive bred fuel recycle study. All but three of the
planned fifty recycle cases were finished. The study considers plutonium
recycled for minimum fuel cost with the amount of plutonium recycled
limited to that produced in the previous cycle, and an alternative mode
without a quantity limitation because of the availability of a hypothetical
stockpile of plutonium of the composition of the previous cycle. To
provide perspective, U-233 recycle in thorium with U-235 make up was
also studied, Computed plutonium values ranged from $10 tc $12/gram
of fissile plutonium, while U-233 values ranged from $13 to $14/gram
of U-233; however, the fuel costs with U-233 were higher than all of tke
corresponding uranium-plutonium cases,

Comepilation of the revised Conventional Reprocessing Code for economics
gtudies of fuel reprocessing was completed and debug runs were started,
A number of errors have shown up and have been corrected. Numerous
hand calculations remain to be done to complete the checking and
debugging of this code., When completed, this code will provide the

base case comparison for the Salt Cycle Economics Code {completed

last month) to evaluate economic incentives for developing close-couplzd
Salt Cycle-type processes.

TECHNICAL AND OTHER SERVICES

Five new cases of plutonium deposition were confirmed by bicassay analyses
during August. The new plutonium deposition cases resulted from five

earlier incidents involving four CPD employees and one HLO employee,
Inhalation was the mode of intake in each case. The maximum estimated

body burden of plutonium in these five cases was less than one percent of

the permissible body burden. The total number of plutonium depos:tion

cases that have occurred at Hanford is 297 of which 214 are currently employed.

One plutorium contaminated minor injury required tissue excision. During
a follow-up examination in the Whole Body Counter, a general survey of

—
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other portions of the employee's hands, according to a newly instituted pro-
cedure, resulted in the detection of . 04 nuc of plutonium {(about one permis-
sible body burden) on another finger. A second excision successfully
removed this previously unsuspected plutonium injury.

A 16-ton cask surveyed on a common carrier following arrival from Idaho

Falls was found to have loose contamination with dose rates up o 1, 8 rads/hour.
The carrier truck bed was contaminated up to 5 rads/hour, Invesigation of
involved personnel and surveys of receiving and transfer areas as well as
roadways indicated no abnormal exposure to personnel, No contamination

other than on the cask and on the truck bed was uncovered by surveys made

by HAPO personnel,

On August 10 the new Hanford film badge dosimeter was placed into service
and distributed for routine use throughout the plant. The new dosimeter
includes an improved filter system and provides capability for measuring high
level radiation dose in the event of a serious accident.

The presence of fallout materials on air filter sampleg throughout the North-
west showed a sharp mcrease on August 31; 30 ppc/m" as compared to an
average of 3,2 puc/m for July.

A method was devised which modifies the present linear programming model
of the FPD Production Forecasting Process so as to allow the model consider-
ably more freedom in balancing safe inventory levels, idle time, and added
capacity requirements,

In connection with the straightening of warped NPR fuels, submitted data wers
analyzed to determine the amount of bending necessary to effect a zero average
warp on fuel elements after the second beta heat treatment. Such a determi-
nation proved to be impossible because of an almost perfect correlation berween
the initial warp after beta heat treatment and the warp after bending.

Numerous electronically perfect runs have been made on the Magnetic Tape
Contrclled Gorton Lathe using a program to machine dummy 1251 parts.
Although no attempt has been made to machine the paris ¢ finished dimensicns,
the surface finish of these samples is within spec.fizations.

Nondestructive testing was performed on the uncharged fuel elements from
multiple failure lot HZ-065, and on elements sampled from eight "'~ontrol"
lots. The purpose of this testing is tc determine if there are measurable
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characteristics which could have differentiated betwesn this and nonrupture
lots, Extreme care is being taken tc remove possible «ffects of tester error
in assessing quality.

b
L

A FORTRAN language power spectral estimation program has been obtained
from the UCLA Medical Center and is being used to analyze several pulse
column equilibrium experiments. A number of variables which are recorded
pericdically during an equilibrium run of the column are being anaiyzed to
establish column characteristics under steady state operation and 0 ascertain
_changes in these characteristics as the column approaches a flocding sitiation,

I: is of*en necessary, when analyzing fuels data, to transform the data in
scme fashion in order to stabilize the variance, and incidentally, achieve
ncrmality, However, from an interpretation viewpoint, it is desirable *o
express results in terms of the raw data. A document has bezn prepared to
permit this correlation. For various transformations in which the mean and
variance of the transformed variable are known, the corresponding means

and variances of the raw data are given. In addition, the percent{s) cf items
exceeding some value(s) are also given, A series of graphs makes the results
readily usable, '

The programs to perform the craft set analyses for reactor maintenance
work have been completed and debugged. The second major program for
translating work order numbers into either job codes or the classificaticns
of facilities engineering, research and engineering, landlord, new wcrk or
project, has been completed and debugged. The master convzrsion table
from work order numbers to job or class numbers is 99 percsnt zomp:ets,

Authorized funds for 13 active prcjects total $2, 744. 600, The total estimai«d
zost of these projects is $9, 117, 000 of which $1, 600, 000 had been spen-
through July 31, 1962,

SUPPORTING FUNCTIONS

The Plutonium Recycle Test Reactor cutpu* was 498 MWD for a plant =ffi:i-
ency of 23% and an experimental time effizlency of 25, 8% during the mon:h
of Aug:s:.

Tre cutage, which began June 3, continued until Augast 5, The r=actor was

shu® dewn again on August 8-9 ic repair a DO leak at a spare Inlet thermoe-
well, Another shutdown occurred Augus: 12-18 when the dies<l generatcr
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failed to start automatically on test. The outage was extended to correct
helium and D9O leaks and to rework three galled helium valve stems.

A shutdown occurred August 21, as a result of excessive leakage of hot D7O
into the waste collection system. The source of the D3O leakage was at

the tie-in to the low pressure light water injection system., Approximaiely
15 minutes after shutdown, a fuel element rupture with gross contamination
spread throughout the primary system occurred, Fuel element #5139, a
MgO-PuOy test element in tube 1356, was discharged and visual examination
showed a cladding failure approximately 1-1/2 inches long on an outer fuel
rod, Reactor discharge was underway at the end of the month to permit
decontamination of the primary system.

During the month valuable experience was gained with the rupture monitor
system. Definite fission product bursts and a high background count rate
were observed prior to August 21. The high background count rate, predicted
earlier, will be reduced by design changes now being studied,

During these bursts and during the August 21 rupture, exceptional sengitivity
was noticed in the channel which monitored tube 1356, which contaired the
MgO-PuOq rupture element. This high sensitivity may have bezn caused by
either a higher instrument sensitivity than the others or by the monitoring

of the particular tube containing the defective fuel element,

In activities related to the Plutonium Recycle Critical Facility, an addltlonal
difficulty was encountered with safety rod sticking, Repair work and sub-
sequent testing indicated satisfactory operation. A moderator dump ‘=3,

in which a full moderator load of HyO was dumped through the dump vaive
into the cell was completed. The cell remained flooded for 24 hours with
electrical equipment submerged. No effect on electrical =quipment or
circuits nor other difficulties 'was observed, Thirty Pu-Al fucl elemenis
were received and stored in the PRCF cell,

Advanced Degree - Four Ph,D., applicants visited HAPO for employment
interviews, Three offers were extended; one acceptance and five rejections
were received, Current open offers total two,

BS/MS - During the month five direct placement offers were extended; two

acceptances and five rejections were received, Three program offers wers
made; one acceptance and four rejecticns were received, Open offers at

.
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month’s end included three direct placement and six program.,

)

Technlical Graduate Program - Two Technical Graduates were placed on
permanent assignments; six new members were added to the rolls and four
terminated, Current program members total 56,

V1

for Manager
Hanford Laboratories

HM Parker:WHR:mlk
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DEGLASSE




A-1 - 7R

REACTOR AND FUELS RESEARCH AND DEVELOPMENT OFERATION

TECHENICAL ACTIVITIES

A. TFISSIONABLE MATERTALS - 2000 PROGRAM

1.

123 D bq8
DECLASS

METALLURGY PROGRAM

Corrosion Studies

Corrosion of Titanium Bonded End Closures. Additional corrosion data

on the coextruded, Zircaloy-clad, fuel elements with unwelded titanium
bonded end closures have been obtained. One group of elements was
exposed to 400 C, 1500 psi steam, while a second group of elements is
being exposed to 360 C water. The 400 C steam test was terminated
following a rupture of two of the elements after 30 days of exposure.
There have been no ruptures in the 360 C water test following 38 days
of exposure.

One element from each test group was sectioned to determine the de-
gree of corrosicn penetration along the Zr-2 - Ti bond layer. The
element exposed to 400 C steam showed a penetration of approximately
50 mils of the 120-mil bond layer. This compares to 27 mils pene-
tration for the element exposed to 360 C water. In both cases the
width of penetration is approximately 0.8 mil and is uniform along
the entire length.

Erosion-Corrosion of Aluminum Alloys. Samples of stripped can wall
from defective fuel elements were exposed to 300 Area tap water at

102 C and 76 ft/sec flow velocity for 24, 48 and T2 hours. The AlSi
side of the samples was exposed to compare corrosion of AlSi with
that of the aluminum outer jackets. AlSi corrosion was less by a
factcr of seven for 24-hour tests and less by a factor of four for

48-. and 72-hour tests. The small amount of corrosion seen in 2L hours
on AlSi was due to & thin uranium AlSi layer on top of the AlSi.

Tests in which 100 Area process water was substituted for 300 Area
tap water showed AlSi corrosion was less by a factor of three for
24h-hour tests.

Dynamic Corrosicn of Electroless Nickel Coatings or 1245 and X-8001
Aluminum. Corrosion testing of electroless nickel films on aluminum
alloys has been carried to 90 days at 300 C and flow rates of 25 fps.
The specimens are coupons 1" x 1" x 0.062". The thickness of the
nickel coat is approximately one mil. Flaws were deliberately
created in scme coupons to expose a small area cf the aluminum sub-
strate. Other coupons were heat treated in air at temperatures as
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high as 400 C and up to 40 hours. In the dynamic corrosion tests,
none of the X-8001 coupons failed. Massive failures occurred on

all 1245 coupons not heat treated at 400 C. Two coupons heat
treated at LOO C for 40 hours did not fail up to 90 days, despite
the development of cracks in the nickel film. Metallographic
sections of the cracks show penetration through the diffusion layers
into the aluminum. The sections also show three separate diffusion
layers between the nickel and aluminum. The diffusion layers appear
tc be corrosion resistant and strengthen the nickel film to preclude
further cracking at the flaw, which would otherwise initiate a

massive failure.

Metallurgy Studies

NPR Fuel Element Supports. The severe bending necessary to form the
buggy spring configuration of NPR fuel element supports results in
roughening or cracking of the outer surface of the bends. One po-
tential method of alleviating this condition is to use Zircaloy-2
strip with a finer grain size. A laboratory rolling technique has
beer devised whereby strip with grain diameters of 4-8 microns can
be produced as compared to the 20-30-micron diameter grains found
in the present supports. This fine grained strip can be prepared
from commercially hot rolled plate (20- to 30-micron grain diameter)
as well as from warm extruded and recrystallized Zircaloy (6- to
8-micron grain diameter). The basis of the rolling process is to
- accumulate large amounts of cold work in the metal by warm rolling
below the recrystallization temperature and subsequently annealing
to a fine grain size. Since no edge cracking occurs, as is the case
for large reductions at room temperature, the process should be
adaptable for commercial rolling. Specific details of the laboratory
reolling that produced a fine grain size are: 0.5-inch thick hot
rolled plate and 0.k-inch thick warm extruded Zircaloy were rolled
to approximately 0.035-inch thick strip with the metal periodically
heated to 1200 F in salt to maintain a rolling temperature range of
abcut 700-1200 F. Fine grained strip produced in this manner will
be tested tc determine the bending characteristics as related to the
buggy spring problem.

Metallic Fuel Development

Fuel Irradiations. An experimental single tube, dual enriched
metallic uranium element completed the second cycle of irradiation

in the M-3 pressurized water loop in the ETR. Peak power generation
in the element during this period was 130 kw/ft. The element has
accumulated a total exposure of 560 MWD/Tn Visual examination of the
element revealed nc evidence of damage or corrosicn. A measured
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100~mil warp was produced by the severe radial flux gradient existing
in the M-3 facility. The direction of warp was toward the reactor
center and was a reversal of a similar amount of warp that occurred
during the previous cycle of irradiation. The element was recharged
into the reactor for additional exposure. The element was again
positioned with the direction of warp away from the reactor core.

A total of 18 NPR fuel element assemblies (36 inner and outer tubular
components) were welghed in the KE basin for evaluation of fuel
swelling following irradiation in KER Loops 3 and 4 to exposures up
to 800 MWD/To The fuel swelling observed approximated the minimum
theoretical swelling computed on the basis of fuel burnup, indicating
that swelling resulting from the agglomeration and expansion of the
fission gases was not significant in these test elements.

Radiometallurgical examination is continuing on the variable braze
thickness irradiation test, GEH-4-68, 69 and 70. The last of the
three fuel elements, GEH-TO, -is being examined. One end of the ele-
ment shows cracking in the uranium in the braze-heat-affected zone;
the cracks all appear to originate in a secticn .of the uranium con-
taining a series of wvoids. It is believed that the voids existed
before irradiation and were caused by the brazing process. The end
closure appears to be in good condition with no cracks in the braze.

Fluted Single Tube NPR Fuel Element. The coextrusion of the fluted
single tube fuel element stock was successfully completed. Pre-
liminary examination indicates the extrusion is within design di-
mensional tclerances and is of good quality. The Zircaleoy-2 clad

is very smooth and varies only plus cr minus 0.002-inch from the de-
sired thickness. The clad on the peaks of the flutes 1is 30 percent
thicker than that in the valleys.

The attempt to make cap stock for these elements by extruding a clad
Zircaloy-2 billet failed. The intention was to peel the clad, which
was thicker than that on the fuel, leaving Zircaley-2 which fit the
inside of the fuel tube. The oxidaticn <f the billet core in a
chemical milling bath failed to prevent bonding of the clad to the
core. The resulting bond was tenacious encugh to prevent peeling

of the clad.

Hot-Headed Closure Studies. Effort this month was concentrated on
studying the effects on bonding between the cap and the fuel element
(using copper foil as interface material) by variations in post heat
input, time and pressure. Although bonding has been observed in the
samples, a satisfactory joint has not been acnieved. The following
types of defects have been observed:

Sl
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1. Transverse cracking in the interface between the
Zircaloy-2 cap and fuel element cladding; apparently,
a brittle Zire-Cu alloy resulted from excessive
amounts of copper.

2. Shrinkage cracking in the interface near the projection
welds; apparently, the Cu-Zirc alloy had reached the
melting temperature in the area adjacent to the pro-
jection weld while insufficient pressure was applied.

3. Movement of uranium into the interface between the
Zirc cap and the fuel element cladding; this may be
the result of insufficient recessing of the fuel prior
to welding and of improper relationships between forging
pressure and heat input.

Copper Braze Closure. Two N inner fuel elements were braze-closed

by placing a 0.010-inch copper wafer under each end cap and forming
the Cu-Zr eutectic braze by diffusicn at 1000 C using induction
heating. One of the elements was left in the as-brazed condition
and one was electron beam welded over the brazed closure. The
elements were then autoclaved 10 hours in 300 C water to test the
corrosion resistance of the braze and of the braze-contaminated
weld. The test showed that the braze corroded somewhat but still
maintained a closure. The welded element showed a slight color
difference in the areas diluted by braze but showed no severe cor-
rcsion. The elements are being reinserted in the autoclave for
another 10 hours, to be followed, after re-examination, by a longer
autoglave test.

Meliting point studies on a series of arc-melted allcys have shown

the existence of a ternary eutectic at approximately 80 w/o Zr -

10 w/o Cu - 10 w/o Ni which melts at about 850 C. An attempt was
made to form this alloy by diffusion of copper and nickel wafers intc
the Zircaley-2 end cap, but a temperature of 1020 C was necessary
before rapid enough diffusion could take place to form the alloy.

Two diffusion brazes have been made at 920 C using a copper wafer and
a Zircaloy-2 end cap vapor plated with a 0.002-inch thick beryllium
film. The closure is being examined metallographically to check its
integrity.

Projection Welded Brazed Closure. The projection welded brazed

closure is being developed as an alternate closure. A four-inch NPR
inner element using these closures has passed a one-hour 400 C steam
autoclave test and twc others are currently undergoing 80-hour 300 C

1

3 o v



L
1230702 ' Brﬂﬁ BT

_ ','.. e ;
a-5 Yy

water autoclave testing. The use of paper wrapped steel center
plugs appears to eliminate arcing against the clad. Changing the
cap shape has overccme the weld problems. It remeins to be de-
termined whether 100 percent bonding of the Zircaloy cap to the
uranium is being accomplished.

Self-Brazed Closures. Four approaches to the problem of preventing
the flow of uranium or uranium alloys into the annuli between the
Zircaloy cap and the Zircaloy sidewalls were experimentally tried:

1. Using the familiar V-contoured cap, the slant faces of
the V only were plated with Cu and N1, and then tinned.
After assembly and electron beam welding, the end of
the test element was processed in the seam welder in the
325 Building with hand manipulation and three different
povwer settings. The closure was then hot-pressed in the
Sciaky heavy duty welder as described in earlier reports.
Subsequent ultrasonic testing showed the bonds, both at
the U/Zry interface and at the Zry/Zry interfaces, to be
essentially sound. Incremental removal of the slug end
by lathe turning, with electrographic testing for uranium
at intervals indicated that with proper adjustment of the
seam welder and welding conditions, the Zry-Zry bond may
be made sound enough to prevent the plastic flow of uranium
into the annuli. This system has the edvantage that rno
corrodible material 1s introduced into the bond; hence,
it will offer maximum resistance to corrosive-type failure.
However, the mechanics of the operation are rather un-
wieldy and comparatively slow. A fixture for mechanically
guiding the element in the welding process is being made
up, and further trials under more ideal operating conditions
are anticipated.

2. Procedure was the same as for the first approach, except that
both the side walls and slant faces were "tinned" with the
Zr-Cu-Ni alloy before assembly and electron beam welding.
After Sciaky pressing, this specimen, too, appeared essen-
tially sound in the ultrasonic test. Dissection showed
some splkes of uranium alloy within 0.080-inch of the end
face. The annuli were almost entirely filled with the
bonding alloy.

3. The standard cap was grooved midway on the side walls and
Cu-Ni plated Zircaloy wire snap rings were installed in the
grooves. The cap was then induction-heated to form an ex-
cess of Zr-Cu-Ni alloy in the grooves. After assembly and
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electron beam welding, the slug was hot-pressed in
the Sciaky welder. After removal of 0.072-inch
from the end face, no uranium had yet been en-
countered in annuli. However, the width of the
annulus was excessive and presumably it would have
lower corrosion resistance than is desirable.

There appeared alsc to be more erosion and thinning
of the jacket than is experienced in other processes
except pre-placement brazing.

4. Flat-faced caps egquipped with 0.075-inch tapered skirts
were pre-tinned on the faying surfaces and electron beam
welded into element ends having matching contcour. These
were then Sciaky pressed. Ultrasonic testing indicated
sound bonds, and subsequent incremental removal by lathe
turning did not encounter any uranium in the annuli on
one end clear down to the U-Zry interface. On the other
end, some tiny spikes of uranium were found at 0.075-
inch depth. This approach appears attractive from the
standpoint of operating time and simplicity, but loses
whatever advantage mignt accrue from the V-grocve con-
tour. Also, the Zr-Cu-Ni alloy layer in the amnnulus
may be less resistant to corrosion than desired. Auto-
clave testing of more pieces of this type is anticipated.

Fuel Element Heat Treatment. N-outer tube coextruded stock with
core material containing 640 ppm Al and 400 ppm Fe has been given

a variety of heat treatments to observe the effects on compcund
size and dispersion, grain size, clad-core bond and hardness. The
treatments included the effect of beta temperature holding time,
gamma temperature holding time; and subsequent alpha temperature
soaking. Metallographic examination is in progress. Hardness data
thus far hass shown minimum hardness following beta heat treatment
and 600-640 C alpha soaking. Initial hardening was observed at
lower alpha temperatures. Thickening of core-clad bond by diffusion
at 300 C in the gamma phase reduced its strength to the point that
bond fracture occurred on quenching. Bonds of equal thickness pro-
duced by long periods in the beta phase were not fractured in
quenching. probably due tc the reduction in stress.

NPR Quter Fuel Element Support. Testing of the steel clad support
for the N-Reactor fuel element assembly is continuing in the 306
Building. Following previously reported tests (five-foot long
process tube section) facilities were scaled up to accommodate
longer tube sections. A 17-foot long section of process tubing was
used to "shake down" facilities and equipment before using longer

H
e b
i

LA
¥

H

rd

-5



tubes. Seven elements, five under static water conditions, and
two under 30 gpm water flow rate, were charged through the tube
with no evidence of tube damage.

A 52-foot eight-inch length of tube was cleaned in the same manner
(one hour detergent soak, flush rinse, high velocity water jet im-
pinged on wall full length), and set up to test at a 30 gpm flow
rate. The first fuel element scratched the tube on one side, i.e.,
one set of supports. A single scratch started at approximately
nineteen feet from the discharge end of the tube. At approximately
seventeen feet the scratch divided into two scratches, apparently
where the second support crossed the original scratch. The two
scratches continued in & criss-cross pattern to the end of the tube
(17 feet). The scratches are about 0.0002 to 0.0006-inch deep, and
0.002 to 0.00k-inch wide. It appears to have started by imbedding
an obJject in the iron shoe and breaking the oxide film.

The other set of supports passed directly over a projection on the
tube wall which severely gouged the supports. The projection re-
mained in place and no scratching was lnitiated by the gouged
supports. The tube was rotated approximately ninety degrees, re-
cleaned with the jet, and testing resumed. Seven additional elements
have now been charged (singly) through the tube with no.evidence of
scratching.

Fabrication of N Inner Supports. Difficulties encountered off-site
in producing required quantities of N inner supports of acceptable
quality have resulted in a laboratory program to fabricate a demon-
stration quantity of supports. One phase of the program is to
develop a method for making Zircaloy-2 strip that has consistently
high bend ductility (one which will make a crack free bend through
a bend radius of 1.5 times the strip thickness). Another phase is
to develop test and quality control methods on which process speci-
fications for the production of supports may be written.

The sheet forming processes investigated so far show definite evidence
that the texture of Zircaloy-2 has a large effect on its bend ductility.
Grain size has a smaller, but important, effect. The desired texture

is one in which a strain in the length direction of the strip produces
a high reduction in strip thickness. High bend ductility has been
found to exist in extruded material. A major effort is being directed
toward producing the desired textures by economically feasible fab-
rication methods.

A cyclic flexure test was developed for completed supports that clearly
distinguishes cracked or poor quality supports from acceptable supports.
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Fuel Deformation Studies. Samples for density, metallography and
burnup were cut from Zircaloy-2 clad uranium rods irradiated with
intentional striations in the cladding up to thirty percent of the
nominal cladding thickness. Metallographic examination of a sample
with 3.5 percent total cladding strain has shown that some localized
deformation is occurring in the region of the striatiomns. This is
evidenced by the uranium directly under the seven striations in the
cladding moving outward from its normal circular contour. However,
even in this sample, with striations of 30 percent of the cladding
thickness, the localized straining accounts for only & fraction of
the total cladding strein. This observed lack of localized defor-
mation is in agreement with observations on fuel elements irradiated
at cladding temperatures of 350 C and above.

Density measurements show swelling of the unalloyed uranium to be
between 3.1 and 3.3 percent at an approximate volume average
temperature of 535 C. The burnup on these samples is estimated

at 0.16 a/o. Density decreases for the U-2 w/o Zircaloy alloy fuel
are much larger, being 7.7 to 8.3 percent at approximately the same
volume average temperatures. Burnup measurements on the alloy
samples given an average value of 0.2 a/o.

Fabrication of components for a second irradiation test of fuel rods
with non-uniform cladding thickness has continued. Machining,
welding and autoradiographing of the elements are complete.

Glass Extrusion Lubricants. Four lead glasses were prepared in
attempting to find a suitable lubricant for coextrusion purposes.
Plasma spraying of the glass particles was attempted &s a means
of applying the glass to the billet in a uniform coating, but
proved unsuccessful. Two glasses were evaluated by brush coating
two Zr-2 billets and hot extrusion was performed in the TOO-ton
press. Both billets had extrusion constants comparable to copper
clad billets, but caused galling of the die, notably towards the
end of the extrusion. This behavior may be explained by the fact
that as the glass lubricant neared the die throat, the increase in
speed caused the glass to lose its lubricating properties.

Extrusion Behavior and Properties of Zirconium Alloys. Corrosion
tests in 750 F, 1500 psi steam and 630 F water are continuing for
a series of zirconium alloys of two oxygen levels and varying tin
content. Current exposure is approximately 70 days. At the last
inspection the low oxygen series had lower weight gains than the
high oxygen series and had lower weight gains with increasing tin
content. Room temperature tensile tests have been completed for
these materials and elevated temperature tests are in progress.




The room temperature tests have shown increases in yield and tensile
strength and decreases in ductility with increased oxygen or tin
content .

Crud Probe. Four one-inch diameter crud probes with short thermo-

couples have been assembled. The Zircaloy-2 clad thermocouple,

Zircaloy-2 end cap, and Zircaloy-2 conical sleeve above the end
cap will be brazed together in the closure brazing operation. These
pieces will be used in ex-reactor studies.

A one-inch diameter rod with a O.5-inch diameter uranium core and
0.25-inch Zircaloy-2 cladding has been successfully extruded by
Fuels Fabrication Development Operation. This extrusion is being
evaluated for possible use in the development of a pcwer prcbe to
be used in crud deposition studies.

In-Reactor Rupture Device. An N inner fuel element was ruptured in

the BIR PJ7'Loop at high temperature and pressure, using a new rup-
turing device which can be adapted to any surface of an N fuel ele-
ment. The rupture device is a hydraulically operated shaper that
cuts a small slot through the cladding of the fuel element. The use
of this device permits the rupture testing of an irradiated N element
without pre-selection and defecting prior to irradiation.

REACTOR PROGRAM

Gas Atmosphere Studies

Hydriding of Zircaloy-2 in Hydrogen-Carbon Monoxide-Helium Mixftures.

Last month data were reported showing accelerated hydriding of Zr-2
after two weeks at 325, 375 and 425 C in a carefully purified He -

4% Ho - 2% CO mixture. In a recent experiment Zircaloy was exposed

at 375 and 425 C to the same purified gas after the gas had contacted
a 600 C graphite bar to allow some water formation by the reverse
water gas reaction: Hp + CO &= HpO0 ¥ C. In contrast to the previcus
results the water generated by this reaction formed oxide films on the
Zircaloy; however, no water was detected in the effluent gas. It
appears that the water formation rate was insufficient to match the
Zircaloy consumption rate and the samples gettered all available water.
This conclusion is strengthened by the oxide weight gains on the
samples showing a definite position effect with samples nearest the
gas inlet having the most oxide. The weight gains of all the samples
were sub-normal for this time at temperature. The current theory of
gas phase hydriding would predict that the samples should have hy-
drided. Half of the samples have been analyzed to date, 6 all have

shown hydriding including pre-autoclaved samples.
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A new experiment has been started similar to the previous ones,
except a bed of graphite chips at 750 C was substituted for the
graphite bar to increase the rate of the water formation reaction.
No data from this experiment are yet available.

Electrical Resistence Measurements of ZrOp Corrosion Films. Addi-
tional measurements have been made on the electrical resistance of
the corrosion film on two pairs of alphe annealed and beta quenched
Zircaloy-2 samples. The resistance of the first pair was measured
after oxidizing 24 hours in low pressure water vapor; the second
pair after 24 hours autoclaving in 400 C, 1500 psi. In both cases
the results confirmed those reported last month that the corrosion
film on the beta quenched sample hed a lower electrical resistance.
Similar measurements on crystal bar zirconium showed no significant
difference in electrical resistance between the alpha annealed and
beta heat treated samples. This was to be expected since pure zir-
conium has little or no second phase material to take into solution
by heat treating. Thus, there would be no effect from solution heat
treatment on the semi-conducting properties of the corrosion film.

Preliminary tests in the laboratory have been completed on & cap-
sule for measuring the electrical resistance between a zirconium
oxide film and graphite. Two cycles have been completed in which
the oxide resistance changed from 10 megaohms to 15 ohm depending
on the oxidizing character of the gas environment. The resistance
is controlled by the moisture content of the helium over the sample.
Resistance measurements obtained will be compared to in-reactor
measurements. The capsule is ready to be charged into KE-Reactor
and charging should be accomplished during the next reactor shut-
down.

Graphite Burnout Monitoring. The effectiveness of a Process Change
Authorization (PCA) designed to minimize air in-leakage and reduce
the inlet dew points continued to be demonstrated by results at
H-Reactor. On August 2, 1962, small graphite burnout monitors were
discharged from channel 2577 at H-Reactor after 47 operating days.
A graph of the burnout profile showed a peak maximum of 2%/K0D at

a distance 80 inches into the graphite stack and a smaller peak of
1%/KOD at 200 inches.

The previous test conducted prior to the PCA from October 1961 to
May 1962, indicated the same peak locations but slightly higher
peak rates of 3 and 2%/KOD, respectively. The highest burnout rate
measured at H was 19%/KOD in the period from 9/14/60 to 10/23/61.
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Monitors in channel 3461 at B-Reactor from June 12 to July 23,
1962, showed only one peak. Its height was approximately T%/KOD
at 130 inches into the stack. These measurements showed the

same peek rates and locations as those in the previous test period
from April 7 to June 16, 1962. In this reactor, however, the PCA
had not been completely implemented.

At the next scheduled outage of B-Reactor two additional burnout
monitoring channels, 0373 and 1376, will be put into service.

It is planned that monitors 1.125-inch in diameter will be in-
serted along with the regular 0.43-inch ones, reducing the surface-
to-volume ratio by approximately ome-third. This should furnish a
better basis on which to predict the burnout rate of the moderator
bars themselves.

Corrosion and Coolant Systems Development

In-Line Analysis of Reactor Coolants. The dissolved oxygen
analyzer consists of a galvanic cell with silver and zinc elec-
trodes. During operation the sample stream to be analyzed flows
continuously through this cell. Oxidation of the zinc electrode
releases zinc ions and reduction of the dissolved oxygen produces
hydroxide ions in the sample stream. The cell current generated
by this oxidation-reduction process is directly proporticnal to
the dissolved oxygen concentraticn. An electrolytic cell is an
integral part of this analyzer and is used to generate oxygen gas
for calibration of the analyzer. This instrument is being
evaluated for application in pressurized water reactor coolant
streams containing trace amounts (0-100 ppb) of dissolved oxygen.
Laboratory scale testing of this amalyzer is nearly complete.
Variables evaluated to date include response time, temperature
effects, flow effects, conductivity effects, and use of litaium
hydroxide versus calcium carbonete for conductivity control. 1In
general, the analyzer works satisfactorily-

During the KER-3 hydrazine injection test, the ccmpeosition cf
the coolant was monitored continuously with an autcmatic, wet
chemical analyzer. This test demonstrated that the procedure
is highly accurate and sensitive to hydrazine content in the
0 to 1.2 ppm range.

A proposed procedure for ammonia analysis was evaluated for the
0-250 ppb concentration range. The analyses were reproducible
to within ¥ 10 ppb ammonia in this concentration range.

12301708 ﬁ
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Evaluation of a sodium sensitive electrode continued. This
electrode measures sodium ion concentrations in the same
manner, and with the same equipment, as standard electrodes
measure the hydrogen ion concentration. This electrode is
being evaluated for use in the NPR secondary coolant system
to detect raw water leakage from the dump candensers into the
secondary coolant system. The recommended operating procedure
involves adjustment of the solution pH to 9-11 with ammonia or
morpholine, to minimize interference from hydrogen ions, before
the sodium ion concentration is measured. Preliminary tests
demonstrated that the readings obtained for identical sodium
ion concentrations are extremely pH dependent. In general,
the solutions with the highest pH values yielded the most re-
producible and more nearly linear potential versus concentra-
tion curve.

KER-3 Hydrazine Injection Test. A four-day hydrazine injection
test was performed in KER-3 during & reactor outage. The purpose
of this test was to determine whether hydrazine is an effective
scavenger for the oxygen produced by radiolytic decomposition of
reactor coolant streams during reactor startup operations at low
coolant temperatures. During the early portion of the test the
hydrazine injection rate was relatively low, and considerable
oxygen (19 ppm) and hydrogen peroxide (6.5 ppm) were formed by
decomposition of the coolant. When the hydrazine injection

rate was subsequently increased to meintain a 0.5 ppm hydrazine
residual concentration, the oxygen and peroxide concentrations
decreased rapidly to very nearly negligible levels.

Corrosion of Zircaloy Under Heat Transfer Conditions. The fourth
test in TF-3 was completed during the month. Samples of Zr-2
were clamped against an Inconel-clad heater rod with a thin sheet
of gold placed between the two materials to serve as a gasket.
The Zr-2 was exposed to 580 F bulk water at a pH of 10.0 (using
LiOH) and a heat flux of 280,000 Btu/hr-ft=. The surface
temperature is estimated at 640 F based on heat transfer equa-
tions. The loop pressure was maintained at 2000 psi to produce
incipient boiling conditions. Visual observations of the samples
after 437 hours of exposure reveaied no untoward corrosion on

the external surface of the Zr-2. The gold gasket had bonded to
the Zr-2 inner surface in places; bonding was alsc observed be-
tween the Inconel and the gold. Despite the close fit between
components, it was quite evident that the loop water had seeped
into the crevice between the gold and Zr-2. While the Zr-2 was
not severely corroded, white corrosion product had formed on
areas of the surface where concentration of the LiOH had taken
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place. Some crud deposition had occurred on areas of the sample
exposed to the loop water, but these areas appeared otherwise
normal. The samples will be examined metallographically with
specific inspection for possible hydriding in regions of white
oxide formation.

Metallographic examination of the Zr-2 heat transfer sample from
the third test in TF-3 has been completed. The sample had been
exposed to 580 F water for 1584 hours at a heat flux of 280,000
Btu/hr-ft2 and a pH of 10.0 using LiOH. Incipient boiling condi-
ticns were maintained with a Zr-2 surface temperature estimated
at 637 F. Little hydriding was observed and the amount present
was comparable to as-received material. No apparent zones of
hydrides existed, indicating little if any migration had ozcurred.
Internal Zr-2 temperatures are estimated at 80C F. In a region

- of reduced diameter, cracks kad formed in the Zr-2 surface.

Corrosion of Materials in NPR Graphite Ccoling Water System. A
test to determine the corrosion rate and crud release rate of

A212 carbon steel and 304 stainless steel in simula*ted NPR graphite
cooling system water is continuing. Total accumulated exposurs

is 1850 hours. The carbon steel corrcsion rate is less than

0.05 mil/year and the stainless steel ccrrosion rate is negligible.
Crud release does not appear to be a problem.

Single-Step Decontaminant for NPR Carbon Steel System. Extensive
testing of the proprietary bisulfate base material as a cne-step
decontaminant for carbon steel has been ccmpleted. This material
effectively decontaminated carbon steel samples but was exces-
sively corrosive to carbon steel Insulated sampies of carben
steel were corroded apprcximately uniformly a total of 2.3 mils
during a 60-minute exposure in a 2.5% golution at 90 C. Severe
crevice corrosion was apparent at suppcrt contact points. These
resulte were quite at variance with resulits reported by the maru-
facturer. This was discussed with the munufacturer’s representa-
tives, and samples were given to them for additicral testing.

Structural Materials Developmert

Burst Tests of NPR and KER Tubing. Burst tests an three tempera-
tures have been completed on four types of WEFR process tubirng
and one of KER. Results are tabulated below. Each entry is the
average of three tests.
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Ultimate Hoop : Circumferential
Stress (psi) Elongation (%)
Ccld Room Room

Type Work Vendor _Temp. 150 C 300 C Temp 150C 300C
NPR 15 Harvey Aluminum 105,700 80,400 62,400 17.4 30.2 32.7
NPR 18 Chase Brass 106,300 78,300 61,300 16.8 28.1 20.8
NPR 30 BHarvey Aluminum 109,000 82,100 63,500 21.1 3k4.2 36.3
NPR 35  Allegheny-Ludlum 115,300 83,700 65,500 5.8 23.1 19.5
" KER 30 Harvey Aluminum 116,200 84,400 67,000 10.8 21.1 12.4

Although the total spread in hoop strength at a given temperature
for the NPR material is not great, it shows for the most part a
consistent increase with increasing cold work. The strength of
the KER tubing is significantly higher than might be expected on
the basis of cold work. At the same time its creep rate, as
reported last month, is about four times higher than that of the
NPR material. Whether this anomalous behavior is the result of
differences in geometry or in structure and fabrication history
is yet to be determined.

Ductility of the NPR tubing fabricated by Harvey Aluminum Company
is markedly superior, particularly at higher temperatures.
Reasons for this behavior as well as its possible effect on
brittle fracture characteristies will be the subject of future
investigation.

Prototype Irradiated Burst Vessel. The vessel was returned to
the vendor and coded in compliance with Section VIII of the ASME
Pressure Vessel Code for an internal pressure of 200 psig. The
vessel was then returned to Hanford and has been installed in the
327 Building Wet Storage Basin.

One non-irradiated piece of cold worked PRTR tubing was success-
fully burst in the facility. The conditions of the test were:

Maximum Pressure 6080 psi
Burst Pressure 5840 psi
Temperature 300 C.

The internal pressure build-up in the vessel after the sample

ruptured was measured to be 38 psig.
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Graphite Studies

Stored Energy. The total stored energy in graphite samples ir-
Tadiated to 10,500 Mwd/At (9.2 x 1020 , E > 0.18 Mev) in Hanford
cooled test holes was redetermined at 670 cal/gm rather than

650 cal/gm reported previously. A computational error had produced
the earlier result. Because of this change, it appears that the
total stored energy has not yet fully saturated.

The results from two series of samples, which were exposed in the
cooled test holes and then given five-minute anneals at various
selected temperatures, were also received from N.B.S. These re-
sults substantiate previous data which indicate that the stored
energy releasable may exceed the specific heat of the graphite in
the approximate interval 1200-1600 C.

NPR Graphite Irradiations. The status of the two capsules, H-4-2

and H-6-1, of the series of long-term irradiations of NPR graphite
is unchanged from last month. Due tc maintenance problems the
General Electric Test Reactor is having an extended outage prior
to Cycle 36. At the end of the cycle, H-6-1 will be removed from
the reactor. '

Construction of the second of the second-generation capsules, H-5-2,
is complete and the capsule is awaiting shipment. It will be in-
stalled in the D-T7 position of the GETR during the first week in
September. It is scheduled for an irradiation period of five re-
actor cycles.

Thermal Hydraulic Studies

Visual Studies of the Effects of Fuel Supports on Boiling. Labcratory

experiments were continued 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 the
latest experiments consisted of a 1.340-inch OD electrically heated
tube placed inside of a 1.504-inch ID glass tube with the water
coolant flowing in the arnulus between the two tubes. The elec-
trically heated tube had different types of fuel centering devices
attached to the heated surface. These represented the supperts

for fuel elements in an overbore tube for C-Reactor, a "suitcase
handle bumper" for BDF reactor, an elliptical-shaped bumper for BDF
reactor, and an aluminum oxide support often used for electrical
insulation on test sections in the heat transfer laboratory.
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The experiments were run at flow conditions corresponding to those
in the flow annuli of central zone tubes (32.4 gpm) and fringe
zone tubes (18.6 gpm). Visual examination and high speed motion
pictures were made of the test section while the heat generation
was gradually increased. The following is a summary of the data.

Run Heat Flux

No. Conditions Btu/hr-sq ft Comments

28 Central zone, coaxial place- 455,000 and No boiling visible.
ment, "C" overbore self 700,000
supports.

29 Fringe zone, coaxial place- 206,000 No boiling visible.
ment, "C" overbore self 318,000 and
supports. 452,000

30 Fringe zone, coaxial place- 4Lk ,000 and No boiling visible. A
ment, "C" overbore self sup- 788,000 few small bubbles issued
ports and "BDF suitcase from under downstream end
handle bumpers"” both in field of the BDF bumper.
of view. .

31 Fringe zone, coaxial place- 204,000 A few small bubbles
ment, BDF elliptical bumpers 311,000 and issued from under center
and aluminum oxide supports 610,000 of elliptical bumper.
both in field of view. Some bubbles originated

on surface.
32 Central zone, coaxial place- 455,000 and No boiling visible.

ment, BDF elliptical bumpers 660,000
and aluminum oxide supports
both in field of view.

33 Fringe zone, "BDF suitcase 204,000 and No visual evidence of
handle bumpers" touching 301,000 boiling at bumper but
glass tube (0.04O-inch large amount of small
annulus). bubbles originated on

test section surface.

From these experiments it can be concluded that little boiling is
initiated on fuel elements due to the centering devices when the
fuel is centered coazially within the process tube. Additional
tests with eccentrically located heater tubes are planned.
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Hydraulic Tests. A nine-tube segment of an ll-foot long titanium

tube bundle used in liquid waste evaporators was examined for vi-
bration in simulated ocperation to determine if the tubes would
strike one another. Vibration measurements with the bundle sub-
merged in water and air bubbled past the tubes showed a frequency
of about 10 cycles per second with & maximum amplitude of ¥ 0.OLk-
inch compared to a tube separation of 0.125-inch. Vibration mea-
surements have not been completed for the bundle heated with steam
but initial measurements indicate vibration frequencies of 10-12
cycles per second with meximum amplitudes of ¥ 0.0LO-inch.

Boiling Burnout Data. Burnout data obtained at Hanford using

0.4kh-1nch ID internally cooled heater tubes were compared with
similar data obtained by GE-APED (GEAP-3843) using 1/2-inch OD
externally ¢ooled heater rods. Agreement between the two sets of
data was very good. '

The Hanford data were obtained with horizontal test sections of
30 and 60-inch lengths and with l4k-inch long test sections with
both vertical and horizontal orientation. Data in both the sub-
cooled and ;uality regions were obtained. Mass velocities ranged
from 5 x 107 1b/hr-sq £t to 7 x 106 1b/hr-sq ft, at pressures of
1015 psia and 1515 psia.

The APED experiments were conducted with vertical test sections of
29 and 36-inch lengths. Burnouts were obtained in the subccoled
and quality regions, at mass velocities ranging from 5 x 102 1o/
hr-sq ft to 6 x 109 1b/hr-sq ft, and at pressures of 1000 and
1400 psia.

Comparisons were made by plotting burnout heat flux versus coolant
enthalpy for each pressure and mass velocity. In cases where dup-
licate experimental conditions were obtained at the two sites,
agreement between the data was excellent. In other cases, where
the experimental conditions were not duplicated exactly, the data
from APED appeared to fit very well with an extrapolation cof the
HAPO data.

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 develcp-
ment programs of the University of California Lawrence Radiation Labora-
tory (Project Whitney). Details of these activities are reported
separately via distribution lists appropriate to weapons development

work.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Irradiaticr of Special Elements in the PRTR. Early in the month a
swage compacted MgO-PuOz 19-rod cluster fuel element failed shortly
after fuel charging and reactor startup. Later, after ar exposure
of about 9 MWD, the element was discharged due to excessive coolant
activity. During this time, it was subjected to several thermal

cycles.

The ruptured rod was located and removed from the cluster in the
fuel discharge pit and sent to Rediaometallurgy for a detailed
examination. A longitudinal split was found on the outside of one
of the cuter rods in the cluster about 36 inches from the top.

The split was about one and one-half inches long and had opened up
abcut one-fourth inch at the widest point. The Zircaloy cladding
had swelled nonuniformly for about four inches on each side of the
eplit. Measurements indicate that about two inches of fuel are
missing below the failure point (upstream end) end about six inches
of fuel haé washed out above the split in the cladding (downstream
end). A total of about 9.5 inches of core material which contained
about 1.8 gms of plutonium has escaped from the fuel rod. The
maximm calculated core temperature for this fuel element cperating
ir the PRTR was about 900 C so that no appreciable in-reactor
sintering was expected to occur. Examination of the element is
cortinuing.

UQp-PuQp Capsule Tests. The capsule (GEH-14-85) contairing high
density UQz - 2.57 mole percent PuOy was dlscnarged from the MIR.
Estimated exposure is 3 x 1020 fissions/cm3 or 10,000 MWD/T of
UOp-PuOz. Capsules GEH-14-85 and 86 were returned to Hanford for
radiometallurgical examination. The latter capsule contains high
density UOp - 4.13 mole percent Pu09 and has an estimated average
exposure of 1.7 x 102C fissions/cm3 or 5600 MWD/T of UQp-Pulp.

A paper, HW-SA-2675, summarizing the work to date on the irradia-
tion testing of 24 UOp-PuOp capsules has been accepted for pre-
sentation at the ANS Winter Meeting in November 1962.

UO2-PuQp Prototype Irradiatiorn Testing. Examinaticn of the 4k2-inch
long cosine enriched UOp-PuOp seven-rcd cluster is continuing in
Radiometallurgy. More transverse and longitudinal sections of the
fuel rods have beer made through regions of high PuQy concentration.

UNCLASSIFIED
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Central voids and columnar grains have formed in some areas which
had the most severe PuQp segregation. The fuel rods were vertical
during irradiation and the voids which have formed appear tc be
displaced toward the top of hot spots. Dark spots on the external
surfaces of the irradiated fuel rcds are definitely associated
with regions of high PuO2 concentration and result from localized
areas of abnormally high surface heat fluxes.

Phoenix Experiment. The irradiation and reactivity measuremerts on
the high-exposure aluminum-plutonivm samples are continuing in the
MR and ARMF. All three samples have now received five cycles cf
irradiation in the MIR. A reactivity transient measurement willi be
made with the sample which contains plutonium with inltially 16.33
percent Pu-240 immediately following its sixth cycle of irradiation.

Mg0-PuO2 and ZrQz2-PuQ2 Irradlation Capsules. Eight Zircalcy-clad
capsules (one-haelf-inch diameter x L inches long) containing ZrOs-
PuOs fuel pellets and eight containing MgO-Pu02 pellets have com-
pleted their irradiation in the ETR. ZrOz - 2.18 w/o Pulz ard
10.39 w/o PuOp pellets as well as MgO - 3.09 w/o PuO2 and 13.52 w/»
PuQo pellets were irradiated at different core temperatures for
different pericds of time. Calculated maximum core temperatures
for the ZrOp-Pulp samples were 1600 and 2800 C ard meximum Sempera-
tures for the MgO-PuQ2 specimens were calculated to be 1700 and
2200 C. Four of the irradiated MgO-PuQz samples are being examired.
Transverse sections of the samples shcw that general cracking has
occurred in the specimens which operated at the lower temperatures
whereas center voids and colummar grains have formed in the zamp.es
which operated at the higher temperatures.

A cursory examination of the ZrOp-PuQo specimens showed that diz-
colored areas indicative of kot spots were present cn the surface

cf some of the samples. The cladding cn one of the capsules <haz
contained ZrC,-10.39 w/o PuOp pellets which operated at the highest
power generation to the highest burnup has failed even though there
were no rupture indications during operation in the ETR. Twe icrngi-
tudinal cracks about one-half inch long and cone-fourth inch agart
have opened up at cne end of the capsule. The capsule has not
swelled appreciably suggesting a brittle type failure. The sample
will be examined in an effort to determine the cause of failure.

Extended Surface Plutcnium Fuels. In a scale-up experiment, a thirty-
gram plutcnium-zircorium alloy core was rell-clad with zirconium;
previous plates contained ten-gram plutonium cores. The bare
plutonium-zirconium core was assembled in the zirconium picture

frame, the steel sardwich welded shu*, ccld-rolled to compact the

NCLASSIFIED
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sandwich, and hot-rolled. The finished plate was well bonded,
however, wide spread alpha contamination existed on the plate
surfeces. The contamination was readily removed by etching
except on the edge where an alpha count of 5000 d/m existed.

The contaminetion was non-smearable but apparently rather general
throughout the bond zone since it occurred in meny locations and
was not removed by abrading. Further decontamination techniques
are being tried on this piece. In addition, coeting technigues
will be tried on the core material in order to prevent contamina-
tion in the first place. It is planned to try copper and nickel
plating and tin or zirconium foil wrappings. Aluminum foil wrap-
ping previously used was successful in preventing contamination
to the outside of the plate, but the aluminum apparently added to
the formation of intermetallic compounds in the plutonium-zirconium
core which in turn caused wide variations in the core thickness.

Fabrication of High Exposure Aluminum-Plutonium Fuel for Physics
Experiments. Aluminum-plutonium fuel rods containing high-240
plutonium eare being fabricated for use in the Physical Constants
Test Reactor. Alloy core rods were extruded about & year ago and
are now being loaded into Zircaloy sheath tubes. The fabrication
is about 50 percent complete.

One thousand high exposure aluminum-plutonium rods for the light
water critical experiment are also being fabricated. One hundred
and ten Al-2 w/o Pu billets have been cast for extrusion and
Zircaloy canning components are being machined.

Uranium Fuels Development

Thermocoupled Fuel Element. A thermocoupled fuel element was
assembled and delivered to PRTR for measurement of fuel tempera-
tures at several positions within the element during operation.

The 19-rod cluster contains six thermocoupled; fused UO2 fuel rods,
two of which were fabricated by cold swaging, two by hot swaging,
and two by vibrational compaction. A

Reinforced, Large Diameter Fuel Element Cladding. It has been
Shown that an empty four-inch length of 2.328-inch OD x 0.060-inch
wall Zr-2 tubing with end caps welded in place will collapse ex-
plosively when subjected to 1100 psi at 400 C. However, the same
cladding will not collapse under these conditions when connected
by five equally spaced ribs to a 3.068 x 0.060-inch wall Zr-2 outer
tube. The latter arrangement allows the fuel tube to resist col-
lapse until a pressure of 1500 psig at 400 C is reached. In addi-
tion to acting as a fuel cladding strengthener, the outer tube may
possibly be used as a disposable process tube.

UNCLASSIFIED
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Remote Fabrication Studies. Closed circuit televisicn equipment
was received and operated successfully. Calibration ani zoom
lens focusing were completed with one camera and are nearing
completion with the seccnd camera. Lighting effects are beirng
studied. The associated remote menipulator system for fues
handling was ordered; delivery 1s scheduled for December.

Thermal Hydraulic Studies

Shutdown Cooling of the PRTR.. Studies were made tc evaluate methcds
of cooling fuel in the PRIR during a tctal power cutage. In such a
case power to the primary coolent circulating pumps would he lost
and some alternate method of removing heat from the reactor would
be necessary.

Theoretical calculations performed in the past have indicated that,
following scram, natural convection of the primary ccolant would
be adequate to carry fissicn product decay heat from the fuel to
the steam generatcr without any boiling in the primery system.
Hcwever, there has been some reluctance tc depend on this method
until the theoretical adequacy is verified by experimentation.

Ir an effort to get & more accurate knowledge of flow during ratural
convection, results of PRTR primary system low-flow tests were eX-
amined. During & recent outage pressure drcps were measured Dy
members cf Test Reactor and Auxiliary Operation for flcw rates in
the range expected for natural convection. Results of these ex-
periments were ccmpared with thecretical pressure drops calculated
during previous natural convecticn studies. The compariscn indicazted
that, for a given natural convective head. the experimertal flcw
rates were substantially less than the thecretical values {on the
order of cne-half as great). Detailed descriptions cf the *est prec-
cedure, experimental setup, and experimental data are be -g examined
in an effort to resoive the discrepancy between the thecretical ard
experimental values.

The experimental data indicate that during a tctal power cutage the
flow rate would prcbably be irsufficient %5 prevent beoiling in the
primary system. In such a case, however, it 1s expected that boii-
ing would provide adequate cooling as long as fuel elements are
covered with water.

An altermative method, which has been given scme consideration, 1s
conling the reactcr by once-through circulation of light wa%er.

This would be accomplished by opering a two-inch vernt valve on the
pressurizer and depressurizing the primary system sc *hat water

UNCLASSIFIED
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could be supplied by the 100 psi head diesel well pump. Water from
the well pump would flow through the reactor, to the pressurizer,
and out the vent valve. Two basic guestions were raised in inves-
tigating the adequacy of such & procedure: (1) how long would it
take to depressurize the system to the point that water could be
supplied by the well pump, and (2) what liguid flow rates could be
provided after depressurization with flow being restricted by the
vent valve? Calcuiations were performed showing that once liquid
flow was established in the vent valve the flow rates would be more
thar. adequate to remove heat generated in the fuel elements. (Flow
rates range from 150 gpm for a 10 psi pressure drop across the valve
to about 475 gpm for & 100 psi pressure drop, with 100 to 20C gpm
being adeguate tc remove the heat.) However, the calculated time
from initiation of blowdown to the time the system pressure would
reach 100 psi; and light water injection could begin, was in excess
of 15 minutes; the blowdown being restricted by steam flashing in
the vent valve. During this time water would be flashing tc steam
throughout the primary system. It is impossible to say Just how
well fuel elements would be cooled during this period. If this
procedure is to be used for cooling during a total power outage,

it would be desireble tc provide either & higher pressure inJjection
pump or additional venting capacity to allow more rapid blowdown.

Thermal Hydraulic Analysis of the PRTR. A re-examination was made
of the thermal hydraulic analysis of the PRTR and its fuel elements
with particular emphasis placed or increasing the allowable power.
Results of experiments with electrically heat test sections were
ccmbined with analytical calculation to examine boiling burnout

and hydraulic stability conditions for both the Mk I (& 19-rod
bundie fuel element) and the Mk II-c (a nested tubular fuel element
ccnsisting of two tubes and a center rod).

It was concluded that the allcwable tube power could be increased
from 1200 KW tc 1300 KW if the inlet temperature would be decreased
sufficientiy tc prevent bulk boiling at the tube cutlet. It was
also concluded that the maximum heat flux could be increased from
400,000 tc about 750.000 Btu/hr-sq £t without violating & 1.85
boiling burnout safety factor proposed for the PRTR. A document
discussing the thermal hydraulics aspects of the increased power
generaticn and heat flux irn PRIR is being prepared.

Component Testing and Equipment Development

Mechanical Shim Rod. Detail design of the secornd gensraticn
mechanical shim rod assembly is apprcximately 70 percent ccmplsted.

UNCLASSIFIED
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Liquid Shim Control. Development work cn the liquid second
generation shim control for the PRIR has been indefinitely
postponed because of insufficient funding.

Shim Rod Environment Contrcl Test Facility. A shortage of craft
perscnnel and higher priority work limited progress on the in-
stallation of the shim rod envircnmental test facility.

EDEL-I Renovation. Installation of the new temperature mori-
toring system for the EDEL-I loop hLas been completed and checked
out. Installation of electrical wiring, controls, and the new
safety circuit is 85 percent completed. All raw water interties
and galvanized pipe are being removed from the deionized water
system in order to maintain high water quality and gocd deicnizer
resin life. The new system will be fabricated from 300 series
stainless steel and supplied with steam condensate instead of
raw water. All design work is complete and materials are either
received or are on order to install a feed and bleed system for
pressure control to replace the feed-bleed-steam pressurizer
control system previously used.

Fretting Corrosion Investigaticn. Investigation of equipmert
and test procedures to detect relative mction of a fuel element
in a PRTR pressure tube mounted in the EDEL-I lccp continued.
Consultation with Operations Research and Synthesis QOpsration
on test procedures indicates that an effective program of ir-
vestigation of the in-reactor variables on fuel elemert-process
tube motion car be readily desigred. Proper instrumentaticn
should enable the effect of these variables to be quickly
measured. Hcwever, it will be necessary tc correlate the rela-
tive motions of the fuel element and pressure tube compinernts
to the actual problem of tube fretting with longer term tests.

An eddy current technique to measure the relative moticns of a
PRTR fuel element and a process tube was bencn tested. Stawticrary
irductive ccils inside fuel rod tubes were excited with a 10C KC
alternating current source. Displacemert sensitivity of 12 mill:-
velts per mil of tube movement was obtained. Alfhcugh the resuits
shew the technique to be suitable, further wcrk to determire =r-
ironmental effects, such as operating temperature, are required.

Review of fuel element fabrication methcds to accommeodate &ddy
current inductive ccils in fuel rods has revealed no sericus
difficulties.

UNCLASSIFIED
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Shroud Tube Replacement Mockup. Work on the mockup pit was re-
initiateda or the first of the month and the pit excavation and
liner insteilation has progressed to the minus 22-foot level.

The pit will eventually be 32 feet deep. Fabricatior of the
mockup crates simulating a pcrtion of the top and bottom primary
shields ani the calandria, and design of speciel tools for shroud
tube rerlacement, has been stopped pending availablility of funds.
Desigr effort had progressed to the complete detail design of &
cut-off tocl for removing the shroud tube-top bellows weld and
“c the layout of a tool for removing the shroud tube-bottom tube

sheet weld.

Irlet Bellows to Pressure Tube Gas Seal. No additional testing

& developmertal work was performed on the PRTR inlet bellows to
pressure tube gas seal. It was agreed with Malntenance and
Equipment Engineering Operation cf TRAO that only limited addi-
tional development effcrt was justified to find an alternate

seal which is cheaper tc fabricate than the B-F Zircaloy ferrule
seal, which has proven satisfactory in laboratory leask rate tests.

Outlet Nozzle to Top Shield Gas Seal. Highly compressible
me-allic gaskets of special design have been received for testing.
These gaskete proved to be too thick for the present nozzle-
centering flange arrangemen*. as they prevent engagement of the
rozzle flange with the torque lugs or the centering flange,

vhich prevents the nozzle from turning. They may be tested with
the rew nozzle hold-down arrangement which does not use the
existing torgue lugs.

Hazards Analysis

Reactcr kinetics studies were continued of a urniformly enriched
PRIR core consisting entirely of mixed crystal; UOo-PuOo, fuel
elements. All of the analog studies for the 0.75 w/o plutoxium
enrichment level vwere ccmpleted. These studies indicate that
the uniformiy enriched mixed crystal, UOp-PuOp. core can be
cperated as safely as +the initiasl spike enrichment core contain-
ing natural UQp fuel elements apd plutcnium-aluminum spike en-
richmert fuel elemerts.

Pressure equalization between the process cell and the reactor
hall fellowing the occurrence of a large leak in the PRTR primary
ccclart system was analyzed. Two paths exist for pressure equali-
zation, the pressure relief doors cn the steam generator enclosure
which oper. at a differential pressure of 4 psi arnd the two doors
from the process 2ell to "C" cell stairway. Ccneidering only the
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100 square foot pressure relief doors on the steam generatcr en-
closure for pressure equalization; the pressure difference bhetween
the process cell and the reactor hall would increase rapidly umtil
the pressure relief doors would open at 4 psi and then drop to
about 0.2 psi after the doors opened. Shielding blocks in the
process cell and "B" cell ceilling are bolted dowrn to withstand a
15 psi differential pressure. The cover blocks on the fuel
examination facility would be lifted by a pressure in the facility
5.7 psi greater than the pressure in the reactcr hall, but this
pressure differential is not expected to occur.

Plutonium Recycle Critical Facility

Hazards Analysis. Analog studies of PRCF ccre configuraticns with
100, 60, 60 and 35 percent of the fissions occurring in plutorium
were completed. For these various ccre cconfigurations excursions
were Initiated for two cases - with the reactcr assumed to be sub-
critical and with the reactor operating at 100 watts power level.
All analog studies terminated by reactor scram showed no measurable
fuel temperature increase. Studies of the all-plutonium lcadings
terminated by steam formation in the moderator indicated no fuel
element melting would occur at the peak of the excursion.

'Preparation of comment issues of the PRCF Process Specifications'
is approximately 90 percent completed. Preparatior of the firal
drafts for approval is about 15 percent ccmpleted.

PRTR Rupture Loop

Ccmpenent Testing and Equipment Development. Thermal cycling ars
stress tests on the Grayloc connector were delayed pending de-
livery of the new EDEL-2 circulating pump shaft.

Essentially all comporents, special tools, and =quipmert f-r dis-
charging rupture loop fuel elements assigned tc EDC have beer
completed. An operatiocnal test of this equipment was corducted
during August. A simulated discharge of the pressure tubte was
performed to the point of having the tube assembly ready for dis-
charge into the PRTR Fueling Vehicle. In general. performarce of
the over-all procedure was satisfactory. Minor difficulties wers
encountered; these are being corrected by improvemerts ¢ the

tools and/or procedures.

The present rupture loop fuel discharging procedure, which calls
for discharging the rupture element ard the pressure tube as an
assembly, is complex and time cousuming. A simpler, though
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longer range approach, is a cask method which will allow dis-
charge cf only the fuel elemert while mairtaining water ccoling
on the fuel elemernt at all times. A sccope design is being pre-
ptared of a cask to permit fuel discharge in this manner. It
will be patterned after an ETR cask which has proven satis-
factory in this type of operation.

PRTR Gas Loop

Component Testing and Equipment Development. The "as-built" work
on the in-reactor test section drawings for the gas loop has re-
vealed several additional requirements rnot provided for in the
original design. One of these pertains to the thermocoupies which
monitor for bowing of the test section, specifically, how to bring
them out of the reactor ccre. The possibility of bringing these
ccuples through the top centering flange is being investigated.

A second requirement, for frequent examination of the inside sur-
face of the test section pressure tube. necessitates the removal
of an inner tube which acts as & thermal barrier. The present
inner tube fits too tightly tc be easily removed. As & result,
the inner liner is being redesigned for easy removel. :

The sample container cask for the gas lcop is being evaluated for
operability. Design cf shipping cradles for the sample casks 1s
under way. and the design of a new sample hclder installation and
removal tocl has been completed.

Materials Development

Effect of Vacuum Dissolution of Autoclaved ZrQp Films on the Cor-
rosior. of Zircaloy-< and Crystal Bar Zirconium. Preliminary date
from a series of heat treatments on 20 mg/dme oxide films on crys-
+al bar zirconium irdicate behavior similar to that cbserved
previously on Zircaloy-2. Vacuum heating at 600 C for times up
to 20 minutes caused no increase in the normal corrosion rate.
Heating for 60 minutes at 600 C increased the cxidation rate
appreciably (40 mg/dm® after three days compared to 20 mg/dm? for
ur.treated specimens).

Ir.-Reactor PRTR Pressure Tube Monitorirg. Renovation of the present
equipment f'cr visually inspecting and measuring fretting mark depths
in the PRTR prccess tubes is about 80 percent complete. Only
machining of the berescope shroud tube and final assembly remains

to be done. The new ruggedized dial gage for measuring the depths
of fretting marks has been fabricated and preliminary testing com-
pieted. Final tecsting is awaiting ccompleticn of the boresccpe
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shroud tube. The rencvated equipment is sized to permi® in-
spection of the PRTR rupture loop and gas lcop tubes. A letter
outlinirng the proposed menitoring programs for the two loops
has been sent to PRIR Operations.

The Mark III in-reactor monitoring equipment which ccmbines the
two present probes for visual and instrument inspections is 85
percent complete. The Omniscope objective secticn has been re-
turned from the vendor after having the lenses recemented. The
lenses separated when overheated by the borescope lignts. A
temperature actuated switch on the light pcwer supply has been
added to prevent a recurrence of the overheating. Provisions
for air cooling the lamp base also will be incorpcrated in the
design of a new light mount and depth gage assembly. Fabrica-
tion of the inspection probe rotating device is complete. imit
switches have been added to give full probe rotation withcut
over-travel. Readout equipment for remctely indicating the
depth of the probe in the pressure tube and the angle of probe
rotation has been installed on the control comnsole. The gas gap
probe has been assembled, and calibration has been started.
Functional testing of the X-Y recorder for continucus plctting
cf pressure tube inside diameters has begun. Problems with feed-
back of the Y signal ontc the X axis have been encountered and
are under investigation.

Post-Irradiation PRTR Pressure Tube Evaluatiocn. Metallcgrarhic
examination of the 24-mil upper fuel elemernt bracket corrcsion
mark from process tube 5540 (channel 1356} showed nc indicutiorn
of an increase in hydrogen content. Of the 21 corrosion marks
examined, only three have had a layer of hydride concentratzi
Just belew the mark. In two other ceses there was an indicution
of a slight increase in the number of hydride platelets in the
metal beneath the marks. In no case has hydriding been fcocund
under marks deeper than six mils. .

Decontamination of PRTR Compcrents. Some components removed [rom
PRTR were sent to 1706-KE for decortamination pricr to siaminaticn.
The standard procedure (APACE) was not effective. BEven after
several cycles, the activity levels were not decresass. sulficiently.
The activity could be removed by a combinatiorn of mechanical ard
chemical treatments, but straigh* chemical treatmerts did 1little
geod.

Scme ccupors were prepared from one of the compcnents (lower ring
header jumper) and were treated in several decontaminating soluticns
to determine an effective process. Two-step prccedures were used
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alkaiine permanganate followed by some inhivited acid or acid salt.
The two-step procedures using bisulfate, nitric acid; ammonium
citrate, or phosphoric acid were all ineffective. A two-step
procedure utilizing an oxalic acid compound as tne second step

wvas effective, giving & decontamination factor of ~ 150. In all
cases, when the decontamination factors were low, the film was not

removed.

Fretting Corrosion of Zircaloy. The hydraulic vibrator used to
induce vibration on a PRTR fuel element for a fretting test in TF-T
was replaced with an air-cperated vibrator when the hydraulic vi-
brator failed to function properly even after it had beer checked
at the factory. The air-operated vibrator induces a circular type
vibretior by means of a harderned ball revolving in & circular race-
way. The PRTR fuel element was vibrated one week at 80-100 cycles/
second, and then examined. Wear of less than one mil deep and
approxxmately 1" x é" ir area was found on the process tube where
the loose end of the cut wire wrapping of *the fuel element came in
contact. No other wear was observed. is test is being run in
pH 4.5 water at 300 C. At the next shutdown period the pH will be
returned to 10.0 tc more closely duplicate PRIR conditions.

PLUTONTUM UTILIZATIQON STUDIES

Plutonium Oxides

Electrical resistivity measurements have been made on samples of
C/Pu ratios 1.84, 1.92 and 1.96. The eutectoid reaction at 280 C
was not detected; however, the temperature limit for the solid
immiscibility region was readily observed. The single face
centered cubic phase existing above this region had an electronic
activation energy of 0.50 ¥ 0.02 eV. The activation energy in this
region varied directly with O/Pu ratic, as did the room temperature
resistivity.

Thermal emf measurements at high temperature have been initiated.
Scme problems have been erccuntered with maintaining vacuum te
prevert oxidation. It has been definitely shown that the sign

and magnitude of the voltege generated change when oxidation occurs.

The p-type conductivity of PuOp.y is now believed to be due to the
&alpha Pu203 which coexists with PuOs at room temperature cver the

compesition range of O/Pu of 1.62 to 1.98.

Diletometer experiments on Pul, .91 @nd Pu0y gy have shown the hy-

steresis characteristic of the réduced oxides at 300 and 65C C.
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Expansicn coefficients for PuOo_y compositicns are presently
being calculated. A least squares fit applied to high
temperature x-ray diffraction data has shown that the expansion
of Pu0p oo can be represented by a second order polynominsal.

The program has been resubmitted to the IBM-TO90 to calculete
coefficients for the interval 24-1275 C. The earlier cceffi-
cients covered a temperature range of 24-1620 C and were slightly
in error due to an oxygen loss from the sample above 1275. These
data will be reported shortly in HW-T4788.

Several samples with O/Pu ratios of 1.77, 1.80, 1.85 and 1.86
were heated to 600 C, held there for several days, and ther
cooled to room temperature at a rate of 5-10 C per hour. Re-
sultart x-ray powder patterns showed, for each sample, a two-
phase mixture of body centered cubic (BCC) alpha-Pup03 acd face
centered cubic (FCC) PuOp. The latter-phase may be slightly
oxygen-deficient to the extent of approximately Pu0y 98-

Based on resistivity, thermal expansion, x-ray diffraction, ard
thermnl emf experiments, a phase diagram has been constructed
for the Pu-0 system. The essential features are a eutectoid
reaction at PuQy 70 and 300 C between Pu0; g2 and PuCy,g8; the
existence of a two-phase loop between 300 and 650 C and from
Pu0; ,7q to Pulq ; and the existence c¢f a single-phase region
above 650 C. This’ region is cubic and possesses an oxygen-
deficient fluorite structure. A melting minimum is shown at
2280 and about PuQ; | 65: Pu0y, 62, previously referred to as
alpha-Pu203, has been found to melt congruently at 2400 C. This
phase exhibits an allotropic transformation below 80C C. The
phase relations below PuQy, 5 are a coexistence of beta PupQ3 ard
Plutonium metal. PuO appears extremely unstable and could Lot be
formed by reacting Pu and PupO3. This phase diagram will be pub-
lished shortly.

PuO2 Compatibility Tests

Samples of PuOp powder and metal powder, each 50 mcle percent,

were mixed and pressed for firing at about 1700 C for two hours

in a helium atmosphere. Subsequent x-ray powder patterns indi-
cated very slight reaction for a PuOp-molybdenum mixture., scme
observable reaction for a PuOz-tungsten mixture, and apparently
complete reaction for a PuOo-tantalum mixture. The powder pattern
for the PuOo-tantalum mixture revealed nc cbservable tartaium lires
after sintering.
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Pulz -~ Carvon Reacticns

3 i1es of Pulp powder and graphite powder were mixed and
pressed with peilets for attempts at preparing bsta-Pus0z. Pul
and PuC. After being held at 180C C for five arnd cne-half hours
i= & helium atmcsphere, x-ray powder patieIrs revealed, respec-
tively., 100 percent beta-Pupl3; a mixture of about three as yet
ordentified phases, and approximately 95 percert PuC end five

-k e ek

percent PuzCr The melting pcoint cf the beta-Puplz was observed

briir {0

©= be akcut 209C C.

P.oronium Cartides

L e

=ries of Pu-C alloys covering the region of 12 - 52 a/c C has

cer. enrested at 500 C for 124 hours in vacuum follcwed by an
sght-hour cooi te room temperature. X-ray diffraction examina-
icm indicated a slight increase in lattice cors tan® of the PuC
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greeter thar bl a/o C. A large difference in quality of the
diffraction spectra above ard belcw L1 a/o C was noted. Above
> a/c C the PuC phase gave & very clear pattern vwith well re-
c1ved high engle doublets. Below this composition, there were .
everal diffuse unindexed lines and the PuC doublets were blurred :
ard unresoivable. This is presumebly due to the formation of the ‘
zeta phazsz. Metallography hes indicated the presence of & reedie-

tike grow=h tetwearn the PuC grains arnd the alpha plutonium phase.
inrchardness deterwinations have shown & large increase atb

47 afo C. The hardness of the PuC phase above 43 &/c C appears

£z be preportisnal. to carbon content.
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Another anneal was performed on & series of plutonium-carton

allcys. In thiz experimer: the samples were held a* 600 C for

soied %o room temperature at the rate of C.13 C/mina
The purpose wag to cocl extremely slowly through the 275 C peri-
tectoid and achieve true equilibrium with respest to the zeta

phesz. X-ray powder patterns have agsin indicated a good crystelline
©2C phase above L1 a/c C. Below this compcsition the patterns were
and gave wany weak and diffuse Lines which were urindexed.
Scme Zire positisne ard intensities wers close to that of PuC, and

it 15 apparert that the zeta phase exhibits & discrganized lattice.
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temperature range 26 - 800 C. Measurements at higher temperatures
were prevented by oxidation of PuN at 1 x 10°" mm Hg, air. The
linear equation which best fits the lattice data was determined
by the method of least squares. The average coefficient of lipear
thermal expansion calculated from this equation is 13.80 x 10-9/Cc.

Microhardness data were obtained on dendritic PuN formed by arc-
melting plutonium under one atmosphere of nitrogen. The surface
of the specimen was electropolished in a tetraphosphoric acid
solution prior to testing. A Vickers 136 degree diamond pyramid
indentation was used with a 200-gram load. Photomicrographs show
cracking at each indentation, thus clearly displaying the brittle
nature of PuN. The average diamond pyramid hardness number, DPH,
computed from the best indentations is 370 Kg mm‘2°

UO> FUELS RESEARCH

UO2- Melting Studies

Motion pictures of UQo melting under argon pressures up to 15C0 psi
were taken through a microscope at 25X magnification. These show
graphically the effect of pressure in suppressing vaporizatiocr rfrom
both molten and solid UOgz.

Graphite Welding

There is interest in using graphite cans for fuel elements opera-
ting in high temperature gas-cooled reactors. Brazing, gluing and
mechanical seals have been used at various sites to make closures;
but there has been little, if any, success in welding graphite.

Preliminary experiments have shown that a graphite cap and tube
can be successfully welded together using magnetic force welding
technigues. However, with the existing setup, full machine
capacity is needed to obtain graphite bonding. This indicates
that a percussive welding technique would be best for graphite.

Irradiation of Swaged UQp

It was previously reported that two swaged UOp fuel capsules;
GEH-14-177 and GEH-3-52, were discharged from the reactor after
attaining exposures of 37,000 and 53,000 MWD/Ty, respectively.
Extensive post-irradiation examination, including improved mass
spectrometric burnup analyses, indicates that the original expcsure
estimates were in error; revised performance data for these cagp-
sules are shown in the accompanying table.
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: Irradiatior Data for
High Exposure Swaged UOp Capsules
GEH-1L-177 GEH-3-52
Ciadding OD, inch 0.565 0.700
Cladding Thickness, inch 0.030 6 0.050 6
Max. Surface Heat Flux, Btu/hr-ft 0.k x 10 0.k x 10
Exposure, MWD/Ty 14,200 23,200
Fission Gas Release, percent of
~ total formed 32.9 81.5

Xe/Kr ratio 9.95 9.57

High Rate Densification of UQp

Tungstern carbide dies being evaluated in the Dynapak machine fer
high rate densification of U0 were used repeatedly at impact
rressures of 350,000-400,000 psi without failing. At impact
pressures in excess of 350,000 psi, micronized UQp, o9 ir evacuated
cans at 1100-1200 C was densified to greater than 10.86 g/cc

(99 percent TD). Omygen/uranium ratio of the compacted UQOp was

ir the range 2.02-2.04. Hydrogen treatment at 1000 C reduced the
0/U ratio to < 2.01. High temperature treatment at 1750 C in hy-
drcgen did not cause bloating of the UDp, which indicates that
evacuating air from the cans before compacting prevents entrapment
of gas irn the Ulo.

Irradiation of UQp Containing Tungsten Marker Wires

Fost-irradiation examination of a U0z fuel capsule (GEH-4-72)
vhich criginally contained small tungsten wires in a spiral array
tends to confirm the hypothesis that the high density annular
region often coserved in irradiated fuel elements represents the
radial limit of initial melting. Examination of transverse cross-
sections of the l.4k-inch 0D fuel element revealed that the 0.0LL-
inch diameter by l/h-inch long tungsten wires originally present
in the central (predicted molten) region of the fuel are n¢ longer
present; probably because they sank in the molten UOp. Ceramo-
graphic examiration of this fuel capsule is continuing. A 75X
photomosaic of the entire fuel cross-section was obtairned to facili-
tate the study. - '

Phctomeseics of Fusl Elements

Irterpretation <f phenomena such as void migraticn. fuel relocation
aod mizrostructural changes in irradiated UQz fuels has been
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greatly facilitated by detailed examination of large photo-
mosaic reprcductions of sections of irradiated fuel elements.
However, comparisons with similar representations cf unir-
radiated fuel have been needed to assist in correlating

particle size distribution and fuel quality with effects observed
in irradiated specimens. To this end, a 75X photomosaic of a
transverse section of an unirradiated vibrationally compacted,
fused U0z fuel rod was prepared.

Thermal Conductivity of UOp

It has been found that the high temperature thermal corductivity
of UOp single crystals (measured at BMI for Hanford Labeoratcries)
can be expressed as the sum of three components: Phoneon conducti-
vity (kp), radiative conductivity (kr), and excitation process
conductivity (kex)

kobs = kp + Ky + Koy-
This summation can be expressed as a function of temperature (T).
= -E
kps = (A +B) + cT3 + DCrg

The constants in this expression have been evaluated from the
thermal conductivity data and appear to be of reascnable magnitude.

L. BASIC SWELLING PROGRAM

Irradiation Program

Two general swelling capsules charged into a reactcr last month
are still under irradiaticn. These have operated without Znziders
at 575 C. Two previcusly irradiated capsules remainr in the reactecr
ischarge basin for additional radioactive decay befcre shipmen* %o
Radicmetallurgy for disassembly. Two previcusly irradiated capsules
(#11 and #12) have been disassembled and the specimens recovered.
These specimens do not appear to be as distcrted and swollen as the
specimens from capsules 7 and 8 which were discussed in <he May and
June reports.

The chamber or the gereral swelling capsule enclosing the NaK erd
specimens has been redesigned to enable the installaticn cof twe
1/16" heaters in lieu cf the previously used 1/8" heater. The
construction of the capsule employing *his modification is about
ten percent complete. The 1/8" heaters ordered frcm cff-site have
not been received ard a delivery date is uncertain. A new speci-
fication, HW-T4572, has been prepared “c reorder 1/8" heaters. .
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Thermal cyclizg of the MIR prototype capsule has been completed.
This capsule contaired a solid ecylinder of urarium, one surface

of which was metallographically prepared. The specimen was
thermally cycled 100 times from approximately 70 C to 600 C.
Examination of this specimen is under way. Meanwhile, the capsule
will be disassembled tc permit removal of the heat transfer fins
and installstion of fins with a thicker cress-section. The

tnicker fins will help determine the meximum attainable temperature
for this capsule with a 1/16" heater and will empirically provide
needed informatior and corroboration of previously conducted heat
transfer calculations on the characteristics of this capsule design.
Two urarium samples consisting of one-half of a bete heat treated
sr.it, hollow cylinder and ancther half of a split, hoilow cylindsr

in the as-extruded condition will be thermally cycled in a Nek
anvironment in this capsule.

Pust-Irradiation Examination

Twe general swelling capsules, #il and #12, were cpened ir Redio-
mstallurgy, the specimens recovered and visual examination completed.
Each capsule contained six half, hcllow uranium cylirnders (arranged
in pairs it the capsule) with a 0.030-irnch wall thickness. Capsule
12 cpereted at a ceontrol temperature of 625 C except for a ore-
mirute temperature excursicn that went te 730 C followed by twe
days at 450 C. Tnis occurred at about two-thirds of goal exposure.
Capsule 11 was not controlled but cperated between 400 and L50 C
wher the reactor was at full power and st ambient temperature when
the reactor was off. The specimens from capsule 12 are in much
better cordition than are those in .capsule 11. These twe capsules
were irradiated in a tandem arrangnment in the same test tube tc an
estimated exposure of 0.16 a/o B.U. in the specimens. Two of the
three specimens in each capsule were irradiated in the as-extruded
corditicr. while the third sample had been vacuum annealed at 730 C
for 15 minutes fcllowed by a quench into oil at room temperature.

Tbe as-extruded specimen in capsule 12 that was adjacent to the
cnircl thermocouple exhibited no change in external appearance
duﬁ to irradietion. The other as-extruded specimern exhibited
very siight general warping and cnly cne corner of cne cf the half
cyiinders was severely warped. The beta-quenched specimen showed
distinct surface roughening (“bumping") arnd some general warping.

th of the as-extruded specimens in capsule 11 were warped and
rectional surface roughening had occurred leading to & striated
fibrcus appearance. The striations were parallel to the criginal
rus.on direction. The beta-quenched specimen was in very pocr
condition as severe warping and surface bumping had occurred.
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These observations leave little doubt but that "growth" or
"dimensional instability" effects are still active above LOO C
and probably as high as 600 C. This, of course; is contrary
to the popular belief that "growth" is inoperative above about
400 C. The appearance of these specimens tends to corroborate
the previous conclusions that the severe damage suffered by
the specimens in capsules 7 and 8 was due to "growth" rather
than to swelling.

Preliminary electron microscope examinaticn of a portion cf one
of the as-extruded samples from capsule 12 shows extensive
cracking and porosity ranging in size from 0.1 to 10 micrems.
The smaller pcres are in patches surrounded by large pores. The
pores do not exist preferentially at grain toundaries cr any
other crystallographic feature. The cracks are transgranular
and are bounded with pores of all sizes suggesting that gas has
not migrated into the crack. BExamination cof this specimer will
continue and the other specimens will be metallographicaliy pro-
cessed.

Examination of replicas prepared from Zircaloy-2 clad U (enriched) -
U (depleted) diffusion couples which had been annealed at 700 C

for 100 hours after irradiation- has been completed. Observations
based on these samples are similar to those made previocusly from

a U-U couple which had been annealed at 800 C, except that the

pore sizes in general are smaller than that cbserved in couples
annealed at 800 C. There is no conclusive indication that fissicn
gas diffusion has occurred across the U-U interface.

Supplemental Studies

A uranium specimen that was cycled 100 times between 75 C apd

600 C exhibited a great deal of surface roughening. Replicas
prepared on the cathodically etched surface before and after

cycling are being carefully examined and identical areas are

being compared. On the basis of these cbservaticns it would

appear that irradiating & uranium specimen with a precharacterized
surface at an elevated temperature would require that the capsuie
temperature be maintained constant when the reactor was down as

well as when it was up, thereby eliminating the effects of tempera-
ture cycling on the irradiation induced changes in surface *:pagraphy.

Three approaches for obtaining three dimensional pore size an
frequency information from electrcn micrographs of uranium surfaces

are being pursued. The first involves chcoice of a functional form
of the distribution, such as log-rormal with adjustable parameters,
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ard ther a determinatiorn of the twe dimensional dissribution
aralog ard comparisorn with the experimerntally determirned dis-
tributicr. data. The second appreach is tc unfcld the experi-
rerrel distribution data to yield a three dimensionail pict.
Tnis unfclding regquires knowledge of where pores are cut with
respect +¢ their cenfers. A number of micrographs have beern
analyzed and apparernt pore diameters and pcre shadow lengths
have beer measured. The shadow lengths, however, require prior
knowledge of the replica shadow angle which may vary from grain
te grair due tc etchirg characteristics. This variation is
currertly being irnvestigated with known standard sized spheres
of polystyrene which have been sprayed on the replica surface
pricr +2 shadowing. A third approach for obtaining reiiable
three dimensional distribution irvolves replctting of apparent
tvo dimernsional distribution data in terms of larger cell sizes.
Previous plots were constructed on the basis of a large rumber
of cells,; each cell having an associated range of pore diamesers.
Flots of pcre volume fracticr versus cell rnumber, where each
cell now is larger and includes four of the previously used
cells; have been obtained for two types of specimens (0.29 a/o
and 0.41 a/c burnup) which were annealed after irradiation at
various temperatures. Chenges in shapes of these distribution
curves are being determined.

5. IRRADIATICQN DAMAGE TC REACTOR METALS

Allioy Selecticn

Ar. allcy whose mechanical properties indicate that it may have
poterntial use to 1800 F is allcy R-27 which was developed by
Allegheny Ludlum Steel Corpcration. A cursory examination of
the effects of various oxidizing envirormernts arnd irradiaticn
at high temperatures is nov in progress. Twe oxidation tesus
were completed using COp at 1700 F and 1800 F. These tests in-
dicate that the R-27 alloy withstands these conditions as well
as the austenitic stainless stesls. Further tests will be
zarried cut in COp at 1500 F and 2000 F.

Tensile specimens of the R-27 alloy heave beern prepared. Specimens
ir. the fully amnealed conditicn have been tested at rcom tempera-
ture and fouund tc have a 0.2 percent yield streugth of 51,000 psi;
ar uwltimate tensile strength of 110,00C psi. ard & urifcrm elonga-
tion of 52 percent. Additicral specimens are being heat treated
and will be tested ir. the double aged conditior at room tempera-
ture. This aging is being accomplished by holdirg the specimens
at. 1400 F for eight hours, air cooling; followed by reheating to
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1400 F for 2k hours and air cooling. Additional specimens will
be double aged by holding the specimens at 1400 F for 24 hours,
air cooling, followed by reheating to 1400 F for 24 hours and
air cooling. The mechanical properties of the material treated
by these two methods will be compared.

Sheets of three additiomal alloys, Hastelloy N, Haynes R-k1, and
Haynes R-235, are being hot rolled in order that oxidation, cer-
rosion and tensile specimens car be fabricated.

Hanford Laboratories is to be responsible for the procurement,
storage, and disbursement of structural materials samples to be
used in the Irradiation Effects on Reactor Structural Materials
Program, where use of such material is by meore than one partici-
pating site. Approximately eight hundred square feet of space
has been acquired in the 3718 Buillding warehouse and plans for
storage facilities have been initiated.

In-Reactor Measurement of Mechanical Properties

A series of measurements were made of the activation energies of
Zircaloy-2 during neutron irradiation. These measurements ccafirm
values previously obtained and prcvide thermcdynamic evidence that
creep rates will be lowered during neutron irradiation; substan-
tiating observations of reduced rates during irradiation. The
activation energy measurements were made in a creep capsule whizh
had lost the front heater. The lcss cf the heater precluded runrning
a constant temperature creep test. However, a pcrtican of the
specimen could be controlled at variocus temperatures and the creep
rates at these temperatures could be measured. The activaticn
energy measurements, as previously reperted, were made using the
temperature increment method. The effect of the reduced gags
length of the specimen at an effective temperature is easily
accounted fer in the calculations since only the rates immedi-
ately before and immediately after a temperature change are heing
measured.

The activation energies found averaged 62,000 cal/mole betweer
275 C and 325 C and 86,900 cal/mole betweer 350 C and 375 C.
These values are accurate to * 5000 cal/mcle and are in agreement
with values previocusly reported for in-reactor creep. The high
activation energy value, 86,900 cal/mole, is attributed tc
annealing of radiation induced defects during the temperature
increment. This in turn increases the temperature dependence of
creep deformation in the damage annealing range. The 62,000 cal,"
mole value is within experimental error of the self-3iffusion
activatiorn energy fer the creep of Zircaley-2.
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The effect of radiation produced excess vacancies on the creep
~f metals has received considerable attention from various
+heoreticians. Quarntitative estimates ol the excess vacancy
effect predicts an increased diffusion rate and, therefore; av
increased dislozaticn climb rate of temperatures near one-half
the absolute melting temperature. The increased climb rate
would in turn produce an increase in creep rates. The activa-
tion energy for creep wher diffusion controlled consists of two
parts: the energy for vacancy motion and the energy for vacancy
formaticn. When vacancles are being created in greater numbers
by irradiation than by thermodynamic processes, only the acti-
vation for vacancy motion will be observed in creep activation
epergy studies.

Generally, creep is controlled by diffusion processes at high
temperatures, that is, at absolute temperatures greater than
cre-half the melting point of the metal. Zircaloy-2 has been
fcund tc behave in an anomalous feshion, in that the alpha to
teta phase transformation temperature (865 C) rather than the
melting temperature plays a role in determining the renge in
which diffusion processes occur rapidly; 300 C is very close
tc half the absolute temperature of the phase transformaticn,
consequently, measurements of activation erergies can be made
in the range 275 C tec 325 C. The in-reactor activation energy
in this temperature range (62,000 cal/mcle) is seen to include
the energies fcr both vacancy formaticn and vacancy motion.
Th.s observation indicates that a major revision of the
thecretical explanation of the effects of radiation on creep
rates must be considered. ’

Capsule development is currently concerned with improving the
reater 1ife in the creep capsules. Heater failures, short of
the expected lifetime, have been encourntered on the last two
capsules. Ir. one capsule, the 250 C creep test, the test was
terminated at 107 hours due to & heater failure; in another,

a heater failure occurred shortly after a test began. These
capsules are not entire losses as activation energy measurements
car be made when only one heater is gone. Heater failures were
congidered t¢ be either from a deterioration with time and
temperature, or from mechanical shock as & result of refluxing
i the internal cooling tubes, or a combination cf botk. Twe
laboratery mockups of the heaters were constructed,; both mockups
approximeting operational conditions with heaters and cooling
coils operasting in a pressurized helium atmosphere. Tempereture
cyzliing at 30 percent overloading failed tc produce heater
failures in a reascnable length of time. Consequently. the
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voitage or aging problem was nct considered ¢ be the scurce cof
trouble. Another test was ther begun with a constant power to
the heater assembly, and water in the cocler tubes was allcowed
to reflux. The refluxing of the water in the tubes produced a
mechanical shock that significantly reduced the heater lifetime.
This thermal refluxing of the water in the coolers is a condition
that is encountered in the in-reactcr capsules when zno water is
being circulated through the cooling coils. In the reactor, water
pressure in the cooling chanrel forces water back through the
cooling coils in the capsule until it 1s flashed tec steam ai the
heater. The steam condenses and the cycle repeats; giving a
mechanical shock each cycle. To prevent the thermal refluxirg,
the exhaust line from the coclers was returrned to the face cf

the reactor where a valve isclatss the lines from the water
pressure surrcunding the capsule. With the line returred to the
face of the reactor, the tubes can be drained cf all water when
cooling is not recessary, compietely eliminating the possibility
of refluxing.

Optimization of the saturable-reac+cr magnetic amplifier systems
now in use tc control the vcltage to Tthe heaters in the capsules
has been completed. It was fcurd tha*t the open locp gain #rarsfer
function of the system is ncrlinear. There are three basic modes
of reactor operation, each of which affects the transfer functicn
of the capsule: first, the reactor down and the water pressure
down provides medium cpen locp gain; seccnd. the reaztor dowr ard
the water pressure up gives high open iocp gain (clese 3 insta-
bility); and, third; the reactcr up and water pressure up refiects
a lcw oper loop gain (easy tc cecntrcl). Step resporse *ests of
control between the secord ard third mcdes of reacter cperation
(reactor dcwn, water up ani reactor up, warer up, gave a changs in
temperature per miliiamp ccntrcl signal that was nearly dcubled
between the *wo reactcr modes. At reacter up cne milliamp cortrol
signal resulted in a 72 C temperature chacgs, and at react:r i-wn
cre milliamp signal represented 140 ¢ chacge. This indicartes that
in order to ceontrol at all reactcr modes, zne of the elements of

the cren locp transfer function must be made nornlinear 1o z-Tpensate
for the ncrlirearity of the capsule. This c2uld be acermriishsd oy
ronlinearizaticr of the static transfer functicrn :f the magrnesic
amplifier saturable-reactor in suck a way as t¢ incresase the gairn
at low power demand and decrease the gain at high power demard.

A compromise, as is now the condition using the magretic amplifier,
is to set the contrel system tc an cptimum under *he worst mode
(reactor dowrn, water pressure up) ani “hus comtral with a siower
response time urnder all cther mcdes. As such . the resulting
temperature cortrol of plus or minus ons degree 1s cbtainable arder
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all modes; however, a sudden change in reactor conditions re-
flects a temperature depression of several degrees (normally
around five) and a slow recovery to the precise control point.
The temperature depression can be eliminated only by manually
adjusting the open loop gain at the time the transfer function
changes; it cannot be corrected automatically using magnetic
amplifier saturable-reactor systems. Although the present
system is tolerable, experiments are being conducted with proto-
type assemblies of differential amplifiers and integrating net-
werks to replace the magnetic amplifiers and saturable amplifiers
to provide automatic nonlinearization of the control functioms.

Irradiation Effects in Structural Materials

The purpose of this program is to investigate the combined
effects of radiation and reactor environment on the mechanical
properties of structural materials. Special attention will be
given to the determination of mechanical property changes pro-
duced in metals by irradiation at elevated temperetures.

During the month 25 tensile specimens irradiated in the G-T7 ETR
hot water loop were tested at 300 C. One of these specimens was
Zircaloy-2 and the remeinder were types 304 and 348 stainless
steel with varying amounts of cold work. An additional 26
Zircaloy-2 control tensile specimens with varying amounts of
cold work were tested at room temperature. The raw data from
these tests were programmed for electronic data processing.

Preliminary results of the tensile properties of a zirconium -

2 Sn - 2 Nb alloy, irradiated in the ETR at embient coolant tem-
peratureé heve been obtained. The alloy received an exposure of
1.1 x 1090 nvt (>1 Mev). Prior to irradiation this alloy was
heat treated to improve 1ts properties. The heat treatment con-
sisted of heating to 850 C for one hour, furnace cooling to
various test temperatures, holding at these temperatures for one
hour, then quenching in silicon oil. The entire heat treatment
was conducted in a vacuum system maintained at five microns
_pressure.

The unirradiated room temperature 0.2 percent yield strength of
this alloy quenched from 780, 740 and 660 C is 83,200, 81,500 and
74,500 psi, respectively. The average irradiated values are
115,200, 108,400 and 108,500 psi. The unirradiated yield strength
values of Zircaloy-2 in the ennealed, 20 percent, and 40 percent
cold worked states are 47,300, 80,100 and 86,100 psi compared with
72,000, 96,500 and 101,000 psi for an exposure of 1.1 x 1020 nvt
(> 1 Mev). The unirradiated ultimate strength for the zirconium -
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2 Sn - 2 Nb alloy quenched from 780, 740 ard 660 C is 108,00C.
105,000 and 86,000 psi; average values of irradisted specimerns
are 129,000, 120,100 and 117,600 psi, respectively. Unir-
radiated Zircaloy-2 in the anrealed, 20 percent and 40 percent
cold worked condition has an ultimate strength of 66,400, 89,000
and 96,300 psi compared with 82 soo, 99,000 ard 108,00C psi fer
an exposure of approximately 10é Total elongation is re-
duced from 15 tc 3.8 percent in tne 21rconium - 281 -20Nb
alloy treated at 780 C and from 28 to 6.2 percent when ftreated
at 660 C. Uniform elongation is similarly reduced frem 7 to

2.8 percent for the 780 C gquench and from 11 tc 3.6 percent for
the 66C C quench. These values are similar to reductions noted
in total and uniform elongation for Zircaloy-2 in varicus states
of cold work.

The data from these tests show that the strength characteristics
of the zireccnium - 2 Sn - 2 Nb alloy are superior tc those cf
Zircaloy-2 at the temperatures of irradiaticn and <esting imposed.
The uniform elongation of this alloy, which is the property most
drastically affected by neutron radiation; is alsc superior %z
that of Zircaloy-2. However, properties such as corrosicr re-
sistance and high *temperature strength must be ccnsidered in
evaluating the merit of this alloy for nuclear application.

Damage Mecharisms

The obJjective of this program is tco establish the nature of inter-
actions between defects present prior to irradiation and defecrs
produced by irradiation, and tc investigate the possibility cf

- neutralizing the effect of impurity atoms by chemical stabiliza-
tion. High-purity iron containing interstitial impurities, suckh
as carbon and nitrogen, and a chemical stabilizer such as tivanium
will be studied.

A preliminary investigation of impurity eflec%s in irradiated i1row
is continuing. Ingot iron which was decarburized and subsequertly
nitrogenized is the subject of this study. Damage recovery ir ir-
radiated ingot iron is presently being studied by mearz zf elec-
trical resistivity measurements Three specimens, wWith expcsures
of 5 x 1017, 1 x 1018 and 2 x 10%° nvt (fast) have beern subjected
to isochronal annealing treatments in 25 C increments up *o 300 C
Very little can be said about the recovery churacteristiecs excspt
that the resistivity decrease is greater with increasing expcsur
This suggests that orly one recovery stage will occur at the
higher exposures and two or mcre at the lower expcosures. These
studies will be extended to include decarburized and nitrcgenized
specimens.

4
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A total of 6.3 pounds of high purity iron, containing 100 ppm
impurity elements or less, is presently on hand. Reduction of
this material to a usable geometry is awaiting delivery of

‘special drawing dies.

Specimens of Inconel have been successfully thinned and examined
by transmissicn electron microscopy. A large number of dis-
locations were observed despite the 926 annealing treatment.
Pile-up of dislocations at grain boundaries and stacking faults
were also observed. Since the major constituent of this alloy
is nickel, & metal having & medium stacking fault energy, the
observations are as expected. Efforts to thin samples of
Inconel X and R-27, both nickel base alloys, are in progress.

High purity irom foils, 0.003-inch thick, cold rolled from iron
rod stcck, have been annesled at 600 C for two hours. Both the
cold worked and annealed foils were thinned for transmission
microscopy. As indicated previously, the specimens distort the
electron beam in the immersion lens and for satisfactory results
must be small in area. Attempts at obtaining small areas which
are sufficiently thin and free of mechanical work due to cutting
and maripulation are continuing.

Neutron Mcnitoring for Irradiation Experiments

Neutron spectra at various radial positions in K and C Reactor
lattice have been calculated to determine the degree of comprlexity
necessary for structural materials damage studies exposure calcu~
lations. Spectra were calculated using a continuous slowing model,

. diffusion theory code (GNU-II), & diffusion theory code with &

transport scattering matrix (HFN) and a transport theory code; Sy-
Sigrnificant differences in spectra calculated by these codes oc-
curred and because the Sy results correlated more exactly with
cbserved feoil activities; future spectral calculations will be
made with this medel.

GAS GRAPHITE STUDIES

Microwave Activation of Gases

He, No; Oo ard CO2 subjected to a microwave field are ionized.
The following table lists the species which have been identified
in the glow from these gases.
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IDENTIFICATION OF SPECIES IN A MICROWAVE GLCW DISCHARGE

Ionized Gas Species Identified

Helium He (neutral atom)

Oxygen 02, 02+: 0, ot, 03

Nitrogen No, No*, N, N: :

Carbon Dioxide Cg(?), Op, Op", COp oOr C02+, coO, CO*, C302

The rate of reaction of activated COp with graphite appears tc be pro-
portional to the geometric surface area of the sample. This implies
that the pore structure 1s unimportant with respect to this reaction.

EGCR Graphite Irradiation. The fourth capsule, H-3-4, in the series of
EGCR graphite irradiations was removed frcm the General Electric Test
Reactor on July 24, 1962. The capsule was successfully irradiated for
five reactor cycles for a total of 105.5 effective days at full reactor
power. The maximum exposure received by the samples which have been
irradiated in all four capsules of the H-3 series is estimated to be
1.1 x 1022 nvt, E >0.18 Mev. The capsule was successfully disassembled
in the hot cell and found to be in excellent condition. A small amcunt
of carbon and graphite deposit was observed on the inner wall of the
aluminum shell, as has been typical of all off-site graphite irradia-
tion capsules. All samples and flux monitors were returned tc Hanford
and are currently being measured. Eight of the nine thermoccuples

in the capsule operated satisfactorily during the entire irradiaticn
period, while number 7 failed eleven days before the end of the ir--:
radiation. Three of the thermocouples were saved and are being cali-
brated against a new thermocouple.

Construction has started on the fifth capsule, H-3-5; cf the series.
This capsule will contain 15 samples from H-3-4, three samples from

H-3-3, and six new samples. It will be installed in the GETR during
the first week in September and will be irradiated for four reactor

cycles. The design of the capsule assembly was modified slightly so
that the central cooling rings at each sample location are fixed ir

pcsition. This should eliminate problems in shifting of these rings
as the assembly 1s slid into the outer shell.

T. GRAPHITE RADIATION DAMAGE STUDIES

Radiation Exposure Units

Suggested exposure units for graphite irradiation include a fast-
neutron flux based on Ni activation assuming a fission spectrum.
A more refined technique, used at Hanford, incorporates a correction
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fa~t-» nazed or calculated fast neutron spectra tc compute the

restron fiux abcve 0.18 Mev. The adequacy of these urits has

peer checked against results from a calculaticn using the Sy code

for a K-type reactcr lattice. A Kirnchin arnd Pease thecry, modified
for Rutnerford scattering. was used o calculate the number cf dis-
pracements. The effect of spectrum changes was assessed by perfcruming
calcuiatisns at various radii from the edge of the process channel to
the graphite lattice boundary.

The ratio of the number of displacements to the equivalent fission
fiux from N: activation varied from 0.46 to 0.76 (approximately T70%
change ) in arbitrary units from the edge of the process channel to
the graphite lattice boundary. The magnitude of the difference il-
lustretes the inadequacy of an exposure unit based on the assumption
of an unmodified fission spectrum. In comparison the unit; nvt E

> .18 Mev. including correction for the calculated spectra; yielded
values for the above ratio which varied from 0.189 to 0.221 (~ 17%
char.ge ) from the edge of the process channel to the graphite lattice
bourndary. Thus the unit; nvt E >0.18 Mev, incorporating spectrum
correcticns is less sensitive to spectrum changes and hence more
suitable for relating test reactor data to graphite moderated re-
actors.

ALUMINUM CORROSION AND ALLOY DEVELOPMENT

Ailvmirum Corrosion In-Reactor

The first %est in H-1 Locp was discharged August 9. The primary purpose
-f the test was t¢ determine the effect of reactor radiation on corro-
gicn ard crud deposition. Coupons of X-8C01 and A-288 aluminum, nickel-
plated aluminum, Zircaloy-2, stairless steel, and carbon steel vere
exposed both in and cut of flux to recirculating deicnized water.

Tctal exposure durirg reactor operation was 1427 hours, of which 867
heurs was at 290 C, 560 hours at lower temperatures. The total ex-
posure is equivalent, in terms of expected corrosion, tc 1092 hours at
290 C. The pH ranged from 6.1 tc 8.9, with an average cf 7.9. The re-
15tivity ¢f the water ranged from 200,000 tc 1,20C.000 chm ¢m. This

rcm the mixed-bed clean-up ior-exchanger.

The three ir-flux coupon holders have beer discharged at Radiometallurgy
and the coupcns photographed. Or the basis ¢f visual observation; the
alumirum coupons appeared to be rather heavily corroded and had a

fairly heavy dark brown crud depssit. No corrosion was noticeable on
the rickeli-plated aluminum, but the crud deposit seemed tc be as heavy
as orn the urplated alumiruam. The same brown crud deposit was noticed

¢n the stainless steel and Zirecalsy-2 CoUPOLS.
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A few of the stainless steel and Zircaloy-2 coupons had been made
with thin disks of silver welded inside them 0.0l0-inch from one
face. A high beta flux occurs at the surface of the coupons as a
result of formation of Ag-108 and Ag-110 by neutron absorption and
subsequent decay by beta emission to give Cd-108 and Cd-110. The
expected beta flux is estimated at two to three times that expected
on the surface of the NPR fuel elements. Similar coupons of aluminum
could not be included in this charge because of fabrication problems.
As well as could be determined from visual observation, the amount of
crud deposited was the same over the silver disk as over the outer
edges of the coupons where the beta flux was rot present. This would
seem to indicate that the betea flux through the surface 1s not sig-
nificent in producing crud deposition, except as it contributes alcng
with gamma to the total dosage of ionizing radiation. The beta dcsage
at the surface of these coupons was comparable in terms of erergy
absorbed to that from gamma; a two-fold increase in total ionizing
radiation would not necessarily produce a visually evident change irn
crud thickness.

The coupons exposed out of flux at the far downstream end of the
charge did not show the brown crud deposit characteristic cf the
In-flux coupons. '

More firm conclusions will be possible later when quantitative crud
and corrosion data are available from measurements of weight losses
and film weights.

The H-1 Loop is now being conditioned for the second test, at pH 4.5
with phosphoric acid.

9. USAEC-AECL COOPERATIVE PROGRAM ON DEVELOPMENT OF HEAVY WATER MODERATED
POWER REACTORS

Thermal Hydraulic Studies

Eighteen boiling burnout points were determined during the seccnd
phase operation of the electrically heated model of a 0.050-inch
spaced 19-rod bundle fuel element. The following range of data were
obtained.
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Mass Flow Rate Burnout Heat Flux Exit Conditions at Burnout
Ir/hr-£t2, x 100 Btu/hr-ft2, x 106 Quality, % Subcooling, OF

0.5 0.30 to 0.49 17.6 to 134
1.0 0.50 to 0.97 14.0 to 139
2.0 0.63 to 0.9k 6.7 to 52
3.0 0.71 to 1.12 L.3 to 72
L.o 1.10 to 1.52 -- 8 te Th
5.0 1.30 and 1.73 -- 12 and 37

All data were obtained at 1200 psig with the test section in & hori-
zorntal position.

Tris test section differed from the first 0.050-inch spaced test
section in that the wire wraps used for spacing and flow mixing were
made from Irconel tubing filled with compacted MgO instead of ceramic
beads strung on wire as used previously. The change was made because
some of the ceramic beads crushed and allowed the rods to bow toward
each other during experimentations with the first test section.

The boiling burnout heat flux obtained with this second test section
agreed reascnably well with the data from the previous test section
at the higher flow rates but were 20 to 30 percent higher at the lower
flow rates. Included in the design of the new test section were four
thermocouples placed to measure sub-channel water temperatures at the
discharge end of the test section. A cursory inspection of the
temperatures recorded from these thermocouples indicated that there
vas not a wide spread in sub-channel water temperatures. This means
that mixing was reasonably good in this test section and that the
data obtained can be extrapolated to longer fuel elements with con-
fidence. During the course of experimentation the nevw test section
was operated at a mass flow rate of 5,000,000 lb/hr-sq ft. At this
flow rate & boiling burnout heat flux in excess of 1,700,000 Btu/hr-
sq ft was obtained at a sub-cooling of 36.8 F.

Dome Seal Type Nozzle Closures

Develcopment effort on the dome seal type nozzle closure has been
limited to stress analysis of the dome. General equations have been
developed which may be applied, within certain limitations, to dome
seals of varying spherical radius, thickness, material, etc. No
calculations for a specific dome design have been made as yet.
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REACTOR AND NUCLEAR SAFETY STUDIES

Advanced Reactor Concepts Studies

Fast Supercritical Pressure Power Reactor. The FSPPR is a 300 MWe
fast reactor vased on the Hanford SPPR design, the chief changes in
physical arrangement being elimination of the water moderator, to-
gether with attendant changes in control system, cooling of the outer
fuel cores, shielding, and fuel handling. Initial physics calcula-
tions are based on a 60-inch diameter core. With a two-foot blanket,
the reactor diameter would be about 9 feet versus 12 feet for the
SPPR. Aversge heat flux in this size core would be about 750,000 Btu/
hr-ftz, equal to the maximum in the SPPR. Better power flattening
and higher temperature tubing materials can be employed in this de-
sign. A number of thermal, hydraulic, and mechanical core design
parameters (e.g., insulation thickness number of tubes per element)
have been incorporated into a single design worksheet to provide a
means of rapldly estimating the relative lmportance of the parameters
and to provide input for physics analyses.

Core design calculations were initiated for the FSPPR. The same
l6-group diffusion theory model is being used which was set up for
previous studies on more compact ccres. Nuclear data for hydrogen
was extracted from the GAM-1l code and transferred to the HFN library
tape. A dummy case was then generated which provided fuel mixtures
of the correct isotopic composition for subsequent cases. A para-
metric study is now being carried out. Examination of the neutron
fluxes from the first reactor case indicates the neutron spectrum has
a peak at about 0.6 Mev, falling to about half maximum at 0.05 Mev.
The contribution of the hydrogen to spectral degradation does not
appear to be severe.

> Mwe Spacecraft Reactor. Study of this reactor was limited *c

estimating pressure drops in core configurations for two- and
three-pass coolant flow. Multipass coolant flow may be required

to 1limit coolant temperature at the outlet of channels if power
distribution in the core changes greatly with time. It appears
likely that this will be the case r'or any scheme using the reflectcr
to control the present reference fast reactor core and ccmpensate for
burnup.

The ORNL program on boiling metal cooling and space reactor concepts
was discussed with personnel at that site. The ORNL work is essen-
tially a re-orientation of work initiated in the latter part of the
aircraft reactor program there, but is directed toward early reali-
zation of a workable reactor system. The reactor systems discussed
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cperated at relatively low pressures and heat fluxes. Consideration

PO =1

is beirg giver t¢ piutorium as & fuel ir their reacter systems.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Tre mair chjective of this preogram is to establish how irradiation affects
the properties of b.c.c. mclybdnum and how interstitial impurities such as
carbcr perturb the damage state.

One of the techniques to be used in studying damage in mclybdenum is
calorimetry. Energy released by test specimens at particular temperatures
will be measured irn a differerntial calorimeter which had been constructed.
I» crder ‘hat energy releases associated with "cold work" damage in poly-
crystailine specimens can be recognized, experiments have been performed
te intrcduce sufficient celd work in non-~irradiated molybdenum for subse-
quent erergy release measurements. Reduction of 0.5~inch diameter rod
gtock by swaging was perfermed at a variety of temperatures -- 600 C, 40O C,
300 C and 200 C. The higher temperatures yielded sound metal, but only the
outer _ayer of the rods showed a wcrked micrestructure. For lower tempera-
ture of sweging. the rods could be reduced in cross section only & small
amour.w befcre cracking cccurred. A cold woerked microstructure and in-
creasad microtardress was achieved in O.5-inch diemeter rods swaged tc
Uc287-irch diameter. Additional reducticr. in area reswlted in cracking.
Ursetting of mclybdenum rods, O.5-inch diameter by four stages tc

0.79% at a temperature of 550 C, followed by swaging, resulted in failure
:f the metal; microhardness of the upset metal had increased. From these
experimer<s it is concluded that "cold work" as such is -difficult te
irtroduce in the annealed, fine grained molybdenum stock available for

use. A combineticn of upsetting operations and swaging may provide worked
rod stcck of the proper diameter for use as unirradiated test specimens
Iir ensrgy release s=tudies.

Four additional single crystal specimens were subjected tc tensile tests,
eack test being interrupted at intervals for x-ray examination. Previcus
exreriments indicated the need for addi*icnal data in the interval just
rrior t¢ failure; so this pertion cf the deforma*tion was interrupted at
more frequent intervals. The low carbon specimens fail crly after being
drawn %o a chisel edge and at lcads arproaching zero. while the higher
carbcor sampies fail at higher loads and leave & fracture surface having
gppreciable area.

Tersi.e axis mcvemernts are plotted cn a sterographic projection tc deter-
rine the deformaticrn mcdes. Barly stages are not well defined since the
movemsnts are small and erratic. Evidently deformation is quite complex
<L whie regicr. later deformatior leadirg tc failure is more simple.
Dezarlizd amalyses of the data are beirg perfcrmed but are not compiete.
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Field icr microscope emitters have been prepared by Linfield Research
Institute personnel under contract DDR-146. The first emitter; pre-

pered from a 1/8-inch diameter single crystal containing 20C ppm C

became contaminated with fines during operation in the microscope. A
second emitter prepared from a 1/16-inch diameter rod containing 20 ppm C
produced a diffuse unresolved pattern. Experiments on specimens submitted
tc Linfield are continuing.

An electron beam zone refining unit has been put into cperatiorn. A single
crystal molybdenum rod, 1/8-inch diameter by 13 inches length has been
prepared by the floating zone technique. Experiments are currently being
planned %o grow crystals with particular orientations by a seeding process.
Single crystal tensile specimens currently under irradiation cover a
variety of axial orientations but do not include any examples of [il;?

rod axis orientations. If such crystals can be grown with & minimm of
effort, they will be submitted for irradiationm.

Foll specimens of Johnson-Matthey molybdenum irradiated to 1 x 1090 nvt

in the as-rolled state and in the stress relieved state have been annealed
at 40O C, 500 C, and 600 C. Evidence of small defects were observed by
transmission electron microscopy after the 400 C anneal. These defects
increased in number and size after the higher tegperature anneals. After
the 600 C anneal there are approximately 3 x 101 defects/cm3 and they
have a size range of 25 to 150 A. The origin and nature of these defects
is nct known at the present time. Examination of similar fcils irradiated
to higher neutron doses and fcils containing carbeon as an impurity should
yield additional information on whether the observed damage is due to
impurity atoms, trapping of defects, or if the defects produced by ir
radiation migrate and cluster.

CUSTOMER WORK

1. RADIOMETALLURGY EXAMINATICNS

eries of stress
igrifican®t de-

Metallographic examinations have been started on a
corrosion ccupons frem Purex storage tauks with neo
fects detected.

n wm

Examination of & ruptured production fuel element showed the failure
was the result of mechanical damage. Visual examiration of four
overbore elements revealed "worm tracks" ir the aluminum surface of
two of the elements.

UNCLASSTIFIED
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EQUIBMENT PRCGJECTS

A special viewing window for ccior photography of radioactive
maserials hae been designed and fabricated using a sclution of
optical grade zinc bromide as shielding.

A marking device for zirconium process tubing has been designed
ard will be operable in the first part of September.

The Surbeam Equipment Corporation will furnish design drawings
by mid-September on an induction furnace for B Cell. Sunbeam
estimates that cconstruction of the furnace will start approxi-
nately six weeks after the design drawings are completed.

P.lse Anrealing Furnace

A cne-haif-irsh long dummy sample showed that the meximum tempera-
ture gradient was about 1 C over & temperature range of 190 C to
765 € and under static temperature conditions. Additional ‘tempera-
<ure measurements over the same renge indicated the actual sample
wemparature was about 15 C higher thar that measured by thermo-
couplies directly under the sample holder. A correction will need
o te made on irradiated samples where thermocouples are nct
attached directly tc the sample ir order to cbtain an accurate
temrerature measurement. ‘

rcjecs CGH-858 (High Level Utility Cell)

Mcdificaticen work on the lathe will be completed by the end of
August ard ther the lathe will be test run. A fieid engineer,
Mr. Henry Nielsen, from AMF conducted classes cn proper instal-
iaticn. cperation, and repair on the extended reach manipulators.

Prcject CGHE-857 (Physical & Mechanical Properties Testing Cell)

Al cf the cell castings except the scuth pane: are due fer shipment
about September 1, 1962. J. A. Jones has compieted all flcor pere-
traticrs and is installing piping and conduit preliminary to the
arrival of cell castings. A new Instron tensiie test unit is opera-
tiznal in "I" cell and extensometer accessories have been ordered.

METALLOGRAFHY LABORATCRIES
Verdor supplied Zircalcy-2 fuel element supports delivered to FPD

Coex*ruded Product Engineering exhibited varicus degrees cf cracking
at *he bends. Samples submitted for metallographic examination

UNCLASSIFIED
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indicated that fully recrystallized Zircalcy-2 with a grain size of
about 20 microns had been used to fabricate the supports. For an
application of this type the material should have a grain size
approaching or less than 10 microns according to work carried out by
the Structural Materials Development Operation.

Samples from thorium - 23% uranium alloy extrusions are currently
being polished for examination. The pieces have been successfully
polished using a combination of mechanical and electrochemical pro-
cedures, but etching for structure has presented a problem. Most
of the current etchants for thorium leave something to be desired
with perhaps the possible exception of vacuum cathodic etching.
Because cathodic etching is much mcre time consuming, further ex-
perimentation with various chemical and electrochemical reagents
will continue.

Additional closure welds of vendor-supplied Inconel temperature
detectors for the NPR were examined. Previocus welds were deemed
unsatisfactory due to the lack of penetration of the weld. The
penetration on the present welds was four-fold greater and appeared
satisfactory for cleanliness and lack of porosity.

N-REACTOR CHARGING MACHINE

Modification of the new limit switch assemblies which control the
vertical movement of the machine while loading or unloading maga-
zines was started. Fabrication of the rear pressure roller
assembly and the magazine piston removal equipment was started.

The final report on Design Test Number 1 has been completed. This
design test covers total machine weight, major subassembly weights,
and estimated center of gravity of the assembled machine.

Rough drafts of reports have been completed for Design Test Number L
for testing of the machine cross travel system reliability, and
Design Test Number 13 for testing of the hydraulic system and com-
ponents. The latter test includes pressure drcp and flow measure-
ments for portions of the system, pressure and flow settings for
system components, and comments on various aspects of system in-
stallation, reliability and maintainability.

All testing has been completed as required by Design Test Number 7
for the mechanical portion of the plug conveyor subassemblies.

Portions of the testing on Design Tests 11 and 19, which cover the
hydraulic connector subassemblies and the filtered water systems,
respectively, have been ccmpleted.

UNCLASSIFIED

12301748



UNCLASSIFIED A-21

N

HW-7h813

CONSULTATION WITH SAVANNAH RIVER LABORATORY ON PRTR STARTUP PROBLEMS

Dicscussiorns were held at Savannah River on PRTR equipment and opera-
+irg startup problems of interest to HWCTR personnel. The HWCTR began
power cperation on August 11 and had reached 15 Mv on driver elements
cr.y at the time of the visit. The helium evolution and bubble col-
lapse probiem has been resolved tc SKL's satisfaction by installing a
vaffle plate in the top of their reactor vessel to keep cool D20 in
certact with the helium and thereby limit helium pickup to less than
8¢ percent saturation (at reactor inlet conditions). Operation is
currently at 60-65 percent saturation as measured by DpO and helium
flow from the degasser in their cleanup stream. Their interest lay
chiefly in PRTR instrumernt, pump, compressor, and rupture monitor
equipmernt experience. end in helium and D20 losses. Current rate of
helium consumption at HWCTR would amount to 150,000 scfm/mo. No
figures were available for DpO losses. Since HWCTR has no provisions
for decontamination and they anticipate metallic fuel failures, there
i5 intense interest in how the present PRTR situation is hLandled.

SPECIAL FABRICATICNS

Fisczio

5]

Product Trarnsient Samples for Phillips

Sixteer fission product transient samples have been completed and
shipped. Fabrication of the remaining samples is continuing. Satis-
faztory analytical results have been obtained for the irradiation
samples containing U-235 aluminum alloy cores. Coextrusion of these
sampies 1s in progress.

Classification of Pu0Qp for Biological Studies

Apprcximately 3.5 g of high exposure (30 percent Pu-2u40) Pulp was
ciassified into five size ranges for Biology Operation. The size
ranges were-as follows:

greater than 5 microns
1-5 micromns

0.5-1 micron

0.1-0.5 micron

less than 0.1 micron.

\DFU)'\)P—'

°

The PuOs was calcined in air fer two hours &t 900 C. After calcining
it was ground briefly with 2 new mortar and pestle. The classification
was effected by settling in water to which a deflocculent had been added.

W

Manager, Reactor and Fuels §esearch
and Development

UNCLASSIFIED
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FISSIONABLE MATERIALS - 02 PROGRAM

REACTOR

N-Reactor Exponential Experiments

An error in the reported buckling of dry enriched NFR fuel with no flocd-
ing as reported in June has been noted. The correct value is +28 uB. It
should be noted that the simlated flooding in the NFR steam vents was
produced by laying strips of masonite flat in each channel: the expocnen-
tial pile, however, is rotated by ninety degrees campared to the actual
reactor. Thus the masonite strips would be on edge in the actual reactor.

Optimization of Retubed lattices

The holes in the exponential mockup (as described in June) of the "C"
reactor lettice have been plugged and new vertical and horizontal flux
traverses have been performed. Preliminary results show a difference cof
24 micro-bucks between the material buckling measured with and without '
the holes plugged for wet CIIN fuel elements. The measured extrapolation
distances were .53, 1.26, and 1.65 inches in the side-to-side, fromt-to-
rear, and vertical directions, respectively.

The measurements were performed with no control rods, with one "C" reactor
control rod in the center of the pile, and with six "C" reactor control
rods in appraximately the "C" reactor control rcd lattice spacing. The
analysis assumed that all effective pile dimensions were unchanged by
control rod imsertion. A summary of the experiments is shown in the fol-
loving table for the wet CIIN fuel, without flooding.

Control 6 Relaxation
Rods 2(10°0cm2)  ARR(10°em2)  Length (cm)
None + 58 0 63 .96
1 - ke -100% 55.88
6 -1 -169#% 49,15
We control rod measurements have not been corrected
AT W local control strength.

The error in buckling for all three experiments is approximately * 6

micro-bucks. |2 30 15 0 BEBiagtap‘w
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Measurement of the Angular Distribution of Thermsl Neutrons st the Surface
of Cadmiwr Rods

A Summary entitled "Measurement of the Angular Distribution of Thermal
Neutrcas at the Surface cof Cadmium Rods" has been accepted by the ANS for
presentation at the Washington meeting in November, 1962, The angular
distribution has now been derived from a simple "optical path" concept

tc compare with the previous results from experiment and Progrem S-X ceal-
culations. This ccncept determines the flux at & given angle, ©, fram

& line integral along © of the radial flux times the probaebility that a_.
neutron traveling toward the bar at angle © will escape collision (1l-e™*%).
This the angular flux is derived in & very simple manner fram the radial
flux. The results of this simple model agreed within a few percent with
the results of the experiments apnd the S-X calculatioms.

The radial and angular fluxes have been calculated for 5.3" bars of either
copper or cadmium. The results are sufficiently different tc indicate that
experiments with a copper bar (or same other weak absorber) would be both
feasible and interesting. Design of suitable detectors for such & measure-
mept is now under study.

All calculations have been made with a single thermal group of neutrons
which does not properly reflect the spectral hardening in the copper. The
need for a better treatment of hardening is indicated by the fact that the
calevlated flux irn the center of the copper bar is 13% below the experi-
mental result, although the drop in the flux near the surface of the bar
is well reproduced. Cross sections are being generated for & multigroup
calculation (10 non-overlapping thermal groups).

Spatial Resonance Self-Shielding

Assistance to Programming Operation on heterogeneous cell calculsations
continued. Program FINDT; as described in XDC-60-8-69, was used to pre-
pare & 1983 energy level tape containing cross sections of U-235, U-238,
Pu-233, Pu-240, and a 1/v absorber. The modified Doppler broedening code
was checked out. Parametric sets of self-shielding factors vs. absorp-
tion cross section for a UQOp rod with three configuracions of Pulp (as an
outer annulus, as a central rod; and homogenized) were generated in an

Sk transport approximation using program S-X.

Cnde Development

SIGMA-3H

Program SIGMA-3C,; which writes s CALX data tape, has been modified to




write an HFN data tape. This new program; called SIGMA->H; picks the
necessary information from the TAM, (combined TEMFEST AND GAM cutput)
library tape, thus significantly reducing the chore of preparing input

for HFN.

APDAC

™0 recently detected btugs in APDAC were located and corrected. The first
was due tc incorrect derivation of the error analysis. Tre flaw d1d rot
affect the calculation of relative activities, tut caused APDAC tc generally
underestimate errcrs in these activities. The seccnd was a coding fliaw,
which caused APDAC to lose occasional pleces of data.

ICEDT

ICEDT, the complete exponential data reduction code. is 90 percent debug-
ged. Arrangements have been made with Data Processing Control for pro-
duction processing of the code, which will replace the three present
codes VIOCL; COFIT2, and BVTOCS. .

Irstrumentation

Tests were ccnducted at GE-APED on the prctotype NPR Fuel Rupture Monitor
gamma energy spectrameter and differential alarm module. It was deter-
mined that all major problems have been satisfactorily resclved and only
a minxor cutput connection problem remains. The gereral prototype perform-
ance met the requirements of HAPO Specification HWS-8104. A design test
report was started.

Technical assistance was provided Electrical and Instrumentation Desigr.
CEXUC; regarding purchase specifications for a muitichannel analyzer +o
be used in corjunction with the gamma energy monitor pertiocr of the NPR
Fuel Rupture Monitor.

An analysis was performed %o devise a method fcr employing shatic labora-

tory data from the NPFR startur instruments to determine wheihsr or not

the dynamic. period response, requirements for the system can e mes.

The &devised technique, though nct sgbsoliixte. should yrovide a rarid answer

as required.

Detaiied design of fuel failure detection irstrumentation for “he NPR test
loop at FRTR was sufficiently completed for egquipmeat purchasing tc be

started. Technicel assistance also was provided CE&UO in design of ke
mountings for the detectors and coolant sample chambers.

12307152
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Tezhrical aseistance was provided IFD end CEXUO regarding NFR nuclear
instrumentation. A suggested test procedure was prepared for the NFR
scurce range momitor. A number of suggestions were made for improvement
cf teste schedvled for the intermediate range monitor. Calculations were
completed showing that the sensitivity of the ionizaticn chambers could
be doubled to improve the system performance.

Systems Studies

Work cortinued towards elucidating the relationships among neutron fiux
monitor signels and control rod positions in the production reactors.
T-formation from the five flux chambers and four rod positicn sensors

ir. KW-Reactor was reccrded cn magnetic tepe on July 31. A rod movement
srd three flux chamber signsls were recorded sim:ltaneously during each
cf the 11 runs made. The information from the rune is being replotted
ir, sr ehtempt to define a usable relationship between rod movement and
chamber reachion as & functior of their relative positions. Measuremert
precisior is degraded by the lack of up-to-date infcrmation on the rela-
+ive chamber sensitivities and the uncertainties regarding temperature
and fiux distributicms. Correlaetion of the results of & large number of
tests should help tc improve the estimates of the desired relationships.

Anglog computer studies relating to reactor contrcl were campleted which
irndicete that comtrol of large reactors may be possible with relatively
gimple techmiguss if the proper equivalent reactor mcdel is assumed.
Verification of the simplicity of the assumed equiveient model was accamp-
lished uzeing an ll-pode simulatiorn model of the reactor. It was found
+nat control of reactor power in any or all regioms covld be exerted TY
reslistic, straightforward techniques. Nyquist diagrams were made of the
response of the eguivalent structure to ax input sigmel from the Bocnshaft
ard Fochs transfer function analyzer; Bode plots were made from the Nvquist
disgrems. Toe Bode piotts verified the expected simpiicity of the assumed
equivaient model .

NER Project Sectior was provided techrnical assistanpce through review of
test procedures for tre following NEFR instrument systems: Flow Monitor;
Integrated Temperature snd Date Logging System, F_.ow Data Logger. Tempera-
ture Monitcr, amd Centrel Date Logger. Coammente were compiled end for-

warded sz appropriate.

Technical planning continued for a proposed large 300 Area General Purpose
Anslcg Simileticr Laboratory. This proposal supersedes an earlier one tc

puild & simulation facility at 100-N and prcject msnagement responsibiliity
vas accordingly transferred to HLO from IFD. Infcrmation relevant to use

of the gZeperel purpcse facility for NFR stuiies was obteireld from IFD.
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CEXUC has heen requested to assist in preparation of cost estimates for
the 300 Area facility.

SEPARATIONS

Experiments with Plutonium Solutions

The program of critical mass experiments with plutonium-nitrate sclutions
was continued with measurements in the li-inch diameter stainless steel
sphere reflected with water. Plutonium concentrations were in the range
of 44.5 to 70.4 g Pu/g. Experiments were made (though not completed) for
determining the critical concentration of Pu in the full sphere at a
nitric acid molarity of about six. Data were obtained for evaluating the
effect of the stainless steel shell on the criticality of the water re-
flected sphere. In one series of experiments, the vessel was wrapped with
0.03-inch cadmium sheet and reflected with water. The data from these
experiments are summarized in the following table. The current experi-
ments with the water reflected sphere. provide & needed tie point with
the early Hanford P-1l experiments which were conducted with dilute Pu
solutions. :

The thin stainless steel shell slightly reduces the effectiveness cf the
water reflector. In terms of solution volume, the correction factor is ~
8.4 mg /mil of stainless steel thickness; in the absence of the stainless
steel, the critical volume would be about 0.37 liters smaller. In the
case of the ll-inch vessel wrapped with 0.03-inch cadmium and reflected
with water, a concentration of 69 g Pu/# would result in the vessel being
critical wben just full (23.22 liters) for an acid molarity of 3.9 (total
nitrate 314 g/2); the critical mass is 1.60 Kg Pu under these conditionms.
The cadmium reduces the reflector savings of the water to something less
than one inch of paraffin and to nearly the equivalent of one-half inch
of paraffin.

A nominel reflector is defined in TID 7016, Rev. 1 (Nuclear Safety Guide)
as cne of water not more than one inch thick, or its nuclear equivalent.
The results with the cadmium wrapped vessel are of particular interest in
nuclear safety applications in the event of water flooding, etc.; i.e.,

the vessels may be sized larger (for a nominal reflector) when wrapped
with cadmium. This is a way of assuring that one would have only a nominal
reflector (a reflector the equivalent of one inch of water or less) in the
event of water flooding (whenever water flooding is possible; the more res-
trictive critical dimensions for full water reflection have been used).
Further data are being obtained for the effect of cadmium on the critical-
ity of the water reflected vessel. Experiments are currently under vay
with the cadmium covered sphere utilizing plutonium-nitrate solutions with
an acid molarity of about 1.4,




LY
o
oo
3
"
&

juadIad 9°f FUSJUOD o:m.:m *

90° - TTouS
09'T  Zge4 T°¢2 T°THE HOC 898  Oh2°T  #Hl°¢ 69 D w¢O°0 + I97BM
90" - TT8US
T9°T  go-+ 628 2°9n¢ 062  ¢88 LUANE e T°OL  PD 4£0°0 + I238H
. TTeus
9T mm.+ g°eec  T°9ne 6le 888 ehe" T 2 ¢ #°0L PO ,20°0 + I93BM
o't mw.“ 2z 9°TeS 9g¢ 28  T9e'T  6H°S Gy 1398M
ST°T Mw,“ 2°¢e  G°0Gf w2 9gl 892" 1 T10°9 G 6 S5 42l0°0 + I378M
T Go.y 6'28  wlSw Ten WL 89T 96°S 2°6h 85 ,OL0°0 + I998M
TUT  Zoes 92 #°ISH  Ten %6l 892°T  96°€ 2 6i 1378
70* -
H1°T  4o°+ 6°T&  G°@eh Hew 06l  Lle'T  §6°S 0°¢S 998N
TeT g @Te 0°l8E TG L 9lE'T 00'9  0°MS To38H
(nd 8%) (sxo91T) o184 (¥/3) Aqwmq *xp°dg L3yrreToN  (7/3) 20399T38Y
*SSEN sumiop  dtwo3y  ON PIOV  °ouod nd
TBOTITLD  TeOT3TX)  wd/H T®30L

(4ouT-t40°¢ SSSOWMDTYL TTeM {8I99TT 22°¢R

TEANdS THAIS SSTINIVIS MIISWVIA HONT-+T NI
SNOTINTOS WAINOINTd RIIM SATANIS XLITVOILIHD

soumpop sIxauydg dmham.mwzv

29-L2-8 9TTeHTT

u.ﬂ.w

A

29-¢2-8 maamzﬁam‘ny»

29-02-8 :Hﬁm:ﬂﬁmwwww

)

29-6 -8 CTITeHTT ﬁ

29-2 -8 2TTeHIT &2

[ W |

29-T -8 TITHTT Eon
29-T¢-L OTTeHTT
29-0¢-L 60TeSHTT
29-12-L goT2H 1T

a3s( Jaqui]

qusuT AR

- J

wn.n.. (W]

g it

E o




Buckling of Partially Filled Spheres

Because Critical Mass experiments most usually yleld data on the critical
parameters for a sphere not completely filled with fuel; it would be
desirable to know the buckling of a partially filled sphere. Feirly
reasonable buckling values have been obtained for partially filled bare
spheres. The problem of partially filled reflected spheres is now being
treated by attempting to calculate the ratio of reflector savings above
and below the fuel surface. Three parameters are needed for this descrip-
tion. The first, the probebility that neutrons on the imner surface of
the reflectorreach the fuel before restriking the reflector, was found
analytically. The second, a reflection coefficient for neutrons entering
the reflector, was found numerically for water as a function of the con-
centration of plutonium in the fuel. The third, the ratic of neutrons
leaking out the top and curved surfaces, was calculated analytically for
the hemisphere. An attempt to calculate this ratio for the general case
using partial differences is under way. Xncwledge of these three parameters
enables one to calculate a buckling for the partially filled reflected
sphere, from which a conversion to a full sphere with reflector may be
made,

Camparison of the li-inch Critical Sphere Data with Results of Early Han-
_ford P-11 Experiments

Under the Hanford P-11 program, critical mass experiments were conducted
with plutonium-nitrate solutions in a water reflected 14-inch sphere with
Pu concentrations in the range of 26.33 to 41.12 g Pu/f. The most comp-
lete data obtained within the above range were for Pu containing 3.12%
and 4.05% Pu?

The present experimental program is being conducted to obtain data for
higher concentrations of plutonium-water complexes than were measured
under P-1l. However, it is important that the present program verify
same of the P-1l results to establish the consistency between the two
programs. BExperiments are now being conducted with a li4-inch water ref-
lected sphere with plutonium concentrations within the range investigated
by P-1l. Before a comparison of the data can be made, the results of the
P-11 experiments must be corrected for the differences in Pu2 content,
i.e., fram 4.05% to 4.6%, which is the Pu40 content of Pu in the current
experiments. Corrections mist also be made for slight differences in the
solution volumes (the "lh-inch" spheres were of slightly different volumes )
and differences in the stainless steel shell thicknesses.

To make these corrections, a series of multi-group d4iffusion calculations
were carried out with the HFN code. The muiti-group constants used in the
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celculations were obtained from the GAM-I slowing down code for the fast
group parameters and the thermal group parameters were obtalned from the
Tempest Code utilizing a Wigner-Wilkins spectrum.

The recent experimental results with the li-inch water reflected sphere are
in excellent agreement with the corrected P-11 data. The largest differ-
ence was less than 1% in the criticel plutonium concentration at & nitrate
concentration of 389 g/#, well within the experimental uncertainties of
the critical mass measurements. (The uncertainty in the chemical analyses
for the Pu concentrations is about 1%.)

An sdditionsl caelculation of interest is the critical radius camputed for
the three critical concentrations by the HFN code with GAM~-I and Tempest
multi-group parameters. These results are given below.

Calculated
14" Sphere Critical A Vol
Pu(g/e) NOz(g/2) Radius (cm) Radius (cm) Vol (%)
33,0 162 17.698 17.k5% k.15
38.5 293 17.698 17.b67 3.92
b 1 387 17.698 17.437 b 42

Effect of Scatterers on Criticelity

PuOp-polystyrene compacts are being made for critical mass experiments;

the PuO,-plastic compacts will permit extending the criticality data to
regions of higher concentration than obtainsble with solutions. The plastic
mixtures are plutonium oxide and polystyrene, (CH-)N, which is pressed into
two-inch cubes. For such plastic campacts; the axygen content is directly
proportional to the plutonium density; not the hydrogen content as in
aqueous solutions. Also, plastics such as polystyrene and polyethylene,
(CHy )yys contein carbon which is usually not present in any significant
quantities in an aqueous solution. The effect of carbon and axygen on
criticality is of particular interest.

Certainly the poison effect, neutron capture in oxygen and carbon, will
be negligible in that the absorption cross sections are negligible; less
than 0.2 mb and 4.0 mb, respectively, at 2200 m/sec. However, the scat-
tering properties of oaxygen and carbon should have a significant effect
on criticality. Neutron scattering with hydrogen has a strong forward
component which enhances the neutron leakage in comparison to other scat-
terers. The forward scattering component in axygen and carbon is smaller,

12307151
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therefore, neutrons which scatter fram either of these elements will have
a larger probability of being returned toward their point of origin, thus
reducing the neutron leakage.

Ar index of the oxygen effect on fast neutron leakage is obtained from a
. comparison of ages calculated by Goldstein, et al., (ORNL-2639) by the
Monte Carlc Method for monoenergetic source neutrons (2 Mev) in water
and in an idealized hydrogen medium having the same atomic density as
water. The age in water is 24.6 cm2, while that in pure hydrogen is
40.8 cm?. It is therefore possible for systems with identical plutonium
concentrations, and with hydrogen-~to-plutonium ratios (H/ Pu) which give
nearly identical multiplication factors, tc have gquite different critical
mass values.

To determine the effect of oxygen and carbon on the critical mass of a
PuOp-polystyrene mixture, multi-group diffusion calculations were made for
an idealized Pue>9-water solution and a hypothetical PuQp-polystyrene
mixture with identical plutonium concentrations (3.837 g/cc) and identical
H/Pu ratios (5.0). This isclates the effect of scattering on criticality
between the two systems fram the density effect, i.e., the actual plutonium
concentration for a PuOp-polystyrene ccmpact with an H/B,. ratio of 5 would
be ~ 2,8 g/cc.

The GAM-I slowing down code was utilized to determine the eleven fast
group parameters; the neutron age was calculated by the mcments method.
The thermel group parameters were computed with the Tempest Code utilizing
a Wigner-wilkins spectrum. The multi-group diffusion calculations were
made with the HFN diffusion code in finite slab geametry with horizontal
dimensions’'of 17.9 cm x 17.9 cm. The results are summarized below.

Fission Age Critical Slab Critical

System B/Pu Pu(g/cc) ko to .4 ev(cm?®) Length (cm) Mass(Kg)
Pu-water 5 3.837  1.97 25.6 29.17 35.9
Puop-(CH}y 5  3.857 1.9%  16.k 8.07 9.9

Assuming that the critical slab length is correct for the Pu-water system
and applying simple age theory, which is not valid for these small systems,
but which should be correct to within a few centimeters, the critical
length for the hypothetical Pu,Og—(CH)N system is calculated to be 11.5 cm,
which is within the expected agreement from the above result.

The effect of scatterers on criticality has been further explored by a
series of multi-group diffusion calculations for which the axygen content

N
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vas hypothetically reduced in an idealized Pu?>9-water solution (32 g/g
plutonium) in steps of 25, 50, 75, and 100 percent. Similar calgulations
were carried out to investigate the scattering effect of carbon and nitro-
gen with hypothetical Pu259-CHg and Pu259-HZN systems, respectively. The
thermal group absorption of nitrogen was made zero in the calculations to
lscolate the nitrogen scattering effect on criticality. A summary of the
results of this series of calculations for a fully reflected sphere is

given below.

Criticel Radius of Fully Reflected Sphere

Percent of _(cm) _
Scatterer Removed Pu-E>0 Pu-&C Pu-BEoN
0 13.93 13.77 ' 15.28
25 1k,.56 14,7 15.67
50 15.31 15.26 - 16.05
75 16.20 16.19 16.65
100 17.30 17.30 17.30

As observed in the foregoing results, carbon is slightly more efficient
than axygen in reducing the neutron leaksge, while the scattering effect
of nitrogen is appraximately one-half that of axygen and carbon.

Most of the above effects of scattering on criticality are due to a reduc-
tion in the neutron leakage at very high neutron energies (E> .025 Mev),
vhere the scattering cross sections of carbon, axygen, end nitrogen became
competitive with hydrogen. The scattering cross section of hydrogen is
smaller at these energies than in the resonance region. To investigete
this pecint, a mzlti-g'roup diffusion calculation was made for an idealized
PuP39-Ho0 solution (32 g/ plutonium) with axygen transfers eliminsted at
energies in excess of 0.025 Mev. The critical radius in this calculation
was 16.91 cm, indicating that the wgygen scattering effect below 0.025 Mev
reduced the critical radius by only 0.39 whereas the effect above this
energy contributed a reduction of 2.98 cm in the critical radius.

It is concluded from the sbove results that criticality of a hydrogenous
system is & strong function of the amounts of scatterers present. Simple
density corrections to systems of equal H/ Pu ratio, but differing in
scattering properties, are not valid.

Nuclear Safety in HLO

One nuclear safety specification was issued: "M-1 Rules for Storing 1.8
w/o Pu-Al Alloy and Netural UOp Fuel Elements in the Plutonium Recycle
Critical Fecility".
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Comments were subtmitted to the Plutonium Metallurgy Operation concerning
the safe handling of plutonium metallographic samples.

Nuclear Safety in FFD

Nuclear safety advice was provided concerning the processing of 1.6 w/o
U235 enriched uranium fuel elements, the autoclaving of C and J fuel
elements, the handling of mixed uranium enrichments; and the handling of
2.5 w/o 255 enriched thorium alloy billets. A temporary FFD nuclear
safety specification was issued for processing the 1.6 w/o enriched uranium
fuel elements.,

Mass Spectrametry

Studies have continued on the poor operating characteristics of the heavy-
slement mass spectrometer for this program. Optical and physical measure-
ments were carried out on the alignment cf the spectrometer system while
partially disassembled. An error in the angle between the ion-source
axls and the median plane of the magnet gap was discovered and corrected.
Operation of the spectrometer after correction shows that the effect of
this angular error on spectrcmeter resolution has been corrected. Other
aspects of the spectrometer aligmment are still being studied.

Instrumentation and Systems Studies

The criticality alarms at the Critical Mass Laboratory are being altered
tc agree with the plant standerd. Equipment bas been ordered and install-
ation should be complete within a month. Information as to which alarm
has been actuated will be printed out on a digital printer. Wheh the
alarm point is reached; an "Electronic Sentry" will automatically telephone
a preset number and announce this condition.

A long time-constant filter in the period section of the log n-pericd meter
at the Critical Mass laboratory has greatly reduced the number of false
scrams caused by this instrument. It was discovered that signal fluctua-
tions at the higher power levels were causing this condition and an approp-
riate filter was instelled.

An aural monitor has been developed and will be installed at the CML and
tested in the near future. The present aural monitor; connected tc a
fission ccunter, is difficult tc use above about 20 counts per second
since the output then sounds like a constant level noise. The new model
will use a division circuit and a range switch to divide by 10, 100, and
1000,
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Work has been started on a prototype, low range period meter for the CML.
The instrument will be fairly slow but will indicate periods longer than
100 secconds. Maximum readiable pericds on the existing instruments are
about 100 seconds.

Operating tests of the control rod drive mechanism for use at the CML
were satisfactorily completed. The tests included 1000 simulated rod
drops. Repositioning accuracy was maintained tc £ 0.015 inches. The
controlled fall time was reduced by slight changes sc it is now only 1.5
times longer than the free-fall time of 0.24 seconds.

A four-node model of & pot celciner has been studied using both analog
computers. The amount of nomlinear eguipment required caused some diffi-
culty in checking out the problem. Most of the information desired was
cbtained. Tnis problem reguires 25 multipliers, 16 function generators,
and 21 differential relays. A large share of the nonlinear equipment had
to e specially febricated.

A ¥keybcard circuit was Jeveloped to enter program date on the psper tape
readctt of the data logging system for the C-Column facility. The key-
beard and circuits were fabricated and sre now in use. This is the third
such keyboard installation on plant and the first to include a program
pin-hosrd for selection of tape code characters.

NEUTRON CROSS SECTION PROGRAM

Quasi-Elastic Scattering of Neutrons from Weter

Tne analysis of previously obtained data om the quasi-elastic scattering
of neutrons fram water shows that the apparent broadening of the peaks
with increasing scattering angle was larger thar expected from measure-~
ments made elsewhere at lower neutron energies. A series of measurements
has been started tc repeat sume of the previcus data with significantly
improved energy resolution in order to see if a systematic bias is intro-
duced by resciution effects. Measurements have peen campleted at two
scattering angles.

Inelastic Scattering of Neutrons fram wWater

A study of the Hanford and Chelk River results on the inelastic scatter-
ing of neutrons from room temperature water indicated that the scattering
kernel might be represented in & simple functionsl form when the results
are parameterized in ar eppropriate manner. A first attempt to derive a
gimpie expression for the scattering kermel resulted in a function which
gave a good fit to nearly all of the availisble data but failed tc satisfy
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the necessary normalization conditions. Work is in progress to improve
the parameterization in order to improve the quality of the fit and to
satisfy the normalization conditions.

Rotating~Crystal Spectrometer

Design work continued on a rotating-crystal time-of-flightsspectrometer
for inelastic neutron scattering measurements. A small Li“-2ZnS scintilla-
tor was studied for use as a type of detector for the spectrometer. The
results of these gtudies showed promise, and a 5-inch-diameter detector
has been ordered for further studies. A multi-tube BF3 detector system
was assembled for the initial measurements. An aluminum singie-crystal
which was previously grown at Hanford was used to fabricate a 1-3/4

inch diameter spherical crystal to be tried out for the rotating crystal.
An optimim spatial corientation of the crystal lattice was calculated and
measurements are in progress to align the crystal by means of neutron
diffraction prior to the:final machining and mounting of the crystal.

Fast Neutron Cross Sections

A series cf totel cross-section measurements from 3 to 15 Mev by the
pulsed-beam time-of-flight technique was terminated by failure of the
positive-ion Van de Graaff. Only & measurement on Ta was campleted.

Tctal ‘cross-section data on sodium which were cbtained in June were
processed through the data reduction program, BIG NED. These resuits
showed that the energy scale discrepancy previously observed between
earlier Hanford date and results obtained elsewhere 'at low neutron ener-
gies has now been eliminated.

A study has been made of the feasibility of using total cross section
samples which are only 0.5 inch dismeter in order to save costs on expen-
sive samples. The use of the smaller diameter samples is indicated to

be feasible;, but experimental verification will be necessary hefore crder-

ing the samples.

Instrumentation

The vernier chronoctron coupler was installed and debugged for the fast
neutron time-of-flight program. Special circuits were added t¢ connect
to the vacuum tube 256 channel analyzer. The coupler provides logic
to remove an adjustable number of pulses from the start of the vernier
chronotron pulse train. This allows the starting zate transient to be
shifted off-scale; which provides about fifty additional channels for
data. Logic is also provided for two side channels.
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Preiiminary design work has been done or a motor drive system for a two
crystal neutron beam chopper. The two crystals 2 each driven by a motor
at about 12,000 RPM must be phase locked to 0.1°.

Thne 1024-channel time-of~flight analyzer for slow neutron cross section
messurements remained in satisfactory continuous test operation during the

month.

REACTCOR DEVELOPMENT ~ O4 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Graphite Lattice Parsmeters for Low Exposure Pu-Al Fuel

The analysis of the low exposure, Pu-Al fueled lattices using Program S
has been unsuccessful. Calculated results for the poisoned lattices com-
pare tC experiment as follows:

lattice Spacing (In.) Ko (Calc.) Cu Cadmium Ratio (Cell Boundary)

BExpt. Calc.
10-1/2 0.920 15.2 14,1
8-3/8 0.828 8.2k 7.2%
6-1/2 0.801 3.87 3.53

The discrepancies in these results are due in large part to a failure to
take adeguate account of the spectral shape of the neutron flux in the
thermsl region. At present there is no satisfactory means available
locally t¢ generate group transfer cross sections below cadmium cut-off.

High Exposure Pu-Al Lattice Studies

Preparation and plenning work has been started for the lattice experiments
in the PCTR with the high exposure (~ 22% Pu40) Pu-Al fuel. Plans call
for measurements to be made in graphite lattices in a manner similar to
the earlier work with the low exposure Pu-Al fuel elements.

Low Exposure PuOg-UQa lattice Studies

Specifications for the low exposure PuOp-UOs fuel elements have been
revised. The purpose of the revision was to stendardize the total length
and the active core length of new fuel elements febricated for use ir
PCTE and PRCF experiments.
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Effective Resonance Intega.l of Pu.zb'o

The sis of the experiment to measure the effective rescnance integral
of Pue0 was discussed with Lawrence Dresner at Oak Ridge. The applica-
tion of Dresner's theoretical work to the analysis appears to be cocrrect.
A summary of this work has been accepted for presentation at the winter
meeting of the American Nuclear Soclety, and a mamiscript describing this
experiment in more detall 1s being prepered for submission to a technical
Journal. : '

The Critical Facility

Process specifications which will govern the operations of the PRCF have
been reviewed and comments have been forwarded to the authors.

Calculations to estimate the reactivity changes which are to be expected
from perturbations in the enviromment of a fuel element in the PRCF have
been made as a function of position in the reactor. The calculations
were made for removal of Dp0O, addition of Al, or addition of HpO. This
information will be used to revise the detailed procedure for the startup
experiment which is to measure the "Void, Hp0; and DpO Substitution Coef-
ficients."” Two of the three unfinished startup-test procedures are comp-
lete and are being distributed for review and acceptance. -The final test
is being prepared by others. It is planned that the entire twenty-four
tests shall constitute a supplement to HW-T1214, the general descriptions
of the tests. The introductory remarks for this supplement are being
rrepared.

Twelve 1/4" BF3 counters to be used at startup have been calibrated on each
of three 4ifferent sets of counting equipment (each set consisting cf a
preamp, amplifier; high voltage supply and scaler).. The required plcts

of counts per minute vs. pulse height voltage have been made for the thirty-
six calibrations. In addition to this, the above twelve 1/4" and six 1/2"
BF3 ccunters have been calibrated on the 256 Channel Analyzer. The data
taken from the analyzer consists of differential and integral tapes from
vhich plots of counts per minute vs. pulse height voltage can be made.

This information provides a standard against which the BF3 ccunters zan be
checked.

Neutron Sgectrum Studies

A report bas been written for the Physics Reseaerch Quarterly Report
{EW-T4190) which describes the effects of fcil thickness on the activities

of Lul76m and 1:l77.
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Corrections which would be used for determining spectral indices from
lutetium irradiations in 19-rod clusters of UOp and Pu-Al fuel elements

are bLeing calculated. The calculations have been campleted for the U0z
cluster for foils at the cluster surface and in the center cf the cluster.
Similar calculations are being made for foils in a center rod, intermediate
rod. and outer rod of a Pu-Al cluster.

Eguipment has been received for counting beta particles and neutrons with
solid state detectors. The equipment will be used for measuring beta-ray
distributions with the Double-Focusing Beta-Ray Spectrometer and for
studying neutron distributions in reactors. Modificaetions to the beta-ray
spectrometer have begun in order to position a solid state detector in
place of the Geiger counter which was used previously.

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

The epprcack to critical experiments with the two zone loadings have been
campleted. The lattice spacing used was 0.85 inches center-to-center.
The result reported last month for the low concentration of Puaho in the
inner zone was changed from 486 rods to 485 rods for the critical mass
after a least squares analysis had been run on the data.

The experiment with the high concentretion of Puzho in the inner zone
indicates that LSO rods results in & critical loading in this case.

A computer program has been written for equating the buckling expression
for an exponential experiment to that of a critical experiment. The
analysis involves an iteration on the equality to determine the value

for »; the extrapclatiorn distance plus reflector savings. The value for
the critical buckling Bc2 is also caelculated. If the input tc the program
includes the errors om the critical number of rods and on the reciprocal
of the slope of the vertical traverse from the exponentiasl experiment,
then the errors on A and Bc2 are calculated by the program and appear in
the output.

PRTR Fuel Irradiasticn Exggriment

The scintillation counters which were used to count the lutetium foils
have been recalibrated. The calibration factor is a proportionality
constant. These constants convert the ratic of the lutetium activities
to a quantity which can be ccrrelated to the spectral index. The calibra-
tion factor is 2% higher than had been determined previously. The effect
of this recalibraticn is tc increase the value cf the spectral index to
332 £ 10%K (from 327 + 109K reported previously) for the average value
along the Pu-Al fuel element. This analysis was made with the assumption
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that the shape of the function which joins the slowing-down distribution
to the Maxwellian distribution 1s typical of that in the moderator. Thus;
the value of the spectral index mey be slightly different as a result of
the reanslysis assuming a distribution of neutrons apprepriate for the
outer ring of fuel rods in the cluster.

ARMF-MTR Exgeriments with Plutonium Fuel

An cutline of an experiment to measure the effect of a Pu-Al sample on
the spectrum in the ARMF has been written. The data from the reactivity
measurements or the ARMF fuel stapndards in the PCTR have been analyzed

te yield the boron and plutonium contents of each sample and the work is
reported in HEW-T4796. The experiment demonstrated the use of the PCTR

a8 an instrument to measure the quantity of neutron abscrbing and fissile
material in a sample without destroying the sample. The plutonium content
was determined from reactivity measurements of the same sample taken first
in & graphite core and then inside a water Jjacket. The plutcnium content
was found to an accuracy of 9% and the boron to an accuracy of 5%.

Physics Statics Calculations for a Serles of Fast Spectrum (Oxide Reactors

The parametric survey of fast oxide reactors started during early 1962
has been completed in cooperasticn with the Reactor Engineering Development
Operat;ono

Scame interest seems to exist in the possibility of using fast reactcrs for
~ the producticn of high grade Pu-239 or of target materials for Pu-238 and
U-232 production. The purpose of the present study was to cbtain suffi-
cient physics statics data which could serve as the basis for preliminary
economic evaluations of varicus fast reactor utilization proposals. A
very wide range of power levels (100 MW - 10,000 MW) was considered. Most

of the reactors investigated were fueled with U-235 and U-238 but scme

Pu U-238 ard Pu Th~232 systems were alsc considered. The Pu Th-232 case
is interesting, because in this type of reactcer, "dirty" Pu from some
thermal power reactor can be transformed tc U-233 in the reactor core

and tc pure Pu-239 in the reactor breeding blanket. Irn a typical 1000 MW.
ThOp ccore; fueled with highly exposed plutconium, the initial core treeding
ratio was found to be 0.98 and the blanket breeding ratioc was 0.38. An
informal Hanford dccument, BW-T4739, summarizing the results of this study,
is in preparation.

Phoenix Fueling of Campact, Water Moderated Reactors

A fairly detailed series of investigations of the use of Phcenix fuel
for compact. water moderated power reactcrs has been started. These
investigations are an cutgrowth of previcus work dcne for a smaell. Phosnix-
fueled, pressurized water reactor (HW-71279). In the presemt study. three

liistdig
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reactor types have been identified, so far, as being potential candidates
for Puoenix fueling:

(1) A zirconium-water reactor, with a fuel cell geometry patterned
af‘ter the PWR seed elements.

(2) A stainless steel-water core patterned after the APFR.

(3) A= air cooled, water moderated, nichrome reactor based on the
"620 a Maritime Nuclear Steam Generator" proposal (GEMP-108).

Reactor models, suitable for analysis, have been devised, a.n:i cross section
dste are being generated by means of the TEMPEST and GAM codes.

PRTR "Phoenix" Fuel Experiment

Further enalysis of the "hard spectrum" Phoenix experiment in the central
PRTR cell hes been carried out. At the present time, & combined SWAP-
MELEAGER analysis of the central cell burnout is in progress. More re-
fined celculations using & TEMPEST-GAM-HFN routine have also been started.

PRTR Experiments

Preparations have been completed for the disassembly of fuel element 5051
(first of the low exposure Pu-Al elements in the test series).

Nelkin Scattering Kernel for Water

With the availasbility of the Hanford scaettering data for water; supple-
mented by the ChalkRiver data; one can compare in detail the Nelkin scatter-
ing kernel with experiment. For this comparison, both theoretical andi
experimental results have been expressed in terms of the Egelstaff scatter-
ing law. The Egelstaff scattering law expresses differentiel crcss sec-
tiong ir terms of & simple energy dependent factor, and a more camplicated
factor, the S factor;, which depends on energy transfer and momentum trans-
fer only. While there is reasonasble agreement between theoreticelly and
experimentally derived S factors for certain values of the energy transfer,
there are certain velues for which the S factors show serious disagreement.
This disagreement may indicate that the theory is seriously insdequate.
However, since the Nelkin kernel is evaluated by a machine program, there
is alsc the possibility that the disagreement is due to errors generated
by the machine program. Currently the machine program is being studied

irn detail.




A second problem with the Nelkin kermel is the apparent fallure of
detailed balance in the regions of high energy transfers. Since there
are few experimental date for high energy transfers at present, it is
not possible to determine the seriocusness cof this failure. A possible
reformilation of the water kermel that would avoid this problem 1s being

studied.

Code Development .

CAIX

Debugging of CAIX is proceeding satisfactorily, and the document rough
draft has been started. Debugging to date has consisted c¢f running one-
group,; infinite medium calculations. Cases invelving either one or five
fuel isotcopes; with one fission product, have run successfully, both on
single pass and recycle operation. Most of the reactivity initisiization
options have been proved out; with one option still being checked.

The milti-group reactivity and flux calculation subroutine (program ANNE)
is being recampiled to incorporate lmproved methods of calculation.

RBU

Analysis of the theoretical expressions for uo(Es), average cosine of
the scattering angle, and the average energy change, AB(Ec), derived fram
the gas kermel, indicates that the two-mass approach, to account for
chemical binding effects on neutron thermalization, shows sufficient
promise to warrant further development. A machine program to evaluate
u{E,) and AE(E,) as functions of u and A (the mass parameters) is 60
percent ccmpleted.

RBU Cross Section Updating

Eleven isotopes pertinent to PRTR reactor physics analysis have been up-
dated on the RBU library tape. Those isotopes thus treated are: Uranium
(ggs, 236, apd 238); Plutonium (239, 240, 241, and 242); and D2, Hel,
0l°, Zr(natural).

Instrumentation and Systems Studies

Technical assistance was provided regerding adjustment and modifications
of the PRTR Fuel Rupture Monitor. It was determined that extremely high
activity in the gas sample chambers tended to drive the count-rate meters
full scale on the highest range and that rate-meter discriminators had

been set to the marginal operation point in an attempt to hring the rate-
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meter readings onto scale. At increasing rates, this adjustment actually
caused the meters tc read downscale.  The discriminators were properly
reset snd the detectors were moved further from the sample in two chambers
until the rate-meters read 20% of full scale on the highest range. As an
alternate, & lead plug was febricated and inserted intc the third sample
chamber in front of the detector. This plug, which had a 0.375 inch hole
in it. alsc provided a rate reduction to 20% of full scale on the high
range. An emitter follower preamplifier was designed, fabricated, and
attached to the probe of the fourth chamber. The output of this probe,
which is available for insertion and testing of any sample chamber, was
cebled to the control room miltichannel analyzer for gamma energy spectral
analysis work.

Shielding calculations were made to determine the required thickness for
the door between the airlock cell and the cask handling area of the Fuels
Recycle Pilot Plant. Plans to process fuel elements of different geomet-
ries than previously considered required some changes in the design bases
for radiation shielding.

All labcratory testing was successfully completed on the second generation,
final model; scintillation, transistorized, effluent monitor for gamma
emitters for use at PRTR in the contaimment trip circuit. The instrument
is ready for instellation by PRTR persomnel and will replace the first
prototype which was temporarily installed as a replacement for the criginal
inasdequate equipment. The new model has improved electromic trip circuits
and final packaging. :

Instructions were provided Structural Materials Operation for calibration
cf the recently assembled Mark IJ probe for measuring the process-to-
shroud tube anmuius in the PRTR. Nine spare test coils were fabricated
and delivered alsc.

Development was started on instrumentation for measuring the vibration of
PRTR fuel elements, both in the hot loop mockup facility in the 314 Build-
ing and wWltimately in the PRTR. The feasibility of using a dual probe
eddy current sensor was determined with a laboratory mwockup. A basic
sensitivity of two millivolts per 0.001 inch displacement between s fuel
rod and the process tube was observed over the total possible range of
‘process-to-shroud tube relative displacements. This signal sensitivity is
sufficient for recording. The probe will have to operate at temperatures
up to ebout 500°F and selection of suitable materials and calibration
procedures poses a mumber of difficult design problems.

PRTR Test Number 35, a repeat of PRTR Test Number 12, on reactor noise
analyses, was performed during the week of August 13-1T7. The test called
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for the similtaneous, tape recording of information from the servocmancmeter,
moderator level dip tubes; galvancmeter chamber;, and two flux chambers.
Informetion from the galvancmeter chamber was not recorded because of
difficulties with ground loops in the measuring circuit. The reactor

power level and moderator level were held as steady as possible during

the reccrding. However, usable test instrument sensitivities were limited
by moderator level variations; thus reducing the signal-to-noise ratio

of the data and the accuracy of the results. All test equipment has heen
remoyed fram PRTR and the PRTR systems have been returned t2 normal.
Analiysis of the data is in progress.

Initial investigation and evaluation of an analog power-spectrum analyzser
operating on Fourier analysis principles were ccmpleted. The findings

of this study will form the basis of a report which presents the theoreti-
cal basis for and the practical aspects of this analyzer. A rougk araft
of the report is completed.

A PRP Critical Pacility analog study to determine the muclear accident
potential of the reactor using various types of fuel elements in the core
was campleted. Since the moderator-coolant of the Critical Facility
reactor is in direct contact with the core, previous studies were made
using a greatly simplified heat transfer model. The most recent study
used a much more elabcrate model including steam and void formation in
the moderatcr and the effect of moderator boiling at the surface of the
fuel elements.

Work started on an analog simulation to study possitle nuclear excursions
in the PRTR with various fuel loadings. Maximum power levels and maximum
fuel temperatures are being determined for excursioms resulting from
varicus postulated reactivity disturbances.

NEUTRON FLUX MONITORS

A series of revisions and correcticns to the neutror regenerating
detector ccmputer program was established. The program was then used ir
a series of runs using ues » e ; and Pue40 as the cromstituents. Tem-
peratures of 100, 400, and 8009C were used for the spectral parameters

(r values) of 0.00, 0.0k, and 0.08. These values were expected T2 bracket
actual reactcr operation conditions. For those fertile muclides with
cross secticns strongly dependent on neutron temperature and spectrum,
the cptimal initial composition and the useful lifetime expectancy were
determined tc be grossly different in the vari~is cases. It had been
assumed in the calculations that the URDY cross section was constant;
therefore, the optimal ccmposition apnd usef:l lifetime of the detector
were similar in all cases. It is concluded *that it would be an advantage
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Work on the multifrequency eddy current test unit is proceeding. Through
the use of breadboard circuitry, it was proved that the various frequency
components can be nulled and separated fram the composite sigpal with

the proposed circuits. Accordingly; a tuned amplifier incorporating
autamatic gain control and a detector stage was designed and tested. Five
of these tuned amplifiers have been constructed for the five frequencies
to be used. Testing of these amplifiers is now being completed. These
tuned amplifiers (and the oscillators) are made as plug-in units so that
different frequencies can be used at a later date if desired. The four
1-C type oscillators are being converted to crystal oscillators for
greater stability. These oscillators were designed sc they could be
converted with a minimum of new wiring.

The new graphical mulling unit permits the mulling or near nulling of the
eddy current test probe signal by means of the adjustment of. a single
control lever which moves in a plane representing the voltage plane of
the test coil ocutput. A special feature of the device is that a graphical
plot of the test coil output voltage may be made simply and directly.
This makes it possible to readily relate the test coil output signals tc
published and experimentally determined patterns. Tests of the device
mounted on an eddy current tubing tester show that it will facilitate
the adjustment of the tester and the interpretation of test results.
Tests show that the resolution and linearity of the present model need
to be increased for working with small irregularities; for example,

0.005 inch electro-machine notches in 0.25 inch 0.D. Inconel tubing hav-
ing 0.050 inch wall.

An invention disclosure, HW-T4595, titled "Bidy Current Nondestructive
Testing Device with Graphical Nulling Feature" was prepared and forwarded
tc the Patent Attorney.

Zirconium Bydride Detection

Results of X-ray analysis of hydrided Zircaloy-2 samples, using & rotat-
ing sampie holder; agreed qualitatively with previous X-ray studies.
Sonic damping appears to correlate with hydride content in small Zir-
calcy-2 coupons. A coupling jig for stress-attenuation studies has been
designed. A literature search reveals that there are at least three main
proposed mechanisms of hydrogen embrittlement in Zircaloy-2.

The X-ray analysis was made by Chemical Separations, HLO; at our request.
A rotating sample holder was used in an attempt to reduce preferred
orientation effects which have prevented quantitative anslysis for sur-
face hydride concentrations in these studies. The preferred orientation
effects were not reduced enough to obtain quantitative results. However,

gt |
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good qualitative sensitivity to hydride concentrations down to 300 ppm was
cbtained., This agrees with previous work reported in the October; Novem-

ber. December 1961 quarterly report.

Sonic damping measurements were made by FPD on the same grour of samples
being used for the X-ray studies (coupons approximately .02 x .6 x 2 inches
containing 10. 100. 300, 400, 700, 1000, and 5000 ppm hydrogen). Demping
at a frequency c¢f approximately two kc increased with increasing hydrogen
concentration.

Ultrasconic methods are useful for examining small areas due to the "beam-
ing" effect which occurs for a piston type transducer at high frequencies.
Possible mechanisms for ultrasonic stress-attemuation effects, based on
dislccation theory, were described in the April, May; June Quarterly Report.
The sonic damping results, mentioned above, may indicate that hydride .
causes an increase in stress induced dislocetion movement. (chever, it
could alsc indicate an effect due to hydrogen diffusion within, or at the
boundaries of, hydride platelets.) According to the proposed mechanisms,
stress induced dislocation movement would cause an increase in ultrasonic
attenustion. An apparent effect of stress on ultrasonic attenuation has
been observed. but has been questionable due to variations in coupling
during stressing the samples. A jig to accurately maintain the sample

te transducer spacing during stress applicatiorn was designed and fabrica-
tion costs were estimated by Technical Shops. Other possible coupling
and transducing methods are being considered also.

A literature search revealed that one proposed mechanism of hydrogen
embrittlement in Zircaloy-2 is based on realigmnment of slip planes in

irconium hydride platelets at 830 ppm hydrogen content so they are mnot
parallel to slip planes in the metal. Another mechanism, which would be
effective at high strain rates, is based or the intersection of twins
with hydride platelets, and subsequent formaticn of microcracks. A third
mechanism is based on initiation of microcracks due to the high stress
field around a hydride platelet.

Heat Transfer Testing

Five Savannsh River and three Hanford aluminum clad urenium fuel elements
were heat transfer tested, and results from the HAPO fuel element tests
were campared with autoradiographs. Tests have shown that the water
cooled lens barrel improved stability of the heat transfer tester.

The Savannsh River fuel elements were the hot-die sized type. The cladding
of twc had been anodized on the inside surface prior to sizing. and the
cther: had been left in the normal condition. Apparent heat transfer
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defects aprraximately 1/4 inch in diameter were found in one anodized, and
in ome of the normal fuel elements. However, the signals were at the limit
cf sensitivity for the test.

PR3, P, 2,

Comparison of heat transfer test results with autorediocgraphs of the HAPC
fuel elements showed that two of the elements, whick give no heat transfer
defect indications, had porosity (void less than 1/4 inch dismeter) in the
AlS1 braze layer. Heat transfer defects which were detected in the remain-
ing HAPO fuel element correspcnded to voids approximately 1/4 inch in
diameter.

Tests show that installation of the water cooled lens barrel cn the radio-
meter closest tc the plasma heat source has improved the stability of the
radiometer. Thus, the increase in signal which previously occurred during
each fuel elemert test, and interfered with operation of the dual radicmeter

system now under develcpment, has been greatly reduced.
Qther Tests

An inveation disclosure, HWIR-1540; "A Hall Effect Magnetcmeter for the
Nondestructive Testing cf Steel” was prepared and forwarded tc the Patent

Attorney.

USAEC-AECL COOPERATIVE PROGRAM

Norndestructive Testing of Sheatn Tubing

Studies to compare the ultrasonic response of drilled holes with notches
were contimued with the aim of arriving at suitable standards and calibra-
tion procedures for the fuel element sheath tube test. Both the longitudina
and transverse tests were investigated using several ultrasound entry angles.
A 0.005 inch dismeter hole drilled through a 0.030 inch thick wall, C.750
inch ocutside diameter tube was found tec have a response appearing tc be a
composite of the response from respective cutside and inside surface nctches
of about one wall thickwess in length and one-tenth wall thickness ir depth.
The signal amplitude for this size hole was within 10% of the notch signal
amplitude under certain conditions; which indicates that a hole standard
would be suitsble for setting proper instrument gain. However; the gate
setting must be accurately positioned in order that both outside and inside
surface defects are equally detectable. This requirement appears tc be

best established through the use of notches. It may be practical tc use
notches as primary standards and drilled holes as secondary, or working
standaxrds. .

In previcus work on test evaluation, tentative agreement was obtained “etween
the measured ultrasonic respcnse to defect deptk and that predicted analyti-
cally. The response is dependent upon the Lamb-wave modes used, and in some
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cases, it remains constant; or even decreases, as the notch is made

deeper. rather than increasing uniformly. Since such conditions critically
effect +he use of Lamb-wave prcpagation for tubing tests, the exact res-
ponse needs to be established. Additional sets of transverse and longitudi-
pal rotches are being fabricated for use in completing the studies with
0,035" wall thickness tubing and for extending the results to 0.0l7" wall
thickmess Zirceloy tubing. The new notches vary in depth fram 1/10 tc 1/2
the wall thickness ir 1/10 wall thickmess steps.

Evaluetion of the tentative calibration and test procedures under produc-
tion conditions was started. As an initial effort, a cooperative program
was established with one of the tubing manufacturers (Harvey Aluminum)

tc vltrasomically test 200 tubes (0.505" 0.D. x 0.030" wall, Zircaloy)
according %o our procedures. The tubing plant was visited and the tubes
were tested as prescribed within the limits cf the available equipment.
When the tubes are received at Hanford, they will be tested again with
ultrasorics. fiuorescent penetrant tested, visually examined, and des-
tructively analyzed.

Prior to performing the test in the manufacturer's plant, three standards
vere fabricated. Each stendard contained outside and inside surface longi-
tudinel notches and an outside transverse notch; all were electro-machined.
The notches were made on wall thickness (0.030") long by 0.0015" deep.
Rerlication of the notches indiceted good reproducibility in machining,

the greatest variation was 0.001l". The ultrasoric responses for all
notches on the three standards were obtained under production test condi-~
tions using the Henford equipment. Ultrasonic response reproducibility
wae within 10% for all notches, including inside and outside surface
notches, One of the standards was used by the manufacturer in rumming his
tests,

A fundamentel enalytical study to formulate a physical interpretation of
Lamh-weve propagation in plates for pbase velocities greater than the
Zircaloy longitudinel velocity was completed. The study treated Lamb-

vave excitation as the simzltaneocus propagation of shear and longitudinal
components, and predicted the socund smplitude ratios within the metal
specimer.. It was based cn the premise that as Lamb-waves approach a plete
edge where a metal-water boundary exists, the longitudinal and shear com-
ronents showid separate intc a predictable pattern in the water. Schlieren
images of plate eni lesksge during Lamb-wave propagation demonstrated that
the analytical study was aepproximately wvalid. Accurate determination of
scund amplitude ratios by experimental methods was difficult because of
sound diffraction effects which were not included in the analytical werk.
However; the experimentsl work did provide verification of predicted ampli-
tude differences which were feirly large.




BIOLOGY AND MEDICINE - 06 PROGRAM

Atmospheric Physics

A series of nine successful dispersion experiments, designed to clarify
certain feastures noted in the 1959 Green Glow data relating to emission
duration, travel time to a given distance, and averaging time of me%eor-
ological parameters in relation tc¢ dispersion parameters during stable
atmospheric conditions, were completed. All tests were conducted during
the pight-time hours, using a continuous source near ground level., In
addition to the extensive vertical and horizontal sampling grid extending
40 two miles from the socurce, the sampler arc at eight miles was reacti-
vated and used during five experiments. Release periods varied from one-
half tc three and one-half hours. Exposure date were collected serially
at selected locations with the modified drum samplers. In contrast to
earlier experience, no problem with obscuration of samples by rnatural
atmospheric dust occurred during this series.

The second; in a series of experiments to measure directly the dry deposi-
tion of zinc sulfide tracer material on vegetation, was ccmpleted on
Agust 28. Because of pecssible cross-contamination between experiments,
all equipment was moved from the 200N site; used previcusly, to a new

site near the old Hanford Townsite. The test area was unifcrmly covered
with cheat grass averaging 35 centimeters in height. Zinc sulfide re-
leased from & ground scurce was sampled at a height of 1.5 meters on arcs
at distances of 25, 50, and 100 meters. Samples of cheat grass and organic
ground surface material were collected at regular intervals along arcs

at the above distance. These samples will be ashed and assayed with the
Tri-Carb Scintiliation Spectrometer to yleld depcsition measurements.

Sumnaries cf gross statistics of data from 60 Hanford diffusion experi-
ments copducted during the period 1959-1962 and 76 experimerts at Cape
Canaveral, Florida, conducted during 1961-1962 were completed. All of
these experiments employed the same experimental design and assaying
technique; and have a common source height of about twe meters. A power
function relationship was fit to the decrease of ncrmalized centerline
exposure, Ep/Qp, with distance of the form

Ep/Qp = axb,

where x is the distance from the source. Values of the parameters found
are tabled below.
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Numbexr of

Test Series - b Experinments
1959 Hanford (Stabtle) 6.3 -1.8 18
30 Series (Stable) 4.2 -1.7 17
30 Series (Unstable) 14.9 -2.1 12
Cepe Canaversl (Stable) 18.1 -1.9 19
Cape Canaversl (Unstable) 12.9 -2.0 55

Dosimetry

Measurement of the radioactivity in Alaskan BEskimos continmed. The
apparstus was taken to Anaktuvuk Pass, a smell village in the interior of
Aleska. No accommodations for the counter were availaeble so it was neces-
sary to build temporary ones in the open. The counter was supported on
timbers placed in a hole dug down to permafrost. Protection from rain
and dust was provided by & wood framework covered with plastic sheets; a
floor was made of sheets of plywood. When the measurements at Ansktuvuk
were campleted, the counter was returned to Kotzebue. There, a small
group of people from the Dicmede Islands and a few more people from
villages arcand Kotzebue were counted. The counter was then moved to
the village of Point Hope, the last village it is planned to visit.

Some of the results of the Eskimo studies are now availsble. The Cs-137
body burdens for permanent residents of different Alaskan villages are

giver. in the following table. These results may be changed slightly if
date are added or eliminated or minor calibration changes are necessary.

Cs~-13T Body Burdens in
Alasken Eskimo Villages

Number of ne of Ce-13T
Village Subjects Minimum Maximm  Average
Barrow 259 8 166 52
Kotzebue 132 17 518 138
Ansktuvuk 52 83 790 k21

For compearison; the aversge body burden of CS-137 of subjects counted at
the Hanford whole body counter during this period was 5 to T nc. The
first measurements on lapplanders gave as high as 361 nc. Numerous meas-
urements made in the Fall of 1961 gave 320 and 190 nc average body burdens
for male and female Swedish Lapps and 243 and 123 nc for Finnish Lapps;
respectively.
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A rough explanation, that is quite probably the correct one, can be given
for the different average burdens in these villages: All of these people
get a good share of their food from stores. Most of the store food comes
from the other states and is not expected to produce high or very different
Cs-137 body burdens. At the inland village of Anaktuvuk Pass, about half
the food eaten is caribou which they hunt. Caribou are known to contain
considerable Cs-137. At Barrow, the people get more cf their food from
the store; the rest of their diet is caribou and sea food. Sea food
contains very little Cs-13T. At Kotzebue, the proportion of food obtained
from stores is about the same as at Barrow, but the people alsc eat consid-
erable reindeer meat obtained fram domestic herds. The reindeer meat

seems to contain even more Cs-13T than the caribou.

A study was begun of the use of pure CsI scintillations at liquid nitrogen
temperatures. The purpose was to explore the advantages of low temperature
operation in reducing photamiltiplier noise and in producing large scintilla-
tion pulses from the CsI. Techniques for counting at low temperatures ’
were worked out. Initial tests were made with granular layers of CsI.

These performed satisfactorily except that no photopeak resolution was
obtaingble. )

The new accelerating tube obtained for the Van de Graaff last month appeared
to be unsatisfactory. It wes returned and another one obtained. I%t, tco.
appeared to be unsatisfactory in the same way. Exhaustive tests were made
of the Van de Graaff without finding anything else that might »e at fault.
Finally, it was found that removing the recently installed ion-getter

pump eliminated the trouble; i.e., the accelerating tubes were not at fault.
We do not know the nature of the difficulty with the ion-getter pump. It
was necessary to put back on the system the vacuum pump that had been dis-
blaced by the ion~getter pump., At present, we use the regular vacuum pumps
and close off the ion-getter pump while operating; at nizht and over week-
ends we use the icn-getter pump.

Fabricaticn was completed of the device for producing doubly charged helium
ions for use with the Van de Graaff.

One of the precision long counters was loaned tc Mcund Laboratory sc¢ they
tan compare theirs with it.

A Simpson Pile, a monitor for cosmic ray neutrons, was constructed to be
used tc detect variations in background neutron fluxes during future meas-
urements.

An AEC Fellow on assignment investigated the possibility of employing a
theorem of Garwin (Rev. Sci. Inst. 23 755 (1952)) ir constructing a special

m
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scintilistion counter that might be used in neutron werk. It apparently
cann~t be used. The theorem concerns transmission of light in light
pipes. Apparently we cannot get the required high degree of reflecti-
vity required for appllcatlon of the theorenm.

Filings from the Sb-124 source used in cur helf-life measurements were
sent in for mass spectrographic anslysis. The purpose is to detect
any contaminant Sk-125 that may be present.

An addition to the gamms ray calorimeter was desigmed that is intended
to reduce or eliminste the small heat leskage found recently.

The sclid state neutron spectrometer utilizing Li-6 thet was cbtained
recently was used in measuremernte at the PCTR to investigate its possible
usefulness for spectrum measurements in a reactor. With the device
placed against & fuel element and with the PCTR operating at 0.l watt
spectra were obtained which showed clearly the thermal and fast neutron
perts of the spectrum. At power levels a few times this; the counting
rete became sc high and the gamma ray pile-up-so bad, that the spectre
vere seriously distorted. So much cadmium was required to shield the
device from thermsl neutrons that it appeared to elter the spectrum

in the reactor where the device was located. This experiment was done
at the request of Non-Metallic Materiaels Development Operation.

Redisticn Instruments

Development and fabrication was completed om a third pocket-type
sensitive signsaling dose meter. The twe original protctype units, one
of vhich incorporates only register readout and the second which in-
corperates tinary circuits to provide both visual and audible indica-
ticns as selected. were demonstrated to HAPO radiation protectiom per-
sonrel. A decision was reached to simplify the dose meter design

to provide only an audible signal following an accumilated dose of 50
mr. ILater models may be set at 100 mr fcr certairn epplicetions. The
third protctype satisfies the nev requirements. and has tested satis-
factorily to date. Final design effort was continued to eventualily
provide units of the selectable level signaling and visually-indicating
type for anticipated specialized plant needs. All of the forestated
dose meters use auvtomatic recharge type pencil aosimeters as Senscrs;
and &ll circuitry is transistorized.

A fourth experimental dose meter of the high level type; S r to 100 r;
was campleted in first generation form, tested., and demomstrated te
HAPO radistion protection personnel. This uxit;: which provides a
selectable-level sigreling trip pcint; uses cnly audirtle signaling
whern the preset accumilated dose is reached. It uses & standard pencil

AGegshier ©. how v .
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1230119 DEC LESET



http://prctrl.de

dcsimeter as a sensor and has an electrometer tube and transistor circuits.
All power is supplied by incorporated batteries, and no charging from an
external source is required. This type of dcse meter, which tested correctly
from OOF to +130°F, has potential applications in nuclear accident monitoring

and civilian defense.

An invention disclosure was filed on a possible capacitance method for
detecting the position of the fiber in a signaling dose meter electroscope.

A nmumber of tests were satisfactorily completed following circuit modifica-
tions on the experimental prototype six decade (three decades per scale with
autcomatic scale switching) logarithmic response scintillation transistorized
radiation area monitor. Stable, satisfactory dc alarm trip circuits were
developed and tested. Temperature tests of the complete system including
probe, cables, and instrument showed errors based on full-scale output meter
current to be less than + 1.5% from 09C to +659C. This equates, on either
three decade log scale; to actual reading errors of about + 10%. Similar
errors were noted with the instrument at room temperature and with only the
probe exposed to the 0°C to +659C variation. The alarm trip point stability
was identical to the values stated. The determined circuit changes will now
be incorporated permanently in both the log response and the combination log
and linear response prototype monitors.

Circuitry changes to incorporate a rechargeable nickel-cadmium battery were
completed on the experimental transistorized G.M. portable instrument, which
has both count-rate meter and aural indication of counting rate.

A new light chamber was designed and fabricated for use in the continuous
or real-time airborne zine sulfide particle monitor being develcped for
use in atmospheric air movement and diffusion studies. The chamber is
located between the multiplier phototube and the ultraviolet light which
is used tc activate the ZnS particles. Although tests are not complete
improvement in detection sensitivity was noted.

The ccommercial wind speed and wind direction transducers were received for
use 1n the experimental Atmospheric Physics portable mast system.

The incorporated semiconductor preamplifiers cf the wind speed unit were
unsatisfactory and new transistor circuits were developed, tested. and
installed. The modified transducer performed correctly from OOF tc +150°F;
however, after continued operation at +150°F, the apparently kighly-stressed
aluminum anemcmeter cups flattened out and were destroyed. Interference or
cross talk tests were made with the preamplifier and 500 feet of small -able
using 560 chm termination. The signal-to-crosstalk ratio was determined tc
be about 37 decibels. This is satisfactory especially since orly simple
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low-pass filtering will be additiomally required to eliminate high freq-
uency pickur noise. The developed preamplifier ocutput voltage signal level
is about twe volts peak-to-peak.

Experiments continued regarding verious methods of simplified readout and
deta utilization for coincidence-type alpha air filter counters for 4 inch
% 8 irceh stapdard filters. Following considerable actual tests with a
ierge number of filters, a pre-set count method was developed te provide
simple and relisble evaluation of data. This approach, which 1s superior
+> the usual pre-set time method, requires the cperator to only have to
determine cne number if the filter is contaminated instead of having to
plot results on & graph. Measurements with a speciel fabricated disk
source of P239 and sr90-Y9C indicated ar instrument resolving time of

Col milliseconds. With this and the extensive test data from the 500
filters. %khe random coincidence rate, whick injects an error in the coin-
cidence crannel, should not exceed 6%. Since the filter is removed frow
ite locatior tc be counted, the alpha-to-coincidence count ratio will
slowly change with time. With the stated variables taken into account,
the system can still detect 2000 d/m of Pu239 in the presence of extremely
large concentrations of radom-thoron. This sensitivity equates to 1 MPC
(2 x 1012 uc/cc) of Pu39 for a 23 hour flow of 10 CPM.

WASHINCTON DESIGNATED PROGRAM

Isotcric Analysis Program

Isotcopic analyses were provided on program sampies as recelved during the
month. The results cf daily analyses of uranium standard samples showed
G change ir the value cof the systematic bias in mass ratic reported during
July.

The sclid~state alpha-particle spectrameter has been placed into routine
service to assav sample fiiaments to determine the fraction of sample
sctually loaded onto the mass spectrameter filament. The pcor pulse-height
spectrun. previocusly reported for this device was determined to be due to
an insensitive surface layer of about 115 kev equivaelent thickness (for
5.5 Mev elphas) comhined with the necessary filament-counting geametry.

TEST REACTOR OPERATIONS

PCTE Operstion

The PCTR was cpersted intermittently during August with one unscheduled
shihéown resulting from electronic failure. Measurements were made during
the month *o aid ir the design of the proposed High Temperature Lattice
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Testing Reactor. Several reactor runs were made to provide neutron flux
for testing a developmental solid state neutron detector. The work was
requested by Non-Metallic Material Develcpment Operation. The permanent
thermal column was installed on top of the PCTR. Part of the month was
devoted to minor maintenance items.

TTR Operation

The TTR was not operated during the month.

The second two zone experiment for 1.8% Pu-Al fuel in a 0.85 inch lattice
was ccmpleted in the critical approach tank.

CUSTOMER WORK

Weather Forecasting and Meteorological Service

Ccnsultation service was rendered onmeteorological and climatological
aspects of 1) oxides of nitrogen release in 300 Area to IHO for FFD;

2) phosgene release in 200W Area to IHO for CPFD, 3) distance criteria
for industrial development in the vicinity of 300 Area to RPO, and U4) low
altitude aircraft sampling for fallout to CR&D.

Meteorological services, viz., weather forecasts, observations, and clima-
tological services, were provided to plant operations and management per-
sonnel on a routine basis.

Weather Summary
Type of Forecast Number Mede % Relisbility
8-~Hour Production 9% 85.4
2L-Hour General 62 87.3
Special 161 91.9

August averaged scmewhat cooler than normal. Although precipitation was
2-1/2 times the normal, there were only three days with a measurable
amount .

Instrumentation

The Automatic Conveyor-Type Alpha-~Beta-Gamma Laundry Monitor successfully
performed during a series of fully-operational *tests at the HAPO Laundry
Facility. All portions of the system performed correctly. The autoratic
loading system performed well, but needs a few corrective adjustments.
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Teshe are continuing to determine the proper rejection level settings for
alphe ard beta-gamms contamination. Routine operation is expected shortly
and an extencive, detailed operation and maintenance memal is nearing
completion in rough-draft form. Most of the detailed circuit diaegrams have

been ccmpleted.

Ccalibraticr edjustments were completed on the five transistorized scintille-
ticm beta-gamma fissiom product air monitors for Radiometallurgy Laboratory.
327 Building. Four units were installed for fixed-location operation and
the fiftr urit will be operated in a semi-portable fashion. All units have
performed correctly to date. They were adjusted tc energize the alarm if
an sirborne mixed Fission product concentration of 1 x 1079 uc/cc (one MPC)
exists for 25 minutes with a 15 CFM airflow rate. Fixed source tests indi-
cate the alarm wiil enmergize for 2.4 x 10% d/m 8r90-Y90, since the slope
of the curve on the chart recorders provides a measure of the rate of
Geposition on the filter, the fission product air concentration can be
estimated for any short period as desired.

Aprraximately 500 actual sample eir filtere from the 308 Building were
counted during the momth on the prototype coincidence-count alpha alr
filter counter, which was designed for Radiation Protection Operatiorn to
provids immediate counting of standard HAPO 4 inch x 8 inch air filters
without waiting for radon-thoron decay. The instrument will be irstelled
after the cperstion and instruction mamusl is completed.

laboratory tests continued on the field model comtimucue coincidence-count
alpns air meniter as fabricated for Radiation Protection Operation. Long-
period tests are necessary to provide adjustment infcrmestion from data
chtained during high level radon-thoron atmospheric conditions. General
operation cf the monitor has been satisfactory to date.

Decign and development continued on two specific instruments for Finished
Products Chemicsl Technology, CFD. The first is a plutorium fluoride
weight detector to be used in Hood Nine. 234-5 Building. Design tc date
considers a sealed balance system which will activate a very sensitive
microswitch when a specific amount of powder rests on the balance pan.

The seconmd instrument, tc be used in the same location. has been completed
and is a conductivity monitor used, in essence, to determine caking of
plutonium flucride powder due to increasing moisture content. The instru-
ment is transistorized, 110 VAC cperated; and operates in a fail-safe mode.
A trip signal for high conductivity, which indicates excessive caking, is
indicated by & lamp and by closing .f_‘elay contacts which can be used for an
external &alerm. The sensor consists of two stainless stecl wires properly
spaced and mounted in the Hood Nine facility.
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The airborne sensitive transistorized scintillation gemma survey instru-
ment, designed for and in use by Radiation Protection Operation, was modi-
fied to use a 12 volt rechargeable nickel-cadmium battery and a 12 VDC '
energlized DC-DC converter high voltage supply. Contimuous operation for
80 hours is possible, and the addenda battery charger will recharge the
battery overnight. Operation has been fully satisfactory.

A two-section alarm system was designed and tested for use with the
scintillation transistorized Columbia River Monitor which was designed
for and is in use by Radiation Protection Operation. One portion of the
unit will be installed at the river and the second remocte indicator sec-
tion was installed at the Patrol desk, 3701-L Building. The remote unit
provides indications for normal operation, low-level trip, high-level
trip, and general power failure. Audible and visual signals are provided,
and a test unit was included to provide periodic testing. 1In additionm,

a delay circuit was designed to prevent damage to the main river water
pump from possible line voltage variations following an outage.

Calibration of micro-displacement readout systems to be used by Physical
Metallurgy Operation for in-reactor creep measurements continued. The
basic calibration of the transducer system used in the third generation
creep capsule is appraximately 80% completed. This calibration was
considerably delayed this month due to repeated failures of the DC-DC
converters used for transducer excitation and demodulation. Because of
these failures, the ambient temperature effect tests have been cancelled.
The test series to determine the effect of varying the zero control set-
tings will be conducted as originelly scheduled, however.

Instrumentation work for the Radiation Effects Facility at 100-KW included
installation and testing of a prototype micro-positioner digital control
system for use in creep capsule tests, and a visit to a vendor's plant

to resolve problems and obtain information on the expansion capsule data
lcgging system.

Consultation was given Quality Control Engineering, FPD, in the selection
of a system to read out on punched paper tape the dimensions of NFR fuel
elements tc be tested under the Pre-Irradiation Measurements program.

Preliminary development was carried far enough to permit QCE to begin
procurement of the system components. The readout device will be similar
to the 306 Bldg. installation, but will incorporate several design improve-
ments. This is the fourth fuel element readout to be based on our initial
design. :
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A developrental model electrical readout process tube traverse mechanism
was tested anmd calibrated. The unit yields data which are reproducibtle
to withir 0,005 inch. Thigs is about the same reproducibility obtained
with & previously demonstrated optical unit. The datae permit distortions
in an eight foot length of tube to be calculated with an accuracy cf

+ 0,080 inch. Aw cperational wuait is now being designed for use in NFR.
A similar unit can readily be built for use in the o0ld reactors.

During the gix-week period (Tuly 22-August 31) included in this report,
& total of 500 man hours shop work was performed.

Tre work ineclivded:

i. Fatrication of 20 glase bearings fcor CPD.

2. Repair of twc crane periscope heeds for B Building and Redax
crane periscopes.

3. Aluminizing four mirrors and one bell jar.

4, TFabrication of 50 pyrex wheels for FFPD.

5. Fabrication of an eluminum sphere for Experimentel Nuclear Physics
Operation.

€. Assembly of a profilameter stylus for FFD.

7. Repair of borescope and TV camere lens for Structural Materials
Develicopment, HLO. . '

8. Preparation of 'twe scintillation reflectors for Experimental
Nuclear Physics Operatiom.

9. Preparation of three glass scintillation wafers for Finiched
Proquets Chemicel Techmology:. CFED-.

0. Lapping of two test biccks flat to 10 micrcinches for Finished
Products QOperetion, CPD.

1l. Fabricatiop of six film holders for Radiologicel Develcpmert and
Calibrations;, HLO.

12. Repair cf cne micrecscope for Radiametellurgy Operation.

13. Preperaticn of nine LiF targets for Radiologicel Physics Opera-

' ticn, HLO.

1%. Fabricatior of components of a photameter for Chemicel Develcp-
ment Qperaticn, HLO.

15. Repair of three camera shutters for Metallography labs.

Physical Testing

A total of 5,058 tests were made on U4,547 items with an aggregate of
Lk 80k fest of material. Testing requirements appear tc be remaining
steady. witk the greatest foctage consisting cf tubular components. Werk
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wag dope for a wider variety of customers this month; some 31 different
BAPO compoments representing most of the operating department and service
organizations and cther AEC contractors were serviced. Advice was given
on 48 different occasicns on general testing theory and applicationms.

Kaiser Engineers have completed their work on NFR process tubes and have
permanently vacated their work stations in the White Bluffs facility.
Sufficient tubes were tested and treated to complete installation in the
reactor and to provide an initial lct of spare tubes. A small number of
tubes which are being rewcrked by the manufacturer will require testing
and treatment by Physical Testing later,

With the coampletion of NFR process tube work; testing of the remaining
PRTR spare process tubes has proceeded. All tests have been ccmpleted on
the tubes except for six tubes remaining to be pickled and autoclaved.

Minor equipment modiflcations of the tube facilities have been initiated
preparatory to testing K-reactor Zircaloy replacement tubes. The first
shipment of tubes 1s scheduled for mid-October.

Bddy current testing of 150,000 feet of 1/4" 0,D. Inconel instrument tubing
was ccmpleted. Complete analyses of results are not yet available, pend-
ing determinations of hydrostatic failure tests; however, evidence of con-
fidence in the test is gcod. About hslf way through the program, the cus-
tcmer decided to use the eddy current test in lieu c¢f the originally
specified hydrostatic proof test; however, contractual problems need tc

be resolved tefore this cost saving step can be effected.

P-Reactor Operation was assisted on an emergency basis tc evaluate a
horizontal control rod replacement. A radiographic examination was made
tc establish positively whether the rod was a half-rod or a full rod.

Tests were made for two bid acceptance evaluaticns for Process Design
Operation, IFD. The samples invclved were stainless steel chsin weld
specimens; and stainless steel swage lock comnector fittings. Integrity
of the welds and effectiveness of the seals were determined by micrc
polishing, etching, and photographing the specimens.

The results cf tests performed for FPD cn twc problems may have potential
for production applicaticn. Fuel element support clips for I&E fuel
elements were cracking when formed intc shape. A test was needed to
reliably Jetect and evaluate the severity of the cracks. Radiography

was tried with good results; however, the precise alignment of each clip
needed to accurately measure the depth of the cracks precluded production
aprlication., A fluorescent penetrant test was also tried although the
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custoamer had previocusly tried it with unsatisfactory results. A demonstra-
tior. was made tc elaborafe on the controls recessary for a successful test
including choice of penetrant, penétrant time, emlsification time, washing,
ard read~cut. With proper comtrols, the fluorescent penetrant method was
shown to e useful for this problem. A cladding problem on enriched uran-~
ium fuel elements with Zr cladding was attacked by eutoradiography. Use

of standards of known wall thickness; optimum film selectiomn, and sutomatic
film processing yielded results of consistent uniformity with good detail.
Resolution cf cladding veriations appeared tc be greater than the customer
couwld achieve with ultrasonic methods.

A nev ultrasonic rail flaw detectcr purchased by the Track Maintenance
Operaticr. of CEXUC was checked out, a set of standards fabricated, and
instructicns prepared for the proper use of the instrument.

Ultrasonic testing work aimed at finding a method for in-service monitoring
of the primary loop piping of NPR contimned. Evaluation of ultrasonic
results cn fatigue specimens was completed. The results indicated: a
positive correlatior with discontinuity location and size; focusing of

the second beam due to pipe curvature; observation of discontinuity
"growth"; end cbservation of surface crack formation. A pressure vessel
made from a piece of NPFR piping was cyclically tested to failure at South-
vest Research Institute. The failure pattern substantiated the findings
indicated above as it cccurred at a location on the longitudinsl weld seam
vhere vwe had found strong ultrasonic indications of discontinuities.

Calibration of accelerameters for measuring vibration of PRTR reactor tubes
and riring was completed. Two tri-axial accelerameters showed amplitude
discrepanczies between axes which were of a greater magnitude than desired
end may have beer caused by vibration table error. Samples of various types
of insulaved mcunting materials were evaluated. Linen phenolic was selected
and mourts for the accelerameters were fabricated. All of the equipment
needed for the vibration testing is now ready.

Analog Camputer Facility Operation

The msjor problems cconsidered during the month were:
l. Reactor Transfer Function Studies.
2. FRF Critical Facility.
3. PRTR Nuclear Excursion Studies.
4, Optimization Techniques.

Further stuldy was made of the simulation of the cylindrical heat transfer
rrovier reported in Systems Research Memorandum 62-25. The initial anslysis
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of the runs made indicated that at a distance of 200 feet the temperature
has dropped tc about one percent of the temperature of the first node; and
caly 10 nodes are necessary for this particular simulation. Results of
runs will be evaluated as soon as time permits.

A progrem for the same problem was written for the IBM T090 computer.

The results were not in agreement with the analog simulation results.
Analysis showed scme difficulty arising from an approximastion. A reformu-
lation was done and a rewriting of the problem will be attempted during
next month.

The parts for a special noise amplifier to be used in the testing of
camputer~tube cathode condition were received early this month and the
amplifier was constructed and checked out. In order to set up operating
conditions for testing, tubes which failed in the analog computers were
secured and measured. Out of 62 tubes (type 12AX7) which failed on the
EASE computer, the noise test picked 50 as faulty. If one considers that
for 19 of these faulty tubes no obvious trouble could be found (except
that they did not work in the computer), the noise test shows a good poten-
tial,

Eighty-eight percent of the GEDA equipment and rinety-five percent of the
EASE equipment was in good operating condition during the month. Computer
utiiization was as follows:s

GEDA EASE
155 155 Bours Up
25 25 Hours Scheduled Downtime
0 0 Hours Unscheduled Downtime
0 . __jg Hours Idle
180 180 Hours Total

Instrument Evaluation

Thirteen Model I Scintrans of 65 totel fabricated cff-site in Seattle have
been completely tested and ready for routine field use. To facilitate
maintenance; all Model II Scintrans will be servicel in the Pcrtable Instru-
ment Shop.

All wiring errors and incorrect parts were corrected on two on-site fabri-

cated scintillation; transistorized alpha hand counters. All tests have
been completed and the instruments are ready for field use.
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The isgarithmic and multi-decede linear response scintillation transistor-
i7e3 redisticn area monitor was installed in *the 326 Building on August 8
foilrwing evaluation completion. Performance +¢ date has been satisfact-
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The Tlueprints and purchase specifications were uwpgraied for the standard
Hanford C-F portabie dcse rate instruments.

Ail thirty of tue transistorized pertable BF neutron detecting instru-
ments. as fabricated off-site; have been tested arxd are satisfactory.
Tae swell BFz tubes. which are to be fabricated cn-site; have not been
completed to date.

One m-re scintilleticrn transistorized portable alphe “poppy" instrument
will be fsbricated by the Portable Instrument Shop tc check & new layout
ard hattery substitution. The first genersation prototype cortinues to
perforn setisfactorily.

Al evalustior tests were ccmpleted and reported on e Nuclear Measureﬁents
Corporation Model GA-2A Rediation Monitor of the scintillation, vacuum~-tubed
cirecuit +vpe. The evaluation was requested by Facilities Engineering, FED.

Seven scintiilation transistorized combination alpha-beta-gamms hand, shoe,
and clothing mwonitors are being fabricated irn Seatile on en order fram
Rediaticy Protection Operation. In order to provide more exact pulse height
éate neeied, additicmal tests were performed on the scintillation alpha-beta-
gamms probes which emplcy only an air, reflector-type: light pipe. Optimuam
high wcltage cperaticnal levels were dstermined for the incorporated RCA
6£55-A multiplier phototubes. The scintillater for the hand probes is

& b dinch x 8 inch sheet of 0.02 inck thick terphenyl-in-pclyvinyltoluene
coated or. the hand side with about 10 to 15 mg/cm2 of zine sulfide (silver
activeted). Tue ZuS is for alpba detection and the other for betla-gamma
istecticn. The light shielding material is twe layers of 0.2 mg/cme
elomsrom “dunch” leaf covered by ome layer of (.9 mg/cm? double-aluminam
coated My.ar. During the same procedural tests; ar EMI-9536-E phctotube
was alsc checked; however, for this particuler aepplicaticn; the less
expensive RCA €655-A tubes performed as well. It was determined that
either phcototibe gairn or trarsistor amplifier sensitivity could vary by

+ 104 with retenticn cf a satisfactory signal-to-noise ratio.

Special enamel coatings were evaluated for use on the various hand and
shoe counter hand probe wire screens tc prevent hand irjury. Thke coatings
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of "Nu-Pon Cote" were excellent, and the process will be used on all
future hand monitoring scintillation probes.

PHYSICS AND INSTRUMENT RESEARCH
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RESEARCH AND ENGINEERING

FISSIORABLE MATBRIALS - 02 PROGRAM.

IRRADIATION PROCBSSES

Reactor Effluent Water Radioisotope Studies

Deionized water has been passed through a new tube containing new
fuel elements in KB reactor, and Ga-72 concentrations in the
effluent from this tube have been compared with Ga-72 concentra-
tions in the effluent from a control tube utilizing high alum feed
water. The Ga-T2 concentration in the deionized water was more
than twice that from the control tube, indicating that the source
of Ga-T2 in reactor effluent water is impurities in the aluminum,
and that Ga-72 determinations in effluent water might be used to
measure corrosion rates in new aluminum.

In order to verify that isotope reductions noted from siliicsate
additions were due to added silicate and not to the higher pH of
the silicate-containing water, a sodium hydroxide addition is
being made to a tube in KB reactor at pH 7.00, relative to 6.60
for the control tube. The pH of the previously added silicate
water was also 0.40 units higher than the control tube. After nine
days of addition, Na-24 and Mn-56 activities in the test tube
were increased by factors of about 0.5 and 0.6, respectively, but
As-T6 and Cu-64 activities were essentially urchanged. For this
sodium hydroxide addition the effects, if any, on Np-239, Cr-51,
P-32 and Zp-65 activities are also being determined. A second
sodium hydroxide addition at pH 7.50 relative to 6.60 for the
control tube is scheduled for September.

Ground Water Temperature Studies

Ground water temperatures changed only slightly in tke region
between and encompassing the 100-H and 10C-D Areas. No cold
river water was detected moving inland to this region during the
recent high river stage. In a region just soutk of the 10C-H and
100-D Areas there is a sector, approximately two square miles in
extent, in which the ground water temperatures fluctuate from
two to filve degrees centigrade over a six-month period. In view
of the fact that no river water can be detected moving invo this
general region to cause such changes, it is probavle that the
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fluctuations are brought about by changes in the air temperature
from season tc season. A temperature lag of six months might be
expected where the depth to the water table is between 20 and 30

feet as it is in this regicn.

Treatment cf NFR Decontamination Wastes

Laboratory experiments were conducted with dibasic ammonium citrate
waste containing the complexing agent triethanolamine at 85 C, the
waste temperature after collection in the NFR waste treatment tank.
Previous experiments, at 25 C, indicated adequate scavenging of
Co-6C and other radionuclides could be obtained by adding ferrous
sulfate to a Fet? concentration of 400 ppm fcllowing by sodium
hydrcxide addition to pH 11. Scavenging of Co-60 was greatly
improved at the higher temperature. More than 99 percent of the
Co-60 was removed at 85 C between pE 10.5 and 12.5 in contrast to
only 80 percent removal at 25 C in & slightly rarrower pH zone.
These results indicate that 400 ppm Fet2 is not only an ample
concentration for treatment of this waste, but even less iron
might provide adequate scavenging. Contrcl of the NaOH eddition
does not appear to be as critical as was indicated at the lower
temperatures. Addition of sodium hydroxide to an initial pH
between 12.0 and 12.5 would insure the waste remaining above pH

1l despite the reduction in pH level noted after maintaining the
temperature at 85 C beyond a few days.

Characteristics of NPR Decontamination Wastes

Leboratory research was aimed at solving problems associated with
the collection and ground dispossal of NPR decontamination wastes.
The scavenged citrate waste supernate was readily transmitted by
soil st a rate 87 percent that of water. No evidence of soil
plugging was indicsated.

Waste frothing, & problem encountered during mixing, was controlled
in both the citrate and multi-step wastes by the addition of a
silicone antifoam sgent to 100 ppm. At this concentration the
effect of antifoam agent on soil permeability was negligible.

The reaction which occurs between alkaline permanganate and
peroxide besaring carbonate solutions evolves oxygen with a poten-
tial for excessive pressure in the waste collecting tanks. Under
sim:lated conditions spontaneous decomposition of the hydrogen
peroxide occurred st 50 C and was virtually complete at the end of
two hours. Calculations based on these resuits indicated that
pressures likely to be encountered in the waste collecting tanks
&z a result of this reaction will not exceed one psi.
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Calculations based on estimates of the radionuclide concentration
in waste sludge indicate that excessive self-heating of the waste
by radioactive decay will not occur.

Bfficiency of Charcoal in Reactor Confinement Halogen Traps

Further examination of charcoal samples from reactor confinement
iodine traps showed molecular lodine retention of greater than
99 percent. Previously unexposed charcoal and samples supported
in the reactor ventilation exhaust since completion of the con-
finement project were compared. No significant differences in
efficiency were found. The presence of adsorbed I-131 on the
charcoal sample from one reactor indicated tkat iodine in the
‘105 Building ventilation system was being collected on the
charcoal.

SEPARATIONS PROCESSES

Jodine Removal Processes

Aerosols were generated and introduced into air atmosphere con-
taining I-131 to determine whether the iodine could be condensed
on the particulates and be filterable. An attendant purpose was
to determine whether charcoal would adsorb iodine unaer these
conditions. Iodine in an atmosphere of fine water droplets was
efficiently removed in a charcoal trap. Aerosol formed from
sparking copper in air appeared to associate with the iocdine
since a charcoal trap did not retain the icdine present. Tung-
sten, K smoke increased iodine retention on membrane filters from
3 percent to 13 percent.

Blectrochemistry of Plutonium in Molten Chloride Salt Sclutions

Studies of the electrochemistry of the elecirolytic reduction of
PuCl, to plutonium metal in molten chloride salt solutiomns are
well under way. In one series of experiments, using a molten
plutonium cathode and a melt comprised of PuCl; in 55 m/o KC1 -
45 m/o BaCl,, a second salt phase was found at the erd of the
electrolysis. This second phase, which contained mcst of the
plutonium, appeared to be a compound of plutcnium in a lower
oxidation state. From preliminary analytical data, the compound
could have the composition ZBaCl -3PuCln. In twc other runs
made under nearly the same conditions (a horizontal tucgsten
sheet cathode in place of plutonium) but carried out for longer
times, the melt appeared %o be completely depleted of any
plutonium compound. Agein, no massive plutonium metal deposit was
formed, but only tiny nodules dispersed in a thin, btlack-cclored
layer just above the surface of the cathode.
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Purex Process Studies

Efforts to characterize and determine the source of water impurities
in the Purex uranium second cycle system have been continued. A
methaencl extract of the material retained by the glass fiber water
filters was evaporated to dryness and extracted with ether. The
resulting extract was evaporated to dryness, yielding a solid which
analyzed 47.1 percent C, 8.23 percent H, 4.69 percent K, 1.90 per-
cent S, and 1.50 percent ash. The material not extracted by ether
analyzed 45.3 percent C, 7.4 percent B, 1.6 percent N, O-trace S,
and 7.61 percent ash. The amount of sample unaccounted for is
high, approaching forty percent in each case. Chlorine control
(enalysis forthcoming) is expected, therefore, to be appreciable.

Characteristic tests have shown the filter material to contain
organic amines, carboxylic acids, and hydrocarbon "greases." The
lsrge pieces of inorgenic appearing material found on the fiiter
probably come from the aluminum storage tanks; the precipitates
building up ae & result of fluctuating pH in the systems. Solid
particies from the water filters contained; by emission spectro-
scopic anslysis, > 1 percent Si; 0.1 - 1 percent Al and Fe; 0.01 -
1 percent B, Cr;, Cu, Mg and Ni; ~ 0.0l percent Mn &nd Ag; and

< 0.0l percent Ti.

Analyses of residues obtained from cation exchanger influent and
effluent, anion exchanger effluent, and filter effluent show the
following:

i. The cation exchangers are removing much but not all of the
metsllic impurities

2. The anicz exchanger is quite ineffective; both chloride and
sulfate are fourd in the effluent.

3. Low anion exchanger efficiency is confirmed by the low pH (< 5)
which is measured in the effluent after nitrogen sparging the CO,.

Reaction of these various water samples with permanganate indicated
the sddition of oxidizable material upon passage through the cation
exchanger and, to a lesser extent, through the anion exchsnger.

{This suggests the possibility of adding KMnO), as a water treatiment

agent. )

The evidence to date tends to the conclusion that the ion exchange
resins are responsible for some of the organic matter found on the
filters. Whether these alone are responsible for the effect on
tranefer rates is unknown.
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Diether Studies

Approximately 100 grams each of 1,4 diethoxybutane and 1,5 dimethoxy-
pentane have been prepared. These materials will be tested in Redox

type process applications.

Denitration of Purex 1WW With Formaldehyde

Poaming, a symptom of the plant unit, was produced in the pilot
plant unit by the addition of O.4 gram of DBP per liter of 1WW.
The amount of foam was found to increase as pot temperature and
formaldehyde addition rates were increased. At high temperatures
and flow rates, the foam height reached a maximum of over six
feet above the pot overflow - 14 inches into the tower packing.
Under similar conditions the addition of 0.2 grams per liter of
silicone antifoam reduced the foam level two-fold.

An equilibrium run made to determine nitric acid destruction and
formaldehyde utilization indicated that two to three percent of the
initial formaldehyde escaped to the product without reaction and
that about 2.6 moles of nitrate were destroyed per mole of formal-
dehyde fed.

Resin Stress Méasuremcnts

Measurements were made of radial and vertical stresses in a bed

of 20-50 mesh glass beads moving co-currently and counter-gurrently
to fluid. Results for the radial stress were similar to resin
beds except for a region extending about 1.7 bed diameters up from
the support screen. In this region the internal friction of the
particles was sufficient to markedly reduce the radial stress due
to the constraining effect of the support screen. Beyond this
point the radial stress followed the force-balance relationship
closely. The ratio of radial-to-vertical stress was about 1.5 as
compared with a range of 0.7 to 1.2 for various sized resin
particles.

WASTE TREATMENT

In-Tank Solidification

A document, HW-T4371, summarizing laboratory studies to date on
in-tank concentration of coating removal waste was issued this
month.

In previous studies, solutions simulating "old" coating removal
wastes were used. Because of process changes, "current”" coating
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removel wasies have & significantly different ccmposition. The
NaOH/Al retic and tke scdium nitrate concentration are lower in the
aurrent waste. Concentration characteristics of simulated current
wastes were studied., Considerably more water must be removed

fror current wasite than from old waste before & concentrate which
will solidify completely at room temperature or a&dove is produced.
Concerntration faztors necessary to produce residuee which would
s0lidify completely on cooling were in the range 7-8 for the
current waste compared to about 4.5 for the old westes.

Tne coasting waste supernate remaining after the last pilot plant
simuisted sclidification run has been solidified by the addition
of sbout 65 percent by weight of sodium bicerbonate. Reactlon is
repid and complete a*t temperatures ranging from ambient to 105 C.
Calcined plaster of paris was also effective in solidifying the
same type of supernate. When 50 percent by weigkt was used, the
getting action required sbout three minutes to be complete and
wher 33 perceat by weight was employed about three hours were
required. Analysis for amocunt of free ceustic has not beer com-
pleted. Solutions of laboratory sodium hydroxide behaved in iden-
ticel manner.

Ultrasonic Depth Sounding of Waste Storage Tanke

A 200-kilocycle transistcrized depth sounder was tested in an
experimental tank containing simulated Purex 2Ll-A waste super-
nate and sludge. The depih sounder had two major faults which
make It unsuitable for the proposed application. First; the trans-
mitted pulse width was found to be two milliseconds; this
relatively long pulse time results in the reflected pulse from the
top of the sludge layer blotting out the reflected pulse from the
tank bettom. Aleo, the instrument has & minimum range of 0 to 120
feet;, which means it would be operating cnly over a narrov fracticn
of the chart reading. A 60-kilocycle instrumert is now being
procured which is expected to be more adsptable to the task of
determining slvdge depth and bottom contours of waste storage
tanks.

Cesium Removal from Formaldehyde-Treated Waste

Fesults of a clinoptilolite column experiment with zirconium-
nichiur traced FIW indicate that zircornium is cnly slightly sorbed
by the miperal while most of the niobium is sorbed ever beyond
cesiux breskthrough. A 0.5 M oxalic acid wash removes the zirconium
in lees than three column volumes and > 90 percent of the sorbed
niobium and sodium irn seven columm volumes.
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Column studies with Linde AW-400 inorganic ilon exchanger indicate
that 250 column volumes of FTW (130 gal/t U) brought to pH 3.5
with lithium hydroxide and citric acid could be processed to two
percent cesium breakthrough and 350 column volumes to 50 percent
breakthrough. Flow rate was five column volumes,/hour and particle
gsize was 20-50 mesh. With the same exchanger ard a 1l:1 dilution
of synthetic Purex neutralized supernatant waste, 30 column
volumes were passed to 50 percent breakthroughk. These resulis
indicate both greater selectivity and better kinetics for AW-400
than for clinoptilolite. However, the synthetic exchanger is

not stable in 0.5 M nitric or oxalic acids. Alternate flow sheet
steps for use with this material are being studied.

Strontium Packaging

Engineering scale experimental studies on the loading of stron-
tium on 1/16-inch pellets of Linde LA were continued. At a feed
rate of 1.5 gpm/cu.ft. a 50 percent breakthrcugh was reached
after 10 column volumes were processed at ambient temperature.
Reduction of the feed rate to O.4 gpm/cu.fi. allowed about 25
colum volumes to be processed to the same breakthrough. These
pilot plant data indicated that the Linde 4A loading kinetics in
the particle diffusion region of strontium concentrstion (> 0.05
N Sr*t) are very slow at ambient temperature and for tkis particle
diameter.

Lavoratory experiments were conducted to evaluate the effect of
particle size and temperature on the loading rate cf sirontium
product solution. A flat breakthrough curve reaching 50 percent
strontium breakthrough at 9 columm volumes was ottained with
1/16-inch pellets of Linde LA, confirming the pilot plant data.
A column experiment with the same feed but with J.4 - 0.7 mm
Linde LA confirmed earlier laboratory data with a steer curve
and 50 percent breakthrough at 31 columm volumes. Increasing
the temperature from 29 C to 65 C with the 1/16-inch peliets
increased the slope of the curve somewhat and gave a 50 percant
breaskthrough volume of 17 column volumes. Since Linde 44 is
commercially available in grain sizes down to 50 mesk, kineti:z
prcblems do not appear to be serious.

TRANSURANIC BELEMBNT AND FISSION PRODUCT RECOVERY

Improved Purex Head-Bnd Strontium Flowsheet

Twe hot-cell runs were completed during the month to test the
peroxide process (which employs peroxide-tartrate complexing %o

(- |
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hold rare esrths in solution during strontium sulfate precipitation).
Performance with full-level 1WW was diseppointing, compared to
tracer-level experiments with synthetic sclutions. Whereas tracer
runs had given 95 percent stroatium recovery and a decontamination
factor of about 5 from cerium, only 75 percent strontium recovery
and a DF of 2 from ceriur and promethium was observed ir the first
run. The precipitate was also more voluminous than pormel, imply-
ing that some of the iron precipitated. Hydrcxylamine wes added
ir the second run to minimize radiation-induced oxidation of the
complexazt (produced by action of peroxide on tartrate). Ninety
percent of the strontium was recovered sund the precipitate was not
vcluminous; however, the DF from cerium and promethium was still
only 2. Supporting tracer-level laboratory studies suggest that
more setisfactory performsnce should be cbteined at higher pH

(3 viece 2) and perhaps &t lower temperature (25° C vice 50° C).
Additionel hot-cell runs will be made in the near future to test
these variables.

e

Precipitation Recovery of Cesium from Purex Tank Farm Supernates

Additional hot-cell runs were carried out to optimize conditions
for an early plant test of the nickel ferrocyanide process for
rrecipitetion of cesium from Purex tenk farm supernate (in behalf
of Hanford Wasie Management). In earlier hot cell rums, degree of
cesium precipitation {98 percent) was quite satisfactory but
materisl bpelances were unsatisfactory, due to meckanical handiing
characteristics of the cesium precipitate, much of which was left
In the feed tank or centrifuge. Although it is unlikely that this
will be a protlem in the plant equipment (the feed tank is equipped
witkh an agitator snd the cenirifuge with high pressure Sprays),
“wo runs were made with a "dissolvable filter aid" to increase

tLe buik and improve the slurrying characteristics of the precip-
itate. Calcium nitrate was added to the feed. The calcium pre-
cipitated slong with the ferrocyanides (probably & calcium
carbonsate ). Subsequent addition of acid to the centrifuge
dissolved the calcium and efficiently slurried the cesium precipi-
tate from the centrifuge bowl. Over 90 percent overall cesium
recovery (through the final metathesis operation) was obtained,
with the balance left in the feed tank, centrifuge, lines; etc.
Decortaminstion factor from sodium and potessium was about 100
apéd from rubidium sbout 5.

Sucrcse Treated Waste (STW)

@e;agse of the difficulties which have sttended the use of formal-
detyde trestmert in the Purex plant, cther orgaric compounds have

Sy
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been tested as reagents for the destruction of excess nitric acid.
Several (notably citric, oxalic, and tartaric acids) are effective
in the presence of radiation. Sugar (sucrose) reacted with the
nitric acid in synthetic 1WW at an appreciable rate even in the
absence of radiation. Laboratory experiments show that the
reaction is catalyzed to some extent (two-fold acceleration) by
the salts (probably iron) present in IWW and that the rate is
strongly temperature dependent. Unlike the formaldehyde-nitric
acid reaction, the sucrose reaction does not appear to be
significantly exothermic or to have an induction period. The
reaction is easily controlled by choice of temperature, even
when all of the sugar is added at the beginning of the experiment
(which would not normally be done, except by accident). Fifteen
to twenty moles of nitric acid are destroyed per mole of sugar
consumed, which makes the cost of sugar ard formaldehyde approxi-
mately competitive. If the inherent safety of the sucrose
reaction is borne out in large-scale tests, it should be possible
to "ki11" nitric acid in any convenientliy sized plact tazk which
is equipped with a reagent addition line and a heating coil. A
reflux column is not required, and 1ittle or no berefit was
observed when one was used, at least in small-scale equipment.

In addition to the laboratory experiments with synthetic soluticas,
hot-cell experiments were run with half to one-liter quantities of
full-level plant 1WW. To simulate a worst possible case, all c?
the sugar was added initially and the soluticn quickly brought

to & boil. Bvolution of oxides of nitrogen (Noz) was initially
vigorous, but controllable, and there was litile or nc tendency

to foam. The nitrate concentration was reduced from 5.3 M to

1.06 M in 2-1/2 hours. No precipitates, tars, cr chars vere
observed in any of the experiments.

Composition of the off-gases evolved (presumably NOo and C0z)

and identity and concentration of organic compourds {if any; left
in the solution are being determined. On the basis of the data
thus far obtained, larger-scale cold testing appears warranied.

Radiolytic Gas Rvolution from 1WW

A% the request of Purex Technology, the rate of gas evolution from
a 200-gallon cask of centrifuged Purex 1WW (obtained for A-Cell
calciner studies) was measured snd the composition of the gas
analyzed. A null point manometric method was emplcyed. Average
rate was 610 cc/hr, which is equivalent to 0.15 cz per watt hour.
This may be compared to values in the range 0.5 to 1.2 cc per watt
hour observed scme time ago for casks ccntaining strontium and/cr

(s
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cerium-promethium feed solutions. Reason for the order-of-magnitude
difference is not known. Composition of the gas evolved from the
1WW cesk was: 4O percent COp; 43 percent Hy; 10 percent No; 7 per-
cent NEO’ NO, NOp; 0.1 percent Aj and 0.1 percent Oo.

Plutonium Recovery from 234-5 Oxalate Supernates-Resin Stability Studies

A enion-exchenge flowsheet for recovering plutorium from oxalate
supernates was reported in the June monthly progress report (HW-T4152 C).
An extended test has now been completed which confirms that the
nitric acid stability of the recommended resin (Permutit SK) is
more than adequate for this application. Hot (58 C) 10 M nitric
acid was circulated continuously for seven weeks through & bed of
36 to 50 mesh resin (converted to the nitrate cycle with 0.6 M HNO
to minimize bead cracking). Following this prolonged exposure,

the plutonium capascity of the resin was measured under carefully
standardized conditions and found to be 64 grams per liter, only
slightly lower than the maximum observed capacity of fresh resin
(72 tc 75 grams of plutonium per liter). There was no observable
damage in the resin except an amber to orange color change of some
10-20 percent of the beads. This experiment clearly indicates
that, in a plant RMC line application, the resir life will be
limited by factors associated with alphe radiolysie and nitrite
attack. These factors would be no more detrimentsl in 1O M

nitric acid than in 7 M, for which tkere are many years cf plant
experience. -

Recovery of Pu and Np from Purex Plant 1IWW

Plutorium in Purex plant 1WW is in the tetravalent state while
nertunium present is largely Np(V). When 1WW was made 0.02 M in
hyérazine gnd allowed to stand for 30 minutes at room tempethure,
Np{V) was reduced to Np(IV). On contact of this solution with an
equal volume of 0,04 M DZEHPA - 0.02 M TBP - Solirol, 98 percent

of the plutorium and over 99 percent of the neptunium were extracted.
At sz equecus-to-organic ratic of five, sbtout 90 percent of the
rlutonium and neptuniur were extracted. Loading of the solvent
with inert zirconium is thought to account for the reduced extrac-
“ion of plutonium and neptunium at the higher 4/v. The principal
conteminents in the extracted plutoniur and neptunium were Zr-Nb-95
ard iron; some americium was present. Zirconium-niobium decon-
temination factor was cs. four at an L/v of one, and eight at an
L/v of five. Addition of EDTA to the 1WW before extracticn im-
proved zirconium decontamination only slightly. Over 97 percent

of the neptunium and plutorium and most of the Zr-Nb-95 and iron
present were siripped on ccntact of the orgaric with an equsl
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volume of 0.25 M oxalic acid. Contact of the stripped organic
with an equal volume of 2.8 M NaOH removed the remaining Np, Pu,
Zr-¥b-95 and iron.

Recovery of Sr-90 and Rare Barths from Purex FIW

Batch contact and mini-mixer-settler runs were made to test certain
portions of a solvent extraction flowsheet for removal of Sr-950
and rare earths from Purex FIW waste. Feed for extraction columm
studies was 1965 FIW made 0.19 M in citric acid and adjusted to

pH 4.3, Distribution of iron(ITI), Cerium(III) and stromntium into
DZRHPA - TEP - Soltrol solvent changed only slightly as the feed
solution was allowed to stand at room temperature for periods up
to 24 hours before extraction contacts. Chromium(III) and
europium extraction decreased markedly with time before extraction
indicating slover complexing of these elements with citrate. For
the extraction of rare earths, operation of the extraction columm
at 60 C instead of 25 C appears advantageous due to the relatively
slow attainment of equilibrium extraction by the rare earths at

25 C. For a three-minute contact time (estimated as approximate
residence time in a plant scale column) EJ's for cerium and
europium at 60 C were 22 and 65 times those at 25 C, respectively.
Distribution values for iron, chromium and strontium at 60 C were
only four times higher, not significantly changed, and abcut two-~
fold lower, respectively.

In mixer-settler runs simulating the C Column (rare earth stripping),
99, 94 and 1.5 percent of the cerium, europium and iron present

were removed with 2.0 M HNO, as the strip solution at an 4/v of

ca. O0.1. The behavior of cérium in A, B and C columns (extraction,
partition and stripping) was not affected by eliminating TEP frcm
the organic. Preliminary data indicate that 0.5 M oxalic acid is

a satisfactory wash for C Column organic *o remove residual iron

and recondition the solvent for re-use in an A columa.

Pulse Colum Performance - DPA-NB System

The use of dipicrylamine (DPA) disscived in nitrcberzene (NB) to
extract cesium from a synthetic Purex waste supernate solution
was successfully demonstrated in & nine-fcot-high, three-inch-
diameter pulse column. Cesium waste losses as low as 0.8 percent
were obtained with 0.02 M DPA, ylelding HTU's in the range of
1.6 to 1.9 feet. Volume velocities as high as 630 gph/£42 (sum
of phases) were obtained, though the above optimum ersiciency
was observed only at rates on the order of L8O gph/ft or less.
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The cesiur was readily stripped from the solvent with 0.5 M HNOj.
Waste losses of 0.6 percent or less (HTU = 1.6 £t) were obtaine
ir, the nine-foot column at volume velocities of 370 and 780
gph/ftg. Scrubbing studies were also mede, using 0.25 M cliric
acié to remove extracted sodium from the solvert. Tentative
results indicate that sodium decontamination factors of 100 or
more are readily obtainable with a cesium loss (or reflux) of
less than 2 percent. The capacity of the scrub column was com-
parable to the stripping columm.

Pulse Cclumn Performance - DZEHPA System

Volume velocities as high as 700 gph/ft2 seem to be assured in the
1A columr when processing solids-containing feeds. Either zir-
conium phosphate or sodium silicate added to the feed to simulate
the solids that might be present in PIW (1965 Purex waste)

lowered the maximum stable frequency by about 10 to 20 percent.
This relatively minor loss in stability could readily be recovered
by adding about 50 ppm of & talc to the feed and scrub streams.
Clinoptilolite fines added to the feed had no discernible adverse
effect. -

The insbility to quantitatively scrub cerium from the solvent,

as described last month, still has not been resclved; however,

several successive passes of the solvent through the column event-
v reduced the cerium content to adout 1 percent of the feed.

Addition of 0.2 M oxalate or hydrogen peroxide to the 2 M HN03'

scrub seemed to have little effect on ceriux stripping. -

Cesium Recovery with Clinoptilolite

Iz pilot plant studies in support of the clinoptiloiite process
for reccvering cesium, & simulated "A" farm supernate diiuted
witk an equel volume of water was pumped downflow at room tempera-
ture through clinoptilolite in & W6-inch-long by L-inch-diameter
plexiglass column et 45 gph/ft2. This feed was 5 x 10~* M in
cesium end was traced with cesium-134. A fine solid, the nature
of which is not yet clear, remained suspended in the water solution
even after dilution of the simulated supernate to form the experi-
mental feed. As a result the pressure drop in the upper part of
the bed reached a maximum of about 0.2 psil per foot, whereas the
maximum drop in the lower part of the bed was 0.1 psi per foot.
The sclids retained in the bed were readily removed by the upflow
weter wash in preparation for elution. The absorption cycle was
characterized by an almost constant minimum cesium loss of about
1.5 percent. Five perceant breskthrough occurred &t about 17 bed
volumes and 50 percent breskthrough was reached after ahout 30

bed vﬁiﬁgﬁ%ﬁi"
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Blution of the cesium (more than 95 percent) was done in less
then 11 bed volumes with a combination of 1 N ammonia and 3 N
ammonium carbonate at 55 C and pumped upflow at about 90 gph/£t2.
The aqueous ammonia was added to suppress gassing. The maximum
cesium removal occurred after a throughput of two bed volumes.

A water-nitric acid pretreatment of the clinoptilolite as received
reduced its volume by about 20 percent, owing mainly to dissolution
of the occluded material. Loading and unloading the column pro-
ceeded smoothly. The mineral in water was readily transported to
the colum from a blow case with 20 psig air pressure. It was
readily removed from the colummn by water fluidization.

Product Forms

Improved estimates were made of thermal conditions in contalners
of zeolite loaded with Cs8-137. The estimates take into account
the amount of gamma decay energy that escapes the container
without contributing heat. Centerline and surface temperatures
were calculated for containers of 8-, 10-, 12-, 16-, and 20-inch
diameters, at cesium loadings of one, two and three milliequivalents
per gram of zeclite. Typical results show that correction for
gamma leakage in a container loaded to two milliequivalents cesium
per gram permits increasing the diameter from 10.3 to 12.25 inches
with no increase in centerline temperature. The complete study
will be issued as document BW-TLT1Z2.

Several types of solder were tested as possible bonding agents

for the synthetic zeolites currently considered as final product
forms for cesium and strontium. None was found which wouild wet
the zeolites even with vigorous mixing when the solder was molten.
Further exploration of the formation of glassy solids by fusion

of the zeolites with a flux containing 8102, O, and LiF was dore.
Several compositions were found which containeg ;0 weight percent
of the zeolite and which formed true melts at or below 800 C and
glass-like solids on cooling.

Remote Welding

Pressure testis were run on four, 5-inch-diameter, closure weld
samples with the following results:

1. The weld ruptured at 3000 psi at room temperature

2. The weld failed after a hundred cycles from O to 200C psi at
room temperature

1230803



c-1k HW-?’*M

3. The weld failed at 2000 psi at 300 C

4, Of the three container samples that were made with & V groove
weld joint at one end and a raised flushk face weld joint on
+he other end, all the samples falled in the raised flush

face joint.

EQUIPMENT AND MATEBRIALS

Purex Concentrator De-Entrainment

Demonstration of the effectiveness of Purex sectionalized concen-
trater chevron baffles for de-entreinment of large liguid drops
from a gas stream has been completed in & scaled-down baffle com-
pertment. At a gas velocity of 35 ft/sec through the slots (15
percert greater velocity than expected in plant use) the actual
entrainment that passed the baffles was 0.15 ml of liquid per

1000 cu.ft. of gas. Thus, mist loading of the final de-entrainment
wire mesh separator should not be excessive.

Corrosion in 224-U Building Off-Gas Scrubber

A failed scrubber which treated off-gas from the 224-U Building
continucus scrubbers was examined. Failure occurred in the area
above the weter inlet. Uniform intergranular corrosion attack had
ccecurreG. Huey tests on portions of the base metal indicated

the scrubber was comstructed of corrosion-passed 304-L material.
Nc explanation for the apparent severity of attack, ca. 5 mils/mo,
is yet evident. Replacement units were fabricated from heavier
gage materiml.

Strese Crecking of Mild Steel

The large (3 ft. x 3 f£t. x 3/8 in.) welded test plates described
last month were removed from the test solutions for examination
after about three weeks' exposure. No cracking was evident in
gny of the samples. They were returned for further exposure.
Addztional welded test specimens (10 x 12 x 3/8 in.) are being

repared from plaete that has been cold worked by rolling on an
18-inch diameter.

PROCESS CORTROL DEVELOPMENT

Blending Corntrol System

A control problem requiring accurate blending of & concentrated
acid stream with oxalate supernate in a 234-5 Building plutonium

123060
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recovery process was solved with an automatic ratlo control system.
The use of ratio control is required because the supernate flow-
rate 1s dependent on a tank weight factor control and hence is an
uncontrolled variable. An instrumentation system was devised,
demonstrated in the laboratory, and sent to the Chemical Processing
Department for installation in the plant. The system is comprised
of a rotameter with a flow recorder-transmitter, another rotameter
with a ratio controller, and a manual-remote set point station.

The rotameter-flow recorder-transmitter provides a signal proporticnal
to the supernate flow rate. This signal, in combination with a
mechanically-set ratio, determines the set point of the ratio con-
troller which controls the acid flow.

Neutron Monitoring Instrumentation

The gradient control system for the new Plutonium Reclamation
Facility requires a directionally sensitive neutron monitor to
detect small changes in plutonium concentration in a column, when

a nearby columm contains a higher concentration of plutonium. A
shield consisting of six inches of paraffin and 20 mils of cadmium
was found to reduce neutrons from a Pu-Be source by a factor of
ten. A mock-up of the PRF columns has been set up to determine

the actual count rates from plutonium solutions in the columms.
Laboratory tests were also performed on transistorized neutrcn
counting instruments. The equipment performed satisfactorily
during the short-term tests. Higher reliability of transistorized
instruments, as compared with vacuum tube instruments, is expected
but the present tests were of insufficient duration to confirm tkis
advantage. Some difficulties with noise pick-up were experienced,
but this problem was overcome by locating the charge-sensitive pre-
amp close to the detector (within two or three feet). Present
Plans are to incorporate these solid state devices into the Gradient
Control System for the PRF.

Boiling Point Monitor

A boiling point measuring device for the Redox dissolver under-
went extensive laboratory testing using water and salt solutions.
Repeatability of the instrumentation system is now within 0.15 C;
however, discrepancies as high as 0.7 C have been noted bvetween
measured and calculated boiling points of salt solutions of

various concentrations. Investigation 1s underway to determine

the ceuse of the discrepancy, which may be due to a superheating
effect or to a change in thermohm response. In the proposed plant
installation, it is expected that a calibration method can be worked
out to reduce the error to an acceptable level; the cbjective s to
measure boiling points within an error of 0.5 C or less.

& -
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C-Columr Test Facility

In recent rune it was observed that the inherent statistical fluctu-
eticns in the column flowrstes and 1CX acid concentratior influence
the uranium profile in the column. For this reason, a nev experi-
mental procedure has been devised: The column is brought to a
"steady state" condition and maintained there for about two hours.
For three additionsl hours, the data logger is operated at maximum
speed {0.8 minutes per scan) with the mid-column photometer in

the i1CU line and the split beam instrument in the 1CW line. 1In
addition, periodic samples are taken of the 1CW and 1CU for sebsorp~
tiometer analysis. The mid-column profile ls then determined as
hes beepn dene previously.

The large amount of data collected during the second period will
give very good estimates of the overall columm performance, column
stability, and the correlation existing between the stream var-
lables;, in aeddition to the profile data.

REACTOR DEVBLOPMENT - OL PROGRAM

PLUTONIUM . RECYCLE PROGRAM

Salt Cycle Process

Precipitation Techniques for Plutonium Isolation - Prototype equip-
ment has been assembled for the study of the handling of simulated
PuO, precipitates in a fused salt medium. Since Pul, settles
immediately upon formation;, means have been provided for the:
removel of the precipitate from the bottom of the precipitation
vessel. The vessel has an open guartz tube extending through

the bettox of the inducticn furnace into a separately controlled
heating zoue thue producing a freeze valve, sealing the bottom of
the vessel. Melting the salt plug in the tube allows the molten
salt 1¢ pass through a quartz frit filter for precipitate
iscistion.

Two testis of the freeze valve have been completed. The first

test was successful in that the frozen plug was estatlished and
melted; drairing the pot. The second test resulted in breakage

of the quartz tube during melting of the frozen plug. Hopefully,
breakage can be preverted by adjusting procedures, i.e., using
relatively dry salt and maintaining the freeze zone at an elevated
temperature of about 300 C.
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Bffect of Impurities on UOp Quality - A series of salt cycle UQp
deposition runs is in progress to determine the effect of corrosion
and fission products on the U0, deposited. Salt solution used was

€0 w/o KC1 - 40 w/o LiCl. All runs were of about 200 hours' duration;
initial and final UOp content of the melt was about 25 and 10 percent,
respectively. The U0, was deposited at a potential of about 0.6
volts vs. an Ag/AgCl eélectrode. The effect of one weight percent iron
impurity was to decrease current efficiency and UO, crystal size.
Product U0, contained about 100 ppm iron, had an O/U ratio of 2.004
and had a density near theoretical for UOp. No adverse effect was
noted when the melt contained one weight percent of nickel or 0.42
weight percent of samarium. With 0.2 weight percent aluminum in

the melt, UO, density was only 88 percent of theoretical. Cell
resistance was increased three-fold but current efficiency was
reduced by only about 10 percent. Current runs are being made with
melts contaminated with zirconium and niobium. Preliminary obser-
vations indicate dissolution of U03 in these melts is difficult.

Electrochemistry of Uranium in Molten Chloride Salt Solutions - EMF
measurements for the cell reaction

have been made in the LiCl-NaCl system, as a function of temperature
and uranyl(VI) concentration. Thermodynamic values for the reaction
at 943 K were calculated, the results showing the same trends as
were found for this reaction in the KC1-NaCl system at 993 K (see
monthly progress report for April, HW-73514k C). For a concentraticn
increase from 0.035 to 0.725 molal uranyl(VI), the free energy
change (AF, kcal/mole) for the reaction was found to increase from
-25.3 to -18.6; the entropy change (AS, entropy units) increased
from 3.2 to 9.8; and the heat of reaction (AH, kcal/mole) changed
from -22.2 to -9.3. Comparing these values with those for the
KC1l-RaCl melt, it is seen that the free energy change for the
reaction is more positive and, therefore, the activity coefficient
for U0O,Cl, 18 larger, in the LiCl-NaCl system. The data as a

whole ndfcate less complexing of the U0, Clp by chloride ionm,
because of lower chloride activity, in LIC1-NaCl than in the
KC1-NaCl melt.

Fission Product Release During Salt Cycle Reprocessing - An initial
test in a series of UO, oxidation measurements was made. Thze
purpose of the tests 1s to establish reaction time for future
fission product release studies related to the salt cycle reprocess-
ing of PRTR fuel elements. Oxidation of a 1/2-inch diameter by
3/b-inch long UO, sintered, unclad cylinder was complete within

two hours. The test was performed at about 570 C in an air
atmosphere.

mmy
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RADICACTIVE RESIDUE FIXATIOR

A-Cell Calciner Prograr

Inetallation of the calciners and associsted equipment in A-Cell

of the High Level Radiochemistry Facility was completed during

the month and shake down runs are in progress. Both a pot-calciner
run and a spray-calciner run (the latter with continuous melt down)
with a synthetic feed were performed successfully, all operations
beirg done remotely with the manipulators. A few minor piping
leaks and other equipment deficiencies which were disclosed by
these runs have been corrected, and tracer-level runs (with a spike
of sctual 1WW) will follow immediately to test efficlency of

the off-ges system, samplers and anelytical methods. The first
full-level spray calcivation run will then be performed, probably
during September.

Analyses of the 1WW which was obtained for the program shows it
to be relatively dilute (92 gal/ton). Ionic composition is:
0.29 M Fe™*¥, 0.2k M 50,7, 2.4 M EY, L.27 M NO;", 1.3 M Fa’, and
0.11 M A1***. Specific gravity is about 1.20.~ The high sodium
content puts it in the non-melting area on the Shefcik diagram
grd will require the addition of sbout 0.64 moles of sulfate per
iter to assure & fluid melt. Leaching and dissolution studies
on the solids associated with the 1WW (cf. July monthly progress
report, HW-T4522 C) showed them to contain a large fraction (one-
third) of the zirconium-niobium but relatively little of the
other fission products or transuranics. However, strontium was
more firmly held by the precipitate than was yttrium, promethium
or cerium, sbout six percent being associated with the solids and
not removed by & simple water wash, an observation which may have
edverse implications for the Hanford Waste Management Progranm.

Since a gquestion had been raised concerning the possible foaming
characteristics of the plant waste and the effects these might
have on operatior of the pot calciner, several experiments were
performed in B Cell witkh the actual IWW which will be used as
feed. Liter volumes of 1WW were boiled on & hot plate and evapor-
ated to varying degrees. No foaming was observed, even when
evaporation was carried almost to dryness (ten-fold volume
reduction). On the basis of these observations, no foaming
problem is expected in the calciner.

As part of a pre-startup hazards study, the concentrations of

lodine~131 which might be released to the 325 Building stack by
mal -operation of the calciners was calculated. Due to the age
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of the 1WW (2 200 days), the amount present in any run (most

pessimistic basis) is less than one millicurie (probably much
less). Concentration in the stack gas would range from 10-3

to 10~9 of MPC and be undetectable.

Synthetic Zeolites

Determination of equilibrium constants for the synthetic zeolites
Linde YAXW, Linde 13X, Linde AW-300, Linde AW-400, Linde AW-500,
Zeolon and clinoptilolite continued. Systems for which the
equilibrium relationships were determined with the above zeolites
included rubidium-cesium and hydrogen-strontium. This completes
the study of the effect on strontium or cesium loading of another
alkall metal, alkaline earth metal, hydrogen or ammonium ion.

BIOLOGY AND MBDICINB - 06 PROGRAM

TEBRRESTRIAL ECOLOGY - BARTH SCIBNCES

Hydrology and Geology

Adaptation of the computer program for fitting multiple-dimensional
equations to tabular data 1is essentially completed. The program
has surface fitting application in describing the basalt con-
figuration beneath the project and in obtaining an analytical
expression for the ground water potential over the project with
measurements made in the irregularly-spaced wells. These data

are essential for the permeability determinations needed for
construction of the ground water electrical analog.

Methodology was studied for the ground water analog model and
associated imput and readout systems. Techniques and equipment
vere tentatively selected. The proposed system, which will con-
s8ist of resistor networks mounted on circuit boards, a ratio
digital voltmeter for readout, and associated scanner and switch-
gear, is being examined by Instrument Research and Development
Operation personnel for optimization of design.

A number of wells were resurveyed to determine if their actual
fleld positions were the same as those reported at the time the
wells were drilled. The results show that three wells drilled
prior to 1950 were off about 100 feet and one was off 800 feet
from previously reported positions. Wells drilled after 1950
were off from 20 to 50 feet. For the construction of the ground
water analog model, it is desirable to know the location of
proJect wells to within 100 feet of their true location. It

e —
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appears necessary, therefore, to resurvey a number of other wells
(maximum of 16) drilled during the period 1947-1950.

Three samples of volcanic ash received from the Oregon State
Sureau of Mines were reported to contain 95 - 97 percent clinop-
tilolite. X-ray diffraction patterns of this ash indicate that
it is higher in clinoptilolite content than that obtained from
Nevada but not as high as the samples from Hector, California.
The cesium exchange capacity of the samples 1s being determined.

Two wells completed by the Haden Drilling Company, one north of the
300 Area and one south of it, encountered artesian water immediately
above the basalt in a sand and gravel bed. The artesian heads,
compared to those in three similar wells recently completed in
Richiand and West Richland, and nine older wells in the vicinity,
clearly indicate a southeastward gradient in that aquifer. The
possibility that the source of recharge may be the 200 Bast Area
ground water mound is being evaluated through the use of geologic
and ground vater temperature data.

ATMOSPHERIC RADIOACTIVITY AND FALLOUT

Environmental Studies

Preliminary measurements of plutonium in lung and lymph node
tissues have been completed for steers from the Riverview, Kahlotus
and Wapato areas. The results indicate that Columbia River

water is probably not a significant plutonium source insofar as
insoluble plutonium species contribute to the radistion dose
received for all sources by Riverview cattle. For lung tissues

the plutonium concentrations were generally < 1 x 10-3 DPM per
gram of Riverview bronchial nodes, 8 + 6 x 10-3 DPM per gram of
Riverview mediastinal nodes, 9 ¢+ 7 x 10-3 DM per gram of Wapato
bronchial nodes, and < 1 x 10-3 DPM per gram of Wapato and
Kahlotus mediastinal nodes. These concentrations are comparable
to those for fallout plutonium reported from the HASP studies,

and represent less than about 0.25 percent of the MPC for ingestion
of these tissues by the general population.

Fellout Studies

Measurements of a sample of caribou meat from Alaska indicate a
Cs-l3h/Cs-l37 ratio of about 0.01. Allowing for radioactive decay,
this is comparable to the ratio of 0.016 determined by Swedish
investigators for reindeer megt in March, 1961. The low fission
vield of Cs-13% (< 1.k x 10‘5;) and seemingly wide distribution of
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this isotope (from Sweden to Alaska) suggest that the origin of
Cs-134 in faliout is not explained simply by the Windscale
accident, as has been postulated by others.

Columbia River Sediments

A sediment sample taken from the McNary Dam reservoir om 5/16/62
has been fractionated by seiving and sedimentation techniques, and
the distributions of Co-60, Sc-U46, Zn-65 and Zr-95 have been
determined for the various fracticns. Generally, specific activ-
ities of these isotopes increased with decreasing particle size

in the fractions, but the increase is not linearly related tc the
increase in surface area of the particles. Co-60 behaves differ-
ently in that a higher specific activity is noted for the coarse
fraction, decreasing and then increasing again with decreased
particle size below 38 microns. This behavior is possibly related
to the presence of organic material in the coarse fraction.

RADIOISOTOPBS AS PARTICLES AND VOLATILRS

Particle Deposition in Conduits

A computer program was written to calculate tube wall deposition

for a distribution of particle sizes passing through a vertical
condult. The versatility of the program permitted rapid and
accurate comparisons of experimental data with theoretical equations
and derived empirical relaticns. A correction was introduced for
velocity change with position in the tube due to pressure differ-
ences which had not previously been taken into account. Applied

to & 1/2-inch diameter tube, 60 feet long, and with the previously
developed correlation function, the computer program predicted
total deposition of from 85 to 120 percent of that determined
experimcntalli. With the turbulence theory equations of Friedlarder
and Johnstone~ the computation predicted a deposition of from 100

to 113 percent of that measured. Although experimental errors could
account for either positive or negative discrepancies cf the magni-
tude indicated, it is worthwhile noting that a prediction greater
than 100 percent should be expected with the turbulence theory.

This is so because the inertia term, d“p (d =diameter, p = density
of the particle), for actual particles is generally less thkan for

1 Friedlander, S.K. and H.F. Johnstme, "Deposition of Suspended
Particles from Turbulent Gas Streams", Ind. Bng. Chem.
49: Pt. 2, 1151. July 1957.
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the assumed spherical particles. A lower inertias term would tend
to decrease the magnitude of the predicted deposition. The computer
program will be of considerable value in planning and evaluating

fortheoming deposition experiments.

by 4l

Manager
Chemical Research and Development
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BIOLOGY OPRRATION

A. ORGANTIZATION AND PTRSONNEL

B.

Dr. F. P. Hungate returned from a one-year leave of absence to assume
the position of Manager, Plant Nutrition and Microbiology.

GENERAL

During the month five scientists from Biology attended the Second
International Congress for Radiation Research in Harrogate, England,
where four of them presented papers. The Congress was well attended
by representatives of most nations and laboratories., Although our
contingent felt the trip of great value, no outstanding contribution
to understanding radiation effects was apparent.

Six young blond miniature swine were sent to Hammersmith Hospital in
London, England, for use in studies on neutron radiation of skin.

Total fire loss, due to the July 29 fire in the plant growth chamber
laboratory is now estimated to be $27,000. Restoration of the room

is $L,900. Loss due to. damaged equipment and materials is $10,000. It is
necessary to replace one climatizer unit completely. This unit initially
cost $2,070, however, the replacement cost will be about $12,000. This
increase in cost is due in part to advanced design and in part to rise in
cost (labor and material). All loss values are based upon first cost figures,

TECHNICAL ACTIVITIES
FISSIONABLE MATERIALS - 02 PROGRAM

Effect of Reactor Effluent on Aquatic Organisms

After young chinook salmon were reared in effluent water for three months
(April-June) the fish were tested for swimming performance in the hydraulic
flume. The swimming tests are completed and a total of 58 groups with

11 fish per group were tested. Preliminary analysis of the data showed no
statistical difference in performance times within similar size groups due
to 3 or 5 per cent effluent. Regardless of treatment all groups showed

an improvement with trials. The correlation coefficient between the

first and second trial for eight groups each from O, 3, and 5 per cent
effluent was 0,608 (22 d.f.), which is significant at the 0,01 level.

The second monitoring test of 1962 was initiated at 100-K in August with
young rainbow trout. The test is scheduled to be terminated in either October
or November,

Columnaris

Miscellaneous small fish collected from sites on the Yakima, Beaver House,
and 100-H slough were free of columnaris. Adult fish frcm Ringold and
McNary were also negative. Columnaris was found on the gills of cne adult
squawfish from the Richland site.

UNCLASSIFIED
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Trout and salmon from troughs at 1L46-FR and 100-KE were positive for columnaris,
66 to 81 per cent of dead fish were infected.

BIOLOGY AND MEDICINE - 06 PROGRAM
METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Columbia River Limnology

Plankton counts of samples collected at Vantage and near Hanford were initiated.
Nuring mid-winter Asterionella and Tabellaria were the dominant diatoms, followed

by Fragillaria, Synedra and Gomphonema.

Nitrates in the river nearly doubled since mid-July, sodium concentrations
decreased and other elements measured remained fairly constant.

Phosphorus

The cichlids being maintained on a daily P32 diet since January 1962 started
spawning in August. Spawns from three pairs of the low treatment group (0.O0L mc
P32/g food) and one pair from the controls are under observation. Although

the number of spawners are still few in number, among the spawners there is no
indication of radiation damage. Estimates of the average concentration of P

in the fish after seven months of isotope feeding are 0.052 pc/g fish, O.lSApc/g
fish, and 0.L0 pc/g fish for low (0.25 pc/g food), medium (1.0 pc/g food), and
high (4.0 Pc/g food) treatment groups, respectively.

Zinc

The distribution of Zn65 expressed per g of wet tissue in rainbow trout a week
after a single oral administration of 9 uc showed the activity in organs or
tissue in the following descending order of magnitude: gill filament, spleen,
kidney, bone, liver, eye, blood and muscle. The relatively high activity in the
gill filaments (52 nc/g) is attributed to the high carbonic anhydrase activity
of this tissue. In contrast to the gills, the muscle was only 1.9 nc/g.

Strontium

Fe59 plasma clearance and erythrocyte uptake and Crsl-tagsed erythrocyte

survival were determined in control and 25 and 125 mc Sr”Y/day fed miniature
swine, No apparent differences were observed in the Fe59 plasma clearance of

the various animals., Fe5Y uptake by erythrocytes was somewhat more rapid in

25 and 125}x:Sr9O/day animals than in controls, but did not reach as high levels.
Most control animals reached maximum uptakes of <80 per cent of the injected dose
by seven days post-injection, at which time the Sr90 fed animals had values of
~70 per cent, which they had attained by five days post-injection. The survival
time of Crsl-tagged erythrocytes was significantly less in the 125 ac Sr?0/day
animals than in the contrel or 25 mc sr?0/day animals. At 16 days 70 to 80

per cent of the Cr51-tagged erythrocytes still remained in the control and

253pc Sr90/day animals, whereas only 55 per cent remained in the 125 me Sr?0/day
animals. A marked reduction in the per cent of tagged cells remaining in the 4
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125 pc/day animals was noted in the first few days post-injection, perhaps
indicating that a portion of the cells labeled had a very short surivial time.
{These studies will be repeated using additional animals at the 125 uc Sr9o/day
level.) These animals have a radiation dose rate to the bone of~20 rads per
day with bone marrow dose rates being slightly less.

Plasma iron determinations have been made on a number of animals for possible
correlation with the radioiron studies. Considerable variation in values was
observed between animals within a group and in the same animal on repeated
determinations.

Platelet determinations were made on a large number of animals and it appears
that animals on the 25 pc Sr90 per day level have values approximately two-
thirds of the controls. A more marked reduction is evident in 125‘pc per day
animals,

Ruthenium

Plasma and milk concentraticns of RulO6 were followed for gen days in three
lactating ewes following a single intravenous dose of RulO® nitrate. Peak
concentrations were observed in the milk at 7 to 11 hours post-injection,

at which time they were only about 1 per cgnt of the plasma concentration.
Of ten radionuclides studied to date, RulO® has shown the least affinity for

movement from plasma to milk.

Iodine

An 1131 feeding study was inltiated in three daily cows and three sheep.
The study is designed to simulate a_gingle contamination event on forage
in that the animals are being fed 1131 1abeled feed twice daily, each feed
sample being spiked on day one with 5 JAC per sample.

Peak thyroidal 1131 concentrations in the three cows occurred after one

week and remained fairly constant during the second week with about 55 per cent
of the first day's dose (10 mc) detected in the thyroid. Peak milk
concentrations occurred on the fourth day post-administration with about

O.L per cent of the initial administered dose observed per liter of milk.

Peak thyroid concentrations in the rams were cbserved after about eight days
and approximated 200 per cent of the first day's dose,

Neptunium

Fattg infiltration of rat liver from the injection of as little as 6 mg/kg
Np237 is so dramatic as to be grossly recognizable as early as six hours
post-injection. Liver lipid content as a function of time is expressed in the
following table:

UNCLASSIFIED
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Por Cent of Dry Liver Weight Composed of Lipids

Hours after injection Np Treated Control
0 10-15% 10-15%

2h 24-32%

L8 L5%

72 5u%

This response is similar to that of certain lanthanides, but is not
necessarily a heavy metal syndrome since it is not elicited in the same.

degree by Pb.

The lipids are being further fractionated to see whith are responsible
for the infiltration.

In cooperation with CR&D, samples of urine and sera from Np-injected animals
have been spectrophotometrically analyzed. Very preliminary results suggest
the existence of the IV state in urine, but this requires confirmation.

Plutonium

When injected intraperitoneally at a level of 1 pc/rat, Pu238 and Pu239 are
similarly distributed within the animal. When injected at a level of 15 pc/rat,
Pu239 is more concentrated than Pu238 in liver, spleen, and kidneys, and less

concentrated than Pu238 in bone.

Since the metal precipitant, B-hydroxyquinoline (8-OHQ), causes a short
duration, diabetic condition in rats, it may have access to sites not
visited by DTPA. However, its effectiveness in promoting Pu excretion was
only a fifth that of DIPA and both agents used together were about 2/3 as
effective as DIPA alone. However, the 8-OHQ did cause increased fecal
excretion that was twice the control level even cn the fifth day so that
the idea’ of tying up the Pu as an insoluble material and elimination by
phagocytosis or sequestration with a second agent should be tested further.

Plutonium and X-Ray

Plutonium-238 and Pu?3? show equivalent acute toxicity when injected
intraperitoneally at a level of 6.5 mpc/rat, in animals also exposed to

500 r whole-body X-ray. An amount of Np237 equivalent in weight to the Pu239
dose (~“100 pg/rat) was not acutely toxic when administered in cambination
with 500 r whole-body X-ray. These two findings indicate quite conclusively
that the acute toxicity of Pu239 when combined with 500 r whole-body X-ray
is due to the alpha radiation damage and is not complicated by heavy metal
toxicity.
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Radiocactive Particles

The effectiveness of DTPA on the removal of inhaled Celthz in dogs was
confirmed in additional studies. In untreated dogs the inhaled Cellb.pprllik
was retained with an effective halfdife of 90 to 150 days, depending upon
physical racteristics of the aerosol. The half-life for retention of

Ce -Prlﬁ was decreased to about 8 days when DTPA was administered
immediately after exposure, to 10 days when treatments were started 5 days
after exposure, to 30 days when treatments were started 9 days after

exposure, and to 36 days when treatments were started twc months after
exposure. In all dogs being treated the effective half-life gradually
increased, but excretion of Cellli_pplll three months after exposure continues
to be more rapid in the treated animals than in the controls, with cne
exception. Treatment with DTPA immediately after exposure resulted in a rapid
drop of the body burden of Celll-PrlLk to less than S per cent of the amount
initially deposited. This was the optimum time for tre~atment. However,
further excretion is occurring at rates comparable to those observed in the
untreated dogs. This suggests that we will never be successful in completely
decontaminating an individual exposed to radiocactive aerosols; that there

will always be a residual fraction.

Lung biochemistry studies were initiated. The protein content of lung tissues
is extremely low, about 1 per cent of that in liver.

Thirty months after exposure two dogs on the long-term Pu23902 experiment
are beginning to show increased respiratory rates, one of the earliest
signs of respiratory damage. Another has a persistent cough and d slightly
elevated respiratory rate,

Preliminary data were cbtained on 6 dogs scheduled for exposure to aerosols
produced from 1 curie of Cellli for acute toxiclty studies,

SPSS (sodium polystyrene sulfonate), obtained from Dr. Kroll (Eltex
Laboratories), was tested as a therapy agent on rats exposed to Pu2390, and
to others exposed to Pu239 nitrate aerosols. It appears to have no ef’ect
on the clearance of inhaled Pu239,

Three bitches in the breeding colony will whelp within the next month.

A temporary halt in our breeding program has been initiated because of
insufficient kennel facilities. This will cause a shortage of experimental
animals during fiscal year 196L. The use of sawdust in the dog runs has
been discontinued because of the dust and the high probability of bringing
in parasites and infectious agents. As a result the runs will be more
offensive to Biclogy personnel and visitors but we hope to overcome this
with use of deodorants, Pinatocl and V-tergen. The dog colony presently
consists of 71 dogs on experiment, 8 available for experiment, L5 puppies,
and 21 dogs in the breeding colony - a total of 1LS dogs.
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Modificaticn of Secondary Disease

Some progress has been made in developing analytical procedures to test for
circulating antibodies. After three injections of mouse RBC to rats, the
anti-mouse titers reached a maximum of 10-- in three wesks after the last
injection and declined to 10-2 by the sixth week. The rat anti-sera is not
too specific since rats primed with LAF RBC's agglutinate C3H RBC's at
comparable dilution titers. Mice were not as sensitive to rat antigens,

showing a maximum titer of 10-3.

Cellular Studies

Cichlid eggs were exposed to from 50 r to 1,000 r X-rays in a series of tests
to determine survival. A dose of 500 r resulted in only a 30 per cent hatch.
Dosages above 500 r were 100 per cent lethal to the eggs within five days.
The LD5p as determined by the ability of the eggs to hatch is approximately

L7S r.

Young cichlids (three days after hatch) were exposed to from 500 r to 20 kr
X-ray in a series of tests to determine survival of the fish. Dosages of

3 kr and higher were 100 per cent lethal within 7 days. A LDSO - 7 days

of approximately 2.25 kr was observed. Hyperactivity of the three-day

0old cichlids was observed following X-irradiation of the fish., An avoidance
response occurred when fish were externally exposed to Cs137, It appears _
that the fish were avoiding the radiation. Control fish reacted normally.
It is not known whether the fish were actually reacting to the radiation

or to possible chemical changes produced in the water during irradiation.
Fish placed immediately into X-irradiated water showed no apparent effect.

Previously we have shown that D20 strongly inhibits respiration and glycolysis.
Data indicate that these effects are linked with Dy0 inhibition of glucose

and phosphate uptake. These studies have now been extended to fully
deuterated glucose in both D,0 and H,O systems with the following results.

In HyO uptake of deuterated glucose is only slightly less than controls
(ordinary glucose in Hp0), and uptake of phosphate is unaffected. In Dy0
uptake of deuterioglucose and phosphate are inhibited to the same extent as
when ordinary glucose in DZO was used. Respiration (02 uptake) is, however
inhibited 10 per cent in H»0 and 50 per cent in Dy0 by deuterioglucose.

The latter inhibition is similar to that seen with ordinary glucose in DpO.
It appears then, that uptake effects are a major cause of respiration inhibi-
tion.

Plant Studies

Increasing levels of fertilizer potassium did not increase K contents of
plants grown in the Cs-K plots. Leaf contents were approximately half of
the stem values. No differences were found with respect to method of
fertilizer application, i.e., surface or mixed treatments. Leaf/stem ratios
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for K were constant throughout treatment whereas the ratios for Cs decreased
with increasing levels of K applications. The immediate inference is that K
treatments reduced translocation, however, this seems unlikely in view of
the K status of the plants.

Plant Ecology

Vegetational analyses conducted in sagebrush-cheatgrass communities one
year after the area was burned by late summer prairie fire showed that the
fire was deleterious to the subsequent stand of winter anmnuals such as

Draba verna and Phlox gracilis. Perennial grasses (Poa secunda) were little
affected and the growth of Russian thistle was favored by the burn.

Mineral Cycling in Ecosystems

Cesium-13L uptake from pond water by duckweed (Lemna) was rapid during the
first day. During two weeks after the first few days of Csl37 accumulation,

the uptake appeared to decrease with time.

Project Chariot

More than 183 samples of plants, fish, birds and mammals were collected near
Cape Thompson, Alaska, and shipped to the Hanford Laboratories for radioc-
chemical analyses. :

Whole-body counting of Alaskan Eskimos for fallout radionuclides was
completed. The Csl37 body burdens in natives from different ecolcgical areas

were as follow:

No. of nc Csl37
pecple measured Average Maximum
Little Diomede Isiand 17 27 55
Point Hope 102 17 120
Barrow 256 52 170
River People (Villages along Kobuk L9 © 140 310
and Noatak River drainages)
Kotzebue 150 L0 520
Anaktuvuk 53 420 790

The low levels for the Point Hope and Diomete Island people are attributable
to their extensive usage of marine animals which are low in fallout radio-
nuclides and to lack of caribou to the Pcint Hope natives during the summer.,
The highest levels of Csl37 occurred among pecple who depended most upon
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freshwater and terrestrial organisms for food, caribou and reindeer being
the main source of the radionuclide. Eskimo students who had recently
returned from attending schools where native foods were not available
contained much lower levels than natives who had permanently resided in

their Arctic villages and hunting areas.
Manager

BIOLOGY OPERATION

HA Kormberg:es
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C. Lectures

a. Papers Presented at Society Meetings and Symposiums

Second International Congress of Radiation Rgsearch, Harrogate,
England, August 5-11, 1962: .

L. K. Bustad and L. D. Carlson. Response of mice to prolonged
low-oceveo gamma irradiation.

S. Marksi.and L. K. Bustad. Thyroid adenomas in sheep fed
radioiodine.

R. O. McClellan, Glenda Vogt, J. R. McKenney, N. L. DocBBm,
W. J. Clarke, and L. K. Bustad. Effects of daily Sr

ingestion in miniature swine.

M. F. Sullivan, S. Marks, and R. C. Thompson. Delayed effects
in rats of chronic yttrium-%0 ingestion.

H. E. Erdman. X-ray effects on single and mixed species populations of
Pribolium confusum and Tribolium castaneum (Coleoptera:
Tenebrionides).

1962 Fall Meeting of the American Society for Pharmacology and
Experimental Therapeutics, Vanderbilt, University, Nashville,
Tennessee, August 27-30, 1962:

E. G.Tombropoulos. Treatments for removal of inhaled Celhhoz
from the lungs of rats and dogs.

b. Off-Site and Local Seminars
L. K. Bustad. August 3, 1962, Large animal radiation biclcgy at
Hanford. Agricultural Research Council Radibbiological Laboratory,
Letcombe Regis, England. ’
Hanford Seminar for Science Teachers, August 30, 1962, Richland.,
J. E. Ballou. Small animal studies with internal emitters.

D. D. Mahlum. Study of radiation at the cellular level.

R, C. Thompson. Brief history of radiation biology and trends
of research at Hanford.

J. F. Park. Radicactive aerocsol studies,
W. H. Rickard, Jr. Fallout in relation to natural landscapes.
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University of Washington Summer Institute in Radiation Biclogy, August 6-7,
1952, Richlands .

E. G. Tombropoulos. Problems of particle inhalation.
R. T. O'Brien. Radiation effects on cell permeaﬁility.
W. J. Clarke. Biolcgical effects of I13L,
N. L. Dockum. Autoradiography.
1962 AEC Health Physics Fellowship Program, August 13, 1962, Richland:
W. J. Bair. Inhalation problems.
c. Seminars (Biology)
None
d. Miscellaneous
None
D, Publications
a. Documents (HW)
None
b, Open Literature

Mc Kenney, J. R., R. O, McClellan, and L. K. Bustad. 1962. Early
uptake and dosimetry of Zn®5 in sheep. Health Physies 8, Lll.
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APPLTED MATHEMATICS OPERATION
MONTHLY REPORT - AUGUST, 1962

o

ORCGANIZATION AND PERSONNEL

Effective August 1, 1962, the name of the group was changed from Operations
FKesearch and Synthesis Operation to Applied Mathematics. Operation.

OPERATIONS RESEARCH ACTIVITIES

The study of the Pri-City economic structure is gathering momentum. Special
Census Bureau datahawe arrived and sre being tabulated. Preliminary studies
are being made of HAPO records. The definitional phase of the work should

be campleted by the end ot September.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Meetings were held to discuss methods of modifying the present linear pro=-
gramming model of the FPD Production Forecasting Process. Alternative
methods were devised which should allow the model considerably more freedom
in balancing safe inventory levels, idle time, and added capacity require-
ments.

Further nondestructive testing was performed on the uncharged fuel elements
from multiple failure lot HZ-065, and on fuel elements sampled from eight
"control” lots. The purpose of this testing is tc see if there are measured
characteristics which could have differentiated between the quality of this
lct and that of nonrupture lots. Great care is being taken to remove the
effects of tester error in assessing the quality. Measurement data from the
second complete set of measurements were analyzed during the month.

Tetal count data for dingot fuel elements canned under canning conditions
somewhat different from those used for ingot material were campared with
similar data for ingots. In view of large between-line differences exist~
ing for the ingot fuel elements, only gross differences between ingot and
dingct fuel elements could have been detected.

Assistance was provided in the preparation of certain fuels statistics for
use in a forthcoming Metal Quality Working Committee Report. This consisted

primarily in quantifying effects of "time" on total bond count, warp, and
rupture experience.
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Deta from two similsrly conducted fuel element pilot plant tests were analyzed.
Ir one tes%, spire-car components were utilized, while in the second test, the
componente were doutle clemned. In each instance, the effects of camming cycles
axd canming bath temperature on fuel quality, as measured by the UE-1 and UT-L
tectere, were evaluated.

L &2

Ad3itional data were collected to determine the effects of using different core
and gleeve zcuwbinstions on ellipticity of the canned fuel element. Results were
very consistent with previous tests, as was stressed in the report.

The study concerned with evaluating the effects of certain process veriebles
on some nineteen yield variables was campleted. This was conducted primarily
in order to assess the effectiveness of certaln of these yield variables in

detecting differences in fuel quality.

Ir comnectior with the straightening of warped NPR fuels, submitted data were
analyzed to determine what amount of bending is necessary to effect a zero
average warp on fuel elements after the second beta heat treating. This waes
impossitlie to determirme because of the almost perfect correlation that existed
in the data betweer the initiel warp after beta heat treating and the warp
after vending.

It is often necessary, when analyzing fuels deata, to transform the data 1n
some fashion ir order to stabilize the variance and, incidentially, achieve
normality. However, from an interpretation viewpoint, it is desirable to
express results in terms of the raw data. A document has been prepared o
permit this. For various transformetions in which the mean and variance of
the transformed varisble are known, the corresponding means and variances of
+the raw data are given. In addition, the percent(s) of items exceeding scme
value{s) are also given. A series of graphs makes the results readily usable.

Irradiation Processing Department

The programs to perfcrm the craft set analyses for reactcr maintensnace work
have been completed and debugged. The second mejor program for translating
work order mumbers into either Jjob codee or the classifications cf facllities
engineering, research and engineering, lendlord, new work or project, has
been campleted and detugged. The master conversion table from work order
numbers t2 jot or cilase numbers is 99 percent complete. Time d& stributior
records for the period June 3, 1962, through August 12, 1962, are now avail-
able and will be upgraded with the appropriate craft code shift assignment,
crev assignment, and radiation status in preparation for the analytical
paseges descriving craf effort involved ir total maintenance function.

Considerable sttention wes directed towards the problem of assessing C-Basin
Profilometer measuremernt errors. This work was occasioned by the large
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rumber of 80 and 90 profiles found to exist in recent analyses of bumper

fuel element data. Several hundred fuel elements, both bumper and non-
bumper, have been remeasured. Prelimipary anslyses indicate that there is
nonmuniformity in measurement error along a given fuel element. In additionm,
measurement errors in the two profiles are stirongly correlated. All the data

are currently being processed. Upon completing the analyses, recommendations
will be made for processing future fuels data so as to minimize the effects
of this measurement error. Changes in measurement techniques may also result

from the study.

Work continued on the problem of estimating defect frequency and size dis-
tributions in connection with welded primary piping for the NPR Project.

Chemical Processi De nt

The review of shipper-receiver differences for U-235 measurements was
extended to include U03 produced from irradiated E metal.

The analysis of the data used to demonstrate dimensional stabllity of
fabricated parts was completed.

An attempt is being made to estimate the efficiency of the plutonium process-
ing operation for removal of specific impurities. Intermediate points in the
process will be examined to ald in understanding process effects on the

impurity content.

Work is contimiing in connection with assessing risks assoclated with
transporting fission products by rail.

Work continued on the refinement and programming of a mathematical mcdel
for spare parts and general inventory control.

Relations Operation

Work continues in planning for the forthcoming HAPO-wide attitude survey.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program

Pulse Column Facility

A FORTRAN language power spectral estimation program has been osbtained
from the UCLA Medical Center and is being used to analyze several pulse

e
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column equilibrium experiments. A number of variables which are recorded
perisdically during an equilibrium run of the column are teing analyzed with
this routine to establish the characteristics of the column under steady-state
cperation and to determine how these characteristics change as the column

approaches a flooding situation.

A factorial experiment involving approximately 50 pulse column runs is being
designed to study the extraction characteristics of the column as a function
of six independent variables, extractant stream temperature, extractant
stream acid concentration, feed stream acid concentration, feed stream and

extractant stream flow rates, and the pulsing frequency.

3000 Program

Considerable time has been spent on checking out the response characteristics
of the experimental Gorton Lathe to the EDPM-generated magnetic tape input.
Date hawe been compiled on tape reading speeds, pulse~-pattern accelerations
and decelerations, and pulse counting.

Two EJPM programs have been completed and placed in service which serve to
specify the design data for metal blanks which are to be shear-spun on a
Floturn machine into preselected shapes. The program simultaneously specified
lathe coordinates for cutting such blanks and lathe coordinates for cutting
mold surfaces suitable for casting such blanks. The two programs differ

in that one deslgns blanks which will be strained uniformally under shear
gpinning, whereas the other allows the coefficient of shear-strain to vary

in & preselected manner.

LOQO Program

An EIPM program is being written to analyze the frequency equation which
rredicts the modes of Lamb-wave propagation in metal plates. This piece of
aralysis 1ls prerequisite to any satisfactory interpretation of experimental
data.

5000 Program

Actinide Element Research

Several major problems in indexing hexagonal crystals have been solved. Work
has progressed satisfactorily emough to warrant reconsideration of the
crthorhombic case. Some work on the orthorhombic crystals was done ebout

mid~-August.

The problem of finding precise lattice constants cf cubic crystels at various
temperatures has been solved and the results turned over to the customer.
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A repcrt describing the theory and applicatior of the resulting program is
being prepared.

A report (AW-T4393) has been issued on the theory and apﬁlication of a pro-
gram to index cubic crystals. The program has been placed in the FORTRAN
ILibrary in 713 Building for plant-wide use.

Division of Research

Work cortimies on the definition of the IRA Mark II data filing system.
The calculation parts of the system are the only sections not yet defined.
The spectral resclution subroutine GEM for the calculation portion of the
system ig being checked out with a Monte Carlo program for generating the
spectra.

work corntinued on the modification of the ZERO FORTRAN language program to
speed up ite input-output characteristics. Routine machine plotting of
program data using PICTURE continued to obtain gross characteristics.

76000 Program

Biolcey

Work continued on-applying a multicompartment model to a study of Pu reten-
ion in fish. Better approximations of rate parameters are being sought
by using an iterative technique.

Work contirued on data from an Alaskan fallout study. Presence or atsence
of isotopes is to be detected by analyzing data from a multichannel analysis.

Work was initiated on a statistical analysis of data ‘o calidbrate Alpha-Zeta-
Gamma Air Sample Counters.

Personnel Monitoring

The statistical analysis of data continued to evaluate the present percil
program. A computer program was written to perform the desired statistical
calculations for the analysis.

Work 13 continuing cn the problem of campositing urinalysis samples for
+he purpose of analysis. Frequency distributions cf the disintegratioms
per minute are being compiled in order to determine how large the camposite
sample should be.

General

A statistical aralysis was undertaken of mass spectrometer data on three
gas stardards. Approximately S5O independent analyses were run on each of

L
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the three standsrds. Date analysis will resolve the total variation into a
between run component, individual peak camponents, and experimental errcr.,

A nonlinear least squares analysis was performed on date from an experiment
ts investigate the kinetics of peroxide decomposition. Reaction rate, order
parameters, and the initial composition of the peroxide were estimated and
standard error calculations performed.

During the month, interviews were conducted with personnel interested ir the
information system study in Radio-Met. The conclusions drawn fram these
interviews indicated the key points of information regquired for operation
and scheduling. Agreement was attained regarding the points presented, and
the varicues supervisors were to coordinate specific definitions regerding
their needs in order to permit the creation of a common language structure
suitable for machine processing.

# %A“M/

Acting for

Mapager
Applied Mathematics
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REACTOR DEVELOPMENT - Ok PROGRAM

PLUTONIUM RECYCLE PROGRAM

Phoenix Fuels Study

Fuel costs have been obtained for nineteen plutonium fuels of varying isotopic
composition. The cases studied correspond to fuel rods from one-half-inch
diameter to very fine rods approaching the homogeneous cese. Medium and hard
spectrum cases have been studied at three specific power levels. In additionm,
minimized fuel costs have been obtained for two of these fuels that showed
Phoenix action. The fuel cycle costs have been minimized against spatial
concentration of the fuel in grams fissile/cc.

The fuel costs shown in Teble I are for arbitrarily compounded plutonium composi-
tions to glve an indication of the effect of Pu-2L0 concentration on fuel costs.
Although these are not minimized fuel costs, in all cases studied to date
minimum costs have been found to be with fuel concentrations close to the one

gram/cc plutonium fuel density used for this table.

These results indicate that even though Phoenix action may occur, there is
insufficient fertility for lowest fuel costs with many of the fuels with lower
Pu-240 contents when the plutonium is used without benefit of other fertile
substances such as U-238 or Th-232.

The specific power for all these cases (Tables I and II) is 300 MW/T (330 w/cc)
which is equivalent to 30 MW/T at normal oxide density. Even lower fuel costs
are cbtalned if the fuel is operated at a higher specific power level. Although
reactors currently operate at about half this power density or the average, the
peak powers incurred are comparable to this and fuel elements have been tested
and operated at power densities in excess of this.

Successive Recycle of Bred Fuels

The calculation of the values of plutonium and U-233 in five simulated reactors
for different fueling strategies 1s nearly complete. The scope of tkis study
is shown by Table IITI. In this table, typical fuel values and fuel costs are
presented for recycle of self-produced plutonium and U-233, and for plutonium
recycie ir natural uranium with an unlimited stockpile of plutonium. Iz all,
8ix modes of operation with standard economic conditlons are considered for
each reactor type plus a number of additional cases designed to evaluate key
nuclear and economic perameters.
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TABLE I

HW-T4813

FUEL COSTS (NOT MINIMIZED) FCE EIGHT PLUTONIUM FUELS

{1 gram/cc plutonium concentration)

Plutonium Isotopic Percentage Composition
{1 gram/cc plutonium concentratior)

Case No. Pu-239 Pu-250 Pu-241 Pu-2L2
532 70 30 - _—
652 50 30 20 -
752 Lo 30 30 -
832 50 50 - N
952 Lo 50 10 -

1052 30 50 20 -
1ks52 S8 25 10 6

Fuel Cost
mills/kwh

1.657
1.795
1.827
1.41%
1.297
1.3k5
1.923

Econamic Int. 12 percent, AEC Int.43/k percent, FEFJ $0.61/cc (equivalent to
$30/pound at full oxide density), plutonium price 0.85 of top product

{$10.20/gram fissile).

Fiel costs used in the minimization for the two plutonium types that can be

formed in reactors are shown in Table II.
TABLE II

MINIMIZED FUEL COSTS FOR TWO PLUTONIUM FUELS

Plutonium Isotopic Percertage Composition
{atom percent)

Case No. Pu-239 Pu-2L0 Pu-2l Pu-2L2
1552 37 L5 15 3
1952 45 ko 10 5

* Economic rules same as Table I.

1230830

Fuel Cost*

mills/kwh

1.432
1.538
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As ir the work reported in HW-T221T, the optimum initial enrichment (for mirimum
fuel cost) constrained by the fueling strategy considered was used in the
caleulatiors. The present study differs in that:

1. The scope is much larger since only self-produced plutonium recycle
was reported in HW-T221T;

2. The price schedule established July 1, 1962, is used in the present
study;

3. The MELEAGER burn-up code has been calibrated with the SPECTRUM
multigroup diffusion code since the work reported in HW-T221T
was completed.

The calibration of MELEAGER has generally increased the calcuiated plutonium
values while not changing the velues of U-233. This results from a revised
epithermal croes section formulastion which reduced the values of alpha in the
present model to more correctly reflect the self-shielding in the resonances
‘of Pu-239 and Pu-24l. This formulation is still comsidered to be conservative
snd to yield plutonium values that are likely low, however.

Taples IV through IX show how the calculated values and the isotopic compositions
vary with successive recycle. The reactors are listed in descending order of
relative Pu-239 concentrations or relative U~233 concentration in the recycled
fuel. Values are giver for the first three irradiation steps or; as in Table IV,
interpolated values for 15,000, 30,000, and 45,000 MWD/T of cumulative exposure.

Complete analysis of these results will take some time; although & few observa~
tions can be made. Plutonium values and fuel costs are generally higher for
hatch cycles than for graded cycles in the same reactor. Plutonium values are
lower for the HWR thar the other machines, especially for highly burned
piutonium which has significant quantities of Pu-242. This latter effect
eppears to be due to the fact that the relative parasitic captures in Pu-242
are greater ir the HWR because it has little other parasitic material present.
It is observed that U-233 has higher values then plutonium but that the fuel
costs are also greater. The higher fuel costs with U-233 are due largely to
the necessity of starting the cycle and maintaining it with fully enriched
U=-235. This cost is more fully defreyed in reactors designed to more fully
exploit the potential thermel breeding of U=233, and fuel costs may be reduced
for suck machines. This study does show that the value of U-233 is essentially
the same for all reactors and for large accumulative exposures, which tends to
support the fact that the properties of U~233 are relatively independent of
the various thermal neutron spectra.
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Combined Cycles Studies

A pilot combined cycles study has been planned and is outlined in Table X.

It has been designed to show the impact of the isotopic composition of plutonium
on the optimization of reactor lattices employing plutonium fuels. Interaction
between fuel type and economic climate is expected, therefore, the economic
parameters are to be varied to reflect the possible future trends in economic
climate as well as the present values. Details of the fuel element geometry,
such as the location of the plutonium within the fuel element, is important in
such studies, but it will not be fully investigated now because an accurate
portrayal of the geometrical shielding effects on plutonium cross sectlons is
very costly with the present code arrangement. The basic fuel element plece is
standardized as a one~-half-inch diameter U0, rod appropriately arranged in
groups in accordance with the moderator system being analyzed. Attempts will
be made to account for the effects of geametry to the extent allowed by the
present codes. The non-fuel absorptions are appropriately flux and volume
welighted by Jason code which utilizes the P-3 approximation to solve the Boltzman
equation for the distribution of the thermal flux. This flux weighting is, of
course, dependent primerily on the fuel element diameter, lattice geometry, the
blackness of the fuel to incident neutrons, and the relative amount of moderator
which affects the energy distribution of the thermel neutrons. A fair number
of cases has been set up for the three reactor types of Table X and are being
processed as coamputer time becomes available.

Code Development

A case generator 1s being added to the combined cycles chain to facilitate input
preparation, and will minimize the probablility of errors of a clerical nature
because the amount of input data is reduced by a factor of sbout a& hundred.

A special master chain version of the code system has been written which allows
substitution or additions of new codes to an existing chain of codes without
reassembling the entire sequence of codes.

Salt Cycle Econcmics

Compilation of the revised Conventional Reprocessing Code for economics studies
of fuel reprocessing was completed and debug runs were started. A rumber of
errors have shown up ard have been corrected. Numerous hand lculations remaixn
to be done to complete the checking and debugging of this code. When completed,
this code will provide the base case comparison for the Selt Cycle Economics
Code (completed last month) to evaluate economic incentives for developing
close~-coupled Salt Cycle-type processes. ‘
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TABLE X

OUTLINE OF
A STUDY OF THE IMPACT OF FUEL TYPE IN THREE GENERALIZED
TYPES OF REACTORS WITH VARIED ECONOMICS

Reactor Types (No. is used below &8s & subscript.)

1 Light water moderated and cooled.
2 Heavy water moderated and cooled.
3 Graphite moderated, sodium cooled.

Moderator Temperatures

T = 260 C T, = 100 C T3 = 500 C

Specific Power

15 MW/T, 30 MW/T

Fuel Element Description

Oxide fuel diemeter 0.500".
Clad thickmess 0.010".
Clad Material Zr, SS, Hastelloy.

Lattice Arrangement

1. Hexagonal array with pitch varied.
2. Nineteen-rod cluster in pressure tube; tube spacing varied.

3. Nineteen-rod cluster cooled with sodium in zirconium pressure tube; tube
spacing varied in graphite moderstor lattices varied to produce a moderator
index range of approximately 0.75 to 5.0, where moderator index is the
slowing down power of the moderator per unit fuel volume.

Fuels (Phase I)

U-235 in U0>. From diffusion cascade UOo density 95 percent of theoretical.
Percent enrichment varied to achieve minimized fuel costs.

Plutonium in UOp. Containing U-235 in naturally occurring ratio. (Plutonium

enrichment veried to achieve minimm fuel costs, plutonium source compositions
are (8) 95 percent 239, 5 percent 240; (b) TO percent 239, 18 percent 240,

11 percent 241, 1 percent 2u42; (cg 31.3 percent 239, 33.6 percent 240,

25 percent 241, 10.1 percent 242.

Fueling Methods. Batch loading and graded loading.
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MISCELLANEQUS

Hanford Science Colloguium

Professor Francis Birch, Chairman of the Department of Geological Sclences of
Harvard University was the Hanford Science Colloguium speaker for August 29.
The lecture was titled, "The Internal Constitution of the Earth."

e

Manager,
Programming

WK Woods: jm
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RADIATION PROTECTION OFERATION
REPORT FOR THE MONTH OF AUGUST, 1962

A. ORGANIZATION AND PERSONNEL

Transfers within the Section during the month included Roy F. Ballard
transferring from Radiation Monitoring to Environmental Studies and Evalu-
ation, and Jack D. Mixon transferring from Environmental Studies and Evalu-
ation to Radiation Monitoring. Betty B. Hanson began a leave of absence.
Flordeliz I. Ambrocio transferred from Construction Engineering and Utilities
Operation to Radiation Monitoring. Geraldine B. Lage and Rose W. Kron trans-
ferred from External Dosimetry to Contract and Accounting and Construction
Engineering and Utilities, respectively. R. W. Hatfield resigned from the

Company .

B. ACTIVITIES

Occupational Exposure Experience

Five new cases of plutonium deposition were confirmed by bioassay analyses
during August. The total number of plutonium deposition cases that have
occurred at Hanford is 297, of which 214 are currently employed. The new plu-
tonium deposition cases resulted from five previously reported radiation inci-
dents (May and June) involving four CPD employees at the 234-5 Bullding and
one HLO employee at the 231-Z Building. In each case, inhalation was attri-
buted as the mode of intake, and the plutonium body burden was estimated to
be less than one percent of the permissible body burden. .

A CPD process operator received a plutonium nitrate contaminated injury at
the Purex facility. The employee was cleaning the floor of the N-cell hood
when an unknown object punctured his left ring finger between the second and
third joints. Initial examination of the injury with the plutonium wound
counter showed 0.0l4 pc plutonium. After medical excision of tissue, 7 x 1C
uc plutonium remeined at the wound site. A wound counter measurement of the
excised tissue showed 0.011 uc plutonium. DTPA was administered by an indus-
trial physician about three hours after the injury occurred and again after
4L8 hours. This employee had previously received plutonium contaminated
injuries in 1960 and 1961, resulting in a plutonium body burden estimated to
be less than ten percent of the permissible body burden.

-4

One week after the described incident, the above employee reported for a
routine re-examination of the injury with the wound counter. 1In addition to
this measurement, which showed L4 x 10-4 pc plutonium, a scan of the emplojee’s
hands was made with the wound counter, according to a newly instituted pro-
cedure. The procedure resulted in the detection of 0.042 uc of plutcnium on
the top of his left little finger. Visual examination of the contaminated
area revealed the presence of a small scratch-type injury which had partially
healed. Tissue excision was performed and a wound count indicated complete

UNCLASSIFIED
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removal of the plutonium. DIPA was administered after the tissue excision
and again on the following day. Investigatiorn failed to provide an explansa-
tion of when or where this contaminated injury mey have occurred. The
employse was unaware of the scratch on his little finger and his only work
assignment for the one-week period had been in the Purex control room. There
was no evidence to link the injury to the puncture wound received in the K-
cell hood. It is not yet possible to provide an estimate of the magnitude of
the total plutonium deposition in the body because of the effect of the DTPA
treatment.

Ir addition to the above incident, there were two incidentg at the 234-5
Building and three incidents at the 231-Z Building that required special bio-
assay sampling for plutonium analysis for seven employees.

Three IFD employees were exposed to unknown dose rates at the 105-F reactor
while attempting to charge a poison tube during reactor operations. The inci-
dent was similar to the one that occurred at the 105-B reactor last month. The
charge machine broke free from the ball valve assembly, permitting a backflow
of irradiated aluminum and poison pieces. Evaluation of the employees' film
dosimeters substantiated the dose estimates provided by gamms pocket dosimeters
and indicated that the maximum dose received was about 0.2 r. Under the condi-
tions that existed at the time the men were exposed, there was no possibility
of a void in the water column of the tube.

Two HLO pipefitters entered the process cell of PRTR through an emergency
exit with the reactor operating at 60 Mw. The employees, whose total time in
the process.cell was estimated to be two minutes, were unaware that the reactor
was operating. Evaluation of their film dosimeters indicated a meximum dose of
about 0.05 r. ’

A rupture of a MgO-PuOp fuel element caused the shutdown of the PRTR. Dose
rates in A-cell increased from their normal levels of 5-10 mr/hour to 2-k
r/hour. Selected locations on the primary system piping showed dose rates up
to 100 r/hour. Discharge of the ruptured element was accomplished in & dose
rate of 1 r/hour at ten feet. The water in the discharge pit was contaminated
tc 2.5 x 102 Tl beta/cc° Spectrometric analysis of the discharge pit water
indicated the presence of expected fission products. Examination of the rup-
tured element indicated about 9-l/h inches of the core, containing an estimated
1.75 grams of plutonium oxide, was missing.

A tecnhnologist and a radiation monitor in the Hanford Laboratories received
nasal contamination during the unpackaging of metallic coupons in the 242-B
Building. Examination in the Whole Body Counter igdicated less than five per-
cent of the maximum permissible body burden for Co®0.

A 16-ton cask containing irradiated material samples was found to have

smearable contamination up to 1.8 rads/hour when it arrived on & common carrier
from Idaho Falls. The truck bed and undercarriage of the truck were contaminated

UNCLASSIFIED
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up to 5 rads/houro Surveys of involved persomnnel, receiving and transfer
areas, public roads in the nearby Hanford environs, and a parking lot at

Baker, Oregon, indicated no spread of contamination. Decontamination of

the cask and the trailer was initiated locally.

On August 10, 1962, approximately 8000 new film badge dosimeters were
distributed for routine use throughout HAPO. This distribution also
included the exchange of nearly 8000 new security credentials. In the
course of making the transition between the new and old badge processing
mechines, about 1500 film packets were developed in error without being
exposed to X-ray identification in the badge processing machine. About
one~third of the involved film packets were identified by the gamme radi-
ation received by the wearer. Another one-third of the film packets were
identified with people who work in areas where the maximum dose received
is less than 0.12 r. The exposure records of these employees were credited
with the maximum dose for their assigned area. The remaining cases were
individually evaluated through investigation and use of supporting pocket
dosimeter measurements.

Environmental Experience

The presence of fallout materials on air filter samples throughout the
Pacific Northwest showed a sharp increase on August 31; 30 upc/m3 as com-
pared to an average of 3.2 uuc/m3 for July. :

A total of 332 biological and produce samples were obtained for radio-
chemical analysis:

L9 sets of beef thyroids

2 samples of Willapa Bay oysters

20 samples of pasture grass

T2 samples of milk

18 samples of vegetables, fruit and meat

3 samples of wheat
1 sample of baby food
167 fish from sampling locations at Priest Rapids, Hanford,
Ringoid, Richland, Burbank and McNary Dam

Special river samples were taken on two occasions in response to notif:-
cation of unusually severe ruptures by IPD. Although there was an abnormal
release of fission products in one case, the concentrations of fission pro-
ducts in the river were far below action levels.

Studies and Improvements

Fifty-three prints on the design of the Fuels Recyecle Pilot Plant were
approved during August. Design completion was rescheduled for November 1

UNCLASSIFIED
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due to the addition of the waste calcination program to the project. As a
result of the waste calcination program, two design changes of radiological
interest were necessary. The low bay cell floor was lowered to the -10-foot
level ard the first stage high efficiency filters will probably be moved
from the cells to the damper pit. Although there is some concern that fil-
ter change-out will be more difficult with filters located in the damper pit,
the operating groups feel the advantages of the equipment placement within
the hood, to be gained by the change in filter location, merit this change.

Calculations of the fission product activity from 12.5 tons of Hanford
production fuel, a proposed waste calcination load, indicates this to be a
more intense rediation source than the PRTR fuel element for which the cell
shielding calculations were based. It was agreed that a two-ton fuel load
will be used for initial startup in the calcination process with increases
to be made if the shielding provided is adequate.

The mechanical components of the automatic densitometer were inspected
and re-aligned as necessary. Several misalignments in assembly of the gear
train which provides film positioning required correction.

The new film dosimeter processing machine was used routinely for proces-
sing the second set of new Hanford personnel dosimeters. Approximately
40,000 dosimeters were processed by the machine during the last two months.
The minor difficulties encountered during its early operation were corrected.

Studies of the 3705 Bullding layout and work flow were injtiated. An
improved work flow chart for processing film dosimeters is being designed.
Minimum handling of dosimeters will be emphasized.

Arrangements for use of the Sandia Pulse Reactor facility were temporarily
postponed. Contract difficulties were encountered in negotiating our perfor-
mance of this work. Arrangements for Hanford dosimetry work at the Sandia
facility will be rescheduled for about January 1963.

Tests of the new BF3 portable double moderators were completed. Instru-
ment scaies for attachment to the meter faces were prepared and ordered.
These instruments will be ready to place in the portable pool for field use
as soon as the BF3 tubes are supplied by the instrument fabrication shop.

Instrument specifications for alpha, beta, gamms hand end shoe counters
are being completed for the next purchase of these instruments. Some minor
deficiencies in the current prints were noted by the vendor currently bulild-
ing seven of these units. Functional specifications for signalling dose
alarms were prepared and readied for comments from other departments. Speci-
fications for the purchase of image storage oscilloscopes and other data
?ecording components to provide additional mechanized pencil reading capa-
bilities were prepared.
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The silicon diode neutron dosimeter studies were directed to determine
the most sensitive constant voltage for readout and to compare the sensi-
tivity of constant voltage versus constant current readout techniques.

The diodes appeared to be most sensitive when a constant voltage of 1.5V
was used. The constant voltage readout technique continues to give the
most sensitivity and future diode studies will use this method of readout.

A contract with Battelle Memorial Institute was approved for the
manufacture- of further experimental silicon diodes. The new diodes will
be used to study the sensitivity of both n- and p-type silicon. Delivery

is scheduled for November 1962.

All 65 of the Scintrans ordered last fiscal year were delivered. The
instruments passed the inspection tests and appear to be in satisfactory
condition. All Scintran instruments are being placed into the portable
instrument pool where centralized maintenance will prov1de improved iastru-
ment performance at reduced cost.

An improved alarm system for the Automatic Columbia River Monitoring
Station (ACRMS) was installed at the 3701-L Badgehouse. It identifies the
type of signal immediately and expedites taking appropriate action.

The potential radiological effects of Hanford operations on land south
of the 300 Area were evaluated. Results of this study were incorporated
in overall recommendations for land utilization which were provided to

- AEC-HOO.

An investigation composed mostly of literature review and private
cormunications was conducted regarding the variation of sodium levels in
man, It was concluded from the information obtained that a variation of
ten percent or less would be expected in either the total body or blood
sodium levels among normal individuals.

C. VISITS AND VISITORS

Visitors consulting with members of the Radiation Protection Operation
during the month included: '

» Naidu - Atomic Energy Authority of India, Bombay, India

Jacobs - Research Health Physics, Oak Ridze, Tennessee

L. Osterberg - Department of Oceanography, Oregon State University,
Corvallis, Oregon

K. Mecklam - U. S. Civil Service Commissiorn

. R. Keegan)

G. Wills )} - Nuclear Engineering Trainees, AEC-HOO

D. Toth )}

E. Newton - Walter Reed Army Medical Center Washington, D.C.

C1 s ¢y

Qarazxg
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Visitors who toured Radiation Protection Operation facilities during
the month included:

40 Summer Institute for Radiation Biology people from Washington State

University, Pullman, Washington
25 High School Science Teachers attending the Hanford Science Seminar

Members of the Radiation Protection Operation visiting off-site during
the month included:

R. F. Foster - Presented invited paper at USPHS Third Seminar on Bilo-
logical Problems in Water Pollution, Cincinnati, Ohio

J. M. Selby - Presented paper at American Industrial Hygiene Associ-
ation meeting in Seattle, Washington

D. REIATIONS

Eight suggestions were submlitted by personnel of the Radiation Protec-
tiox Cpzratior during August. Two suggestlions were rejected; none were
adopted. Eight suggestions are pending evaluation.

Two radiation orientation meetings and one refresher training session
were conducted for customer organizations. Analytical laboratory personnel
were trained in counting technigques associated with PRTR. Seventy-four
persons attended the Disaster Level Monitoring courses presented at 100-D
Area; to date a total of 253 persons have attended the course.

Safety meetings were held throughout the Section during the month of
August.

E. LGNIFICANT REPORTS

HW-T72229 REV "Dose Rate Measurements of Beaches and Islands on the Colum-

‘ bia River Between Ringold and Richland” by D. McConnon.

HW-~73891 BEV - "A Method for Immediate Detection of High Level Neutron
Exposure by Measurement of Sodium-24 in Humans" by R. H.

Wilson.

HW-74307 7 - - "Radiological Status of the Hanford Environs for July 1962"
by R. F. Foster.

HW-7h811 - - - '"Monthly Report for August 1962 - Radiation Monitoring

Operation" by A. J. Stevens.

UNCIASSIFIED
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS

External Exposure Above Permissible Limits
Whole Body Penetrating
Whole Body Skin
Extremity

Hanford Pocket Dosimeters
Dosimeters Processed
Paired Results - 100-280 mr
- Over 280 mr

Lost Results

Hanford Beta-Gamma Film Badge Dosimeters
Film Processed
Results - 100-300 mrads
- 300-500 mrads
- Over 500 mrads
Lost Results
- Average Dose Per Film Packet - mrad (ow)
- mr (s)

Hanford Neutron Film Badge Dosimeters

Slow Neutron
Film Processed
Results - 50-100 mrem
- 100-300 mrem
- Over 300 mrem
Lost Results

Fast Neutron
Film Processed
Results - 50-100 mrem
- 100-300 mrem
- Over 300 mrem
Lost Results

Hand Checks
Checks Taken - Alpha
- Beta-Gamma

Skin Contamination
Plutonium
Fission Products
Uranium
Tritium

1230648
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August 1962 to Date
0 3
0 3
0 2
1,969 23,469
5 67
0 8
0 0
9,171 76,610
278 2,517
16 224
5 86
40 210
19.43 13.53
28.81 27.37
1,607 11,323
1 10
0 29
0 2
26 61
LéT 2,952
30 372
69 488
0 11
7 22
35,768 255, 310
48,959 417,165
35 193
51 369
0 12
0 0
UNCLASSIFIED
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Whcle Body Counter Male Female August 1962 to Date
GE Employees
Routine 2l 1 22 136
Special 12 0 12 165
Terminal 10 2 12 85
Non-Routine 10 5 15 195
Non-Employees 8 8 16 3§
Pre-Employment 0 o] 0
T & 16 o
Bioassay _
Confirmed Plutonium Deposition Cases 5 L%
Plutonium - Samples Assayed 262 2,889
- Results Above 2.2x10-8 pc/Sample 25 146
Fission Product - Samples Assayed 234 3,509
- Results Above 3.1x1072 uc/Sample O 15
Uranium - Samples Assayed 230 1,300
Biological - Samples Assayed 3 2kT
trontium - Samples Assayed 0 299

Uranium Analyses

Following Exposure
Units of 10-9 uc U/cc

Following Period
of No Exposure

Units of 10-9 uc U/fcc

Number Number
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 3.1 2.2 62 21.1 1.6 53
Fuels Preparation*¥ 0 0
Hanford laboratories 13.9 2.4 5k 13.2 1.8 39
Hanford Laboratories** 0 0
Chemical Processing 1.9 1.6 2 2.0 1.5 2
Chemical Processing¥** 0 0
Special Incidents 11.3 4.3 L 0
Random 2.0 1.3 13 0
Tritium Samples Maximum Count August Total
Urine Samples
> 5.0 pe/l 68.7 257
< 1.0 pe/1 26
Samples Assayed 380
D20 Samples »
Moderator T75.3 uc/ml 8
Primary Coolant 263.6 pc/ml 8
Reflector 804.5 pe/ml 8
Samples Assayed 2k
Other Water Samples :
Stack Condensate 8-6-62 5.38 uc/ml 125
539

*The total number of plutonium deposition cases which have occurred at
Hanford is now 297, of which 214 are currently employed.
**Samples taker prior to and after & specific job during work week.

12308419
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Calibrations

Portable Instruments
CP. Meter
Juno
GM
Other
Audits

Personnel Meters
Badge Film

Pencils
Other

Miscellaneous Special Services
Total Number of Calibrations

AR Keene:lJjw

1230850
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Number of Units Calibrated

August 1962 to Date

1,074 8,106
315 2,225
581 4,473
174 1,510
115 843

2,259 17,157

1,128 13,02k
- 12,670
516 3,333

1,65% 29,027

1,305 8,584

5,208 54,768
Manager

RADIATION PROTECTION
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FINANCE AND ADMINISTRATION

ACCOUNTING

Cost Accounting

The operating cost control budget was adjusted in August to reflect amounts
allocated from the Product Departments for 02 and 03 research and develop-
ment programs. The operating cost budget, which is based on an interim
financial plan, has not been allocated to sections within Hanford Labora-

tories pending passage of the Appropriations Act by Congress and establish-
ment of firm authorizations by the Atomic Energy Commission.

A cost study pertaining to fabrication costs of UOp-PuO, fuel elements for
the Plutonium Recycle Test Reactor was completed. Both the swaging method
and the high energy vibration compaction method were analysed. Material
cost, excluding SS material, accounts for 55% to 60% of the estimated shop
cost.

A pocket-size booklet containing a summary of the Budget for FY 1964 and
Revision of Budget for FY 1963 was distributed to Hanford laboratories'
management .

A narrative repdrt has been prépared and published outlining the significant
fiscal highlights of FY 1962 for Hanford Laboratories.

Specilal request activity during the month was as follows:

Accounting

Code Activity

-1Q Development of Ultrasonic Testing of Fuel Sheath
Tubing for USAEC/AECL cooperative program - an
additional authorization of $58,000 wes received,
increasing the total authorization for FY 1963 to
$90,000.

-3G Burst Test of Irradiated Zircaloy Pressure Tube for

USAEC/AECL - a new program with authorization of
$1,000 to perform the work.

In connection with the transfer of certain maintenance functions from Fuels

Preparation Department to Hanford Laboratories, the following organization
code changes became effective on September 1, 1962:

! 2 3 0 6 5 [ UNCLASSIFIED
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New Codes
7370 - Hanford Laboratories Maintenance Operation
T371 - Instrument Shops
7135 - Facilities Operation
7136 - Building Operation

7137 - Waste Disposal and Decontamination

Canceled Codes

7133 - Facilities Landlord
One ne;v' program code was esteblished during the month as follows:
Code Title Remarks

.63 U053 Calcination A specific process technology
_ assigmment for CPD.

Three suggestion awards with over $500 a.nnual savings were reviewed dur-
ing the month and granted financiael approval.

General Accounting

Modification No. 22 to Article IV of Appendix B to the Prime Contract
increased the per diem allowance for living expenses to $13.25 for all
persons 12 years and older and to $6.62 for all those under 12 years of
age. The increase was effective retroactively to April 20.

Following is a summary of the status of letters or agreements covering
specific actions regquiring AEC concurrence:

AT-256 Participation in Standardizing Activities To AEC 8-8-62
AT-252 Miniature Swine for Coclorado State Uni- Approved 8-13-62
versity

During the month of August billings to completed plant from Work in Progress
accounts amounted to $145,41k.

Hanford Laboratories material investment at August 1, 1962 totaled $2L.4
million as detailed below:

(In thousands)

SS Material $23 216
Reactor and Other Special Materials 900

Spare Parts %28 -1)

(1- égclhldszs & reserve established at August 1, 1962 amounting to
o,L5k.

2 UNCLASSIFIED
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Nuclear materials consumed in research during the month of July totaled
$266,863 - $247,806 by Hanford Laboratories and $19,057 by FPD. The
following is a detail by program for the Hanford Laboratories portion:

(In thousands)

2000 Program $ 9 607
3000 Program 230 383

LOOO Program f’il_:{_E?{é
2

Laboratory Equipment and Material Pool activity is summarized below:

Current Month FY to Date
Qty Value Qty Value
Equipment.
Ttems Received 122 $107 731 180 $136 303
Items Withdrawn by Custodians 7 9 820 22 16 159
Equipment reassigned (purchase
eliminated) ’ 20 10 048 45 24 749

Equipment on hand at 8-31-62 1 207 661 973 -1)

(1- Includes 129 items valued at $58,968 which were on loan at 8-31-62.

The material inventory in the Laboratory Pool at month end was comprised of
the following:

Beryllium 1 035 grams $ 592
Gold 2 182 grams 2 924
Palladium 2 224 grams 2 535
Platinum 1 896 grams 5 537

Clean scrap 45 grams 131

Contaminated scrap 6 703 grams 19 573
Silver 6 615 grams 462
Hafnium 2 922 grams 1 4og
Zirconium 5 34%4 pounds 105 2%2

139 2

Add material held for convenience of others 150 622
Total material held at the Pool 289 868

Action as indicated occurred on the following projects during the month:

New Money Authorized HL

CAH-866 Shielded Analytical Laboratory $4 000

During the month the following OPGs were prepared for issuance:

UNCLASSIFIED
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OPG No-
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22.1.1

Title

Construction Engineering and Utilities Operation Manager
Position Guide '

Overtime Lunches

Crievance Procedures

Applied Mathematics Operation

Priority Messages

Legal and Financial Responsibility

Design Review Council

Uniform Drafting Practices

Mail Services

Redistion Protection Standerds

Applied Mathematics Operation

Finance and Administration Operation

Management of Property

Hanford Laboratorles Manager Position Guide

Reduction of Force - Weekly Salaried Employees

Iong Distance Telephone Service

Approvel Authorizations

Procurement of Equipment, Materials, Services, and Supplies

Reduction of Force, Monthly Salaried Employees

Placement of Employees Disabled by Personal Illness or Off-
The-Job Accidents

Hanford Laboratories

*Notice of cancellation issued.

Contracts processed included the following:

SA-234
SA-229
CA-347
sA-232
SA-233
CA-348
CA-349
SA-241
SA-242

Sperry Products Inc.

J. W. Hoover

George W. Watt

Wyandotte Chemicals Corp.

Turco Products, Inc.

M. J. Sinmott

Philip L. Walker, Jr.

Colorado State University

Automstic Sprinkler Corporation of America

Revisions to the Travel and Living Expense Manual included changes in certain
epproval authorizations required - clarification of responsibility for
traveler's cash, tickets and credit cards, and the addition of a section per-
teining to living expenses at the point of departure.

URCLASSIFIED

1230854



UNCLASSIFIED H-5 HW-74813

Personnel Accounting

The followlng employees received Patent Awerds during the month of August:

Name HWIR No. Title
L. A. Bray 1354) Process for Recovery of Strontium 90
G. L. Richardson 1354 ) from Radiocactive Waste Solution
A. M. Platt 1354)
G. Jansen, Jr. 1354)
R. A. Walker 1385 A Method of Controlling the Strength

of Ultrasonic Weld by Automatically
Controlling Weld Time.

H. L. Libby 1370) Segmented Time Reversal Device.

J. T. Russell 1370)

*R. F. Burch, Jr. 1407 Fabrication of Uranium Dioxlde
Single Crystal Spheres by Means
of Grinding.

F. P. Roberts 1413 Isolation and Purification of

Cerium by Anion Exchange.
K. J. Schneider 1419 A Redlantly Heated Spray Concentrator.

*Nonexempt Bargeining Machinist in Tech. Shops.

Number of Hanford lLaboratories Employees

Changes During Month Total Exempt  Nonexempt
Employees on payroll at beginning of month 1 516 703 813
Additions and transfers in 32 15 17
Removals and transfers out 41 27 14
Employees on payroll at end of month 1 507 é& gg.é
Overtime Payments During Month August July
Exempt . $ 3 726 $ 6 695
Nonexempt 18 60k 22 392
Total 22 330 gg 08[
Gross Payroll Paild During Month
Exempt $ 650 083 $ 667 b4
Nonexempt 439 328 436 251
Total $1 089 411  $1 103 692
1230855
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Participation in Employee Beneflt August July
Plans at Month End Number  Percent KNumber  Percent
Pension 1 334 99.0 1 332 95.1
Insurance Plan - Personal 370 376
- Dependent 1 105 99.7 1 099 99.9
U. S. Savings Bonds
Stock Bonus Plan 88 37.6 88 38.1
Savings Plan 72 4.8 T2 k.7
Savings and Security Plan 1123 88.2 1135 88.3
Good Neighbor Fund 989 65.6 989 65.5
Insurance Claims
Employee Benefits Number Amount Number Amount
Life Insurance ) $ 0 1 $23 129
Weekly Sickness and Accident 10 939 T 820
Comprehensive Medical 41 3 145 32 2 987

Dependent Benefits

Comprehensive Medical 88 7 583 90 7 487
Total 139 $11 667 130 $34 L23

TECHNICAL ADMINISTRATION

Bmplovee Relations

Twenty-three non-exempt employment requisitions were filled during August
with 22 remaining to be filled.

Approval was received from AEC to conduct Dete Processing, Computing - Fortran,
Effective Presentation, and Technical Report Writing as evening Company
sponsored courses.

Professional Placement

Advanced Degree - Four Ph.D. applicants visited HAPO for employment inter-
views. Three offers were extended; one acceptance and five rejections were
received. Current open offers total two.

BS[MS - During the month five direct placement offers were extended; two
acceptances and five rejections were received. Three program offers were
made; one acceptance and four rejections were received. Open offers at
morth's end included three direct placement and six program.
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Technical Graduste Program - Two Technlical Graduates were placed on permsa-
nent assigmments; six new members were added to the rolls and four terminated.

Current program members total 56.

Technical Informstion

Revision Number 1 to the classification guide (HW-T4O48) covering work done
for the University of Californies Lawrence Radiation Laboratory was issued.

ECONOMIC EVALUATIONS

An explanation of the cost conversion used in the supplementary cost analysis
of HW-T4304, "Calculated Costs of Fabrication of Plutonium-Enriched Fuel
Elements” was prepared for Appendix B of the report. The cost conversion
consisted of reclassifying about 60 functional costs to variable and fixed
classifications suitable for input to a computer program for variation of
parameter analysis.

Substantial progress was made on a broad summary exposition of Nuclear Cost
Estimating and Electric Utility Economics. The falrly extensive topics of
utility capitel requirements and sources of funds, financial structure,
regulated rate of return, and operating economics were developed.

There were no reported audit activities by C&AO Internal Auditing within
Banford laboratories during the month.

PROCEDURES

The Business Systems Development Operation analyst assigned to the Hanford
Laboratories completed a study of paper work procedures in use in the
Technical Shops. His findings and recommendations for improvements are’
included in-a report transmitted to the Manager of Technical Shops.

FACILITIES ENGINEERING

Projects

At month's end Facilities Engineering Operation was responsible for 13 active
projects having total authorized funds in the amount of $2,74it,600. The
total estimated cost of these projects is $9,117,000. Expenditures through
July 31, 1962 were approximately $1,600,000.

The following summarizes project activity in August:

Number of authorized projects at month's end ---=w-mecmcmcccmcao . 13
Number of new projects authorized-----cccccom e ccmeeae 0
UNCLASSIFIED
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T R ©
New projects submitted to AEC --=-m=emecmmccccmomomcmccomcooaommcome e
New projects awaiting AEC suthorization -------s--ecceccmmmomoonean- 1

CAE-977, Facility for Radioactive Particle Inhalation Studies

Prcject proposals complete or nearing completion -=--cweccecmcceno-- 5
Addition to Radionuclide Facilities
300 Area Retention Waste System Expansion
Addition to the 222-U Building
Neutron Calibration Fecility, 3745-A Building
Graphite Machining Shop

Pages appended to this report provide detalled project status information.
Services

Satisféctory progress was made in the engineering services provided on the
following jobs:

Equipment procurement valued at $300,000 including eleven
requisitions and two special agreements valued at
$6,215 issued during the month

306 Building Selt Bath Furnace Alarms

300 Area Process Simulation Facility

Split-half Machine

Controlled Environment Facility

321 Building Tenk Ferm Fire Alsrm System

Pressure system assistance was provided on:

EDEL-1 Loocp modification design
Quartz glass irradiation capsules
Quartz glass UOp test section
Titenium irradiation capsules
PRTR One Tube Prototype loop
PRTR ion-exchange vessels -

Plant Engineering effort was expended on:

327 criticel incident alarm planning
3760 Display Room lighting

325 Circuit breaker replacement

325 Vacuum pump replacement

231-Z Alarm system standardization

UNCLASSIFIED
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325 Ceramic Fuels map room lighting and electrical service
3702 Proposed ventilation system

325 Office addition - second floor

325 Analytical laboratory glove box installation

308 Vent study :

Maintenance and Operation

Costs for July were $114,976, which represented 77% of the anticipated
expenditure. Improvement maintenance cost $2,000.

The following tabulation summarizes waste disposal operations:

July June
Concrete Barrels 2 4
Loadluggers 2 1
Crid Waste 270,000 gal. 300,000 gal.

Draft

The equivalent of 182 drawings was produced during the month for an average
of 21.2 man-hours per drawing.

Major jobs in progress are: 280 ton extrusion press, PRTR as-builts, PRTR
shim rod control, electrical resistivity sample holder, scintillation
scamner housing, cladding cutter assembly for PRTR, Mark III borescope,
glove box and vacuum system, high temperature furnace and fuel element
spacer former.

Construction

Activity during the month on construction work under Banford Laboratories’
supervision is given below:

Hanford Laboratories

Unexpended
Balance
Orders outstanding beginning of month $182 462
Issued during the month (inc. sup. & adj.) 117 851
J. A. Jones Expenditures during month
(inc. C.0. Costs) ok 627
Balance at month's end 205 686
Orders closed during month 83 177

UNCLASSIFIED
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Maintenance work orders total four with face value totaling $17,245.

Construction and maintenance activities completed during August included:

144-F Autopsy room modifications

309 Analytical laboratory instellation

325 Twenty-five ton air conditioner installation
326 Service island in Room 6A

327 Crane wheel and rail replacement

328 Renovate men's room

306 Ronnengin water filter installstion

Mansger

Finance and Administration

W Sale:whm

1230860
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REPORT

Hw- Th813

DATE

8-31-62

SEMI-MONTHLY PROJECT STATUS
GENERAL ELECTRIC CO, ~— Hanford Labora-bories
PROQJ.NO. TITLE
CAH-822 Pressurized Gas Cocoled Loop Facility

FUNDING

Yo 43 Cperating ~

AUTHORIZED

FUNDS |pmgsign g Il-3,000 {AEC s 15,000

cosT & coMm 10 8=19-62

= . =7
s 1,131,715.3

s ;170,000 lcons'r. s1,127,000 se § 1,155,000 ESTIMATED TOTAL COST $ 1.17C,000
STARTING pEsicn O=19=59 DATE AUTHORIZED | =2D=6oF EsT'D: [oesian 4-29-60 PERCENT COMPLETE
DATES lcous'r. 10=17=60  {or. comp. oate 12-31=62. DATES |const. 12=31~63 WT'D. |SCHED. [ACTUAL
ENGINEER DESIGN 100 132 | 103
TR&AO-MEEO - DIP Schively TITLE |

MANPOWER AVERAGE |AccuM MANDAYS |l GE=TIT.i ¢
FIXED PRICE AE=TIT. (|
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 93 -
ARCHITECT- ENGINEER PF 1ak 0 )
DESIGN ENGINEERING OPERATION CPFF 22.3 G oA
GE FIELD ENGINEERING Fp 6.6 100 ek

Gov.Eq;69.7 a2 a7

SCOPE, PURPOSE, STATUS & PROGRESS

#* Initial authorization date was December 18, 1958.

Replacement of faulty ceramic bushing in new heater is progressing.
shipment by 9-1-62.

First gas bearing blbwer rescheduled for test on August 27, 1962. Earliest
completion date of both units is now estimated to be September 15, 1962.

Earliest

PROJ. NC. TITLE FUNDING
AUTHORIZED FUNDS [o:szcu s fA:c s COST & COMM. TO s
S 1 CONST.§ lGE $ ESTIMATED TOTAL COST S
STARTING [pesien DATE AUTHORIZED E’ol«'?L. DESIGN PERCENT COMPLETE
DATES CONST, DIR. COMP. DATE DATES |consT. WT'D. | SCHED. |[ACTUAL

ENGINEER DESIGN 100

TITLE i
MANPOWER AVERAGE |accum MANDAYS|[GE-TIT. 1}

FIXED PRICE AE-TIT. 1|

COST PLUS FIXED FEE

PLANT FORCES CONST. 100

ARCHITECT - ENGINEER PF

DESIGN _ENGINEER'NG OPERATION CPFF

GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

123080 1
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‘SEMI—MONTHLY PROJECT STATUS REPORT Hw- 74813
GENERAL ELEcTRICc co. — Hanford Laboratories DATE B.31-£2
PRQJ.NO. TITLE FUNDING
33H-857 Physical & Mechanical Properties Testing Cell - 327 Bldg. | 0290
AUTHORIZED FUNDS [pesign § L“s,: 000 AEC S - COST & COMM TO 8_19_62 L 339,]_28
s LED.000 consT.§ 415,000 e § 460,000 ESTIMATED TOTAL COST s 460,000
STARTING [DESIGN 1] =P=5Q PATE AUTHORIZED Qu22-61% gg‘;‘g;_”oamu 3-15-61 PERCENT COMPLETE
DA TES consT. 2=12-62 | o1R. comp. patk 12-15-62 DATES |coneT. 12-15-64 WT'D. |SCHED. |ACTUAL
ENGINEER DESIGN 100 100 100
FEC - KA Clark TITLE
MANPOWER AVERAGE |ACCUM MANDAYS || SE-TITLI [ 100 100 100
FIXED PRICE AE=TIT I
COST PLUS MIXED FEE 6 190
PLANT FORCES CONST. 100 ll# l&
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION 833 CPFF 18 25% | 25
GE MELD ENGINEERING .l 10 FP
Equip.| 82 0 0

SCOPE, PURPOSE, STATUS &k PFROGRESS

This preject will provide facilities for determining physicel and mechanicel properties
cf irradiated materials, and involves the installation of & cell in the 327 Building.

Current estimate of Title I and II costs - $60,000. Detailed ﬁesign started L-1-60.
Procurement and construction authorized 9-22-61.

Number of purchase orders required 19 Value (Est.) $253,000%#
Number of purchase orders placed 19 Value 204,220 .

The cell delivery is scheduled for September 1, 1962.

Installaticn ¢f electrical conduit below cell filoor is 25% complete.

Piping is 20% complete.

¥ Original authorization for design was October 1, 1959.

¥¥Includes delivery charges, inspection and contingency.

# A revision to the construction schedule has been prepared, reflecting the late

cell delivery. The percentages are based on the revised schedule which has been
submitted for approval.

1230852
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 74813
GENERAL ELECTRIC CO., — Ha.nfcrd Laboratories DATE 8"31"62
PRGJ.NO. TITLE FUNDING
2AH-866 Shieided Analytical Laboratory - 325-B Building Bl-g~1, i
‘UTHORIZED FUNDS [oesien s 60,000 [AEC s 5)46, 500 cosT s coMm 0 8o1G-52 $ 136,270 GE; ‘
s 00,000 const. s £40,000 ¢ s 153,500 ESTIMATED TOTAL COST $ 635,000
STARTING [pEsien _S=5=59 DATE AUTHORIZED 5=31-H0% EST'D. [pesignll-14-60 PERCENT COMPLETE
DATES const. 6-15=-61 oIR. Comp, DATE 11~15-62 oaTEs |consTlO=30-62 WT'D. |SCHED. [ACTUAL
ENGINEER DESIGN 100 pELS ] 100
FEC - RW Dascenzo TITLE |
MANPOWER AVERAGE |[ACCUM MANDAYS |[SE-TITq1 | 10 12D 120
FIXED PRICE . T 2249 AESTITHI[ Q) W0l 100
COST PLUS MIXED FEE
PLANT FORCES CONST. 100 100 57
ARCHITECT- ENGINEER PF K L -
DESIGN ENGINEERING OPERATION CPFF 2 n R
GE MELD ENGINEERING FP g8 1500 ot}

SCOPE, PURPOSE, STATUS & PROGRESS
This preoject will allow greater capacity for analytical work lnveliving tcday's
more highly radicactive sclutions and consists of adding a shielded labcratory <o
the 325 Builélng.
Contractor's completion date was extended three days until August 29, 1962.
The major subcontracts, except painting, are nearing completion.
The gite nas been stabilized and asphalt paving completed.
Two attempts to chlorinate the sprinkler system were unsuccessful.

Mcst of the field tests and ATP's remain to be completed. A preliminary puacn
iist of 95 items was prepared.

The lsheratory funiture has been set in place and services are being run *o i+.
Tie-ln was made of all building services except distilled water.

Werk Authority No. CAH-866(3), dated August 9, 1962 authorized the Zeneral

Electri: Company an additional $4,000 and increased Title III allocaiion +z $27.707.

* OrigZnal authorization for preliminary design was August 12, 1959,

1230803

BM=—7300-043 ( 3--61) ATC-GE RICHLAND, WASH.




hag0edl

B-14

SEMI—-MONTHLY PROJECT STATUS REPORT Hw - THBLE
GENERAL ELECTRIC co. — Hagr.fecrd Leboratories DATE B-3)-£2
PROJ.NGC. TITLE FUNDING
TASAEET Fuel Elemen:t Rupture Test Loop 5815
AUTHORIZED FUNDS [pesign § 13w« 000 lagc s 820,000 COST & COMM To C=]15-62 s 563,718 LGk
s b 300,000 lconsr sy 300,00  loe 5 BB3,000 | esmmaren rovat cosr ST, 505,000
STARTING jDEsIGN C%==Ou/ DATE AuTHORIZED D=24=0U% e o, . |oEsiaN 3’15"&—#; PERCENT COMPLETE
PATES lcords‘r. 12-2-5C DIR. CoMP. DATE 10=31-62 DATES | consT. 0= 31=63 WT'D. |SCHED.|ACTUAL
ENGINEER DESIGN 100 200 | 102
TR&AD-MEEC - PC Walkup : TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS || SE-TITa | YL 1007 100
FIXED PRICE 5 2575 AE-TIT.0| 9 pee) 200
COST PLUS FIXED FEE ’ 5 2365
PLANT FORCES CONST. 100 120 99
ARCHITECT=ENGINEER PF 2 100 "-"3
DESIGN ENGINEERING OPERATION CPFF 57 100 o
GE FIELD ENGINEERING FP (l) 10 100 200
(2 3= | 100 100

SCOPE, PURPOSE, STATUS & PROGRESS

. Crant Company
Lezvile hopzine Ccretruction Company

Toie fazllity is to be used for fuel rupture behavior studies with respect o
prysical distortior and rate of fission product release.

Locp dzsign tests are i progress. Filter plant acceptance tests completed. Pilter
piant contract compiste except for final tie-in to PRTR piping.

Li* Ininial authsrizeticn was on 10-1-59.

PROJ. NO. TITLE FUNDING
CAF-58E Biclogy Laboratory Improvements 60-h-1
AUTHORIZED FUNGS | ogion s  LL,000 aecs 359,500 cosT acomm.To 8-19-62 s 60,386 (GE)
s 23,002 ° ]consr.s 376,000 {GE s 60,500 EsTIMATED TOTAL cosT s 420,000 '
STARTING [pEsign B=8=60 DATE AUTHORIZED d=]B~H1% E;L’:'L. pesian 3=31=-61 PERCENT COMPLETE
DATES JJ-‘ONST. T-1D0-61 DIR. COMP. DATE  3=31 (2. DATES |cONST. 8-31-62 WT'D: | SCHED.|ACTUAL
ENGINEER DESIGN 100 NS 100
FEC - JT Licvd TITLE
MANPOWER AVERAGE |ACCUM MANDAYS[GE-TIT. 11| 17T NS 100
FIXED PRICE 2660 AE-TIT. 11 83 NS hes)
COST PLUS FIXED FEE ’
PLANT FORCES CONST. 100 :._, C. 99
ARCHITECT - ENGINEER PF 4 100 100
DESIGN ENGINEERING OPERATION CPFF in ) Qs
GE FIELD ENGINEERING FP 89 100 laJDF

SCOPE, PURPOSE, STATUS & PROGRESS

Tals preject provides additional space for tiological research supporting services,
end irveivis an addition to the 108-F Building.

* Criginal guihcrization for desigr was May 3, 1950.

e zontrasier has the damaged vinyl flocr covering in the coxzference roor and
serrevary’s office o remcve. Some identicsl material has been lcczatez tv the
cenmraster; I In sufficient quantity thie will be instailed within a few days. Tre
rew Jaucete neve been irstalled in the animal rooms. Taping of cove hLases will be by
CPFF Constructicn Services Contrsctor on AEC work order. The CPFF Corstruction
Services Contractor has completed ins+alls*ion of the racietion handling equipment.
As-Bulll drawings are being prepared snd EPF material wiil be procesgsed as socn as it is
BM -7300-042( 2—61) ALC-GE RICHLAND, WASK. regeived frCm the IEC.
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SEMI-MONTHLY PROJECT STATUS REPORT Hw- 7:813
GENERAL ELECTRIC cO0. — Hanford Laboratories pATE  8.31-62
PRQJ.NO. TITLE FUNDING
SAH~915 Fuels Recycle Pilct Plant 4-62-3-3
\UTHORIZED FUNDS [oesian s 165,000 (A“ s COST & COMM TO 8.1 Q.62 s 464,800 '
s 2,000 CONST. § =0- Ge $ hés, 000 ESTIMATED TOTAL COST $ 5, 450,000%++
STARTING [pESign  3=15-61 DATE AUTHORIZED O=20=-H2%#¥ AN oesienlO=15-62 PERCENT COMPLETE
DATES  |eonsT. 10=15=-62% | Dir. comp. DATE ~ |oaTEs | constll-15-6L WT'D. |SCHED. |ACTUAL
ENGINEER DESIGN 100 0 | 9%
FEQ - BEW Dascenzo TITLE | i |88 | i%0
MANPOWER AVERAGE [ACCUM MANDAYS || SE-TIT.i1 | OF 9 |
FIXED PRICE AE-TIT I}
COST PLUS MXED FEE ]
PLANT FORCES CONST. 100 o) 0
ARCHITECT=-ENGINEER PF
DESIGN ENGINEERING OPERATION 7 6773 CPFF
GE MELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

Tais project is to provide a facility to perform a fuil scope cf engireering tests
and pilot piant studies associated with fuel reprocessing concepts.

All of the 325 drawings have been issued for comment and 200 for approval. The
These totals and the above per cent complete 4

specifications are 70% complete.
no*t in:zluce the waste calcination work.

A aew project proposal is being prepared to permit demonstration of the waste

cal.cination program in FRPP.

#* Estimated constfuction starting date for removal of burial ground f£ill.

¥% Original authorization for initiation of design was February 9, 1961. Jun= 29,
1962 is the authorization date for the last design supplement.

***Including transferred capital property valued at $100,000.

# These figures are from the approved revised design schedule. The rescnelduling
vas pecessary due to modifications to FRPP for the waste. calcination program.
This work includes revision of 95 FRPP drawings, 8 new drawings and cancellati-n

o7 8 FRPP drawings.

1230855
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SEMI—-MONTHLY PROJECT STATUS REPORT Hw- 73833
GENERAL ELECTRIC co. — Hanford Laboratories DATE 8—31-62
PROJ.NO, TITLE FUNDING
CAHA-222 Burst Test Facillity for Irradiated Zirconium Tubes 62-k

AUTHORIZED FUNDS foesien § 29,600 AEC $ cost g coMm To B=10-H2 s 29,000
$ 29,‘7 600 CONST. § e s 7,000 ESTIMATED TOTAL cosT s 2891000
STARTING DEsien ld=T=61 DATE auTHoRIzED 10=23-61 gg}"'g;_'{ossncn 5-31-62 FERCENT COMPLETE
DATES {cons'r. 12-15=62 | DIR. coMP. DATE paTES |const.11-1-63 WT'D: |SCHED. |ACTUAL
ENGINEER DESIGN 100 100 130

FEC - KA Clark TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS [[SE-TITu1 | 57 100 100
FIXED PRICE AE-TIT 1] h3 1Q0 10C
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT-ENGINEER = Bovay Engineers 260 i
DESIGN ENGINEERING OPERATION 260 CPFF
GE FIELD ENGINEERING Fe

SCOPE, PURPOSE, STATUS & PROGRESS

Thie project will provide facilities to permit deliberate destructive testing c¢f
irradlsted zirconium tubing. This will provide operating and tube life date nect
avelilable because of the limited operating history of Zircaloy-2 pressure tubing
ir. resctors.

A meeting has been requested with the Commission to resolve questions developed
a® the July 19 and 30, 1962 AEC Review Board meetings.

Nc change ir status since last report.

FroJ. No. TITLE Additions to the 271-CR Building Waste Treatment FUNDING
CAB-$27 Demonstration Facility E 61-4
AUTHORIZED FUNDS [DESIGN s 11,‘000 AEC § 76, 300 COST & COMM, TO 8-;9-62 H lh,888 (G‘E)
s 2,000 \ const.s 81,000 JGE s 15,700 ESTIMATED TOTAL COST s 92,000
STARTING [pesign O=15=61 DATE AUTHORIZED Se]Sefl EST'D: |pesion 2-5-62 | PERCENT COMPLETE
paTEs | sy, 2=15-62 DIR, COMP, DATE LO= 31 =pp DATES |consT. L0=31 ~H] WT'D. | SCHED. |AcTUAL
ENGINEER DESIGN 100 100 100
FEQ - KA Clark TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS|[GE-TIT. I |
FIXED PRICE 2Lo ME-TiT 1 | 100 100 20C
COST PLUS FIXED FEE é 240
PLANT FORCES . CONST, 100 85* 8ix
ARCHITECT ~ ENGINEER 150 PF -
DESIGN ENGINEERING OPERATION CPFF 33 100 92
GE FIELD ENGINEERING b - 30 FP 67 79 76

SCOPE, FURPOSE, STATUS & PROGRESS

Tuis project provides facilities for pilot plant development of decontamination
processes for intermediste level chemical processing plant waste for safe discharge
w» the plant environs. Design was accomplished by the Bovay Engineers.

The prefabricated metel building has been erected.
Electrical ccrduit is being installed.
¥entllatvion equipment installation is sbout 50% complete.

¥ A revisel schedule is in preparation.

BM-7300-042( 2—61) atcat micHLABD, wask,
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 74813
GENERAL ELECTRIC CO. — Ha.nford. La.bora‘tories DATE 8_31_62

PRGJ.NO. TITLE 0colant Systems Development Laboratory FUNDING
SAE-G36 1706-KE Building Addition 62-k ‘.
AUTHORIZED FUNDS [pgsigN § 9,000 TAEC s 115,000 COST g COMM TO 8_19-62 s Nos
s 137,002 |Cons. s 121,000 ec s 15,000 ESTIMATED TOTAL COST s
STARTING pEsign F=0O=-bl DATE AUTHORIZED L= 5=62% EZL.EL.{"E"GN 1-1-62 PERCENT COMPLETE
DATES L:QNST, Swl=62 DIR. coMp. DATE 12=31~62 DATES | consT. 12=31 =6 WT'D: |SCHED. ACTUAL
ENGINEER DESIGN 100 100 Lo

FEC - KA Clark TITLE 4

MANPOWER AVERAGE |[ACCWM MANDAYS |[SE-TIT.1 | 100 | 3100 | 147
FIXED PRICE 6 290 AE-TIT. 1§
COST PLUS FIXED FEE
PLANT FORCES CONST, 100 27 2
ARCHMITECT- ENGINEER 166 PF
DESIGN ENGINEERING OPERATION ) CPFF
GE FIELD ENGINEERING 4 14 FP 100 <7 R

SCOPE, PURPOSE, STATUS & PROGRESS

Tres prmlect provides facilities for the conduct of corrosion and decontamiraticw
studies for nuclear reactor cooclant systems, by the addition of 2,700 =q. £+.

lahoratcry faclility on the west side of the 1706-KE Building. Design was

ac2mpliskbed by the Bovey Engineers. Current estimate of Title I and II cosis - $Li.. 0o

Rcof derking and ventilation enclosure is under comstruction.
Diractive Nc. AEC-198, Moi. 3, extended the completion date tc 12-31-62.

¥ Qrigina’ asuthorization for design 8-9-61.

PROJ. NO. TITLE FUNDING
3H-951 A-C Columr Facility - 321 Building 0285
AUTHORIZED FuNDS (Dssmu s 5,000 AEC S -0- cosT gcomm.To 8-19-62 s 23,10
s 55,000 } const.s 50,000 ce s 55,000 ESTIMATED TOTAL COST s e
STARTING [oesion L= 30=B2 DATE AUTHORIZED ] -12-62 EST'D: [oesian 4-1-62 PERCENT COMPLETE
DATES Lcous'r. 3-15-62 DIR, COMP. DATE 10=31=h2 DATES |coOnsT. 10-3]_-—61_ WT'D. | SCHED.|ACTUAL
ENGINEER DESIGN 100 Y e
FEQO - OM Lyso TITLE
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. 11| 100 AN T
FIXED PRICE AE- TIT. (1 o
COST PLUS FIXED FEE
PLANT FORGES 185 CONST. 100 6= ~3
ARCHITECT ~ ENGINEER PF’ 250 [ 5
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP
SCOPE, PURROSE, STATUS & PROGRESS
This prcject will provide a closely integrated "A" Column in series with ke rz-

lccated "C" Column to permit the development of a mathematical mcdel for ke raszs
wransfer of uranium, as well as the exploration of the possibilities cf 2omputer
op-imization of a combined "A-C" extraction battery.

Reiccation of "C" Column is complete. Instrimen® line gut*ers are installed
Migceliarecas interconnecting piping work is <ontinuing. "A" Column fatrica-io- ani
ingtaliaticrn werk is continuing.

Bids have Teen reviewed and accepted for process stream temperature control,

zon%rol, pH control and variable speed drive speed control instrumeriaszicn swshan:.

BM -7300-042( 2—61) AECGL RICHLAND, WASH
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- ThE13
GENERAL ELECTRIC co. — Hanford Laboratories pate B8-31-62
PROJ.NO. TITLE . FUNDING
m3E.nas Eeactivation of the H-1 Loop - 105-H Building 0450
AUTHO T COST & COMM TO 777 S NS )
HORIZED FUNDS JDES.GN s 10,000 AEC S A & ‘:0652.r . "2 (b\i:
$ L 0T |coNsT. § ee $ 10,000 4;#;5“,\,\,
STARTING |DESIGN sb=_ Heh DATE AUTHORIZED R=2Q=(2 e T L. |DESIGN 8-320-62 PERCENT COMPLETE
DATES [corus'r. DIR, COMP. DATE DATES | consT- WT'D: |SCHED. |ACTUAL
ENGINEER DESI 6N 100 ;l
| TITLE --
FE: - OM Lyso et ok
MANPOWER AVERAGE |ACCUM MANDAYS [{ GE-TIT 11
FIXED PRICE AE-TIT 1|
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP
SCOPE, PURPOSE, STATUS & PROGRESS
Talg projees will provide the primary test facility for determination of the
f2azftility of using aluminum-clad fuel elements in high temperature water by
smuivirg fmproved aelloys and corrosion inmhibitors.
esign werk has been stopped. A project proposal, requesting cancellation of thie
+. res been rcuted for signatures.
2
PROJ. NO. TITLE FUNDING
DrE-QET Smsil Partizle Technclogy Laboratory - 325 Bulliing 62-k
AuTHomst FUNDS [osslcn s 2,000 AEC S - COST & COMM. TO 8-19-62 $ 34,05@
s =2 000 Y const.s 38,000 ce s 40,000 ESTIMATED TOTAL COST s Lo, 000
STARTING [pesign 4+=23-62 DATE AUTHORIZED 3=2i~H2 EST'D: [Legian D~3L=62 PERCENT COMPLETE
= COM PL+
DATES | ousy, [~6=62 DIR, COMP. DATE 11 e]~H2 DATES |consT. L1=1=-62 WT'D. | BCHED.|ACTUAL
ENGINEER DESIGN 100 162 100
= DS Jackson TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS|[GE-TIT.11 | 100 100 LO02
FIXED PRICE AE- TIT. 1}
COST PLUS FIXED FEE . 3 Lo
PLANT FORCES . CONST, 100 R[EE 25
ARCHITECT =~ ENGINEER PF loo =5* 2?
DESIGN ENGINEERING OPERATION (HLO} 0 32.6 [[cerr z
GE FIELD ENGINEERING FpP

SCOPE, PURPOSE, STATUS & PROGRESS

Tarsicle ﬁeﬂn_a logy related to the generation, control, and éisposel cf radicactive

TiLe comzrste tlock work s atcut 80 per cent complete.

=% Filarning Scnedile.

1230868
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SEMI—MONTHLY PROJECT STATUS REPORT nw- TL813 .
GENERAL ELECTRIC CO. — pyggnford Leboratories DATE B
PROJ.NO. TITLE
GAS- 432 P utonium F‘uels Teghing & Eva.laat_on Laboratory - 308 Blig, -
AUTHORIZED FUNDS |[pEsiGN § 15,500 AEC § _‘_4‘)’,‘} Q cosT & coMm To 8- 2.2 ~
§  LBNL G consT. $ .24 505 GE § 2,000 ESTIMATED TOTAL COST
sunnst bESIGN O L=b& DATE AUTHORIZED H=22=62 E%L'pof.. |pEsien 12«l=02 PERCENT COMPLETE
DATES {consr. 12-1=62 DIR. CoMp. DATE 5=~LCS=H3 DATES | consT. 4=15-£3 WT'D- | SCHED. |[ACTUAL
ENGINEER DESIGN 100
FEO - OM Lysc TITLE | _
MANPOWER AVERAGE |ACCUM MANDAYS || GE=TIT.1] o
FIXED PRICE AE=TIT |1
COST PLUS FIXED FEE —
PLANT FORCES CONST. 100 .
ARCHITECT-ENGINEER PF —
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

Thie p“ﬁ ten+t provides for the extension of piutonium research laboratcries on tne
seccnd floor of 305 Buil:ling by erecticz of plasierel ceilings and walls %¢ provilds
sarsaminaticn contrel barrisrs. It also includes latoratory service exvensicn anl
2atrization -f a metallszrephy hood.

Work Authori+y CAZ-958 (L) lated July 3, 1962 authorized the Fsreral Elsobtris

Compan7 $2,007 4o review “ne project scope and design and to submiv a cost a2siitate

in sufficient 3e+all to assure the Commission that costs for the prcgz:t ars resgci-

able - CE&WL is presently preparing this review.
I

PROJ. NO. TITLE FUNDING

CAZ~-962 Low Level Radlochemistry Bulllding ‘ Osmluéj--ﬁmf:"‘.);raeﬁ

o - 3 P g B
AUTHORIZED FUNDS (oeqign s 213,00C aecs 02,000 cosT g coMm. 10 B=lOwG2 s 16,8500 3R
[3 lLS,OO') CONST. S GE $ 31,000 ESTIMATED TOTAL COST H "...32’.”,," 2 F
STARTING [pesign | = 2362 DATE AUTHORIZED H=20=62 Eg;g‘_ pesian o=15=53 PERCENT COMPLETE
DATES consT. Hmi=63 DiR. COMP. DATE == DATES |CONST. Bml=fn WT'D. | SCHED. |JACTUAL
ENGINEER DESIGN 100 NN =T
FEC - XA Clark TITLE | WE | 26%
MANPOWER AVERAGE |ACCUM MANDAVYS|GE-TIT. 1)

FIXED PRICE AE« TIT. 1 |

COST PLUS FIXED FEE

PLANT FORGCES CONST. 100

ARCHITECT = ENGINEER PF

DESIGN ENGINEERING OPERATION l 26 CPFF

GE FIELD ENGINEERING FpP

SCOPE, PURPOSE, STATUS & PROGRESS

Thiz pr""“* previies a hullding in which extremely sernsgillve ralicanalyses anl wetole

ror tpe =nvirons. I 0ToS

srelopmert 2an e performed in an atmesphers prouecied f z
iz ximately 22,070 squars feet o

of Zzzignirvg and constreoting a bulliding hcusirg zpprax
woor arsa Lncliuling the tasement,

Proposed Layouts are Teoing prepared based cr Lhfirmaricn furnisnad Ty the using wnm
porzen® ani fraquert scope meetings.

Informaticr is veing furnished by the custone
electrical rszquirements, persornel assigumerts
furniture reguiremen<s, room arrangements ei~.

)u
¢

i mmswer WA desigrn reJuest Twove
~umzers ST pecpie), Latoraiiry

A srhalule or the design coriieria prcogress has Teen submitsed <o the AEC for approval

BM -7300 -042( 2-61) recot meaiand, wasn ¥ 1518 1 SCNEedUle wh. D 186 LEeSn 3L mitmes w7 AR 7T annvoval
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SEMI—-MONTHLY PROJECT STATUS REPORT Hw- 7481 3
GENERAL ELECTRIC cO. — Hanford Leboratories paTe 8-31-62

PROJ MO, TITCE FUNDING
CARmEE Geological & Hydrological Wells - FY-1962 62~k
AUTHORIZED FUNDS [oEsien s 1, LOO IAEC s 68,500 cosT & coMm To 3-19-42 s 10,222 GE}
s 5\-\_‘ W0 1co~s'r. s 784, 600 GE § ll, soo ESTIMATED TOTAL COST s &)’QVQ
STARTING DESIGN SelB=(2 DATE AUTHORIZED 5=0=62 EsT'D- |oEsien =-l=62 PERCENT COMPLETE
PATES  lconst. T=6-62 DIR, COMP. DATE L=1=63 DATES Wconsv-ﬂ-l-@ WT'D. |SCHED. ACTUAL
ENGINEER DESIGN 100 205 [ 19D

FEC - HE Rslph TITLE )

MANPOWER AVERAGE |ACCUM MANDAYS || SE-TIT.1 | 10O L0 ] 00
Fixeo PrRicE 5 164 AE-TIT NI
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 38 2c
ARCHITECT~ ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF 2 1 I
GE FiELD ENGINEERING Fp % '7 19

SCOPE, PURPOSE, STATUS & PROGRESS

Thig project involves the continued d.rilling of special hydrological researck, test
arni wonitering wells.

Appr, ximately 900 feet of hole have been drilled to date. Boulders and heavy gravel

2 1 T dI IS~ ~——~-2




UNCLASSIFIED I-1 HW-T74813

TEST REACTOR AND AUXILIARIES OPERATION

REACTOR DEVELOPMENT - OL PROGRAM

PLUTONTUM RECYCLE PROGRAM

Plutonium Recyéle Test Reactor

Operation

Reactor output was 498 MWD for a plant efficiency of 23% and an experimental
time efficiency of 25.8%. The outage, which began June 3, continued until
August 5. The reactor was shut down again on August 8-9, to repair a D0 leak
at a spare inlet thermowell. Ancther shutdown occurred August 12-16, when the
diesel generator failed to start automatically on test. The outage was extended
to torrect helium and D0 leeks and to rework three galled helium valve stems.

A shutdown occurred August 21, as a result of excessive leakage of hot D0 into
the waste collection system. The source of the D>O leskage was at the tie-in
to the low pressure light water injection system. Approximately 15 minutes
after shutdown, a fuel element rupture with gross contamination spread through-
out the primary system occurred. -Fuel element #5139, a MgO-Pu0O test element in
tube 1356, was discharged and visual examination showed & cladding failure
approximately l§ inches long on an outer fuel rod. Reactor discharge was under-
way at the end of the month to permit decontamination of the primery system.

Equipment Experience

Mechanical seals on a reflector pump and & moderator pump were replaced because
of excessive leekage.

Repairs were required on the fueling vehicle bridge drive control unit. Break-
down was caused by a component failure in the current compensator circuit.

Difficulties were experienced with starting of the diesel generator. Complete
analysis indicated a low battery, pitted contacts, insufficient battery recovery
time between start attempts. Circuitry changes and improved procedures for in-
spection of batteries were instituted.

Extensive repairs were required on both water chiller compressors.

The inflatable seals on the thermal barrier were replaced when repairs to the
-0ld seals were not possible because of deterioration of the seal materisal.

Rework of high pressure helium valves was necessary because of galling between
stainless steel stem and bodies. Hardened stems and brass bushings were instal-
led to remedy the problem.
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Preventive meintenance required 638 manhours or 12% of total.

Improvement work status (significant items)

Work Completed:

Modification to deep well pump controls

Automatic backup to filtered water reservoir

Revision to DC power for HX-1l liquid level indicating lights
Frovision of bottled air beckup for emergency depressurization valve
Chaein barricade for roteting shield

Fuel transfer hoist pit drein

Work Partially Completed:

Safety circuit ground end low voltage detector

Outlet nozzle cep modification (now 90%)

Fueling vehicle hoist modification .

Primary oxygen enalyzer installetion

Core blanket system piping modifications (interim work complete)
Flenges for safety relief valves in helium system - 85% .
Pogition indlcating lights for -convection cooling assist valve

Design Work Completed:

Enlarge chemical feed system

Decontaminetion facility ]

Primery pump recording ammeters

High pressure helium compressor inter-after cooler relief

Outlet nozzle bracing

Interlock between charge-discharge mechine, shroud seat and discharge hoist
Control room ventiletion scope

Third exheaust eir activity chennel

Fuel transfer system modifications

Modification to temperature alarm and date reduction system

Design Work Partially Complete

Additional fuel storege and examination
0il storage bullding

Boiler feed pump seals

Compressed air supply revisions

Procees Engineering and Reactor Physics

Amperage resdings of & vapor bound primary pump were obtained, the}eby completing
PRTR Teet No. 17 (Primary Pump Vepor Binding). No significant difference in
emperage was found between vapor bound and normel operation.
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A review of test data to determine the minimum cooling air available to a fuel
element in the fuel element exsmination facility regaerdless of placement of
the element was begun.

During the month, valuable experience was gained with the rupture monitor
system, Definite fission product bursis and a high background count rate were
observed prior to 8/21. The high background count rate, predicted earlier,
will be reduced by design changes now being studled.

During these bursts and during the 8/21 rupture, exceptional sensitivity was
‘noticed in the channel which monitored tube 1356, which contained the MgO-PuK.')2
rupture element. This high sensitivity mey have been caused by either a higher
instrument sensitivity than the others or by the monitoring of the particular

tube containing the defective fuel element. "
Procedures

Revised Operating Procedures issued 18
Revised Operating Standards issued L
Temporary Deviations to Operating Standards issued 2
Revised Process Specifications accepted for use , 0
Maintenance Menuals issued 0
Drawing As-built status .&\%‘t Total

Approved for as-built 9 37

Ready for approval 30

In drafting 23

Voided ' 76

No change required 81

1 ObT
Scheduled for review 3814-
1 301

Personnel Training

uelification subjects 210 manhours

Specifications, Standards, Procedures TO "

Fueling Vehicle 0

280 manhours

Status of Qualified Personnel at Month-end
Qualified Reactor Engineers 10
Provisionally Qualified Reactor Engineers 1
Qualified Technicians 6
Qualified Technologists 19
Provisionally Qualified Technologists 2
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Plutonium Recycle Critical Facility

Additional difficulty was encountered with safety rod sticking. Repair work
and subsequent testing indicated satisfactory operation. A moderator dump
tegt, in which a full moderator load of HpO was dumped through the dump valve
into the cell was completed. The cell remained flooded for 24 hours with
electrical equipment submerged. No effect on electrical equipment or circuits
nor other difficulties were 'observed. Thirty Pu-Al fuel elements were received
end stored in the FRCF cell.

Work was started on an interlock to prevent loss of transfer lock seal air on
loss of process water pressure and work was completed on installation of the
backup air supply. Design was completed to permit individual rod drops and to
remove an interlock from the safety rod system to permit operation. Fourteer
manhours were devoted to training.

Fuel Element Rupture Test Facility

Project Status (Project CAH-862)

Construction is 99% complete. The.water plant was completed August 10,
1962, with exceptions. Electrical design tests were completed and instru-
ment tests were 90% complete. Design analysis of revisions needed result-
ing from hezards anslyses and testing were started.

Operation

Revisions to the technical manual were completed. Work continued on
preparation of operating procedures and qualification questions. Hours
devoted to training totaled 15L.

Water guality limits for the filter plant were establisghed.

GAS COOLED POWER REACTCOR PROGRAM

Project Status (Project CAH-822)

The project is 91% complete. Activities were delsyed pending receipt of
the heater. Heater testing at the vendor's shop resulted in failure of
& ceramic bushing at & pneumatic pressure of 1000 psi.

Blower testing continued to result in various difficulties. Final testing
was again echeduled for month-end at the vendor's plant.

Work was performed on punch list items.

Operation

Distribution of operating procedures is 14% complete. Ninety manhours
were devoted to training. -
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TECHNICAL SHOPS OPERATION

Total productive time for the period was 20,12k hours. This includes 13,801
hours performed in the Technical Shops, 3,339 hours assigned to Minor Construc-
tion, 2,714 hours assigned to off-site vendors, and 270 hours to other project
shops. Total shop backlog is 19,737 hours, of which TO percent 1s required

in the current month with the remainder distributed over a three-month period.
Overtime hours worked during the month was 5.3 percent (1,052) of the total
available hours.

Distribution of time was as follows:
Manhours % of Total

Fuels Preparation Department 3 738 18.57%
Irradiation Processing Department 2 873 14,28%
Chemical Processing Department T66 3.82%
Hanford laboratories Operation 12 Ths 63.33%
Construction Engineering and Utilities 2 -

Requests for emergency service increased slightly from the previous month, but
within a level which is considered normal for this operation.

Menager
Test Reactor and Auxiliaries

WD Richmond :bk
September 13, 1962
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR : TITLE OF INVENTION OR DISCOVERY

R. J. Henrig Pump Vanes

J. C./_”f‘ox Nuclear Reactor Control

R./J. Hennig Nuclear Reactors

R. J. Hennig Nuclear Reactors Cooles and/or
Moderated with Deuterated Organic
Compounds

F. R. Zaloudek and A Means to Add Algabraically a Number

T. H. Quinn (IPD) of Nonfloating Voltages '

J. C. Spanner HWIR-1540, A Hall Effect Magnetom -
eter for the Nondestructive Testing
of Steel

J. T. Russell HWIR-1549, Radiation Dose Meters

H. L. Libby HWIR-1548, Eddy Current Nondestructive
Testing Device with Graphical Nulling
Feature

L. C. Amos Cyclone Separators

A. C. Leaf The Solvent Extraction of the Ceric

Nitrato Complex from Mixed Fission
Product Waste into a Tertiary Am:ne
Using Potassium Dichromate as an
Oxidant

Bk

Manager, Hanford Laboratories
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