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BUDGETS AND COSTS

February operating costs totaled $2, 036, 000; fiscal year-to-date costs are
$16. 716, 000 or 64% of the $25,951, 000 budget.

Hanford Laboratories research and development costs for February compared
with last month and the control budget are as follows:

Cost
{Dollars in Thousands) Current Last FY %

Month Month To Date Budget Spent

HLO Programs

02 Programs $ 50 $ 32 ¢ 343 $ 661 52%

04 Programs 784 822 6 230 9 479 66

05 Programs 65 76 525 796 66

06 Programs 159 169 1 496 2 372 63

1 058 1 099 8 594 13 308 65

IPD Sponsored 268 270 2139 3170 67

CPD Sponsored 168 183 1 339 1 854 72
Total $1 494  $1 552  $12 072  $18 332 66%

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels

The Plutonium Recycle Test Reactor Phase III-A construction is complete,
with exceptions. Construction of the Maintenance and Mo«ckup Facility, which
includes the Rupture Loop Annex and Critical Facility Building, is estimated
to be 50% complete over-all, Installation of gas loop auxiliaries and service
piping is 95% complete. Negotiations are in progress with Bristol-Siddeley
for delivery by May 15 of one main gas blower to be run at reduced operating
conditions.

Additional analyses of PRTR critical test results show the radial reflector
worth to be about 4C milli-k, This value is about one-half tha* previously
calculated but is consistent with results observed elsewhere {CVTR Critical
Facility). The discrepancy is ascribed largely to the void effect of the dump
chamber. The negative reactivity effects due to replacement of normal fuel
channels with gas loop and rupture loop components were found to be in
reasonable agreement with previous estimates.

Specimens of Hastelloy R-235, Inconel, Inconel-702 and AISI-406 showed no
reductions in room temperature ductility after irradiation to over 10“" thermal
nvt in a Hanford reactor test hole in an environment of 650 C helium. These
data are markedly different than commonly obtained via room temperature or

300 C irradiation of structural metals.
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Using an electrically heated model, boiling burnout heat flux for the 19-rod
cluster PRTR fuel element was determined to be 900, 000 B/hr-sq ft or
greater.

Fabrication of aluminum-plutonium spike elements for replacement use in
the PRTR is approximately 50% complete. Availability of Zircaloy cladding
tubes continues to be a problem.

Plutonium standards have been made to test the feasibility of monitoring the
- distribution of plutonium in a finished PuOg-UOg fuel element by gamma
spectrometry.

A four-foot long Zircaloy-clad UO2-PuOg seven-rod cluster containing
sintered and ground pellets has now attained an exposure of 2300 MWD/T in
the ETR under simulated PRTR conditions,

Zirconium clad plutonium plates have been successfully rolled in preliminary
development directed toward an economical plutonium spike element. Some
difficulties were encountered at the higher ratios of plutonium to cladding.

Radiometallurgy examination of a prototype PRTR spike element indicates

that no significant physical changes occurred as a result of 72 thermal cycles

in the ETR loop. The corrosion rate of the Al1-Ni-Pu core material of the

spike element was tested in an ex-reactor loop under PRTR coolant conditions -
pH 10, 300 C water - and found to be acceptably low, about 400 mils/month.

Reduction of PuOy to PugOg3 by dry hydrogen was not found to occur below
1440 C. UO9 and PuOg pellets and intermediate mixtures were sintered for
75 hours at 1500 C in hydrogen. Eight PuOy pellets completely vaporized
while the UOg and the UOg9-20 weight percent PuOg pellets more than tripled
in weight by condensation of plutonium oxides.

Addition of 10 weight percent PuOg to UO9 was found to raise the melting
point from 2730 for UO, to 2825 C for the 10 percent PuOg material. Fifteen
weight percent material melts at 2700 C,

PuC was found to exist over the composition range of 44 to 50 a/o carbon,

Plutonia-thoria and plutonia-zirconia systems were further investigated :o
establish composition limits and sintering behavior.

A Mark II-C nested tubular UOq fuel element has been fabricated by
viprational compaction for high flux irradiation testing in the ETR 6x9
facility. The element is now at the reactor site awaiting charging.

A four-rod cluster fuel element containing recycled electrodeposited UOs
was returned to HAPO after irradiation in the MTR. Preliminary observa-
tions show no abnormalities or dimensional changes.

DESLASSET T
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Preliminary autoradiographic studies of transverse surfaces of irradiated
UOg fuel rods reveal evidence of non~uniform fission product distribution.

Investigation of the cause of the previously reported severe corrosion and
hydriding of a KER-1 Zircaloy-2 process tube has continued. The first
corrosion data on rings cut from an unirradiated section of the tube indicate
that the corrosion rate in 300 C, pH 10 water is erratic and much higher than
that of standard specimens., Also, it is now believed that recrystallization
occurred during cut-off operations and not in-reactor.

Failure to obtain a black oxide autoclave coating on beryllium-brazed
Zircaloy-clad fuel elements can be eliminated by use of moderate agitation
and by removing at least 1-1/2 mils of surface metal during etching,

Metal tear defects in NPR process tubes continue to plague the vendor,
having affected about 50 tubes to date. Nondestructive tests are being
developed at Hanford to detect these defects,

Measurement of the activation energy for creep of annealed Zr-2 at 15, 000 psi
have now shown an abrupt increase from 6, 500 cal/mole at 281 C to 57, 800

at 296 C. Additional testing will be carried out to evaluate the effect of cold
work on this transition temperature.

It has been found that non-fissionable metals irradiated with neutrons exhibit
remarkable similarities in the post~irradiation annealing behavior. A syn-
thesis of irradiation data for Cu, Ni, Al, W and Mo reveals a sequence of
recovery processes classified according to kinetics and falling into five
temperature ranges which can be roughly normalized according o reduced
melting point correlations, '

Failures of Zr-2 coextrusion-clad uranium rods and tubes as a result of
localized clad straining have occurred in both NaK capsules and in high
temperature water. These failures may be correlated with a major variation
of cladding thickness over a very short gage length., Variations in thickness
of equal magnitude but occurring over a larger gage length have not caused
cladding instability.

The first KER loading of enriched, single-tube, NPR-type fuel elements
with brazed closures, discharged in January at an exposure of 1200 MWD/T,
shows no evidence of damage. In-basin density measurements show a 1. 3%
increase in uranium volume. This figure correlates well with swelling data
from previous testing.

U-U diffusion couples are riow being irradiated for study of the mobilities of
rare gas fission products in uranium. Each specimen consists of a trans-
verse section from an extrusion which has a core of depleted uranium and a

shell of enriched uranium. -
'.
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Self-sustained burning in the full-scale mockup of the EGCR lattice with
dummy fuel elements, graphite fuel sleeves coated with silicon carbide, and
EGCR moderator graphite occurs above 675 C.

Candidate graphites for the Dragon Project high-temperature gas-cooled
reactor contracted during high temperature irradiations at two to six times
the CSF contraction rate. This is tentatively attributed to the relatively
large fraction of non-graphitic carbon’'in these materials.

Work was started on heat transfer and fluid flow studies in support of the
CANDU power reactor design.

2. Chemical Research and Development

Ten measurements averaged over the last two months' operation of the pilot
scale reactor effluent aluminum bed decontamination .facility showed the
following removal percentages for principal radioisotcpes: As-76, 53%;
P-32, 47%,; Zn-65, 62%, Mn-56, 71%,

A high temperature vapor phase chromatographic technique was developed to
characterize the number and relative quantity of organic components in
hydrocarbon diluents used in solvent extraction. The niethod can identify the
number o1 nwermal paraffin, branched chain, and aromatic components after
prior fractionation of the hydrocarbon mixtures into these compound classes.
Normal paraffins, for instance, can be recovered co-precipitated with urea
which acts as a specific carrier for straight chained organic compounds.
Characterization of the common hydrocarbon d:iluents is reported.

Plutonium elution from previously loaded Florida pebble phosphate rock may
be more difficult than last month's results indicated,

In support of the flowsheet for the Hot Semiworks recovery of steontium-90, |
a mini mixer-settler run was made using one liter of furex strontium con-

centrate as feed. Reasonably good strontium recovery was demonstrated; \
however, cerium decontamination was poor. Subsequent experimental runs x
are expected to improve these features. Fine solids in the feed followed the \
aqueous stream to waste and did not carry any significant amount of strontium.|

No strontium-90 was recovered from the ion exchange equipment in the High

Level Radiochemistry Facility during the month be ‘ause of repairs underway.
Supporting laboratory work indicated that sirontium ,wurification capacity of |
the in-cell columns may be increased by a factor of three by simply diluting |
the feed. Analytical results on the composited strontium-90 product solution |
shows Sr-90 content and purity to be within specifications. 1'

A second hot demonstration of the Salt Cycle Process was completed using
220 grams of irradiated UOy feed and the salt residue from the first run,
By-product UOy was again cleanly separated from plutonium ond fission
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products. The product deposition of plutonium and uranium was better con-~
trolled in this run by an extended controlled humidity air sparge prior to
electrolysis. As expected, an increased concentrazion of the trivalent rare
earth fission products carried aleng with the plutonium in the co-deposition
step.
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In other work on Salt Cycle, there are indications that nickel-aluminum
alloys may be sufficiently resistant to corrosion to form acceptable process
vessels,

Laboratory result s indicated that some radioactive anions may be effectively
removed from solution by mineral replacement reactions. The incorporation
of radio-phosphorus and radio-sulfur during the replacement of gypsum
{CaS04. 2H0) by barite (BaSO,) in barium-containing solutions was studied.

Physics and Instrument Research and Development

Predictions of control rod effectiveness in the NPR were substantiated when
exponential experiments gave resulis in geod agreement with calculations.,

In other NPR support work, the recently completed measurements on the fuel
temperature reactivity coefficients were reduced to an analytical expression

useful for hazards analyses.

A larger surge tank may be needed on the NPR secondary loop according o
results of an analog computer simulation of that system. Meanwhile progress
toward simulation of the total NPR plant was assisted by simplification of

two existing heat transfer models.

Difficult requirements for radiation, area monitoring instrumentation in the
NPR building may be met by a new system which has completed six weeks of
successful performance in the laboratory. Previously developed sysiems
gave unsatisfactory performance after occasional exposures to high level
radiation.

Irradiated fuel inspection and other operational activities at the NPR will be

aided by newly designed improved portable periscopes, binocular underwater
periscopes, and borescope cameras; and by an optical instrument now under
development for measuring fuel channel distortions.

Analysis of data from the startup experiments at the PRTR has coafirmed
the value of improvements in calculation techniques devised since the design
of PRTR and now incorporated in the MELEAGER code., Results also tend
to favor.the current values of U.S. measurements of the neitrons per fission
of Pu-239 as against the somewhat higher "world average' value.

At the Plutonium Critical Mass Laboratory, replicement of faulty valves will
be required. The vendor has agreed to supply the replacemen*s. Meanwhile

the hood chosen for the ini‘ial experiments has sucgessfully passed performance

"""‘4 ’ g




G273 Ao
SRR -
WS Fy duOY -
ihis 11 .ﬁfst\_ﬁ;.,cggtb x HW-68712
e LR Bk
NN |

tests and improvements in the control system will still further reduce chances
of criticalivy incidents occurring.

Predictions of critical mass by calculations took a step forward with applica-
tion of recently developed methods to unmoderated Pu-~Al alloys where good
agreement was obtained with the only existing experimental data: all
plutonium and half plutonium.

Remote measurement of high radiation levels in the environs of a radiation
incident may be possible in the future through installation of newly developed
inexpensive detectors at locations where nuclear accidents might conceivably
occur,

The use of inconvenient headphones with portable radiation detection instru-
ments may be avoidable in the future through a new development. Field
acceptance of a prototype miniature plug-in resonant air column sepeaker has
been enthusiastic.

The quality of fuel element bonds as indicated by ultrasonic tests does not
correlate in many cases with heat transfer properties measured with direct
thermal testing methods r¢ ~ntly developed. These differences are being
thoroughly investigated concurrantly with further improvement of the thermal
test equipment.

A major step forward in the automatic interpretation of electromagnetic test
results was achieved with laboratory demonstration of an electronic method
for time reversal of the signals, a necessary link in the interpretation process.

The operating safety of the PCTR has been re-evaluated following a recent
addition of fuel channels. The effectiveness of fuel in old and new channels
was compared experimentally as was the strength of control rods in various
fuel loadings. The results confirmed that the safety of the PCTR was not
impaired by the modifications,

Some assistance has been given to CPD_in response 10 a request for aid in
determining the causes for unsatisfactory performance of automatic contour
control on recently purchased lathes.

Biology

Treatment of reactor effluer” with alum:num {urnings gave a slightly highner
fish mortality than did untreated effluent, N

Some difference in virulence was noted in C, columnaris organisms isolated
last year from fish taken from various lecalities in the Columbia River. The
most virulent was taken late, after river temperatures had dropped below 60 F.

(AR
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second generation animals ‘:ceive 0.5, 1.5 and 4 rads/day, respectively,
at birth, weaning, and six months of age. Slighteffects on growth were
noted in offspring maintained on the same feeding level. The ratio of
Sr-90/Ca increased between the time of birth and six months of age.

Sequential addition of different calcium nuclides to sheep serum demonstrated
an irreversible binding of excess calcium. This may lead to a new concept
of calcium regulation ii blood.

Less than 0. 1% of orally administered neptunium was absorbed in rats.
Localization in bone, ecvary and adrenals was noted.

Irradiation of a short section of small intestine causes as much loss of
material from blood to gut as does irradiation of the entire intestine. This
suggests a regulatory center in this area.

5. Progr amming

Machine calculations are being initiated to parametcrize nuclear fuel costs
{(in mills/KWh) for thorium cycles variously enriched with U-233, U-235, or
Pu of three alternative isotopic compositions. In other computer activities,
the MELEAGER code is being generalized and improved for more rapid and
economical physics calculations applicable to different methods of reactor
fuel charging.

The predictability of reactor coperating conditions from the isntopic composi-
tions of recovered cesium and strontium fission products 1s discussed in a
secret report issued during the month,

TECHNICAL AND OTHER SERVICES

There are 17 currently active projects having combined authorized funds in the
amount of $19, 328, 000. The total estimated cost of these projects is $25. 978, 000,
Total expenditures through December were $16, 372, 000, In addition, project pro-
posals have been submitted to the Commission requesting total authorization of
$540, 000 on seven new projects.

The Director of the Division of Classific.ation met with HAPO personnel February 1
to discuss the current classification res*r:ctions on plutonium. The discussion
was primarily an exchange of information on policy, prartice, and the effect of

the restrictions on the Plutonium Recycle Program. Declassification of the piu-
tonium in the initial PRTR loadings was reques:ed.

During CY-1960, Technical Publications published 117 formai reports and 25
informal repor*s. These reports contained €, 873 pages, of which 77% were *ext
and 23% iliustrations. Average number of days each report was in Technical
Publications was 31. 7.
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A mathematical model for reactor front-to-rear flux profiles has been developed
which simplifies computational and interpretative features.

Break strength data from several tubes of normal I and E fuel elements were used
to derive a model relating break strength to fuel element power and residence time.
These models may be useful in providing information about thresholds for split
ruptures.

A new gamma density-dose calibration function has been derived and fitted to
density-dose data. The function arises naturally fro:n theoretical considerations
and can be mathematically inverted to express dose as a function of density.

These properties are not enjoyed by the gamma calibration function presently in use.

Assistance is being given in determining the post~-irradiation di; -. requirements for
NPR fuel elements,

QOne case of minor plutonium deposition was confirmed during the month; preliminary
bioassay measurements indicated the amount to be probably less than 5% of the
maximum permissible body burden. The total number of plutonium deposition

cases that have occurred at Hanford is 265 of which 192 are curren:ly employed.

Two contaminated minor injuries required excision to remove plutonium from the
wound site., Excision reduced plutonium in the wound from about 25% of the maxi-
mum permissible body burden to less than 5%,

Exposure record cards for CY-1960 were distributed to all employees. Thirteen
employees received in excess of 3 rems in 1960, The maximum penetrating dose

received was 4.6 rems.

SUPPORTING FUNCTIONS

Hanford Laboratories received two special requests during the month:

Heat Transfer and Fluid Flow Studies for Canadian Cooperative program.
Estimated ~ost for FY 1961 to be transferred to AEC is $50, 000,

Evaluation studies of the Vallecitos Boiling Water Reactor control rod
drive for APED. Estimated costs are $5, 000,

A formal request was made of HOO-AEC to discontinue the requirement that we
segregate expenses between fuel fabrication and research and developmens for
our PRP fuels,

During the month 4240 grams of platinum scrap valued at $12, 000 and of no
further value to HAPO were made available to the AEC for shipment off-site.
Upon receipt of shipping instructions the dollar value will be transferred to
AEC,
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Thirteen Ph.D. candidates visited HAPO for professional employment interviews,
Three offers were extended and one previous offer accepted during the month,
Current open offers total three.

One-hundred and two BS/MS applicants were considered. 51 offers were extended,
9 acceptances and 3 rejections were received. Current open offers total 71,

Three new Technical Graduates reported aboard and four were placed on permanent
assignments. Current program members total 61.

Status of the summer employment program is as follows:

Probable Additional
Accepted Open Offers Offers to be Made

Professors 13 0 2
Students 5 13 10-15
High School Teachers 0 0 3-4

The incidence of both medical treatment injuries (53 for the month) and security
violations (4) was higher than recent past experience during I'ebruary.

Pul F =t

for Manager
Hanford Laboratories

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

TECENICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

"Hydriding of Zircaloy-2 in Simulated NPR Gas. A number of Zircaloy-2
samples have been exposed %o a similated NFR gas atmosphere. Tank helium
was passed through a solution of poctassium acetate to give an inlet dew-
point of 0°C (estimated). This gas was passed over 99C C grapkite. The
exit gas (non-equilibrium) contained 98.7% EHe, 0.5% CO, C.7% Hp, and
0.005% HoO. Semples exposed for 53 days and 107 days picked up little or
none of the molecular hydrogen at 325 and 375 C. Hewever, at 425 C the
one sample tested picked up 645 ppm hydrogen in 107 days. It is necessary
to assume that 96* of the corrcsion hydrogen reacted withk the metal in
order to account for ‘ae hydrogen pickup. Since orly 25 to 3C% of the
corrosion hydrogen is picked up in the absence of added hydroger., it is
concluded that a considerable amount of gaseous hydridirg occurred.

The Effect of Hydrogen Pressure on the Hydriding of Zircaiocy-2. Ir the
January 1961 monthly report, experimertal data were preserted on vapor-
blasted Zircaloy-2 coupons which were exposed at 400 C %o 40O mm hydrogen
gas containing one mm and five mm of water. An additiocral test ia this
series with 400 mm hydrogen and 23 mm water has beer completed which shcws
that increasing the water pressure ircreases the corrosion rate and de-
creases both the hydrogen absorbed and *he percent theoretical pickup.

The increased corrosion rate is probably due *c increased rate of *rarsport
of water from the water source to *Le sampies.

Autoclave tests at 400 C on Zircaloy-2 and Zircaloy-4 in 15 psia water
vapor with 1000 psias hydroger overpressure resulted in a higher hydrogen
pickup and a lower rate of oxidatiorn than has been observed at the normal
test comdition of 1500 psi steam. The corrosion rate did rnot approach
the normal velue, either at low rates or wken the number of samples in the
autoclave was reduced, as might be expected if the reaction were limited
by gas diffusion. This suggests tkat the hydrogen irhibits the cxidation
rate. Further tests are planned.

Corrosion Evaluation of the Irradiated KER-l Zircaioy Process Tube. The
first corrosion data or rings cut from the unirradiatsd sccticn of the
KER-1 Zircaloy-2 process *ube show that the corrcsion rate in 300 C, pH 10
water is erratic and much higher than that of standard spscimers. Tkesze
preliminary tests suggest that regions cf the KER tube may have been
corrosion-prone. It is not possible at this time to tell wkhetker ccrrosica
of the ring samples occurred chiefly on the inner or cuter surfacs. At the
completion of the test, the rings will be sectioned in orier tc estimats
the relative corrosion rates at each surface.

TEA O\ o {
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Reactor Rear Face Corrosion. Two failed rear face pigtail connectors
(Parker fittings) from B-Reactor were examined. These austenitic
stainless steel fittings were welded to the rear cross header. One
fitting was screwed into a stainless steel temperature detector fitting
and the other into a brass pigtail adaptor. These are presumed to be
original reactor equipment. Metallurgical investigation of the failure
indicated both bad failed by intergranular cracking. Both fittings showed
extensive intergranular carbide precipitation. The fitting attached to
the stainless steel temperature detector had only a few localized cracks.
The other fitting showed many cracks throughout the area under the brass
nut. All cracks were intergranular. The brass nut showed corrosion in
the threaded portion.

The preliminary examinations suggest that the fitting in the stainless
steel temperature detector failed by intergranular stress corrcsion due
to carbide precipitation, while the fitting in contact with the brass
pigtail adaptor failed by intergranular attack caused by an aggressive
chemical agent such as is found in & decontaminating solution.

Etching and Autoclaving Beryllium-Brazcd Fuel Elements. Until recently,
FPD has had difficulty in obtaining e black autoclave coating on welded
end closures of beryllium-brazed Zircaloy-clad fuel elements. A cooper-
. ative investigation has suggested that several phases of the etching
process are critical in obtaining a black oxide on beryllium-brazed
material. Although the end clousures contain beryilium, it is still pos-
sible to obtain a biack oxide coating during autoclave testing. During
the investigation all of tht test pieces which received moderate agitation
(30 cycles per minute) dui.ng stching and that had 1- 1/2 mils of surface
metal removed had shiny black surfaces following the autoclave exposure.
Additional rinsing or brushing of the fuel elements following the HNO3-HF
was not helpful in prcducing a black oxide coating on the welded ends of
the fuel elements. The use of sulfuric acid rinses following the HNO3-HF
caused accelerated corrosion on the welded ends during autoclaving.

Radiometallurgy Laboratory Studies

Eight tube-in~tube coextruded elements were examined and found to have no
defects other than slight bumping and 100 mils double throw warp on one of
the inner tubes (RM-706).

Non-homogeniety and core cracking was found in the outer componen* of an
unalloyed KER tubular element. Further examination will be done by
electron microscopy. Samples were cut for density determinations and for
burnup analysis. Results and interpretations of these examinations will
be reported in more detail in connection with the development progrems
served (RM-569).

Basic Metallurgy Studies

Radiation Effects in Structural Materials. The effects of irradiation upon
zirconium and Zircaeloy-2 are being investigated. Lattice spacmgz of 20
specimens of zirconium irrvadiated to exposures from 2.9 x 1018 to

| b
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1.2 x lO20 nvt have been made and show that the c/a ratio of zirconium
increases with increasing neutron exposure. Both the c-axis and a-axis
decrease, but a decreases faster than c¢. The c/a increased from 1.59770
in the unirradiated state to 1.59885 at 1.2 x 1020 nvt. Line widtk of
the 104k Cr k ok , increased from .50° 2 & to .70° 2 ©.

In order to augment limited data on changes in mechanical properties of
structural materials resulting from radiation damage, tensile specimens

of Zircaloy-2, Zircaloy-3, aluminum alioys X-8001 and M-257, magnesium
alloys HK-31A-H24 and A-3XA-O and AM-350 stainless steel were irradiated
in the 105-KE magazine facility. Three charges accumilated exposurss of

7 x 1049 nvt, 3.19 x 1020 nvt, ard 6.25 x 1020 nvt (thermal), respectively.
As a continuance of the program, the A-350 stainless steel ailoy has been
tested. This alloy is ene of the hardenable stainless steels which combine
the formability and corrosion resistance cf austenitic stainless steel with
the strength of martensitic types. The pre-irradiation heat treatment
given to these specimens consisted of a high temperature solution treat-
ment followed by a low temperature quench and an irtermediate temper for
improving ductility. A comparison of the effects of irradiation on
mechanical properties of this alloy is skecwn in the following table,

Values are averages of two samples tested at each exposure condition.

5 O 2 I -
- R Bres nme
s R S ]

. N g

Irradiation Young's

Exposure Strength - 1000 psi  Mcdulus Elongation %
nvt thermal .2% Yield- Ultimate 100 psi Uniform Total
Urnirradiated 171.3% 209.9 33.1 -- 10
7 x 1019 186.5 217.7 30.2 5.4 7.4
3.19 x 1020 199.0 225.8 29.7 3.5 3.9
6.25 x 102C  206.5 230.5 28.7 L.o 5.4

*Measured at 1% offset.

Calculaticns of displacement rates in zirconium and Fe irn varicus neutron
flux spectra have been carried cut. The rates calculated on “he assumption
of a mono-energetic neutron flux have tesn compared %c those calcuiated
using a cascade model. Displacement rates assuming that ths measursd
neutron flux is equivalent to a mono-energetic orne Mev source are in error
and lead to an underestimation of the damage sustained. An irradiation in
the MIR and in the Hanford reactors for an equivalent quoted exposure of
102l nvt fast flux @ 1 Mev does rct result in the same number of displ-ce-
ments. Since the total fast flux component above cne Mev in a Hanford
reactor represents a smaller pr-portion of the total flux thar it does in
the MIR, the total number of displacements for zircerium in ths Hanford
reactor will be over 50% higher tkan ir. the MIR %c the same qucted expos-
ures tc ® 1 Mev neutrons. In making estimates of the neutron sxposure,
therefore, the total neutron flux spectrim should be considered.

Electron and Optical Microscopy. The study of the micrcstructure of clad-
ding and fuel material before ard aftzr irradiation is a dirsct way cf
detecting radiation induced damage in these materials. Irradiation of
specimens in the Quicky Facility and Srout Facility have continued. Fcils

"
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of aluminum, approximately 0.003" in thickness have been thinned after an
irradiation dose of 1 x 1019 nvt (thermal), and have been studied in the
electron microscope. Both the annealed and cold worked foils disclosed

the presence of a small number of dislocation loops, aepproximately 300 A in
width. Since no such loops were detected in similar, unirradiated foils
and since they resemble loops observed in aluminum quenched from high
temperatures, it can be concluded thet the irradiation has produced an
excess concentration of vacancies which, after clustering, collapse and
form the small dislocation loops. The movement of dislocation lines in

the irradiated aluminum appeared to be impaired, compared to the motions
observed in non-irrasdiated control specim.ns. Since the dislocations after
the irrediation appear to contain a large number of jogs and frequently
exist as tangles, additional energy is required for their movement. Inter-
action between collapsed vacancies, the small dislocation loops, asnd normal
line dislocation has also been detected. That this actuaelly is the case

is demonstrated by a series of sequence microgrephs which show several
moving dislocations which become pinned at the point of intersection between
the stationary, small loop and the moving dislocation. These observations
provide direct experimental evidence on the effect of irradiation on the
plastic deformation modes of metallic materiels. X-ray diffraction line
breadth studies us an additional technique for studying irradiation-induced
defects are being applied. Specimens having exposures of 1 x 1020 and

2 x 1020 nvt (thermal) have been received. As soon as their radioactivity
decays, they will bc examined.

¥-Rey Diffraction Studies. The crystalline j “rtection of large metal single
crystals before and after neutron irradiation is being studied. Diffraction
intensities from ground and polished faces of the sample crystals are mea-
sured for all availeble orders of reflection, placed on an absolute scale,
and compared with intensities calculated from the "ideal Mosaic" model.

The results can be interpreted in terms of the sizes of the "blocks," or
coherently diffracting domains, and the degree of miselignment between
blocks. .

An sluminum crystel ground to expose a surface parallel to the 111 planes
shows cont ‘ereble secondary extinction and negligible primary extinction.
The magnitude of the secondary extinction indicates an angular mis-
orientation of about 2-1/2 minutes of angle; the absence of primary ex-
tinction means that the block size is less than about 1000 A. A second
sluminum crystal having a 100 face exposed is being studied. Additional
crystals of higher purity are being obtained for this study.

Measurements of diffracted intensity from a 110 face of molybdenum crystal
show strong primery extinction, from which a block size of 2.8 microns can
be deduced. These measurements were made after grinding but before chemical
polishing, so the surface may contain some residual cold work. These mea-
surements will be repeated after chemical polishing.

A copper crystal ground to a 111 face has given inconclusive results, pos-
sibly due to the greater depth of the surface cold work. Crystals of
nickel and zinc are being prepared for this study-.
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X-ray diffraction is being used to study the effects of irradiation on
molybdenum. Isothermal lattice parameter curves in the tempe rature
range 100-180 C have been interpreted as resulting from two succes=ive
processes. The first is approximated ty an equation of the form

£ 10L.3 &9,3000/kT
£ 1045 o16,400/kT

¥

af/at

the second by df/dt

where f is proportional to the damage (measured by lattice paramster ex-
pension) present at time, t. The first procers is believed to be related
to the reilease of trapped interstitials and their annihilation at
shallower traps, clustering or cancelling out with vacancies. The second
process may be related to carbon migration. Maringer and Schwope have
used internal friction to study carbon movements in Mo and find a peak at
epproximrcely 250 C representing a thermally activated process with an
activation energy of 15,200 cal/mole. This is close to that fcr lattice
parameter recovery, 16,400 cal/mole, fcund above. Data of D. C. Martin
on cold worked molybdenum has been re-analyzed in terms of this model, and
it was found thut his resistivity versus time curves could be brokern into
two processes also.

Zirconium Alloy Studies. Melting of the 13 zirconium base alloys is
nearly complete. Five alloys have been forged from 2-7/8" diameter to
3/4" and are prepared for hot rolling. One alloy is partially forged;
five are ready for lathe turning preparatory to forging; and “wc remain to

be prepared for se~ond melting.

Forging of first melt ingots into 1-1/2" diamster electrodes has not proved
successful due to the poor surface condition of the turnel ingots. Thie
condition is attributed to MgCl present in the ccmpacted bars. During
melting the high vapor pressure of the MgCl and its viclent evolutior
create unstable arc conditions resulting in splattered metal, folds and

gas holes in the ingots. These defects wher forged cause oxide entrapment
and further cracking of the work.

Most successful preparation for’second melting uas been accomplished by
sawing the ingots into longitudinal quarter:, welding the quarter sections
together, and remelting.

Metallic Fuel Development

Fuel Irradiatiocns. Radiometallurgical examination was contirued cr the

KER tube/tube elements irradiated to an average 3200 MWD/T exposure in

KER Loop 2. The failed inner tube was examined earlier, ari work this

month was concentrated on the outer tube from the same =zlement. Two re-
crystallized zones were found in the fuel at the mid-leng+h cf the element.
Extensive intergranular cracking has occurred irn the recrystallized zores
and the clad has separatea from the urarium. The bond itself has not
deteriorated, but the uranium adjacent tc the bond has failed.. A urarnium-
two a/o Zircaloy core outer tube from the same irradiaticn was alsc examined.
In this element there were no cracks and no sign of recrystallization.

DECLASSIFIED
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The first KER loading of enriched single tube fuel elements (KSE-3) was
dischrrged from KER Loop 4 during January after attaining an exposure
of 1200 MWD/T. These elements are 18 inches long, have Zr-Be eutectic
brazrd closures and are suppo.ted by iron rails attached to the fuel
elemant surface with Zircaloy-2 studs. Operating conditions of the co-
extruded tubes simulates those expected in NPR outer fuel tubes.

Examination of the discharged elements at the K and C Reactor basin
facilities showed no obvious changes in the elements as a result of
irrediation. The iron rails were black upon discharge, and there was no
apparent dimensional instability or bumping. There was no discoloration
or obvious corrosion of the hrazed closure. One of the four elements was
shipped to the Radiometallurgy facility and has been examined super-
ficially. Ageain, there were no visible indications of fuel element mis-
behavior. This element will be examined in more detail during March.

The above fuel elements were weighed n water against an unirradiated
standard piece for the direct determination of swelling behavior. Cal-
culations of the irradiation-induced volume increases from the weight
data for three of the four elements were in good agreement and showed a
1.3 percent increase in the uranium volume. These figures correlate
well with swelling data from previous testing.

Two NPR inner elements with brazed closures. GEH-4-57, 58, which are
currently being irradiated in the MIR have received more than 750 MWD/T
to date. These elements are operating at 7% kw/ft with & uranium surface
temperature of 180 C and a core temperature of 350 C. Exposure has been
authorized for 1000 MAD/T. The closure alloy is 12 Fe + 4 Be + 84 Zry-2.

An old size NPR inner tube (KSN1) fuel element ruptured in a KER Loop

after 1700 MAD/T exposure. Examinatior in Radiometallurgy confirmed that
an end cap failure had occurred. The failure consists of a circumferential
crack in the weld and in the Zircaloy-2 clad in the adjacent heat affected
zone. The crack continues for at least 180° around the circumference of
the cap and is approximately 0.010 inch wide at the widest point. To

form the closure on this element, a flat end ring was fitted flush against
the uranium in a chem-milled and machined recess and welded in place using
a heliarc weld.

Failures of Zircaloy-2 clad uranium rods and tubes as a result of localized
clad straining have occurred in NaK capsules and high temperature recircu-
lating water loop irradiations. Calculaticn of circumferential cladding
strains from the measured pre- and post-irradiestion diameters of Zircaloy-2
clad rods irradiated in NaK capsules to 2000 MWD/T has been completed.
Those rods with 0.020 inch cladding showed from 1.5 to 2.0 percent clad-
ding strain and those with 0.030 inch cladding all chowed less than 1.4
percent cladding strain. The 0.020 inch clad rods all suffered ductile
failures or localized plastic strain (necking) in the cladding. None of
the 0.030 inch clad rods showed indications of localized plastic strain;
however, one rod incurred a brittle clad failure. The strain ir. the clad-
ding of this latter rod is less than 0.4 percent.

At
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Circumferential strain in 0.020 and 0.030Q inch clad rods irradiated to
1100 MWD/T have the same relative values as found at the higher exposure;
that is, the strain for the 0.020 inch cled rcd is greater than fcr the
0.030 inch.

Measurement of the local cladding thickness on a striated 0.020 inch clad
rod showed that local plastic deformation had cccurred where the cladding
thickness changed from 0.022 inch average to 0.013 inch within a 0.050
inch gage length. There were several cther locations where the cladding
was only 0.015-0.016 inch thick, but the thickness changes were gradual.
The 0.030 inch clad was found to have equally as large thickness varia-
tions over the same gage lengths, but the percentage thickness change was
considerably less than for the 0.020 inch rod. Tt wculd appear, then,
that an appreciable percentage thickness change over a short gage length
may be necessary to initiate local clad instability.

To further study the effects of cladding thickness variations on the sus-
ceptibility to failure, a series of NaK capsule irradiations of Zircaicy-2
clad fuel rods is planned for the Hanford reactors. Weldirg and assembly
of the capsule parts has started. A 0.600 inch diameter Zirceloy-2 clad
rod of U - two w/o Zr alloy kec heen coextruded. Measurements of the
cladding thickness variations are now being made on this rod. Electrodes
for vacuum arc melting of unalloyed uranium for additional extrusions

have been machined.

The sixth in the series of in-reactor rupture tests of metaliic fuesl
elements at the ETR is planned for March. This test will use an NFR inner
tube (XSN1) which has been irradiated here at Hanford to 166C MWD/T. The
Previous test used an unirradiated KSN1 element. The fuel, the btasket,
and the tools for assembling the expiriment have all bsen shipped in
preparation for the test.

Heat Treatment Studies. A marked columar grain struchure has teen ob-
served in some fuel element geometries after various heat treatments.

In order to keep the grain structure as small and random as possible in
future heat .reatments, informatior must be obtained concerning the cause
of the coiumar grain structure. Toward this end, an investigation has
been undertaken to determine the effect of fuel geometry, heat treatmernt,
and the as-extruded grain structure on the resulting beta-treated graic
structure. Samples of KER inner ard cuter tubes, NPR inner and cuter
tubes, and KER single tubes have been obtained. Metallography has btasn
completed on the as-extruded samples and shows that a very large variety
of as-extruded grain structures are available for study. Quenching methods
used will include nitrate quench, oil quench, water quench, and air cocol.
Thermocouple holes have been drilled in the samples and the Visicordsr

is being prepared so that measurements of thermal gradients across the
samples during heating and quernching can be obtained.

Fuel Component Development. Samples of iron clad, Zircaloy-2 supports are
being subjected to decontamination testing. Two 8-inch long simulat=3 fuel
elements, having both 1008 steel and inget iron clad supports ars being
tested. Th= iron and steel were charged in the "bright" and in the auto-
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autoclaved condition. Coupons of each material are also being tested to
determine extent of decontaminant attack. Test candidates are being
subjected to one and two decontamination cycles.

Closure and Joining. An investigation is under way to determine the
effect of beryllium and uranium in Zircaloy on corrosion and metallo-
graphic properties. This investigation encompasses a total of Lo alloys.
The first ten alloys have beryilium contents varying from 0.35 to 4.20%
Be; the next six alloys have a fixed uranium content of 250 ppm with
beryllium contents from O to 4.80 Be; the remaining alloys ere identical
to the second series except the uranium content i&~Ificreased in each
series to 500, 750, 1500, and 2500 ppm of uranium, zespectively. All

of the alloys were made in the form of arc melted buttons of 100 grams
each. Chemical analyses ‘were made for beryllium and uranium in each
alloy. These buttons were: then cut to corrosion coupon size and etched
in the standard Zircaloy bright etch. In each case the presence of
beryllium caused the surface to be dulled, but not in proportion to th
beryllium content. However, when uranium as low as 250 pprm was added to
the alloys. the surfaces etched darker in proportion to the beryllium
content. The surface in the uranium-containing alloys ranged from bright
and smocth in the alloys with no beryllium to dull black above 4% Be. The
beryllium additions caused only a dulling of the black autoclave film after
100 hours in 400 C and no white oxide was cbserved. Weight gains appeared
to be constant at 0.020 mg/mm?. However, a heavy white oxide film was
observed with samples containing as low as 250 ppu of uranium at 4.8% Be,
but at no lower beryllium contznt. The other uranium-containing samples
have not yet been autoclaved. Metallographicelly, the beryllium tends to
separate as a second phase after & 30-minute heat treatment at 900 C
followed by a cold water quench, even at concentrations as low as 0.35%
Be. The phase diagram indicates solid solubility up to two w/o Be at
these temperatures. At 1.95% Be the basic Zircaloy structure changes to
a dendritic structure in & matrix of the intermetallic compound ZrBeso.

At 3.26% Be, the dendritic structure gives vay to the eutectic structure.
Uranium is not readily observed in the structure at least up t» 500 ppm.
However, there appears to be an apparent increase in the tendrncy to form
subgrains in the Zircaloy with an increase in the uranium corntent.
Microhardness increases sharply from 200 DPH for 0.35% Be meterial to

380 DPH for the 4.2% Be material. Uranium additions appear %o make the
structure even harder and more brittle.

Two fuel elements brazed with the BeZirc brazing alloy have been subjected
to more than 600 thermal cycles from 120 to 300 C over a period of the past
five months. The closure on these elements still appears black with no
sign of breakaway corrosion.

Autoclaving of welds made on pure Zircaloy-2 tubes by the filler metal
process has shown the process to be acceptable thus far, inasmuch as rno
corrosion appeared on the specimens after the autoclave cycle was completed.
As yet, no actual fuel element specimen has been autoclaved because the
welding apparatus is not capable of making a satisfactory weld over the braze
on the ID of the tube. A change in the equipment is presently being made to
facilitate such a weld.
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Sputter and overhang were virtualiy eliminated when welding on the fuel
element specimen by changing the step cu™ design and by lcwering the weld
area open to the atmosphere. Four variaticus in the weld step design
have been tried, two of which show excelient results. It is the step
design that determines the amcunt. of overhang, partially determines the
amount of beryllium in the weld metal, and helps contrcl sputter. The
inert gas atmosphere is the major factor in cortrolling sputter. The
two-step cuts that give guod results on the sputter and overhang also
have contributed a major reduction in tke beryliium contamination of the
weld.

Several Zircaloy-2 clad coextruded NPR outer tubes (2.460 inch 0D by
1.850 inch ID) have been successfully hot headed for the hct headed
projection welded closure. The heading difficulties encowrterel on *this
size tube due to flashing between the heading dies and the hzading con-
tainer were overcome by placing a 1/16 inch thick graphitzs ring on the end
of the tube prior to heading.

The swelling of the tube (D at the Jjunction of the headirg container ard
the gripping device is approximately 0.025 inch and car be reducszd to
approximatel;r 0.005 inch by a subsequert drawing cperation.

The projection-welded resistance-brazed clcsure developed or Zircalody-2
clad coextruded rods was attempted on Zircalicy-2 clad KER inrer tubes
using full cepacity of the 100 KVA welding machine. The attempts tc ob-
tain the initial projection weld prcduced promizing results with *he ID
cladding and the Zr-2 clc wure cap being ccmpletely welded and the OD
cladding and the cap teing welded in spots. These resuvits indicare that
additional power is necessary to produce a sasisfactory weld at ths OD.
Yn attempts were made to resistance braze the cap tc the uracium zurface
pending a satisfactory and reprcducitle p. jscticn weld.

Attachment of Zircaloy supports *o Zircaloy ciad fusl sliemen*s requires

a high quality weld wkich dces not damage ths clad, bond, or uraniim core.
Previous work has shown excellernt welds obtained on the LCC KVA resistance
welder using 350 pounds elsctrode pressure. During the mocth a low inarfis
electrode holder was obtained. This is a device which spring munts the
electrode and part of the holder. The spring pressure is adjusvabiz

With this holder it is possible tc make excellent welds with 1¢7 pcurds
electrode pressure. This is due to The design wkich regquires crly a small
part of the holder to move during the wsld whereas usirg the stardard
holder requires the upper arm asssmbily of the welder to meve, The 350
pounds electrode pressure is required mwainly to overcoms *ths inertisz
present in the welder. The advantage cf lcwer electrcis prissures 1z
reduction in power required to make the weld.

Because of the uncertainties involved in ncpn-destructively TesTing anil
comparing the quality of experimentally developsd fuel element clozsures by
use of existing ultrasonic methods, an alterrate or supplementary nast
method was sought. A procedurs tased or the plirciple of sonic vibration
damping rather than that of transmission cr reflectior. of ultrzasonic waves
appears to afford a satisfacteory sciutior te the problem. Altpnough this
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rew method shares one disadvantage with the ultrasonic method; viz., that
unbonded subsurface layers held intimately together undsr stress give an
indication of a sound bord, it offers several advantages-not provided by
the latter:

1. A liquid couplant is not required, thus dispensing with water
baths or tanks.

2. With a stylus of small diameter (< 1/16") resolution is
excellent, permitting +the pinpointing of subsurface defects
(up to ~»0.050" deep) of approximutely 1/16" Qiameter.

3. The reading is affected far less by surface and buried
interfacial irregularities thar is the ultrasonic method.

4. Resolution and sensitivity increase with decreasing thickness
of material intervening betweer. the pcint of transducer
contact arnd the buried flaw.

5. The equipment involved is inexpensive and rugged, thus better
adapted to operation by unskilled operators.

A complete description cf this device ard its operation is given in
HW-68653.

Seversl cilosures fabricated by the "seif-brazing closure" process
(formerly known as the "extrusion-closure" process) were checked with
the new testing device. It was revsaled that the closures were not
consistently sound, tut it appears that increasing the thickness of the
copr.r plate or. the cap tends toward improved tonding. Another set of
sample closures is being prepared to test this proposition more
thoroughly. In any event the integrity of the "self-brazed" closure
appears tc be as least as geod as that of the products of alternate
processes.

Fuel Straightening. The three-roll straightener Las besn used to straighten
ten 17.3Wk-inch long fuel tubes. Six *tubes were N outer tubes, and four

were N irrer tubes. The extrusion striations on the outer tubes made
accurate warp reading difficult, but, in general, the material left the
straigttener with approximately 0.003 to 0.005 inch double throw warp
compared ¢ 0.006 to C.0L13 inck double throw warp prior to straightening.

The four inner tubes were straightsned to 0.003 inch double throw warp.
Their pre-straightened double throw warp ranged from 0.009 to 0.033 inch.
ALl tubes were heated pricr "o straightening tc 58C C in an argon atmcaphere.

Fuel Deformaetion Studies. An iritial study (HW-67939) of a fuel element
model wkich alliowed for the thermsl expar.sions and swelling of the fuel
material indicated that the fusl claddirng of a tubular fueli element can
proportion the deformations. Sirce the original fuel element model did
not have a material model for the cladding meterial whkick would account
for tle cyclic nature of the -straining, the relative restrazints of inner
and outer fuel element cladding could not be realistically estimated. A
new fuel element model allowing for nc resistance to shsaring stresses
within the fuel material but allowirg fcr the cyclic behavior of the clad-
ding material has been Jevelcped. In order to obtain the physical date
necessary o evaluate the property of the cladding under the propcszd cyclic
behavior, a testing frame, ioadirng mechanism, and extensiometer have been
designed. Fabricatior of the extensiometer is under way.
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2. REACTOR PROGRAM

Coolant Systems Techrology

Present Reactoi Decontamination. Seventeern runs were completed this
month on potential decontaminants. Those tested were Sulfam-3 (Turco
4306-C) with diatomaceous earth, Sulfam-3 at high flow rates, Bisulf-5
(Wyandotte 5043), Bisulf-16 (Wyandotte 5061), Glycolic (Hydroxy-acetic)
acid, nitric acid and hot water. A ten-minute flush with 150 ppm
diatomaceous earth at about 10 feet/second does not increase the decon-
tamination factor of aluminum with Sulfam-3, but does yisld higher decon-
tamination factors for stainless steel pigtails. Decontamination factors
for stainless steel averaged LOO for three tests with Sulfam-3 followed
by diatomaceous earth, and averaged 160 for six similar tests with
Sulfam-3 alone. The candidate deccntaminant Bisulf-16 at 7C C is
effective with a long contact time. Bisulf-5 4id not decontaminatz
either aluminum or 2?5 under any of our test conditions.

Pump Purging During Decontamiration. Tests were made in ths laboratory
and in BLMO-|7 loop to determine the water purge rate required in canned
motor pumps to prevent decontaminants circulating in the loop from mixirg
with the motor coolant. The conclusions of the tests are:

1. A purge velocity through the shaf*t annulus of 3.5 fps is
adequate to prevent mixing of the decontaminants and the
motor coclant when the pup is operating.

2. When the pump is not operating, a velocity of 1.5 fps i=x
adequate.

3. The intermixing of the purge and decontamiznant sol-cions
when the pump is operating is a result of meckanical mixing
as well as diffusion.

4. Higher viscosity solutions require less purge than lower
viscosity solutions. probably because of the decreased
turbulence in the annulus. NaQH-KMnOi sclutions require
only about 1/4 the purge rate of ENO;3 -

Film Studies - High Temperature Systems. Ore of two heat exchangsrs firom
the KER-1 cleanup system now at 242-B has been disassembled. Autoradic-
graphs of the end cap, tube sheet, and portions of *he header shew quite
clearly that there is prefereantial activity depositicn ir. the machine marks
and imperfections of the metal. Ccnsiderable quantities cof radicactive
particulate matter have also been fournd on both the lowsr side of the
header and where the header meets the end cap. Sections of tubes from the
tube bundie of this heat exchanger rave been remcved for activity zuxcharnge
studies.

A section of a 2-1/2" schedule 8¢ pipe from KER-3 was acquired during the
past monta. This is being used +3 perfect a technique for autoraidiograph-
ing inner pipe walls. Later thigs techrique will be used to study the dis-
tribution ir straight piping sections.
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Scaling of Heat Exchanger Surfaces. Four sections of the KER-1 cleanup
heat exchanger tubing (schedule 80, 3/L" carbon steel pipe) were descaled
end examined for localized corrosion. The tubing was in good condition
on the side exposed to the primary water, but numerous pits up to 1/16"
in depth were found on the raw Columbia River water side. Before de-
scaling, the side exposed to the raw water was covered with a very thick
coating of rust, tubercules, and miud which had nearly completely blocked
the water flow. A large amount of the coating was lost in obtaining the
sections, but weighing of four samples in the meist condition resulted in
an average weight of about five grams/inch of rust formation on the four
samples. The average corrosion on the four samples, assuming all the
attack was uniform and no pitting was present, was 15 mils. The heat
exchanger had been in service since early in 1958.
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KER-1 Loop Coclant. The in-reactor section of KER-1 was decontaminated
December 8, 1960, using & single-pass Phos-1 process. Special coolant
samples were drawn following reactor startup to evaluate the effects of
decortamination on water purity. The phosphate concentraticn after de-
contemiratior. wes as high as 1.5 ppm. This has decreased slowly and
approximately linearly with time ‘o about 0.10 ppm. Since the normal
phosphate concentration is less than 0.02 ppm, some phosphate is still
being removed from the piping film.

The totel solids concentration immedistely following startup was as high
as 22 ppm. This value decreased to the normal level of approximately

10 ppm early in January. These tests suggest that loosened filwm particles
are removed, snd/or the corrosion rate is increased for a few weeks follow-
ing the decontamiration. The iron, chromium, and calcium concent:zations
were also considerably higher than normal during the first few days after

startup; these concentraticns returred to normal by early January.

Structural Materials Developmernt

NPR Process Tubes. The fluorescent peretrant tests at Harvey Aluminum
ari at Henford are now in gocd agreemert. Both sites are using the same
black light source. Use of the water base developer has been discontinued.
This eliminates the heavy deposits of developer remaining from uneven
drying of the developer film. These deposits were the source of many of
~he spurious readings in the black light torescope examination. Harvey

is applying the developer by drawirg & swab soaked in the alcohol base
developer through the tube. Tki:z dries immediately leaving a thirn uniform
film. Hanford develcps the inside of the tubes by blowing a dry powder
type developer through the bore. With this method a uniform film is
formed free from concentrations of developer. This provides an excellent
backgrourd sgeinst which to read the flucrescent indications.

The previously reported metal tear defect ir NPR process tubes continues
to plague the vendor, having affected about 0 tubes to date. Sectioning
Yy Harvey hac shown the tear tc be accompanied by an underiyina laminar-
type defect that can be more than 1/2 inch long. It is suspectel that the
laminar-type defect can exist withcut +earing through te the surface *c
reveal itself visually. Attempts are being made *o detect such a defect
nendestructively.
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An innocuous defect is present in some of the tubes in the form of a
shallow smoothly rounded "groove" in the inner tube wall. These grooves,
which may be up to 3/8" wide by 0.010" deep by an inch to several feet
long, produce a "lost signal" on the Vidigage instrument. However, they
are not considered cause for rejection if the wall thickness and inside
diameter of the tube are within specifications at that point. About 4O
tubes have been delivered that showed a momentary "lost signal" on the
Vidigage but were shown to have accertable dimensions.

It is suspected that a hidden laminar-type defect in the tube wall may
cause & loss of Vidigage signal in a manner similar to that of the "groove"
defect. Some of the tubes reported tc have "lost signal" areas on the
vendor's Vidigage have been checked on the same type instrument at Hanford.
In most cases it has been possible to confirm the results of the vendor's
test. Reflectoscope, Immerscope, and radiographic tests have confirmed
the presence of a "groove" type defect in these areas. No laminar-type
defects have been discovered.

Chase Brass and Copper Company has seven tubes that have been accepted
by G.E. inspectors toward their quota of 15 tubes due on March 10. An
additional 14 were submitted for inspection this week. Corrosion tests
have been completed and accepted on all these tubes. '

Stress Rupture Facility - Project CGH-896. Bids for constructing the
facility were opened on 2/2/6l. Of the 10 bids submitted the low price

was $69,400. This bid was under the fair cost estimate but exceeded the
funds available. A project revision for an additional $10,000.was prepared
and has now been approved. Construction should begin in March.

Nonmetallic Materials Development

Graphite Burnout Monitoring. Monitoring samples were discharged from
3500-F after 447 operating days. The average percent weight loss per 10CO
operating days determined from five samplez in upstream, center, and down-
stream positions of the channel were respectively 0.48 * 0.05, 5.2 + 21.7,
and 0.04 *+ 0.00. These samples, which were all cut from the same graphite
bar, were previously exposed in 3580-F in the same relative pesitions as
this test. For comparison, the previcus average rates were 0.85, 0.78,
and 0.0k. As can be seen from the latest data, the scatter of ra‘e values
for the center boat is very great. A likely explanation is that water,
loaded with minerals from the rusty pipirg, splattered onto scme of the
samples during charging. Upon evaluation of the water in the reactor,

the iron catalyst remained cn the grapkite samples, resulting in a wids
range of burnout rates during the test.

Graphite Compatibility with Helium Ccntaining Q.1 mm of Water Vapcr. Lower
oxidation rates than these reported previcusly have now beern cbhtained as a
result of eliminating back diffusion of air intc the system. At a tempera-
ture of 830 ¥ 3 C and a flow of helium of ~ 2.0 cfh, the following rates
have been obtained:
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Specific Rate

Cordition (g/g-hr) Relative Rates
Dry Helium 6.0 x 10°7 1.0
Wet Helium (150 ppm Hp0) 3.3 x 10-6 5.5
Wet Helium + 3% CO 1.5 x 10-6 2.2

Experiments are planned in which hydrogen as well as carbon monoxide is
added to the gas system.

NPR Graphite Evaluation. The compressive strength has been determined on
Tour oars of TSX (NPR core) graphite. Meximum, minimum, and average
values arz 4489, LO6L, and 4186 psi, respectively. The measurements were
made by loading the 6" x 6" face of 6" x €" x 5" samples. These values
are somewhat higher than the compressive strength of 3390 psi measured on
AGOT-LS (NPR reflector) graphite. The difference ir strength could be
attributed in part to the difference in sample sizes, since the AGOT-LS
was loaded or the 4" x 4" face of a 4" x 4" x 5" sample.

The modulus of rupture has been determined for several bars of TSX graphite.
One group of six samples had & maximum moduius of 3496 psi and a minimum of
2694 psi. Another group of four had & meximum modulus of 3576 psi and a
minimum of 186k psi. The results are scattered and the low results appear
+0 be due to internsl defects in the individual bars not visible before
testing. .

Irradiation of TSX (NPR Core ) Graphite. Samples of TSX graphite have been
irradiated to 1257 MWD/AT in a Hanford hot test hole. The percent length
change per 1000 days on the TSX samples and on samples of CSF included as
controls are as follows: TSX (L), 0.011; csF (L), 0.c07; TSX ([|}), 0.005;
CSF (]]), C.002. The greater initisl expensions indicate an improved
stability towards contraction at higher exposures.

The GEH-13-5 graphite irradiation capsule containing NFPR reflectcr grephite
ie scheduled for removal from the ETR during the first week in March.

The samples at that time will have been irradiated for four cycles to a
totel estimeted exposure of 1.4 x 109 nvt (E ) .18 Mev) at about 700 C.
Thermccouple #+ failed during the current cycle; heaters #3 and #4 are
both on manual control for the remainder of the irradiatior.

Radicmetallurgy Laboratory Studies

Further examination of the KER Loop I tubing revealed that recrystallization
previously reported epparently was caused by the cut-off operatior. Four
more tubing rings were crushed at 300 C and no significant differences were
observed among these samples (RM-330). Results ani interpretations of

thece examinations will be reported in more deteil irn comnection with the
development programs served.
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Thermal Hydraulic Studies

Boiling Burnout Conditions for Eccentric Arnmall. The prcgram o investigate
the effect on heat transfer conditions of the rnon-coaxial positioning ol
fuel elements within a coclant tube was contirued. During the past moxnth
collection of data applicable to I&E fuel elements in a K Reactor process
tube was completed for the case cf 90% eccentricity. (Percen: zccentricity
is the fraction of the normal annulus thickress that the fuel elemert is
displaced from a coaxial position toward the wall of the cooliant tike. )

The test section used was a 2U-inch lcng electrically heated rcd, 1.457-inch
in diameter, placed within a 1.681l-inck ID tube. Data wsre okrair=d fer
two flow conditions of cooling water through the annulus. Thzzs wers

4O gpm at 107 psig and 23 gpm at 53 psig, which represert conditions in

the flow arnulus for I&E fuel elements in the central ard fringe tubes at

a K Reactor. The temperature of the water at the inlet of the t=zsv secticn
was held constant during each approach to boiling burnout but wss varied
during the investigation to obtain data ar bulk outlzst *emperatur<s tstween
21 and 226 F below the boiling tempsrature. During each wur, whils the
heat generation rate was gradually increased. temperatars mEasuremenis vere
made of the heated surface and cocling water at sclected pcoints arowni the
anmulus of the test section. Eack run was termirated when film bciling wes
encountered as detected by a large temperature excursicrn at scme point =n
the surface of the heated rod. Tke data indicated that *he boiling turncut
heat flux for the 90% eccentric arrulus was nearly constant for different
values of bulk outlet water temperature. For the conditions cf 4O gpm and
107 psig the burnout heat flux varied only between 250,000 and 205,0C0
B/hr-sq ft over the range of water temperaturss investigated. Similacly,
for 23 gpm and 53 psig the burncout keat flux varied oetweer 171,000 and
220,000 B/hr-sq ft. These burncut heaw fluxes are considerably less thar
those which were found for cases of lesser sccentriciries. For example,
for the case of 50% eccentricity at a low rats of 4l gpm, heat fluxes
ranging from 1,150,000 tc 1,450,000 B/rr-sq ft were found for outlet water
temperatures between 60 and 130 F below the boiling temperatures at

107 psig.

During this experimental investigation it was ncticed that the burwcut
heat flux was dependent upon the size c¢f gteps with which the heat gen-
eration rate was increased. When the heat generatior. rate was ircreasel
by large steps, boiling burnout was encountered at a lower heat flux
than when the heat generaticn rate was irncreased very slowly. Since most
of the data were obtained by slcwly incrzasing csat flux, the recults are
probably non-conservative for application fto reactor power surges.

Fuel Element Temperatures Following an Inlet Fit+ing Failure st a BDF Tyvpe
Reactor. A laboratory program was startel to study the eiffzcte of a zuiden
failure of ar inlet hydraulic fitting or a BDF reactcr praocsss tube during
reactor operation. The objective of this program wa: t¢ detsrminse usder
what conditions would the reverse flow from the rear headsrz be insuffi-
ciernt to prevent fuel element melting. Such irformaticon is of valus ir
updating the reactor hazards evaluationzs.
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Experiments were performed using a full scale electrically heated mockup

of I&E fuel elements in BDF type process tube. With the test section

cperating under normal conditions, the inlet hydraulic line was openred

suddenly at atmosphere and the rear header pressure was maintained at a

constant pressure. After approximately three seconds the heat generation .
rate in the test section was decreased at a rate similating a 500 in-hour

scram of the reactor. The experimm t was continued until all thermocouples

in the heated test section had reached a maximum value and then started

to decrease as the test section was cooled by the reverse flow from the

rear header.

Data were obtained relating the fuel element temperatures to be expected
following such an incident for various rear header pressures and an
initial tube power of 800 KW. These preliminary data at this low tube
power compare quite well with results of similar studies performed for
the K Reactors (reported in HW-68214). 1In general, the data indicate it
is marginal whether the water flowing from the rear header following an
inlet piping rupture would be sufficient to prevent melting of the fuel
cladding.

Heat Transfer Experiments Pertaining to the NPR. The studies to determine
the boiling burnout conditions for the NPR tube-in-tube fuel elemert were
continued. Experimentel data were obtained in the heat transfer laboratory
which are applicable to the outer flow arnulus of the fuel elemsnt. The
test section used consisted of a 2k-inch long Hastelloy tube having an OD
of 2.390 inches placed inside a 2.70-inch ID process tube. The Hastelloy
tube was electrically heated and the heat generated was transferred to
water flowing through the annulus. Thermocouples attached to the inside
walls of the heated tube were used to detect the temperature excursions
associated with boiling burncut conditions.

Nine Pboiling burncut poipts were obtained at 1500 psi for flow ranee be-
tween 1 x 106 and b x 100 1b/kr-sq ft. During the increase in heat flux
towvard the tenth point the test sectiorn failed when a weld to the copper
electrical lead parted. The test section was repaired and five additional
burnout points were determined before a hcle was melted in the test
section. The film boiling in these runs always started at the bottom of
the heated rod in tkis hcrizontel test section. This is opposite to the
experience with flow inside ¢f tubes where the boiling burnout always
starts at the top of the water passage. The data repcrted here will be
combined with results from previous and future experiments to verify the
fuel element design conditions ard esvablish the maximum operating limits
for the reactor.

Calcuiated Time Before Melting of an Unccoled Hanford Resactcr Fuel Elewment.
Durin. reactor fuel discharge operations the possibility exists of a fuel
elemeni wvecoming lodged in the rear face piping or other obstruction and
nct falling into the discharge basin where it is cooled by water. A com-
puter program was written and calculavions performed to predict fuel element
temperatures as related *to time after reactor shutdown and wime after dis-
charge of fuel from the reactor. Calculations were performed for tube
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powers ranging from 1200 to 2000 KW and for times after disckarge berveen
one second and 100 hours.

A sample result is as follows. If a fuel element from a tube irnitially

at 1600 KW became lodged in the rear piping of a K Reactor that had been
shut down for 20 hours, it would be approximately 55 minutes before the

aluminum Jacket would melt.

These data will be reported in HW-67747 REV and used by IPD personnel in
evaluating hazard and establishing procedures for instarces where dis-
charged fuel elements inedvertently do not enter the water stcrage basin.

ulics. Ten CG-558 venturis, nominally 0.283 inck in diameter, were
calibrated in the hydraulics lasboratory. These venturis will te installed
in the coolant lines of the H Reactor biclogical shield +o determire if
the flow is sufficient to meet process s*andards.

Skielding Studies

Shielding Instruments. A time-of-flight measurement has verified the
existence of the unexplained peaks found previously with the Pericw
neutron spectrometer when investigating the Be(di,n) reacticn. New Be
targets are being made to eliminate the possibility of carben cenftamina-
tion, which could account for the cbserved peaks. A ccmplete maintensance
checkout of the spectrometer and associated electronics is undsr way.

Attenuation Studies. The first problem in calculating the neutron fiux
distribution throughout a reactor shield is to fird a suitablie scurce term
for the multigroup equations. Three methods have been prcgramnsl and are
being checked egainst the experimertal results cbtained in the DR Reacrtor
bulk shield facility for several types cf ccncrete. Using ORNL =ffective
removal cross sections, the fast reutror flux was urderestimated by a
factor of about ¥wd. Using the remcval crcss sections suggestzd bty

A. E. Avery (AERE-R-3216), the fast neutron flux was underestimated by a
factor of ten. The third method utilizes the Avery cross sections with
the addition of a linear buildup factor. In this case tThe fast neubrcn
flux was overestimated by a factcr of abcut ftwo, yieldirg a conszrvative
approximation to the experimental data. This treatment appears to offer
promise as a suitable source term for neutron attenuation calculations.
The program for calculating rescnance and thermal flux is now being letugged.

WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metalliurgy continised ir
support of the Hanford 234-5 Building Operations and weapcrs develcpment pre-
grams of the University of California Lawrence Radiation Labcratcry (Proizct
Whitney). Details of these activities are reported separately via Zisvribtuticn
lists appropriate to weapons developmernt wcrk.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabrication. Fabrication has begun on the 30 replacement
gpike fuel elements for sustained operation of the PRTR. 'These
elements will bte the same Mark I-H design as the first loading, i.e.,
19-rod clusier, Al, 1.8 Pu, 2 Ni alloy core and 35-mil wall Zircaloy-4
sheath tubing. Four hundred of the 600 tubes needed have been re-
ceived from on-site inspection. All 400 tubes have been gaged,
machkined, and the first end cap welded. Two hundred have been loaded
with cores, and 50 have been etched.

Considerable time has been spent between fabrications meking improve-
ments in the process equipment. Parts of the process in which rates
of fabrication are expected to double are core fabrication, welding,
loading, leak checking, and autoclaving. Pointing of the rods prior
to drawing is now done by notching and applying a tensile stress so
as to neck down the rod and cause & rupture at the notch. This is
faster than the previous method of using e specially designed cutting
tool, and it does not generate Al-Pu chips. Modification of the
vacuum pumping system has decreased the pump down-time on the welding
chamber by a factor of four, and weld closures have increased from S5k
to 108 final welds in an eight-hour day.

Febrication Development. Four capsules have been prepared for Nucleonics
Irstrument Operation. These include a straight PuOp, a straight UO2, a
0.46€ w/c Pubp-UOp, and a 0.4k46 w/o PuOp-UOp with & defect built into it.
This defect is an area of about one-tenth of an inch which has a PuOp
cencantration double that of the rest of the capsule. These will be used
in testing the application of a gamma spectrometer for a nondestructive
testing dsvice of UOp-PuOs fuel rods. If this approach works, it will
provide a method of testing for gross longitudinel fuel variation.

No method superior to autoraiicgraphy has beer. developsd up to this time
for the testing of microsegregation. A physical mixture of UOp-PuOp

(0 LLE w/o) was prepared, and analytical samples were taken following

the blerdirg period. These samples were ccmprised of: (a) samples from
varicus locatiors in the blend tc detec* possible segregation or layer-
irng, (») & cut 10% sample of the oleni %o verify blend analysis, and

(c) a esample from the wallis of the blender to detect any retention of the
PuOp. Ssvar tubes have teen lcaded with the oxide mixture and are cur-
rently being swaged to full length elements. The loadirg msthod utilized
a bto~tle and hose unit which was connected to the tube. The tube end,
with loading unit attached, was sealed witkhin a dcouble bag and detached
from thz kood. The lcadirg weas ther ccmpleted in *the open room, using a
shakirg table Tc obtain the desired tap densities. Samples will be taken
from the swaged rod for autoradiographic studies.
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An alternative to using preswaged ends in fabricating UOz-PuOp elemen®s
by cold swaging is the use of swagable end caps. Three desigrs ware

used in swage compacting dummy elemernis containing UOp. The welids,

which were variations of the head weld jcint, all appeared satisfactory
after swaging. Slight wall thinning was observed from two of ths designs.
Use of swagaeble end caps would eliminate the need for preswaging and
possibly, the MgO end plugs. This would allow more uniform densities
along the full length of the rod, asd the larger tube opening would
facilitate loading and decontamiration.

The recovery of plutonium-uranium oxide:z from reject swaged rods has been
a problem for some time. Normal methods of vibrating, shaking, ezc.,
have not proved satisfactory ir removing this tightly packed matsrial
from swaged tubes. In the best present technique an operatcr cuta the
rods into short sections, squeezes them betweern the platens cf a press
until the tubing ruptures. He then beats the section against the =ide

of a bucket until the material falls out. Thiz is a very tedious opszr-
ation which spreads oxide powder everywhere. The associated losses and
spread of activity cannot be *olerated wher plutonium or enricked uranium
is involved.

In order to effect this recovery in a clean, inexpensive mannsr & seimple
piece of equipment was designed. This makes use of +the 2ifferences be-
tween the elastic properties of ths m=tallic cladding ard the ceramic
core. It was theorized that all of the conventional metkods of emptying
the tubes failed because no space wats prcvided into whick the oxide
could move and "unkey" itself. It was thought that if the tube could be
elastically deformed, the oxide would rot bshave in a similar manner Gut
would, rather, fracture or unblock particles into the vcid area caused
by the deformation of the tube. A~ first, air vibrators ard Zammers were
tried for this job. Since they work on an impact rathzr than & prissure
principle, they were not satisfactory. Next, a compressicon rivater,
Gardner-Denver Model 1O0DCH-B-U4%, was tried. The valving on *this machine
was altered slightly so that it would operate ccrtinuously as lorg as
the control pedal was depressed. The riveter was mcunted o its cide so
that the work could be fed through 1% vertically. Ths end of a scrap
rod was cut off with a tubing cutter and a plastic cttls taped over the
open erd. When the riveter was set tc ccmpress the Tubing about 0.06C-
inch, the cxide dropped out readily. If was necsssary tc turr the tube
as 1t was fed through the dies. Thke fz=d rate coiid be increased by
speeding up the riveter and also by se*ning up vitrations irn *ths <ube.

ctiwvs, Net
only does this technique recocver the oxids without splitting the tubirg,
but it catches the powder as it falls ou<. ’

Eight rods swaged to 90% theoretical denszi-y were thermallv cyclei in

an autcclave under argon pressure for 6C cyciss  The cycle conditions
for this test were from 120 C to 350 C at s constant prassurs of 120C
pei and required four hours per cycle. The averages total L:ngth change
for the 60 cycies was -0.CClh in/in or six milz over -he 4Z-ircn hest
length. The average diameter change was toc =mall 7> mEasurs aCturatsliy,
being less than plus one mil on the C.570-inch diam=ter.
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Four Zr-Pu-Zr sendwiches were rolled into plates. The steel Jackets were
removed, and no contamination occurred on the plates. Qualitative strip-
ping tests indicated the Pu-Zr bond to e weaker than the Zr-Zr bond.

The Pu-Zr bord was similar to Al-Zr bonds previously obtained. Radio-
graphs of the plates showed the plutonium to be distributed uniformly
throughout the fuel leangth of the plate in a reticular structure. The
four plates each contained a one-gram plutonium wafer. An attempt %o

roll three sandwiches each containing a four-gram plutonium wafer was un-
successful when the steel jacket ruptured, spreading plutonium contamina-
tion into the room. Two things apparently occurred which had not prev-
iously occurred: (1) the plutonium was forced out of the 2Zr sandwich, and
(2) forced out of the mild steel sandwich either at a cracked weld or
through reactior. with the steel. Three alternative sclutions in order to
prevent future occurrences are possible: (1) preweld the Zr sandwich,

(2) lengthen intermediate heating times between roll passes to permit
greater diffusion, and (3) use & higher melting Pu alloy for core material.

Zircor.ium screp nibbled to approximately one-fourth-inch cubes wasc ex-
truded to a so0lid rod. A section of the rod was exposed to the standard
steam-autoclave corrosion test. Results of the test were well within
the accepnable limits of zirconium specification. The rod was made by
a 95% reduction extrusion at 850 C. Other chemical and mechanical prop-
ertics of the extruded scrap are being analyzed.

Fuel Evaluation. The four-foot lcng Zircaloy-clad UO2-Pulp T-rod cluster
containing sintered and ground pellets has now received 68 days of ex-
posure in the ETR 3x3 loop, or about 2300 MWD/T. The element it operating
with a calculated maximum core temperaturé of 1850 C with an associated
surface heat flux of 346,000 Btu/hr-f+2.

Th= proposed prototypical PRTR 7-rod cluster rupture experiment which was
sen® to the ETR for testing has teern rsjected by the MIR-ETR Reactor
Safeguards Committee. The reluctance on the part of the -»ommittee was
prizarily based on apprehensions related ¢ the handling of plutenium
ruptures. The committee raised sever poirts in questicr which ars being
answerzd or corrected in an effort to get the test approved at a later
date. It is highly unlikely, however, ir. view of their decision, that
the experimert will be performed prior tc PRIR power tests.

Al The capsules for the Phoerix irradiation experiment hawve been ccm-
plsr=d and 2 rough dreft of the irradia*ion propozel has beern prepared.
The reactivity of the samples will row be msasured in the FCTR pricr to
snipment to the MIR.

Radizmetalliurgical examination cf the 42-iack long Zircaloy-clad T-rod
cluster which was subjected tc about 72 thermali cyciss ir. the ETIR iocp
is cootinuing. Length measurements cr individual rods tsken cvar a
36-inck length were essentially urchanged. Also, end gap measurements
taken on the center rod and ore rod in ths b6-rod ring were unchangsd,
indica-ing that the cores had rot mcved relstive to the ciadding. Exam-
irzrizn of the element to date irdicates that no physical changes have
cceurred as a resuit of its in-reactor cycling itreatment.
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The two capsules (GEH-1L-27, 28) fabricated with AL - 2.1 w/o Pu -

2 w/o Ni alloy cores by injecticn casting are at the MIR. Recent
analytical results show that the piutonium cantent was not 1.9 weight
percent as reported earlier tut was 2.1 w/o. and it was determined that
a supplemental irradiation test document wculd te required tefore the
specimens could be charged. The document (HW-68L3L) has been written
and is being prepered for distribution.

UO2 Fusls Development

Irradiation of Defected Fuel Elements. Irradiation of the s:=ccrd pur-
pesely defected UOp fuel element (HD-2) in a Hanfcrd reactor bagan
February 25, 1961. To date, no gamms ac*ivity Las been detscted ir the
effluent coolant even though the reactcr was power cycled once (from
~ l/h full power to zero power thern to full pcwer) during startup.
The 12-inch long, W-rod cluster element contains sintered and crushed,
natural UOp swaged to a bulk dersity of 9C% T.D. Two rods are clad in
Zircaloy-2 and two are clad in Zircalcy-4. One each of the Zr-2 ard
Zr-li clad rods are defected with a C.00€" diamewer hols nsar +he center
of the rod. This element will be irradiatsd at full power for approxi-
mately three weeks, after which additicral elements will be similarly
irradiated at increasingly higher powszr ilevels.

PRTR Fuel Elements. One modified Mark I FRIR fuel elsment was assembled
for use in several power tests. The =lsxent comprises 13 standard Tuel
rods and six thermocoupled fuel rods, three ir each ring. The thermo-
couples, swaged into the center cf th2 UQlo, will indicate fuel tempera-
tures during irrediation. A nickel-plkcsphorcus high tempsra*urs brazing
alloy was used for brazing the cladding of the *hermcccupies ic the end
caps of the fuel rods. An oxy-acetyizne flame was used tc heat the wire
and the end cap to 1925 P, where the “raze m-tal ficwed readily. Por-
osity in the braze was revealed by radiocgraphic inspecticr; it was i
eliminated by remelting the joints. A junction tox was azssembled for
installation in the PRTR upper &ccess spacs. Chromsi-alaimel axtsrnzsior
wirss lead from the Jjuncticrn tox into *hz instrumert cell.

High Energy Impact Forming of UOg. High density UOz was prepared for
vibrationelly compacted nestad tusular fusl elemernt —o be irradiatsl in
the ETR. The UO2, which was previously pr*ss:i ard sirtered *to tha un-
satisfactorily low density of approximately 90%, was ball milled tc -200
mesh powder and compacted by high energy impact ir stainieszs steel con-
tairers at 1100 C. Initial experiments using a conventioral impact
punch, capable of exerting pressures of approximstsly 23C,CI0 r:=i,
yielded compacted UO2 having a bulk density of 93% T.D. The dersity of
this material was increased to the required 95% T.D. Ly sintsring for

10 hours in hydrogen at 1700 C. The UQo was coclsed in helium from 1600 C,
crushed, and screened to the particle size distributicn rFQULrHi for
vibrational compaction. The O/U ratic of the UOp was 2,005

The UQo locaded in the center rod of ths nestel rubular fusl =lement was
compacted by high energy impact tising apparatus capavle of exerving a
pressure of 500,000 psi or greater upcc the UOy. The average particie
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density was 97% T.D. This fuel was not given a sintering treatment after
compaction, although it was heated to 800 C for six hours in hydrogen to
make certain of an acceptable O/U ratio (less than 2.010).

Nested Tubular Fuel Element (Test GEH-12-22). A Mark II-C, nested tubular
fuel element was fabricated by vibratioral compaction for irradiatlion
testing in the ETR 6x9 facility. This test (GEH-12-22) will provide per-
tinent data on a second generation PRTR fuel element geometry. The fuel
element is 44 inches in over-sll length and contains 33 inches of fuel
vibrated to a bulk density of 85% of theoretical, (the particle density
of the fuel was 95-97% T.D.). The fuel is contained in 0.060-inch wall
Zircaloy-2 cladding having spacer ribs which were integrally formed on
the tubes during extrusion. End caps were welded to the tubular cladding
by a seam weld followed by a fusion weld. All components of the element
passed a leak test, a weld radiograph test and autoclaving for 2k hours
in 400 C, 1500 psi steam.

High Frequency Resistance Welding. It was demonstrated that the narrow
line of gray corrosion product sometimes observed in the weld area of
resistance welded ribs was due to a slight contamination by the atmos-
phere during welding. The difficulty has been eliminated by improving
the inert atmosphere shielding during welding and by a light vapor blast-
ing after welding. All major problems for producing an acceptable weld
between spacer ribs (0.075" x 0.135") and Zircaloy-2 tubing (9/16" 0D x
C.030" wall) now appear to have been surmounted. Ribs welded to loaded
or empty fuel rods consistently have high weld strength and corrosion
resistance and they are within dimensional limits. The over-all effic-
iericy of the process still is low. This is being improved by redesigning
several components of the machine to make it more dependable and to
simplify operating procedures.

Coclant Systems Development

Fretting Corrosion. A Zircaloy-2 fretting test at 316 C and a pH of 1C.0
wac terminated after 494 hours in CEP-2. A carbon steel rod containing
threz carbon steel ribs was suspended vertically in a Zr-2 tube. A% a
flow cf 30 fps a penetration of two mile on the Zr-2 tube was observed
with only the normal loop vibration. The addition of three cps supple-
mental vibration resulted in a penetration of four to eight mils at the
same coolant flow. These penetrations represent no improvemsnt cver
results using Zr-2 supports. However, tte carbon steel supports them-
selves suffered little penetration.

Corrosicn and Decortamination of Pu-Al-Ni Fuel Cores. The ccrresion rate
of & 3c-clad cection of an irrediated PRIR Pu-Al-Ni fuel elemsnut vas
setimated from the increase ir activity in the Irradiated Rupture Proto-
type Loop. A corrosion rate of approximately 400 mils/manth was measured
at 300 C in pH 10 demineralized water at a fluid velocity of about 1€ feet/
secornd. The rate of activiwy buildup was linsar after the first twe heurs.
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At the end of 15% hours the corrosicr *est was concluded anl ~he sampls
was dissolved by increasing tre pH to i2  The locp and metal test coupon:
were decontaminated using a 10% nivric acid solution at 63 C fcilowed by
the APACE process. The beta-gamma ard alpha activity of stainlss

and Inconel-X coupcns indicated that a gocd decontam¢natlon was obtained.
The Zr-2 coupons were not appreciably affectzd by the decontamination.
The loop itself, especially the heater and filter, did not decontaminate
as well as the coupons. The tesn sacticn was the orly point that was
less than 10 mr/hr at tie end. A second APACE resulted in only a slight
reduciion in activity. Since an alumirur oxide compourd was suspectad
as remaining in the loop, a NaOH-KMnOp sciution was circulat=d for about
four hours and allowed to remain in fthe luop overnignt. Tois step,
followed with Turco 4518, resulted in s clean loop; all rsadings wers
less than 10 mr/hr.

Structural Materials Development

Process Tube Mornitoring. Analysis of insulating gas gap measursnsr.ths
made after the #48-hour hot test of *the FRIR rrimary coclant sys-=m 1n
Decenber indicated a decreased ga: arndluz of 8C xils frow a rosinal
anriulus of 270 mils on one side of *uke 1857. After disconrscting “he
inlet and outlet Jjumpers the minimum asruius increased %o L0 mils
Measurement of the process tube revealed a maximum bew of about 45 mils
Mechanical measurements after remcving thsa tube showed only 24 mils how.
With the process tube removed, optical mesasurement of the shroud tube
indicated about 85 mils bow. The process tube was reinstalled with the
irdicated bows in the same direction and *the gas annulus remsasured,
this time giving a minimum annulus of about 10S mils.

Tests were made at Lerma Engineering at Northampton, Mass., to deteraaue
the feasibility of using a clos:zd circuit *elevision camﬁra-bovescope
combinatiorn tc visually inspsct irradiated FRTR process hulkes Tre com-
bination appears feasible if high intensity diffused Lighkting and a high
resclution TV camera are used. Further tests to dstermins th: spproXi-
mate lighting levels required are being made on-site. The housing and
optics of the rented camera used fcr previcus visual examinatice cf the
PRTR process tubas are being redesignel and watsrprocfel to perm.t use of
the camera until the final visual inspscrtion system is chtaired.

Development of a PRTR process tube wall thickress prsbe using a commas-
cially availekle Vidigage ultrascnic tester nas cerntinued. The voltags:
output frcm the recorder adaptor supplied by the vendor was found to ¥
toc low tc actuate the Visicorder multichannsl recorder used for the
otker PRTR mcnitoring instruments. The verdor has supplied an auxiliary
voltage amplifisr which furnishes an acceptable volteage. The amplifier
iz being repackaged to fit irto the existirg instrument chassis. A

problem has been encountered in obtainirg a single stabls sigrzl from iz
transducer cyrstals. Increasing the contact area and providing larser
crystals to give higher snergy olgnals ar2 teing investigared as posgible
solutions to the problem. The sensitivity of wall thickresz crystals

the

&
mountted cn a fiberglass basg with Hysol expoxy drcpped to ons-thirid
original value after £ x 10° total gamma irradiation. The crystals
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should still be usable at the sersitivity obtained, however. Noo§e-
duction in sensitivity had been noted after irradiation to 1 x 10° R.

Zircsloy-4 Sheath Tubing. The number of sheath tubes rejected for
fluorescent penetrant indications has increased during the past month.

A selected sampling of these reject tubes is being examined to detect
the source of the defects. To date, all indications have been of the
same type. Metallography reveals what appear to be small impressed
particles cf zirconium. The elongated nature of the particles indicates
tha* they have their origin early in the processing history. Two pos-
sitle sources have been proposed: small shavings or burrs from cutting
operations or the speck-like plateaus of zirconium that are frequently
left on the surface by the uneven action of the etching solution used
to strip the copper from the extrusion. As more data are developed they
will be discussed with the fabricator in an effort to eliminate this
defect.

It has been postulated that a substantial improvement in the quality of .
Zircaloy-2 sheath tubing and a decrease in price could be achieved
through the use of ultra fine grained extrusions as a starting material
prior to cold finishing operations. Experiments have beer initiated to
describe processing variables that influence the grain size. Ultra fine
extrusions have been produced by the use of the warm extrusion method

at temperatures of less than 1000 F; however, extrusion ratios are severely
limited at this temperature by the strength of die materials. Ar equally
fine grain size was produced by extruding at 1150 F. At this temperature
extrusions ratios are double those attainable at 1000 F. Sample tubes
extruded at 1150 to 1200 F are being prepared for subsequent cold fcrming
by commercial fabricators.

Radiometallurgy Laboratory Studies

A 19-rod swaged UOp element which had ruptured was examined and dis-
accembled. Rod Number 18 from the outer ring had ruptured at approxi-
mately the midpoint of the rod. The Zirceloy cladding split opern for
a length of about one and one-half inches (RM-615).

A L-rod cluster containing recycled UOp was examined, disasserbled, and
eact rod measursd. The rod wkich contained sintered pellete had about
85 mils of warp, but the other three rods had practically nc warp.

T ere were no significant diameter changes in any of the rods (RM-625).
Results and interpretations of these examinatiors will be reported in
more detail in connection with the development programs served.

Thermal Hydraulice Studies

Beiling Burncut Studies for the PRTR Mark I Fuel Element. An effort was
made to determine boiling conditions for the 19-rod cluster Merk I fuel
element for the PRTR. The test section consisted of 19 thin wall
(approximately 0.009 inch) Inconel tubes electrically heated by DC re-
sistance heating. The tubes were =ach 0.564% inch irn diameter, 16 inches
lceng, and were supported on the inside by steel rods coated with a
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ceramic insulation. The 19 rods were wire wrapped for flow mixing and
spacing in the same .manner as the reactor fuel elements. Thermocouples
wers installed in most of the rods between the Inconel tube and its
steel cores to measure temperatures of the heated surfaces. The *tes+*
section was placed in a 3.25-inch ID pressure tube.

Burnout conditions were approached at 1050 psig and a flow of 123 gpm
(measured at 478 F) by gradually increasing the heat generation rate
while holding the inlet water temperature constant at 480 F. The *est
section failed when the heat flux was increased tc 900,000 B/hr-sq ft.
While a temperature excursion was noted, it was not definitely determined
that boiling burnout was encountered. Three of the rods had melted
places at the downstream end but also many of the rods showed melting
near the inlet end. The DC power supply holds constant power at any one
setting so when melting of one rod takes place the other rods, in turnm,
see an increase in power. For that reason it is difficult to determine
if the test section failed due to mechanical reasons or to beiling
burnout.

Two-Phase Pressure Drops Across PRTR Discharge Piping. A detailed
analysis of the two-phase pressure drop across tThe PRTR discharge
piping components was started. The over-all pressure drops a* PRTR
cperating conditions have been used to define the hydraulic demard
characteristics of a PRTR process tube. The pressure drops so obtaineld
were greater than would have been calculated using an equivalent length
to account for the presence of the various fittings and othker components
of the piping system. The present analysis is being conducted to idenr-
tify those components which contribute to the higher pressure drcp and
to attempt to define the magnitude of the error, in gereral terms, in
techniques which are available to calculate <hese pressuve ircps. Tte
effort so far has been to convert tine raw data into usefil numbers, to
identify the heat losses from the test section and to separats the grnatic
head pressure drop from the frictional pressure drops.

PRTR Project Management and Desig.

Phase ITI-A construction is complete, witl. exceptions, a% mouth's erd.
Remaining PRTR construction itams include the fuel element examination
facility equipment installation, some painting and insulatiocn, and
cleanup of exception items on systems transferred to operations.

Construction of the Mainternance and Mockup Facility (including the FRTR
Rupture Loop Annex and PRP Critical Facility buildings) is estimated at
50% completed versus 59% scheduled predicted to March 1, 1961. The
contractor has poured basement walls and approximately one-half of tre
-1h-foot floor slab in the M&M Building whick is 44% complete versus

47% scheduled. Helium storage facility work was completed. The chilled
water reserve tank installation was completed without exceptions.

The new exhaust fan for the PRTR stack filter arr vea on site and was

instalied. Exhaust filter work is ccmplete except for pneumatic seal
inetallation and testing.
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" A gasoline-driven generator unit ard battery is being installed on the
load-out facility shipping trailer in order to insure a reliable source
of electricity for the coolant pwp motor ard fan.

The Fuel Element Examination Facility equipment installation package

has beeu given to Minor Construction. They will instsll the viewers,
manipulator and make minor modificaetiones to the piping and electrical
systems. The menipulator installation will be delayed about two months.
The vendor has found that he will have to replace the spline shafts used
to operate the chucks before the manipuwiatcr can be shipped.

Mcdification of the pressurizer inlet nozzle was completed and acéepted
by the third party inspector as meeting ASME code. The new configuration,
which permitted additional flexidbility, resulted in combined stresses
within the allowable code limits. In the critical area of nozzle wall
thickness near the bimetallic weld, the completed nozzle was checked by
ultrasonic techniques to insure that the wall thickness was w.thin the
specified range.

T-e support structure for HX-1 is being re-evaluated taking into consid-
eration the method of support, strength of bolts used ccndition of grout,
arnd the results of the earthquake analys’'s by Ele¢ctric Beat Division of
Gernerel Dynamics.

The helium system is physically completed and all compresscrs have been
operated. Piping vibration at the low pressure compresscrs has been
corrected. Vibratiorn of the compressors 1 iz been reduced to an accept-
gbtle level by reinforcing the supporting fremework. Hydrostatic testing
ard air btlowing of the system is compiete.

A gasometer vacuum breaker seal pot hes teer fabricated and invtulled on
the gasometer-gaes balence compressor line to limit possible vacuum i
the system to two inches D20. The breaker ircorpcrates vacuum alarm
irstrumertation. Interlccks are being installed tc prevert operaticrn of
<he low pressure helium compressors at low gasometer level. These
measures are &ll designed to prevent inadvervent increasszs in medera‘cr
level from operatior of the helium sy=tem.

Bydrostatic +es*ing and prelimirary functional testing of the secordary
system is complete. All boiler feed pumps have opsrated satisfactorily.

The fuel elemernt rupture monitoring electronics system was received ard
irstalled. The system is ready fcr initial operation. Formal desigr
+eg~ing is nct expected to take place until later in March.

Tre piping irterconrections with the primary coclant and helium systems
were ccmpleted. Final leak testing has ncot yet beer completed, bul
preliminary ckecks for leaks have disclosed oriy a few.

Caliora+lon anl alignment of the reactor automatic controilsr was com-

pleted and Design Test 44 partially completed. All ccrirsl equapmsrnt
checked cut as expected except that the iead tand in trh: Bt. compensatirg
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lcop was higker than the design valiue This preblem is currently beirng
investigated to determine wheths:r the Btu ccntroiler is operating within
specifications.

Paint in the storage basin ari water pit has beern removed ard replacedl
where it had come loose. The affected area included mosw of the water
pit, the storage basin flccr, and portions of the storasge tasin wall.
Cracks discovered in the s*crage basin wall were repaired. Painting
and insulaticn in "A" Cell is scheduled to be concluded at month’s end.

PRTR Design ard Component Tecstirg

FR-10 - Primary Lcop Mockup. Tke spars primary pump cperatzd 554 hcurs
during the month for a total cf 4503 hours. The present leak ra*e is
0.06 gallecr per hour.

The prototype pump with self-adjusting szal assembly cperated 713 hours
during the month for a total of £049 hcurs. The leak rate increased from
0.5 to 0.8 gallon per hour.

The seal test stand operated ar addivicral 125 hours and 17 starts for a
total of 530 hours and 71 starte with the +wo prototype primary pump
mechanical seal assenmblies.

Thke Aldrich injection pump operasted 491 hours for a +ctal of 842 hours
on the present test run with R/M Vee-Flex packing. Ieak rates ars
presently 1000, 300, and 1500 ml/hour on the individual packirg glaris.

Flexure Loop. The three-clamp Graylcc transition w
hours ard 31 cycles operation at 2300 psi ard 20-6CO F tefure the loop's
pump started leaking excessively. The lesak was fourd tc be ir ths srnaric
rsoprene U-cup seal in the mechanical seal assembiy.

nion compieted Zu8

o)
'
-

Shroud Tubte Replacement. Bids for the torescope have been rzczived and
are being reviewed. A mockup of the upper plernum plate was set up to
devise some means of removal and repiacement of shroud tuhes in ths
bellows.

Sccpe design has been completed ox tocis to hcld the hydrsulic cylinler
that collapses the tube ani a feelsr gauwge to check for ocut &f rourine:ss
of shrouid tube before it is removed through the bellows.

Fiutorium Recycle Critical Facility (CAH-8i2)

Projecr Management and DeSAén. Cons*ructisz of the Critical Facility
buiiding 1s about 59% versus 99% schedulsi.

The bid due date on the instrumeriation package, consisting <f the control
console and valve control panel, was =xrerded from February 2k ts March 3.
Orders have been placed for the thinmtle <cclant pump and the reactor rumps.
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The vendor constructing the reactor assembly submitted a revised heat
treating procedure, which was reviewed and approved. Construction is
under way.

The moderator storage tank vendor expects to complete fabrication and
testing for shipment during March.

The fuel transfer lock was received on February 16, 1961. In order to
meet this date, the vendor was unable to finish the painting and testing.
In addition, minor modifications are required to the operating mechanism
for the cell door, and the compression seals still have to be delivered
and installed. This work will be done during installation of the lock.

Prototype Mockup and Component Testing. The synchro transmitter-
receiver position indicating systems for the weir and control rods have
no* yet been placed on order. Rebids were required by AEC purchasing
and were scheduled for resoclution on February 21. Difficulty with a low
bid of questionable conformance has been the ceuse of delay.

The source positioner is being faebricated in Tech Shops. A nitrile rubber
rolling diaphragm was irradiated and failed to endure an exposure of 109 r.
New materials will be tested and evaluated; however, materials are avail-
gble which will endure at least 100 hours of service. 109 r exposure
would require about 10,000 hours of operation with irradiated fuel
elements.

Control rod and safety rod detall design has been completed but has not
beern. checked for final approval. Position readout meters for the safety
rods were scoped, and procurement specifications are being prepared.

Thimble material procuremernt is under way, and fabrication is expected to
proceed on schedule.

The weir was designed to control the lewvel ¢f the moderator in the critical
facility. Mincr design changes were made. These corsisted of replacing
the quad-ring seal with an inorgenic packing, adding limit switches, and
revising some dimensions. The weir is in a radiation zone of approximately
5 x 104 r/hr. Elastomers selected for poseible use in this location are
urethane or natural or polyacrylic rubber.

Tests of fuel element hanger seals were completed.

Long term teste show that available weight will seat O-rings with very
i1ittle pressure loss. Recommended hardnesses and sizes have been deter-
mined.

Procurement specificetions for all major instrumentetion items except the
moderator temperature recorder were completed and put out for bids. Bids
are expected to be opered early in March. Work is nearing completion on
intercornection and installation drawirgs. The moderator temperature
mor.itoring system specifications are being revised. Components will be
ordsred for eveluation and testing early ir March.
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Fuel Element Rupture Test Facility (Prcject CAH-867)

Project Management and Design. Construction of the annex building is
approximately 86% complete versus 76} scheduled.

Shop fabrication of the in-reactor test secticn has tegun. Nearly all
material for this work has now arrived.

Construction drawings and the specification for the annex equipment
installation have been issued for approval. Final design review has
been completed on the "B" Cell installation drawings and the in-reactor
drawings. Preparation of fair cost estimates for equipment installation
in "B" Cell and the annex is being made. Consideration is being given
to requesting Minor Construction to do the entire job rather than split-
ting it between Minor Comstruction (B Cell) and a fixed price contractor
(Annex ) as had been previously planned. Speciel conditions have been
prepared under the assumption the annex work will be by a fixed price
contractor.

Consideration was given to enlarging the water plant to supplement the
300 Area supply. Arrangements could not, however, be accomplished in
sufficient time to meet the water plant schedule. The elimination of
non-essential items from the water plant as well as a reduced size piant
are being reviewed to permit a reduction in the current estimated prcject
cost which is excessive.

Procurement specifications and requisitions for the instrumentation
package electrical gear, control valves, and makeup system pumps were
issued. It is expected that orders will be placed for these items
during March.

Montgomery Brothers, who are providing the immersion heaters, were con-
tacted regarding the lack of adequate design calculations for the flat
vessel bottom plates and requested to provide a baffle plate at the top
connection for one heater vessel. The latter is desirable to avoid
erosion of the heater tubes in the one vessel whose inlet connection is
at the top.

The Zr-2 process tube components have been fabricated by Chase Brass ard
Copper Co. There was no loss of tubes during the extrusion prccess,
making it more probable that five assemblies will be furnished under the
contracted price of $24,800 which was for three %o five <ubes. The first
tube assembly is scheduled to arrive at HAFO on March 17.

Prototype Mockup and Component Testing. Mizor desigr. changes to the irn-
reactor section were made during approval of the tracings.

Shop drawings are being prepared for fabrication of assemblies for proof
testing *he component seals and bellows.
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Design Analysis

PRTR Critical Tests. The Critical Test phase of the PRTR startup has

been completed, and reduction and refinement of the raw data ars near-
irng completion. Several prelimirary results have been obtained in
addition to those previously reported.

Boron poisoning of the moderator was successfully accomplished with no
detectable boron remaining after cleanup. A tcotal of 222 grams of boron
were added (0.0193 gm/ldter), which increased the critical moderator
level from 61.0% to 93.11 inches. Anelysis of this experiment tc obtair
reactor parameters is under way.

Draining the radiasl reflector tank was found tc result in a reactivity
oss of about 4O milli-k with the moderator level initially at 61 inches.
This is not in agreement with a two-dimensional celculation which was
carried cut for the moderatcr level at 108 inches and which yielded
about 100 milli-k. The discrepancy is believed tc be due largely to the
dump chamber and is a measure of the change in radial reflector savings
with moderator level. The results are consistent with reports of measure-
mernts made in the CVIR Critical Facility.

Sutstitution of the gas loop test section for the process tube, coolant,
and UOo fuel in locatiorn 1542 resulted in a reactivity loss of six mk.
Tris is in good agreement with the calculated value of five mk. Sub-
stitutior. of the rupture loop assembly irn this location with a natural
urarium metallic fuel element resuited in & reactivity loss of 0.8 mk dry
ard 2.8 mk with HpO coclant. Although the calculations were carried out
for slighktly enriched uranium rather tran for a natural uranium fuel
elemert, the experimental values cttained were abcut as expected.

A periond and reactivity computer code (FARCODE) is being used in the
analysis of Critical Test data. The code performs & least squares analysis
or. count rate data to yield a rsactor pericd. Periods cbtaired from
geveral instruments in each measuremer*t are averaged. The code then uses
+thzge average pericds %o calculate the corresponding reactivity values.

Thz final step is to determine the critical moderator level from each
geries of reactivity measurements. These calculations are nearly com-
plete for all of the Critical Tests.

Pow:zr Test Preparations. Foil hoidsrs for trhe Shielding Aleguacy Power

Tes+ have heer, fabricated. These holders will be used to> position folls
a+ the process tibe anmuli, flux monitor tivbes, calandria access tubes,
ard skim control tubes. Neubron streaming measurements through these
shirld peretratiorns will be made as part of *the power testing program.

Several PRIR Frccess Specifications have heer modified and one nev
specificatior. has been written. These changes reflect knowledge gainesd
durirng the Desigr. ané Critical Tes*ing psrformed to date. All specifi-
ca*ions required for Power Testing have teer reviewsd and approved by
ths TRIR Starwup Council &t month's srd.
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PRP Reactor Physics Calculations. The FLUX-WEIGHT one dimensional, three-
group reactor code has been utilized to provide a reactivity, pcwer, flux,
and perturbation description of 62 core, reflector and cell configurations
in the PRTR during critical tassting. Analysis is not complete, but suk-
stantial agreement with results cf substitution expsriments has besn cb-
tained. A study is under way to redetermire the effective parameters
representing the Pu-Al elements. It is expected that the Pu-Al parametsr
modifications determined recently will lead to more successful loading
calculations in the PRTR and increased confidence in suksequent loading
and substitution calculations for the Critical Facility.

Evaluation of the moderator level coefficient in this recernt work iz im-
proved to approximate previcus t#wo dimernsioral calculations by a simpls
revision of the assumed reactor model. . earlier model specified the
core and side reflector by a constant, radially homogenized =zet of
parameters and the analysis was carried out irn the axial direction, vary-
ing the moderator level. That treatment determines well the axial buck-
ling which, however, can be determined with fair consistency from in-
spection of the axial geometry and the near-cosine flux distribution
expected in that direction. The solution in the radial direction iz uct
known well by any such simple prescriptions ard is not constant through-
out level varietion. It is essential that analysis bte performed in the
radial directiorn.

PRTR Operations

With PRTR construction reaching its final phase, and following complztion
of critical testing, PRTRO efforts during February were ccrcentrated on
design testing and startup of various equipment ard systems. Extensive
startup werk was performed on the following aystazms during the montlh:
moderator and reflector coclant :yswems; gas balance dystem, including
liquid level instability tes*s; top and bottom shield cooclart syszwem;
fueling wvehicle; helium systems; the primary coolant system; and the
secondary water system.

Primary ccolant system work ircluded deuterizing the ion exchargsr,
volume calibration and filliug of the system with heavy water, fixing
numerous leaks, balancing pumps, *tie-ir of rupturs ie"ection ard hslium
systems, check-out of tube data equipment, tube sxamination, including
measurenment of tube bowing, anl extersive +estirg of all instrumsntation
and control equipmert.

Some of the problems which slowed s*artup preparations were as foullws:
moderator pump maintenance protiems corntinuel with a bearirg failurs or
Pump #2 and a seal failure n Pump #L. All mcizrator pump motor bearings
have been replaced.

Two containment soienoid valves burned cut during the month. Several

tube flcw monitors had plugged impuise lines. The pressurizer pressure
instrument was inpperable until a new impulse line was prcvided separate
from the level instrumert. The pressurizer level instrumeut was piac=1
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in service without its density compersation after continued failure of
the computing relay to function.

A faulty level transmitter for the rirg header was replaced DO filling
was delayed while equalizing valves were elimirated from all level trens-
mitters.

Difficulty ir arming the dump valves contirued; this trouble is yet %c be
corrected. Injection pump oil pressure instruments do not furction as yet.

For the shim rods, a second round of major repair work was started ard is
in progress. Also, at month's end, one Ligh pressure Lelium compressor
hes & ruptured disphragm; an over-heating problem with Primary Pump #3 is
being irvestigated; and the emergency diesel well pump, after failure to
start, is still disassembled for troubleshocting ard redesign of its lub-
rication system.

PRTRO assumed responsibtility for several items of project work during the
mor.th, including the following:

A revised control system for four containment valves is being
installed to correct failure of these valves to reset.

Exterded testing and +roubleshooting of the water softeners
was performed tc correct control problems ard caepacity
deficiencies.

The chilled water system was refiiled afier comstruction re-
visions ir. the experimental cell, service tuilding piping
changes ty the M&M contractor, Phase III-A changes to the
pimps, ard complete rewiring of the chiller units.

Ir. addition, a major reweld job to relieve pipe stresszs
at the pressurizer inle*, started irn January, was performed
bty FFD Meinterance forces.

A major DpO spiil occurred cn February 7, wher a temporary hcse fit~ing
failed during design test work on the reflector eystem. The leakage was
stopped promptly, limiting the spill %o 185C pourds. Essentially all of
tkie was recovered, but it was diluted with light water to an extent re-
quiring retirr. ¢ SRP for reconcertratior.

A fire in the ccntairment vessel cccurred on February 23. Sparks from &
grinder igri+tel a dust filter ir cne of the reactor hell vertilatior urite.
No damage resui%ed.

Oz completior of critical testirng, all Pi-Al fuel elemer*s were removel
from the PRTR core. During *he mortk. all Pu-Al fuel was returned to the
Plutonium Metallurgy Operation. Trke *op Largers in ths six Class I
elemerts will be medified ard retvurzmed *o PRIR for use durirg Power Teste.
A1l Pu-Al elems=n*:s for Fower Tests will Te Yrcughit %o the 309 Builling
next morth.
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D20 level instrumentation problems cortinue *o cause concern. The re-
flector level sensing line was repairel by using a high-*samperature plastic
.sealer. The line could not e welded because of tre location of the leak.
The leak existed when the system was <rarsferred to PRIRO. ressurizer
level instrumentation does nct yet function as desigred. To expedite per-
formance of Design Tests, the specific gravity transmitter and the preu-
matic computing relay were remcved frcm service and a standard level
transmitter-to-recorder arrangemert utilized. Work on the specific gravity
trarsmitter ard computing relay contirues. Moderator level instrumertaticn
provided for Critical Tests will be retaired since it has proven to provide
satisfactory level readout.

Numerous equalizing velves have beer remcved from transmitters ard in-lire
shutcff valves installed. Since it is difficult ®o keep irstirument lines
filled water, fill taps have been installel to speed trouhieshcotving efforts.

Data system problems urncovered and presently being corrected include:

flow readout in the Control Room does not agree witk flow monittcr indica-
tions in C Cell; three RTD leads out of six give pcor resporse (apparently
will have to be replaced); %otal primary flow dces not yet agree with sum-
mation of tube flow; and purchked tape rzadout cf flow and temperature kas
not furctioned reliably as jy=t.

Calibration of helium and seccndary system, plus miscellarecus irswrumernta-
tior continues.

Shim rod connectors were corroded when water dripped cr them from the fuel-
ing vehicle during tube mapping and during attempts to remcve the air from
the primary system. This, in addition to irterral problems in the shims,
recessitated a second major rerair program on the shim rcds

A PRTR dump valve actuator was remcved and returred vo thz factowfo: mol-
ification. All cther actuators must Y= returned tc the facrtory, ore av a
time, to undergo modification. Several control valves have teer. di:z-
martled to clean velve seats in anp attempt to reiuce leakage wrher *hs
valves are closed. Inciuded are the pressurizer over-pressure contrcl
valve, main heat exchanger vert valve, pressurizer blezd colerold valve,
and a pressurizer relief valve.

A study of the Gas Loop spare [ rts rsq.irements was begun ard iz now S0%
complete. Prccurament wiil begin ir early March. Inivtial rough Irafte cf
the Gas Loop Operating Procedure:z were completed. Thess will be egtsmsively
reviewed ty PRTRO and NMDO perscnrel and refinel as nsce:zary. Consrictidn
liaiscr continued. ‘

Drawirgs cf the Rupture Loop In-Resactor Tes® Secticn wars reviewel and
approved, as were the drawings and spicificationz fcr th: PRF Critical
Facility Ins*rumentation System. At mcnth-erd, the Rupture Lcop Mechanical
Equipment Specifications ard Instrumerta*ion, Electrical arzi Fipirg Draw-
ings are being reviewed. ’
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2. PLUTONIUM CERAMICS RESEARCH

Plutonium Dioxide-Uranium Dioxide

Experiments on the structural stability of PuOp in hydrogen have continued.
A series of PuOp pellets and powders which had been produced by calcining
plutonium oxalate at 300 and 600 C in air were heated to 910, 1050, 1250,
1440, and 1550 C in dry hydrogen, (less than 75 ppm HpO). Densities in-
creased with temperature and at each temperature 300 C calcined PuOp showed
higher densities than the material calcined at 600 C which might be ex-
pected from surface area considerations. The weight loss of the powders
due to liberation of surface adsorbed gases was independent of temperature
and rnearly constant at about 3.5 w/o. X-ray diffraction showed for all
samples the usuai lattice parameter of 5.396 A for the cubic PuO2 phase.
Reduction to alphas PupOz was seen only in the samples heated to 1440 and
1550 C. In addition, the strong 20 = 31 degree line which previously has
been attributed to bete Pup03 waz seen on these pieces. Weight gain data
for determiration of O/Pu atom ratio is prasently being obtained.

To determine the stability of PuQp in tle presence of UO2 when sintering
in hydroger., eight UOo-PuOp compositions were heated to 1500 C ir 4y
Lyirogen X-ray examination on the pellet surfaces showed solid scluticn
formatior: ©o he incomplete. On oxidizing at €50 C in air, all cof the
pellets except pure PuOp crumblei due to U308 formation. The O/Pu ratic
of the PuOp specimen was 1.921, indicating a "slightly reduced" cordition.

The UO2-PuO2 pellsts sintered for T5 hours at 150C C wkich, as previously
reported, resulted ir a flow of *ke UOg-PuOp and a disappearance of the PuO2
have finally teesn examined. Eight PuO2 psiletc, which had been sitting be-
hird the UO2 in the hor zone, presumably vapcrized and condensed or the UOp
and 10p-20 w/o PuOp pellets as evidenced by botlh lattice parameter ard the
pellet weight geir. The data cbtaired are summarized below:

LONG TIME SINTERED DATA

w/o PuOp

Nomiral Orig. Firal FCC  based cn  Puplz/
w/o PuOp Wt W, % TD 85 ac Pulo
U0z = 8g 21.4 91.0 F.u31 52.0 0.L4s
U02-20 Pulp 5.9 15.3 90.F  &.h4k0O 39.5 0.3%
-LC Puop 6.0 5.8  8k.c g.hs2 23.C ¢.20
-6C Pu0s 6.1 5.7 83.3 5.428 56.0 Q.40
-80 Pulp 6.0 .6 89.3 5.h1T 1.5 ¢.50
PuOp LB.O* ¢.0 - - - -

¥Bight peliets.

The w/o PuOp rased or lattice params<ter, is %hat in the flucrite phase. In
all cases alpha Pup03 was seern tcgether with the flucrite U0z-Pulz phase
ard the quantivty of Pu203 is baszed crn tre rela*ive intersities of the type
C (222) and the flucrite (11i). The lat+ice paramsters of tke PupO3 phase
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fit well to the plot presented las+ montk, again indicating that PupOy

is a defect phase with a variatle number of oxygsr atoms. The ccmposi-
tions of the last three samplss wculd appsar o indicate that FuQp may

be preferentially lost from UQp-PuCs mixtures ard cou.d crorceivably result
in a relocation of plutorium atcms durirg irn-reactcr operatiorn of the fuel
element. Chemical and metallographic analyses of this experimert will be
carriad out.

The work begun last December on meltirg points of UOp certaining small
additions of PuO2 has been detailed. The resuits confirm those of ceramic
fuels on irradiated UO2 and KAPL on UOp-PuOg, in that there exiszte a rise
ir. melting point with slight additions of a second corstituent, ir this
case PuOp. For example, the melting point varies from 2730 %o 2825 to
2700 C for UOp, U02-10 and UOCp-15 w/o PuOz, respectively. This had not
been seen earlier since the liquidus was determined reginning at a UCo-

15 w/o PuOp composition.

On the eleven UOz2-PuOp irradiated capsules whick are to te sent back to the
MIR for additional exposure, it was decided to issue s zupplement tc the
original test proposal and rsques* that the epecimens be placsd in higher
flux positions. The test supplemert iz being preparsd, and aa attempt will
be made to have the specimens operate at or above the initial spscific
power values (19 kw/ft for high density pieces, 12 kw/ft for lcw dsusity).

Plutonium Carbides

Plutonium carbide possesses the NaCl type structure ani is a defsct phass
in that it can exist over a range c¢f carbon contents. Durirg the past
month it has been attempted to determire the compositicz limits by noting
the lattice parameter versus carbon relation. A zerizs of rine PuC

alloys was prepared via arc-msltirg. Tke tatton intericrs wers growni
with a diamond wheel undsr trichlorethylere ari the claimed powier was

set in a back reflection irtegra%tirg camera together with a piatin.m
standard. Unfiltered copper radiation was used with nearly perisct focus-
ing to examine the PuC (620) line (26 == 1600) and Pt (.22) line (292215001,
Temperature was held to 26.2 ¥ 0.5 C. The lattice paramsters fourd for the
PuC phase varied nearly linearly for 44 te 50 a/o C, irdicating & wids
composition range. FPFurther experiments to pinpoint the limits <f this
phase will be performed. The accuracy of this technique iz amazirg 1z visd
of the single line examired. Calculations based on botk the PuC aril Pt
dcublet enable four values of the lattice parameter to te derermined.

On all the samples the ac of Pt was also dstermired, and it was always
within * 0.0005 A of the accepted valuse. Substituting beth golil ani siiver
for the PuC unknown gave lattice conztan*s within T 0.0C02 A :f NBS val ..

Plutonium Oxide~Thorium Oxide System

Investigations into the solid phase relaticns in the PuCz-TEO2 system
have continued. Previously it hed teen found that PuOp-ThQp formed a
continuous series of cubic sclid scluticre after sirt:srirg for 12 hours

at 1500 C in tank hydrcgen. 1In recent experiment: it haz been found ‘rat
solid solution formation after thz above thermal treatmer* in iry hyd-ogen
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is incomplete due to the rsduction of Pulp to Pup03. Further, after ter
hours at 1550 C in wet helium, PuOp geesz irte ThOz as a solid soluticrn,
but there remains unreacted or secord-rhase ThOp. The density-composition
curves for this system show a gradual decrease in derzity with increasing
ThOp, reaching & minims at about 50 w/c ThOz and graduslly increasing to
a meximum at pure ThOz.

Plutonium Oxide-Zirconium Oxide System

The past repor'ing period was spent investigating the high temperature
equilibria. E.phasis was placed upon the compositions containing greater
than 60 w/o ZrOp. Sintered p:ellets were contained in tantalum crucibles,
heated in vacua to temperatures ranging from 1000 to 1335 C, and furnace
quenched. Quench rates during the first 30 seconds varied from 200 C/
minute to 570 C/minute. The transformation from the high temperature
F.C.C. structure to the two-phase monoclinic plus F.C.C. solid solution
structure appears to be strongly dependent upcn quench rate. A specimen
containing 79.3 w/o ZrOp was querched at 300 C/minute from 1100 C. X-ray
diffraction data indicate that orly the face of the pellet away from the
tantalum crucible retained the high temperature F.C.C. structure. The
quench rate of the surface next to the crucible was probably not as great
as the exposed face. The high temperature structure was also retained on
the surface of the 89.5 w/o ZrO0p specimen. It was quenched from 1300 C
at a quench rate of 380 C/minute, This evidence demonstrates the need for
higher quench rates in order tc determine the lower temperature trans-
formation pointe. Further experiments are being conducted utilizing a
means to accomplish this higher quench rate.

3. UOQO2 FUELS RESEARCH

Irradiation of Recycled UO>

The four-rod cluster fuel elemert (GEH-4-59) containing recycled electro-
deposited UDo was rsturned to HAPO after irradiatior in the MIR. It is

now undergoing post-irradiation examiratior. Prelimirary observations

show no abnormalities or dimensional changes in the rods containing
electrodeposited UOp. However, the rod containing sintered pellets warped
during irradiation. The maximum waxp, ~ C.084 inch, occurred approximately
five inchee from one end. Fiszsion gas release dsta and metsllography
samples f£or the four rods ir this cluster are being obtained.

Zircaloy Hydriding Studies

Six capsuies wers fabricated for use ir simulating reactor conditions ir the
vicinity of a fuel rod d«fect. These capsules are four-inch ssgments of a
PRIR swaged U0, fuel rod, having ar 1/8" diameter central, axial hcle to
accommodate a tungsten resistance heatexr. The capsules were each defected
Ty drillir.g a hole through +he claidings at a position two inches from
either end. The defects are 0.005, § 010, and C.020 inrch in diameter.

Thke rods are surrcuried by a jacke® *o provide a 1/8 inck coolant annulus.
Coolant flow through the jacke+ caxn be varied from 0-2 gpm. Coolarnt
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entrance and exit temperatures are measured by iron-constantan thermc-
couples. The tungsten rod (1/8" diameter x 18" long) can be heated to
2800 C to provide a heat flux of abcut 300,000 Btu/hr-ft2 at the fuel

rod outer surface. The system is contained in arn evacuatle stainless

steel enclosure.

Fission Product Distribution in UQp

Preliminary results of autoradiographic studies of cut transverse surfaces
of irradiated UOo fuel rods reveal evidence of non-unifcrm fisszion product
distribution. The technique for obtaining autoradiogrspks in glass is
being developed in conjunction with RML personnel.

Fused UQo Crystal Characterization

Electron and optical microscopy studies of fused UO2 singls crystals con-
tinued. Polished and etched surfaces and natural clesavage faces of specimens
were examined, principally to determine the size, shape, and distribution

of inclusions and etch pits.

UO02 Thermal and Electrical Conductivity

Four non-irradiated UOp specimens were shipped to BMI for conductivity
measurements. Included were two isostatically pressed and sintered discs
and one large single crystal for electrical and thermal conductivity
studies, and one electrodeposited specimen for electrical conductivity
determination. Measurements on an irradiated specimen continusd at BMI.

Electron Microscopy - Methods and Inztruments Development

Develcpment of techniques and instruments for -pecial applications of the
JEM electron microscope are in prcgress. Initial evaluation of the reflec-
tion technique is encouraging, but magnification and detail study have teen
limited by the low image intensity inherent in the method ard the lcw sen-
sitivity photographic plates used. From comparative evaluation of six
types of photographic plates and four photographic developers, all commer-
cially available, it was discovered that a film speed increase of 7 to 10
times can be achieved by proper selecticn of conditions ard materials.

A modified technique for replicaticn of glass-smocth surfaces zuch as those
of UOp single crystals is being develcped. The method ccmbines SiC (for
strength) and carbon (for greater vizibility ard handling ease) as repli-
cating materials and may result in relatively large s*tabls repiicas.

A preliminary design was completed for an internal electrcn dstector fcr use
as an exposure photometer. The device is expected to resgult in increassd
sensitivity and accuracy of imege intensity measuremerts ard permit betier
control of the photographic process. Cons*truction of components for testing
the design was started.

Work was begun on improved high temperature stags for the electron micro-
scope with a goal of achieving a *empsrature of 1800-2C03 C. Efficient
utilization of energy input is beirng emphasized to permit high tempsratures
at the specimen without distortion or damage to the microscope comporents.
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BASIC SWELLING PROGRAM

Irradiation Program

Capsule No. 8 contairing three, hollow, split, uranium cylinders was suc-
cessfully bernch tested and shipped to the reactor to await charging for
irradiation. This capsule joined Capsule No. 7, which also is awaiting
charging. The previous three capsules are in Radiometallurgy; they are
scheduled for opening shortly for post-irradiation examinatiorn of the
specimens. Laboratory capsules have been machired for ex-reactor tests on
specirzns identical to those in the irradiated capsules. The specimens ir
the ex-reactor capsules will be subjected to the sams thermel history as
their irradiated counterparts, and a compariscr of the irradiated and non-
irrediated specimens will be made witk respect tc deneity, geomefrical,
and microstructural changes.

Pore Size ard Distributior

Optical and electron microscopy are being used as a direct means of deter-
mining the size and distribution of pores in irrediated uranium. Such in-
formation is needed in order tco understand how gas atoms migrate, coalesce
and grow intc large pcres. Replicas of urarium with burnups of 0.29 a/o
ard 0.41 a/o annealed at various times and temperatures are teing anslyzel
by quantitative metallographic techriques, and the changes in pore fre-
quer.cy distributions as a functior of thermal treatment are being ascer-
tained. Specimens cut from Zircaloy-2 clad rods of uranium with burnups
of 0.29 a/o and 0.41 a/o, respectively, were declad and have been annealed
for times of ons hour amd 100 hours at temperatures cf 400, 500, 600, 650,
700, arnd 880 C. The low annealing temperatures have been ircluded because
changes ir the original pore distributions at the higher temperstures were
very large. For example, & one-hour annzal at 880 C of a specimen Laving
2 turrup of 0.29 a/o resulted in a chenge in density from 18.56 (as irrad-
iated) te 12.77 g/cc (after the anneal). The original cylindrical specimens
had bulged ir all directions assuming a barrel shape. The final meximum
diameter was 0.676", whereas the initial diemeter was only C.577". A one-
hour anneal at 500 C, on the¢ other hand, showed essentially nc charge it

-

dimersions, and the density had decreased only slightly, 18.51 to 18.26 g/cc.

New higher resclution pore size distribution curves hawve been constructed
for uraviun specimens having a burrup of 0.29 a/o and orne-hour, post-
irradiaticw anneals at 600, 650, and 70C C. Comparisorn of this distributicn
data, chtaired with the Zeiss Particle Size Aralyzer, shows that: (1) an
increase in snnealing temperature from 600 tc 65C C causes an increase in
+he r.wmber of small pores and alsc large pores, (2) a further increase ir
anrealing temperature from 65C *o TJO C causes a d=crease in the number of
small pores ard ar increacse in the number of large pores. Since small
pores may combine with one another or larger pores, axd since such agglom-
eratior wculd depernd on the actual frequercy distributions in the spscimern,
it i imperative that the distritutior curves obtained be sufficiently
accurate tc permit subtracticrs ani compariszorns. Statistical analysis of
the Ligh resolution data is, therefore, being made.
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fraction distributions were obtaired frem measurements of rcres in the
center of the specimen and its e¢ige. For *hesze twe regicr: che data in-
dicate that the total vclume of pores in thz edge regicn is higher than
that in the center region, whereas “he total rnumbzr of pores in the =ige
is less than that in the center. This appliesz *c the three annsaling
temperatures, 600, 650, and 700 C. If +he yors voiume fraction i: divided
by the pore density, the resultant average vciume of a pore in the edge
region is found to be twice as large as the average volume of a pore irn
the center. This relationship agein applies to all three annealing tem-
peratures. The difference between the pore distributions in the center and
edge regions of a specimsrn is presumably rslazed tc the facr that during
irradiation the tempersture was higher in %the centzr regicrs of the speci-
men and/or the fissicn gas generatica rate was lower.

Distinct and consistent differences in the por2 frequency and pore volume
rcres

Various pore growth mecharisms which may acccunt for the observed changes
in the pore distribution curves caused by pcst-irradiaticn acrealilng are
being postulated and evaluated.

Fission Product Mobility

A knowledge of the mobility of rare gas fissiorn products i uranium is im-
portant to the understanding of the tasic mechaniszms underlying the swelling
phenomenon. Uranium specimens are being examir=d that have had irert gas
introduced into the surface by "glcw" discharge and U-U diffusion couplies
are being examined that have had an appreciable amount of fissioning oc-
curring in one-half of the couple, btut very little in the cther half  Two
NaK filled capsules have been sent to the MIR for lrradiation cf U-17 3if-
fusion couples. Eack carsule contains = single specimer which consiz+ts of
a slice from an extrusion which has a cors of depleted uranium ard a zhell
of enriched uranium. One surface of each specimen was metalicgraphically
polished, cathodic vacuum etched, hardress impressicns made, ari the
surface replicated.

Continued study of ths gas releass charactaristics :f the flecw discharge
system previously reported has irdicated +*ha® the sys+em 1%::1f may have
contributed significantly to the krvpton gas svolution that was mconitored.
The uranium specimen was removed, the system re-evacuatci, aril when heated.
Krypton was observed to be evolved whern the formerly highes* femperature
wag exceedad. This could have come from the giass walls, <ke uranium *hat
had evaporated into the walls, or the tungston cathcede or which the uranium
had rested. A second vacuum arnes.ing system is beirg corstruct =i 20 thas
the specimen can te heatel o above 1%z melring print in a system that
previously has had no kryrton irn it. Tris will allow a Tetter @Ja&uarlﬂr
of the amount of krypton aciually 1in the specimes.

Restrained Irradiations

Zircaloy-2 clad uranium fuel rods with selzcted uranium Tvmpsrarurcs,
cladding thicknesses, and exposure are tsing irrsdiated irn NaK filled,
temperature wonitored capsules. Thrse :zwelling capsizs, GEH L&-9w, 97,
and 99 are presertly beirg irradiate~ ir =wke MIR {5 various groal
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exposures. Exposures and average center uranium temperatures for the fuel
rods in these capsules are respectively 0.1k, 0.23, 0.36 a/o and 575, 500,
and 540 C. Seven capsules have now been discharged from these MIR tests
and will be examined in Radiometallurgy during the succeeding months.
Density measurements were completed on 12 enriched declad uranium rods.

& values ranged from 7.5 to 39.5 for a volume average temperature range of
375-430 C and from 15 to 53 for a volume average temperature of 450-530 C.
The extreme R values were from rods on which the cladding had failed.

Most of the rods have random cracks large enough to entrap air but per-
haps not large erough to be wetted by the density measuring fluid. This
would result in erroneously large density changes and, hence, erroneously
large R values.

Radjometallurgy Laboratory Studies

Four replicas were prepared for electron microscopy after annealing at

400, 500, and 800 C. Density deter inations are being made on these

same samples (RM-265). Results and interpretavions ol these examinations
. will be reported ir more detail in connection with the dewvelopment pro-

grams served.

5. IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

Ir-Reactor Creep Measurements

One of the second generation creep capsules has been tested in the
laboratory by thermel cycling to duplicate the thermocouple failures
experienred in the reactor. In the laboratory a rapid reduction of
temperature resulted in the failure of one thermocouple in the capsule
after the first cycle. Subsequent cycles caused further failures. The
thermccouple failures, resulting from a rapid reduction of temperature,
have occurred both in the reactor ani in the laboratory, demonstrating
that the problem is independent of rediation damage. Conscquently, the
three remaining capsules have been returned to the vendor for medifica-
tions. The capsule in the reactor is Leing used to check out the auto-
matic cortrol and data recording system. When the system is performing
satisfactory, the capsule will be used for a stress-to-rupture test of
the Zircaloy-2 ancealed specimen, utilizing the remsining two thermo-
couples for temperature measurement.

Capswie and Ins*rumen® Developmernt

Ar. order has bheen placed for the cons*ruction of six third gereration
creep capsules. Expected delivery ic near the end of June. Specifica-
+ions for the third series of capsulas call for simplification in the
cor.atruction of the capsule while retaining the reliability and accuracy
of prover methods end techniques used in the first two capsules.

Cziibration and performarnce checks of various types of extensometers
suitable for in-reactor measurements are teing carried out in the
labcratory  Calibraticn of a linear potentiometer constructed for in-
r«actor use has been completed.
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Pre-irradiation Material Characteristics

Measurement of the activation energy for creep cf Zircaioy-2 schsduled for
in-reactor testing has ccntinued. Creep tests giving is%a for ths calcu-
lation of activaticn energies are beirg conducted ir annsaled Zircalcy-2
at 15,000, 20,000, and 25,000 psi and or 2¢% cold worked Zircalioy-2 at
35,000 psi. The activation energies fcr creep of Zircaloy-2 determined in
the past month have shown that & transition occurs between 25C C ard 3CO C
(from low temperature glide contrclled creep, characverized by an activa-
tion erergy near 2000 cal/mole, to high temperature diffusion controlled
creep, characterized by an activation erergy of 61,500 cal/mole).

The activetion energy for creep of the 20% cold worked waterial was found
to be a small positive value terweer zerc and 30CC cal/mole ir the tempera-
ture range 200-250 C. The activatior energy gradually increases tc

36,500 cal/mole at 257 C and *o 49,70C at 272 C. It is expected a value
of 61,500 cal/mole will be attained as the test temperature is increased
further.

Anriealed Zircaioy-2 being tested at 15,000 psi has shown somewhat differ-
ent behavior. The creep activation energy reported previocusly as low in
the range 200 to 272 C is actually a smail positive value between zerc
and 3000 cal/mole. The present experimental procedure dces not allow
determination of activetion energies lower than 300C cal/mole; crsep prc-
cesses characterized by activation energiss lower tkan 3000 cal/m>le
change in rate so little that in a temperature interval cf 15 C iiffer-
ences cannot be resolved. In the pas*t month it was shown the activation
energy for creep of annealed Zircalcy-2 at 15,000 psi increased abruptly
from 6500 cal/mole at 281 C tc 57,8CC a* 296 C. A value of 58,100 cal/
mole was determined at 308 C. Thke tempsratures st whick *he geverning
creep prrocess in Zircaley-2 changss from glide to climt appear to depend
on degree of cold werk. Additional *esting wili te carrsied out to
evaluate the effect of cold work om thiz trersi‘ion temperature.

Irradiation and Environmental Effects in Structural Materiali

As reactors are being built to cperate at increasingly kigher pcwsr
levels and consequently at higrher temperatures, a krnowlsdge of ths
combined effects of slevated *emperature, envirosmen®t, azd rneutron
bombardment on the mecharical properties of strucmural matsrials be-
comes imperative. Flat Zircalsy-2 tezeils specimensz, cut from rciled
plate of various cold work levels in rhe trarnsverse and roliing 3direc-
tions, are being machined and preparzi for leng-term irraiisions 1n
the ETR. Seven-hunidrel completed specimere are przséntly on nand, of
which 432 will be inserted as +he first charge in a 30-inch capsule
in the CEx9GT lccp. Capsuie d=sign is compiste ani construction it in
progress. The ETR 6x9 loop is presently being mcdified fer the purpos:
of this program. Operatirg temperature will te approximately 280 C
and proposed exposures vary from 3.8 x 1020 uvt 2 1.6 x 1022 nvt.
As thre ternsile specimers reack their lesired exposure, they will te
discharged and the vacated space filled with nctched Zircalsy-2 nanesilie
specimens. Lcw tzmperature irradiations of 15C tensile :pzcimens and
30 rotched tensile specimens willi te carried cut irn the 5% or G9 posi-
ticns for three high exposures and in tae ETR rzrlector for two low
exposures.
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6. GAS-GRAFHITE STUDIES

Physicel Properties of Graphite

To prevent cracking of silicon carbide coatings on graphite, it is neces-
sary that the thermal expansion be relatively isotropic and that the
thermal expansion coefficient of the graphite match that of the coating.
Thermal expansion determinations have been completed on Speer graphites
considered for use in the EGCR fuel sleeves. Average values taken from
three samples of each orientation are given below:

Average Thermal

Extrusion Expansion from ‘ﬁﬁtio
Size Impregnetion Orienteation 25 - 425 ¢ x 106 )/

3" x 8" Single(Type Trensverse in 5.75 c-d 1.38
9018) . 3" direction

3" x 8" Single (Type Transverse in k.90 1.18
9018) 8" direction

3" x 8" Single (Type Parallel 4.16 -
9018)

3" x 8" Double (Type Transverse in 5.35 1.29
901T) 3" direction

3" x 8" Double (Type Transverse in }.88 1.18
901T) 8" direction

3" x 8" Double (Type Parallel L.15 --
901T)

4" round ? Transverse k.90 1.30

4" round ? Parallel 3.77 -

It is interesting tc note the second pitch impregnation had the most
effect or the transverse 3" sample in which the c exis of the grains
is mest highkly orisnted transverse tc the direction of extrusiorn.

EGCR Irradisticns

The H-3-2 experiment has now completed four cycles in the GETR, two of
which were norn-operating cycles. Thermocouple #9 failed just prior to
the last shutdown.

Calculations of the integrated fast flux received by~the samples ir. the

H-3-1 irradia+tior capsuie have been completed. The results from the
rickel monitors (Ni”®(n,p)Co%8) were corrected using & thermal absorption
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cross-section for Co58 of 3750 barns as determined from the nickel wire
irradiated during Cycle 15. These corrected results were only sevsn
percent lower than the results from the FDQ calculations made by the
GETR physicists. Calculations of the flux as measured by the iron
monitors (Fe5u(n,p)Mn5u) gave results which were 20 percent higher than
the PDQ calculations. However, upon snalysis, these supposedly pure
monitors were found to contain only 72 percent iron so that the impur-
ities, largely nickel, may have contributed to the activity. Conse-
quently, it is felt that the nickel monitors are mcre reliable, and
therefore the doses based on computer calculations reported last menth
are essentially correct.

EGCR Runaway Oxidation Evaluation

Tests have been conducted in the EGCR burning rig with a full scale radial
mockup of an EGCR lattice unit, includirg dummy fuel elements, graphite
fuel sleeves coated with silicon carbide, and EGCR moderator graphite.
Runaway oxidation occurred in the rig when moderator temperatures ex-
ceeded 675 C at 186 lbs/hr air flow. The coated sleeves afforded some
protection during the six-hour test at temperatures ranging from 600 tc
1100 ¢. Examination of the coated sleeves after the oxidation runs
shcwed them to be very badly attacked at the uncoated ends ard at breaks
in the coatings. The attack av uvne ends is particularly important, since
this widens the gap between sleeves and permits air to leak from the fuel
channel to the burning annulus region.

Sixteen uncoated graphite samples removed from different locaticns in the
EGCR burning rig were sectioned perxpendicular tc the oxidized surface and
examined with the sterec-microscope. Cclor photographs wers taken to
reveal ash particles adhering to the surface. Pitting was more severe

on outer surfaces of the sleeve than around holes which ccrtained heater
elements. A region up tc cne-tenth of an inck in depth was severely
oxidized on the outer surface of the sleeve.

Pyrolytic Graphite Studies

Additional sampies of pyrolytic graephits from GERL have been preparsd for
irradiation. These samples are intended tc test the effect of irradiation
on graphite with near-theoretical density. Also ircluded were camples of
pyrolytic material which were Leat treated at 2500 C or higher while under
tensile stress in the parallel direction. Deformation at such temperarvures
results in a material with a considerably higher degree of alignment of

the graphite planes than the starting pyroiytic material.

Surface Complex Studies

Studies of the sorptior. of COp, COD ard Op on graphite are continuing. The
effect of graphite impurities and surface area on the rate of cxidation
and total amount adsorbed is indicated in the table telow. These results
are independent of the type of gas ccorsidered.
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Specific Metal
Surface Area Impurities Oxidation Rates Relative
Sample  mS/gram ppIm (in 2 cfh air at 600 C) Wt. Gained
SP-T 0.25 21 0.43 x 10-2 g/g-hr 1.00
Sp-2k 0.32 48 0.90 x 10-2 1.17

The oxidation rates, which are proportional to the number of active sites,
seem to correlate with the impurity content of the graphite. On the other
hand, the amount of gas adsorbed on the surface is not in proportion to
the oxidation rates or to the number of active sites.

Irradiations of Special Graphites

Dragon Project and Armour Research Foundation graphites were irradiated in
four non-instrumented cepsules in the MIR at temperatures estimated be-
tween 550 and TOO C. The exposure ranged from 6,000 to 11,000 MAD/AT
(Hanford equivalent). Since temperatures and exposure varied with eack
capsule, comparisons in the table below are made only within a given
capsule. The relative amount of contraction is given in terms of the
observed contraction rate of CSF (4 ) and (//) samples in the same capsule.

$AL
REIATIVE GRAPHITE CONTRACTION (m )
Graphite Type Orientation
(EX-10 1.9 1.k
Dragorn- (HX-12 2.6 1.9
(EY-X-60 6.1 2.8
ARF - (3-2 (furfuryl elcohol binder) - 0.72, 0.82
(2-4 (pitch Binder) -- 0.41, 0.88
TSF  -(Same as CSF, but Texas Coke) - 0.75, 0.97

The high contraction rates of the Dragon graphite are probably due to the
. relatively large fraction of non-graphitic carbon in the samples. The ARF
graptites 3-2 and 2-4 are both fine grain, Texas Coke, 2900 C graphites.
Tre ARF 3-2 grapbite is bonded with furfuryl alcohol and 2-4 with pitch.

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

Tr.e Head Mechanical work (auxiliaries and service piping, J. A. Jones
Subcontract JAJ-T3) has been stopped at ¢5% completion perding inevalla-
tion of the Struthers-Wells ex-reactor package by Minor Construction.
A1l Struthers-Wells packages have been moved inte "B" Cell.
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The NaK electrical preheater has been remcved from the "D" packages and
stored in the PRTR warshouse. This unit will be replaced with a heatsr
having less or no NaK in order to reduce to within design value the
total predicted reactor containment pressure in the event of the wcrst
creditable incident.

Due to continuing difficulties with the main blowers, Bristol-Siddeley
has agreed to provide one blower capable of continuous running at
conditions less than design but sufficient for initial locp operation.
Bristol-Siddeley is providing one technician for the installation of
the blower, now scheduled to be received on or about May 15. Delivery
and return of the blower will be af vendor’s expense. Terms and con-
ditions of the original order remair. unchanged.

Prototype Mockup and Componsnt Testirg

The PRIR gas loop test section and heater were repaired and installed

in the mockup. The heater mounting and guides were revised so that pcwer
leads entered at the bottom of the *est section to eliminate protlems

of differential thermal expansion causing potential grounds at the nozzle.
On the first test run the heater failed at a test section temperature of
1100 F, extensively damaging the heater and test sectior inner tube.

Cause of the failure was shorting of the heater to the inner tube a% the
lower end of the test section, where clearance between the heater and
tube is less than in the main section. The guide cage apparently 4ii

not contribute to initiating the short.

Test section reapir is under way, tut cnly part of the heatsr can be
salvaged. Rebuilding of the heater to a shorter length will be con-
tinued so that an abbreviated test will be possible, but a rew heater
design will be required in order *¢ perform full scalzs tests. Alfernate
designs, including low voltage and sirgle phase heaters, are being
evaluated for possible use. Effzct cn the t2st program is alsc beirg
assessed.

Arrovhead Prcducts has experienced arother bellows failure in the ccm-
pensator and are changing to a ccmpletely redssigred bellows. Arn al-
ternate arrangement of a beliows sealed slip-jcint will be provided in
view of the difficulties with the vendor’s compensator.

GRAPHITE TRRADIATICON DAMAGE STUDIES

National Carbon Compary Research ard Developmert Contract

Samples of anthracite based, pitch bonded graphite were received. Four
hot capsules containing samples of the anthracite graphit2 and 14CC C
lampblack grarhite hawe beer shipped for irradiation in the ETR.

Samples of hot worked, lamphlack, graphitized coke, and ratural flake
graphite were discharged after an exposure of 1257 MWD/AT at Hanford
and post-irradiation measurements are under way. This completes the
initial series of irradiatiors of experimental graphite supplied under
this contract.
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Metallography Studies

A replica from an unstchad sample of graphitized coke was examined with
the electron microscope. The surface was very similar to that otservel
on a chemically etched sample which suggests the chemical etch was not
effective in enkancing structural detasil. Small closely-spaced and
sligred pits were ovserved. Areas of interest were referenced for further
study after a cathodic vacuum etch.

8. SPECIFIC FUEL CYCLE ANALYGIS PROGRAM

Conceptual Design - Fuel Element Fabrication Plant

A second draft of Part I, Preliminary Computations and Basic Assumptions,
of the Fuel Cycle Economica Process Study was prepared and iessued for final
comment. A manuscript draft of Part II iz s.ibstantially complete. Manu-
script listinge of estimated time in eachk Fuel Elemert Fabrication and
Jacketing (FEFJ) process step, process loss and recycle factors, and pro-
cass capacity of FEFJ process steps were prepared for uge in "debugging"
ruis cr the FEFJ code presently being developed for the IBM-7090 computer.

9. SUPERCRITICAL FRESSURE WATER REACTOR STUDY

The sconomic evaluation cf a 300 MWe Supercritical Prsssure Fower Reactor
continued with studies directed %oward defining the power cycle, moderatcr
Type, cortairmert features, and fuel element design.

The power cycls salected for the Supercritical Pressure Fower Reactor
wsintains & turtine throttle pressure of 3,515 peia with initial steam
Tempsrature of 105C F and two 1002 F reheats to increase the plant thermal
=fficiency ard to reduce the moisture conternt of the steam at exhaust.

The +urtine generator will be a cross compouni urit condensing at 1.5" Hg.
Th2 cycls pressure and tempsratures were selected after review of present
corventional supercritical power plants. If is believed that exploiting
highar pressures and temperatures than those selected, while producing
come gains in thermal erficiency, would be offset by increased cost of
high *temperature, high pressure materiale and possibtly by decreased reli-
ability of these components. Preiimiusry plant heat balance irdicates a
groas thermal efficiency of about 45 +2 46%.

The present flow cycle utilizes the condernsate as the reactor moderstor,
then uses the heated woderatcr as "toiler" feedwater. The outlet tempera-
ture of the mederator is 200 F. Additiorel heating with turbine bleed
steam raises the fluid temperature tc abcut 270 F in the deaeratcr. The
fluid is pumped 7> a discharge pressure of 4,500 psia by a turbine-driven
feed pump, then further heated tc a fesdwater temperature of 545 F in four
heaters with turbine steam tieeds. In the r=sactor the fluid makes two
passes through *he reactcr with a resultant supercritical water temperature
of 1G5C F. The fluid ie spiit into twe streams for regenerative heating
of the steam extausted from the high pressare arnd the first rehear turbine.
Thiz regznerative heating is accomplizhed in high pressurs heat exchangers.
The supercritical fluid is returned to the reactor for Leating to 105C F a
second Time prior to entering the turbine.

UNCLASSIFIED



UNCLASSIFIED A-LT HW-68T712

The feedwater pump location necessitates four high pressure feedwater
heaters. The possibility cf locating the main pump aftsr heating the
feedwater %o 545 F was considered. However, several disadvaniages
were apparent including:

1. The pump suction pressure must te maintained at at leeast
1000 psia to prevent cavitation, thus requiring a secornd
feed pump in series.

2. Pump operation at 454 F would be less reliable than at 300 F.

3. The fluid volume increase from 3CO F to 545 F would require
a larger pump.

The main boiler feed pump will be turbine-driven using stzam extraction
from the main turbine at about 100 psia and 750 F. An electricali-driven
pump of lesser capacity will be parallelled to provide ccclarnt £o the
reactor during startup and during emergencies which zeq41r= gtcpping the
main turbines.

On the basis of preliminary studies, a light water moderated reactor
utilizing "inverted cluster" type fuel elements appears to be wost econ-
omically attractive for SPPR application. Graphite and Geryliium (cr
beryllia) moderators were considered but rejected because of lesser
economic advantages - beryllium tecause of its high acquisitiorn cost

and graphite because of lowered thermal utilizatiorn in a reactor of this
size, with resulting higher fuel costs. The uee of heavy water would
afford significant nuclear advantages, hut *the inventory ccst of DaO feor
this reactor ca mnot be justified in cemparison to a light water moderated
reactor.

The possibilities of pressure vessel resactors for supercritical applica-
tions were investigated for comparizon purpcses. However, the probliems

of constructing a vessel for SPFR cperating temperatures ard pressures,

combined with the poor moderatirg qualiities of low densgity supercritical
water, make this approach most urat+~ractive, if not infeasible.

Fuel elements of the "inverted cluster" type appsar to be the cutstani-

ing candidates for use in SPPR. Ir orz such design, a blcck of JOp is
surrounded by ZrOp thermal insulatiorn, with an oufsr cladding of zircorium
or aluminum. The elemert would be susperiel dirsc*ly intc a mod=ratcr tank.
The UOp fuel within the element is pisrced by a number of small ilameter
U-tubes which carry the primary ccolarnt. Thus, <nly the small coclart
tubss need he exposed to the high pressure ccolart.

Studies are continuing toward optimizing fuel elsment design. The elemert
"most likely to be selected" at presernt isg hexagonal in crecgs secticn

about two iriches on a side, arranged in a triangular lattice with lattice
spacing of about A.S inches. The active zone of the =zlemen’ wcuid be

about eight feet The elemen®s would be clustered and pipei togethsr in
burndies of seven, and such a bundle would be handled as an entity in charge-
discharge operaflons Approximately 100 such bundles will be rzquired for
the reactor.
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Cortrcl of the SPFR would likely be by a relatively large number of "gray"
contrsl rods, possibly in conjunction with separate safety rods. Such ax
arrargement appears necessary to afford adequate contrcl of cutlet empera-
ture ir. each of three (series) passss the coolant will make through the
reactor. Corntrol requirsments will be about 100 m, not including fact
safety.

Mod=rator level contrcl was considered, both for reactor contrel ani "scram"
functions, but 4id not provide sufficient comtrol cver reactivity with
light water moleration in this reactcr design.

Sketches have been preparsd of the site layout and reactcr buildirg. The
buiidirg cersiste of a 220-foot diameter steel hemisphericel shell sealed
to & Zh-feot kigh cylindrical concrete wall. A gas tight concrete floor
£1sb cn whict all equipment is mounted completes the structure. The build-
ing is desigced to withstand about three psig internal pressure, & vapor
suppression sysTem being utilized to limit the pressure and temperature
within the Tacility. Essentially all plsrt components are housed in the
-re structure, includirg the reacter, turbire generstor, contrel room, and
otheyr se=rvice facilities. Omiy the river pump ard waste dieposal facilities
are l-cated cutgide. Th= sizs cf the building is determired by the free
area required to service the turbine generator urits with a gantry type
irane, Rough estimates indicate the structure would cost approximately
2,000,000, .

10. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES

Metal Growth During Corrosion

I, corrosiorn tests of long duration it hse bsen cbserved that aluminum
semples grow appreciably in length and width 4ue to compressive stresses
develcped ir the corrosion product oxide. The first results cn ¢.0C2 inch
X-8001 foii have shown an epproximately linear relationship hetween weight
gair. ard metal growth after *wc days cf exposure tc 360 C deionized water.
on additimmal expcsure the dimensional growth rate beging to fall off.
Wrer X-8001 samples of a greater cross-section (1/16 inch) were emplcyed,
r.o dimercionsal charges were observed durirg five days of exposure, pre-
sumably because the crmprsssive stresses in the oxide were insufficient

to strair the petal.

By using varyirg thickresses of metel, “hz stresses developed in the oxids
may he estimated from these tests. Corrcozicn of foll samples, in particu-
lar, will be carsfully observed +5 see if siress relief of the oxile

fectz the corrosion rate. Similar tests of zirconium alloys ars wier way.

Heat Treasmert of Alloys

An 2lumirum alloy containing 0.25% Ni =axd O 37%
rezistarce ir 360 C water was heat treated a7 ° C for one month and tes+ed
ir 360 C water. The samples were destr-y=1 ir. 10 days. The iron-rickel
ratio of triz alloy is the ssme as +hat uzed for the 1.2% Ni, 1.8% Fe alloy
which withstood six months of heat treatwsnt without a reducticn in corrosiorn
resicstance. Tre lcow Ni-Fe alloy will be fabricat:i with Ti or Zr addirions
o detsrmire 1f thezs additions will imprcove its resistance to heat treatment.

F= with superior ccrrosion
£N
50
1
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D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiation damage reccvery is being studied for a number of metais, ramely,
copper, nickel, titanium, zirconium, iror, ard type 347 stairlzss zteel.
Isothermal annealing of zirconium, iror., rickel, and copper was continued
during the month. Accurate caliculations of reaction kiretics carnct te
made, however, until complete reccvery has cccurred. One gensral obzerva-
*ilon is that the reaction rates for recovery in zirccnium are much greater
than in iron, nickel, or copper.

Isochrcnal annealing ¢f irradiated ircn specimens with various expcsures ard
impurity contents has disclosed several intersesting facts: {1) the magnitude
and temperature of maximum recovery rate are altered for all stages in spec-
imens of equal exposure but different purity; (2) at sxpcosures of less than

3 x 1018 rvt, the recovery stage at 175 C i: a%sert, and (3) a* exposures

less than 1 x 1038 nvt, the stage at 325-375 is absent. Tkis provides an
illuminatirg correlation with tensile teszts on irradiasted ircor.: centinuous
yieldirg was observed at 1 x 1017 nvt, bus yield points occurred for all
specimens with exposures greater “han 2 x 1CG-O nvt. Apparently, point defects
or extended defects have interacted with existing dislocaticne at tho higher
exposures to effectively pin these dislocaticns and "harden" dislocation
socurces. Yielding should require a high oiress to activate the hardened
sources, and the flow stress would be correspondingly higher due to tle
frictional resiztance of the pinned "debris". The increase in flcw s=res:

on going from 1 x 10L7 to 2 x 1018 nvt was 364 for ingot 3 (Low purity),

60% for ingot 2 (intermediate purity), and 87% for ingot 1 (high purity).

This indicates that a portion cf the radiation-induced defects have becoms
entrapped at the small impurity atcms, ard the higher the concentration <f
impurity atoms the more defects are trapped. Conzequently, fewer defects

are available for interaction with dislocations and dizlccatior. sources.

The observed upper yield stresses at an =zxpcsure cf 2 x 16+0 rvt are ir agree-
ment with the conclusions, beirng 37,600 psi for ingot 3; 38,000 psi for irget &;
and 40,200 psi for irngot 1. The cuserved flow strasses als: concur, teing
35,000, 36,000 and 39,250 psi for ingots 3, 2 and 1, respectively. I* would
be interesting to test this *heory with a study of irradiated ircn with prior
cold work.

Repeated yielding tests have beern performed on "A" rickel. A specimen with an
exposure of 3.6 x lO18 nvt exhivited a yi=ld point, with a yisld 1zcrrement of
3650 psi. After yieldirg, a limited amount of casy glide occurred, followed
by rather rapid work hardening. Upcn unloading ard immeliate relcadirg, “hs
specimen again exhibited a yield poins which was 850 psi greater fran +*he
stress upcr wiloading. The yizld decrement was 255 psi. After yieliirg,
arcther region of easy glide was ctszrved, whis time +c a greater externt thar
during *he initial test. Arn unirradiarted specimen yield:l contiruacuisly.

It r&as been fcurd that metals irradiazsi with neutrons exaibit remarkabtle
gimilarities ir the pcst-irradiation anrealing behavior. A synthesis of
irradiation data for Cu, Ni, Al, Au, W and Mo reweals a sequence <f recovery
processes classified according 7c¢c kinetics and fallirg irto tewperaturs racges
which can be roughly rnormalized acccrdirg to reiuc=i mel%izng point correlations.
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se ctages are for irradiations & 1089 nvt: I, 0 - 0.0%2 Tp; II, 0.03 ~
17 Ty; III, 0.17 -~ 0.28 Ty; IV, 0.28 - 0.42 Tps SV, > 0.L2 Tp.

It appears that stage III recovery may be broken into +wo substages, where
ore (approximately 0.17 to 0.22) is closely associa%ed with divacancy move-
merts. It has also been found that stage IV recovery is aebsent in pure
mstals irradiated with electrons. It appears ir reutrorn irradiated metals
and tre kinstics are usually complex with high apparent reaction oxrders.
Neutron hardening persists in this temperature rangs (Cu, Pt, Al, Mo).
Thsre iz reason to believe this stage is related to the break-up of defect
clusteres formed during irradiation and with the release of trapped defects.
This break-up appears to occur +through dislocaticr and vacancy movements.

E. CUSTOMER WORK

Radiamstallurgy Service

The inrer spire of an I&E failure from 3476-KE was blocked for a distance of
approzimately four inches. There was ro "mud flat" cracking on the core.
The poir* of initial water entry has not yet been found (RM-417).

A "hot spot" was noted during examination of one of the nickel-plated fuel
elemente ard was probably caused by misalignment ir the process tube. No
cerrreion of the aluminum or sloughing of the nickel plete was associated
with this "hct spet". Metallography revealed that the nickel-aluminum bond
was good (RM-Llk).

Examiratior. of ar elliptical fuel element was completed this month. The fuel
grew away from the spire over a three-inch length and produced a maximum
eillipticity of 37 mils; there were gaps of 30 mils between the AlSi and the
fuel. Grair. growth in the fuel material adjacent to the gap probably was the
resuls of local heating near the urbondsd area (RM-416).

Examinaticr. of three elements with high weight losses revealed that the clad-
dirg hal bezr. uriformly removed over abcocut *hree-fourths of “he circumferercs.
Mirimum carwail thickness was 23 miis (RM-418).

Resulrs ard interpretations of thase examinations will be repcrted in more
detail in conrectior with the developmert programs served.

Metallcgrapty Service

An irvestigaticn was made tc determine the cause of the failure of a 1C0-K Arsa
pung amp2iler ceal ring which failed in service resulting in consideratle
Jawags t: the pump. The seal ring wme fabricated from type 410 stainless steel
vita'a 3/;6 ir.ch *hick overlay of Stelii%e #6 or. the outer surface. Ths
faiiure was determined tc be ons of fatigue iritiating from a crack present

in the seal ring either prior %o installatizr or one which developed after
srartupr of the pump.
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Electron microscopy during the morth ircluded the examination of autcclavsd
zirconium surfaces, UOp fracture surfaces, zirconium thin films by trans-
mission, deposits formed on a graphite capsule during irradiation, pclishked
sections of graphite and coke, and air-borne particles captured in millipcre
filters when uranium was heated in air. A zeries of micrographs showirg dis-
lccation movement in a single crystal of cubic ZrOs was nbtained.

A technique to thin zirconium metal, which will permit transmission electron
microscopy, is being developed. An atiempt was made to remove the worked
surface layer, which remains after mechanical thinning, by the use of cathodic
vacuum etching. However, the thin foil was converted to a blue oxide during
the etching process and the specimen was nc longer usable. Werk is continuin
on a chemical etching technique that has proved partially successful on
previous attempts. Work is also in progress +to develop a thinning technique
for the examination and identification of the oxide cr oxides fecrmed during
the autcclaving of zirconium.

Samples Processed During the Month:

Totel Samples 1,227
Total Replicas 39

Phctograghs:

Micrographs 730
Macrographs 84
Electron Micrographs 19

1,007

NPR Charging Machine

Installation of the rail secticns in 314 Building was completed except for
installaticn of the racks. The racks and pinions wsre recelved and modified
as required.

Assembly cof the truck fremes was completed. Fabricaticn of componernts for
the cross travel drive sub-assembly is 85% complete. Assembly of the crcss
travel drive sub-assembly is 75% complete. The main frame has been movel
intc the 314 Building. Fabrication of the transfer arm sub-assemblies was
started and is 30% complete. The hydraulic pcwer package was received.

Scope drawings of the magazine support are 80% complete. Four comment drawirgs
were issued. Tests to determine optimum angle anl material tc stop firee
pisten travel in the magazine continued ani are sstimated tc te 30% complete,

NPR Bellows Test

Bellows from Asscciated Piping. Sclar, and Uniflex have been cyclail. Resulis

to date: +the Solar bellows suffered a hele in a convolute from galling on the
shroud after 798 cycles; the Uniflex bellows parted complstely after €37 cycles;
and the Associated Piping bellows is still intact after 1435 cycles. Corditions
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of cyclizg are: 500 F, plus and minus 7/8 inch travel for 4000 cycles, then
500 F, plues ard mirue one inch travel for 1000 cycles. Vibration tests to
darz ngve resulwed in the destruction of one Uniflex bellows.

Heat Trarsfer S*tulies for the USAEC-AECL Cooperative Program

Bid: were called for materials to build 19-rod boiling burnout test sections
vith rod spacings of 0.050, 0.035, 0.025 and 0.0l5 inch. All of these test
cections will be rur in a 3.25-inch ID pressure tube to determire the effects
orn. hea* *ransfer of different spacing between rods.

Irevallation of the 19-rod electrically heated test section used for full scale
studies of the PRTR Mark I fuel element was started with the pressure tube
zituatel ir a horizontal position. This test section has an active length of
sever, feet, four inches and can generate over 2000 KW. It will be run under
boilirg conditions to determine the effects of stratification of the steam

and water on rod temperatures.

VBWR Ccr“rol Rcd Review

A techrical review of the Vallecitos Boiling Water Reactor cortrel rods has
tzer undertaken at the request of the APED. Ths review centers around the
possibility, probability and circumstances which could lead to a "rod shoot-
out incidernt" which would permit a sigrificant step-wise increase in re-
activity. A step-by-step analysis of possible compcnent failures and opera-
ting errors is being made. The study will be completed in early March.

Pebble Bed Reactor Study

A zpecial study group has been assembled which will direct its efforts
rowards developing answers to the specific questions cited in the Com-
mizsior’s inquiry on this reactor type. The study has been broken dowr
irto five study areas. A brief description of ewack of these areas is as
fcliows:s

Physics. Iritial corversion ratio and anticipated conversicn ratio after
£X"erded operstion, power distribution, ccntrol characteristics including
over-all reactivity coefficient and critical mass requirement.

Fiel. Cost of fabrication, expected integrity of balls at design exposure
and in-reactor enviromnment, migration through shell of fission product ari
fis:ile matesial, vr=hsport of coating material, and reaction with coclant
apd cociart impurities. In consideration of thesz items, it appears an
zstima*e is required as #c the amourt, direction, and expected results of an
R&D progranm.

Grap-ite. Cost of graphite moderator-refiector, life of mcderator-reflecter
coLiidering irradiation damage ani rsaction witk coclant impurities, what
krowledgz of physical properties is required, and pocssibility of graphite
trsriport *o other parts of system. As with fuels, most of these consiiera-
wi'n: may be summarized by a proposed R&D program.
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Heat Transfer. Feasibility of natural convection cooling as proposed, heat
balances on water side and gas side of system with reactor operating and
shutdown, pressure drop on primary system, analysis of reported temperature
gradients and heat transfer coefficients, estimates of any unusually high
transient temperatures that may occur, and over-all net thermal efficiercy.

Costs. Analysis of costs presented for the 330 MWe reactor. Development

of estimated capital cost for the 330 MWe reactor including power generating
equipment. Develop PBRE capital cost and costs for other F&D work required.
Development of a cost review for the 330 MWe based on accepted Commission
methods to show unit cost electrical energy produced and compare with uuit
cost presented.

(2

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTELY REPORT

FEBRUARY 1961

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in FPD

The nuclear safety of the storage array proposed for NPR tube-in-tube fuel elements
in the fuel cladding facility (333 Building) was evaluated for the Engineering
Operation. The evaluation shows that if the fuel elements are stored in the pallet
on 4-3/h-inch centers (Drawing H-3-18827), the pallets may be stacked three high,
with no limit in the horizontal directions.

REACTOR

gggonential Measurements for N Reactor

Measurements of the change in buckling upon insertion of boron control rcds have
continued in the N-reactor mockup. The fuel elements were 0.946% enriched uranium
with H,0 coolant. The results are given in Table I.

TABLE I
Buckling 4 Buckling Number of R
g10'6cm‘22 g10°5cm'22 Rods Configuration
116 0 No rods . Wet NFR lattice
-106 222 6 rods wet N-reactor control
- rod spacing
-118 234 6 rods wet N-reactor contrcl
inside only rod sracing
29 57 1 rod wet 18" left of pile
center
8 108 2 rods vet 18" left and right
of center
95 21 1 rod vet left rear corner
T4 42 2 rcds wet left rear and right

front corner

- DECLASSIFIED  wam
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The wet control rods had water both inside and outside the beron region. Extrap-
olation lengths used were 1.7 inches siae-to-side and 1.4 inches front-to-rear.

The bucklings assume no change in radial leakage. Thus it is assumed that the

flux distribution is the same as the flux in an infinite medium with rods, weighted
by the cosine distribution of the fundamental mode .

A subroutine has been written for use with a generalized least squares fitting
program. The subroutine is intended to fit horizontal traverse data taken with
control rods in the NPR mockup.

PCTR Measurements for N-Reactor

Measurements of the NPR mockup lattice parameters in the PCTR have been ccmpleted.
The multiplication factor has been measured at effective water densities of .795
and 445,

Pers(B20): 1.0 0.795 0.445 0.0
k 1.075 £ .002 1.065 % .003 1.043 % .003 1.015 % .002
f 0.879 + .003 0.893 t .003 0.914 £ .005 0.941 = .003
p* 0.829 + .00T 0.717 £ .011
€ 1.050 = .002 1.076 £ .003
n (derived) 1.L406 . 1.3%

# Using uranium catcher folls.

Derleted uranium foils were irradiated using either aluminum catchers or depleted
uranium catchers tc determine the effect of resonance neutron leakage through the
aluminum fcr the dry lattice on the recent measurements of p. The experiment
indicates that resonance neutrons do leak through the aluminum catchers. The
leakage causes additicnal "surface" activation of the depleted foil with alumi-
num catchers relative tc the foil with depleted uranium catchers. Comparison cf
the normalized foil activities confirmed the suspicion that the "window" did
exist for the outer tube but did not exist for the inner tube which is already
shielded from the resonance flux. The value for p using aluminum catcher foils
is 0.701 * .Olik. The value for p in the wet lat’ ice (0.820 using aluminum
catchers) has been raised to correct for the excess surface activatior.

NFR Fuel Temperature Coefficient

The dats from the experiments described last month have been fitted over the
range from 20°C to 650°C witkh twc expressions:

p; = oy +B (147 1.7) (1)

2 .
P, t ClTi + CoT,° (2)

0
1]

.
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The data fram each of three runs were fitted separately with Equation 2. The
average value Cy and Cp was camputed by weighting each value by its reciprocal
variance. The resulting expression, which represents the data in the tempera-
ture range 20 to 650°C, is

p1 = by - (8.9 & 0.38) x 10751, + (2.18 £ 0.35) x 10767,°

with p in cents, Ty in degrees Kelvin. The temperature coefficient of k, due to
the fuel temperature can be expressed by

1/k, dk /a7 = - (1 £ 0.07) [(2.35 + 0.1) x 1075 - (1.1° £ 0.18) x 1078 T(°Kﬂ

The factor (1  0.07) is the maximized error due to spectrum and adjoint mis-
matches. - :

The data obtained for fuel temperatures greater than 650°C were camplicated by
several factors. Localized heating of the graphite in the PCTR core caused a
reactivity loss. The change in the effective resonance integral of the fuel due
to a volume expansion upon passing through the a—> p and p —, » phase changes
in uranium metal caused a reactivity loss. These losses are not due to the true
doppler effect and must be removed from the data before attempting to fit all of
the data with a single functional relation. The effect due to passing through
both phase changes can be expressed in terms of an effective fuel temperature
increase of about 4%. Work toward establishing the rest of the appropriate cor-
rections is contimuing.

Exponential Messurements of Large Diameter Fuel Elements

The series of measurements on 2.5" dlameter I and E and tube-and-rod fuel has
been completed. Final material buckling values are given in Table I.

TABLE 1

Material Buckling Values for the 12-3/8" Lattice

Fuel Buckli Lattice A (s-8) A (£-1) Source
Element 10-6cn™ Spacing (in) (inches) (inches) Configuration
2.5x1.6dry 113% 3 12 3/8 0.9 1.0 Split
2.5xl.6dry 113t 3 12 3/8 2.4 1.0 Clustered
2.5x 1.6 wet =-17% 2 12 3/8 2.2 1.0 Clustered
with 1.17
2.5x 1.6 dry 131 £ 3 12 3/8 2.4 1.0 Clustered
with 1.17

A (s*s) and A (£-r) are side-to-side and front-to-rear extrapolation lengths, res-
pectively. The uncertainties in the bucklings do not include uncertainties in
extrapolation lengths.
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Several horizontal traverses analyzed previously using harmonic corrections
based upon thermel source theory have been analyzed with harmonics based upon
fast source theory. The results are listed in Table II.

TABLE II

Extrapolation length Comparisons

Lattice A (s-8) A (s-8) Pile
Spacing (in) Thermal Source Fast Source width
8 3/8 1.6 £ 0.2 inches 0.8 £ 0.1 inches 6 feet
14 9/16 3.7+ 0.4 1.7 + 0.2 10 feet with
8 in. added
14 9/16 4.3 £ 0.6 1.8 % 0.3 10 feet with
i 12 in. added
1 9/16 5.5 % 0.7 2.0 £ 0.3 10 feet with

20 3/8 in. added

Optimization of Retubed C-Pile Lattice

All camponents needed for a C-pile exponential mockup pile are either received or
on order. An 8' exponential will be constructed for control rod measurements
with both standard and overbored fuel.

Status of Components

Graphite: Collected from stock-machining started.

New I and E fuel (natural and enriched): On order, some natural fuel received.
0l1d I and E fuel: Canned rejects saved by FFD.

New I and E cans: Camponents on order, FPD will do canning and install bumpers.
New process tubess 'Al tubes ordered and received by IPD (Zr not available).

014 rrocess tubes: Received from stores.

Centrol rods: To be supplied by C-maintenancze, 6 sections are reserved for our
temporary, non-destructive use.

Polyethylene (to mockup flooding around tube block): Order has been received.

Exponential pile base: From stock, to be assembled where 12 3/8% lattice
stcod.

All date were teken in exponential piles loaded with 2.5" x 2.0" with 1.66" x

1.1" tube-and-tube natural uranium. The neutron sources were clustered about the
pile centerline in all cases. The 1k 9/16 lattice had varying amounts of graphite
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added to the sides of the pile. Early exponential piles had varying amounts of
graphite at the edge of the piles. The use of fast source harmonics yields more
reasonable results in all cases analyzed at this time. In fact, it now appears
that most of the discrepancy between recent measured extrapclation distances and
early measurements can be attributed to the use of clustered sources without the
fast source analysis which i1s more nearly correct. The difference 13 seen pri-
marily for large lattice spacings for which the extrapolation distance was not
measured in the early studies.

A general format has been prepar=d for an IBM card system to file expcnential
data. Identification will be printed on the cards between rows of punches and
the data will then be punched in and printed at the top of the card.

Control Rod Burnout Measurements

The measurement of Cd1l3 burnout in two samples of a cadmium control rod from
105-C reactor was completed. Monoenergetic neutron transmission measurements
vere made of these samples using the single crystal neutron diffraction spectro-
meter. The remaining call> content was asseyed froum the known calld neutron
total cross section by comparison with unirradiated cadmium standards. The
results of measurements on one of these samples showed that it was almost_com-
pletely burned out of cdll3. An upper limit of 0.016 percent of the €dll3 con-
tent of natural cadmium was established. This sample was apparently the outer
layer of the cadmium sandwich of the control rod. Measurements on the other
sample (immer layer) gave a a3 content which was 35.6 t 0.5 percent of the calld
content of natural cadmium. The errors quoted do not consider any possible dif-
ference in thickness between the radiocactive irradiated cadmium samples and the
standard cadmium samples with which they were compared. The results of these
measurements are being reported to Operational Physics for comparisor with burn-
‘out calculations.

Digital Couputer Programs for Reactor Analysis

Development of HFN, the Hanford version of multigroup neutron diffusion theory
code, FN, is continuing. A criticality search procedure was incorporated. This
procedure varies a single diffusion parameter in an attempt to make the calcula-
ted multiplication factor equal to some input value. Neither this optiocn, nor
those mentioned last month, have been debugged, due to the press of other busi-
ness.

Instrumentaticn

Final comments and corrections were made on the mechanical specifications and
drawings for the NPR Fuel Failure Monitor. Preliminary information for the
slow~-scan scintillation portion of the monitor was supplied to Instrumentaticn
Design, CE&UO.

Experimental work continues on the Scintillation Fast and Slow Scanning-Type

Fuel Failure Monitor. A solid state DC amplifier was successfully tested with
the fast scan simulator signal. A new readout, identification, and memory
circuit was completed and tested. The circuit uses current-biased magnetic reed™
switches, driven by the voltage comparators, with closure times*of 1.5 milli-
second. The performance of the circuit is superior to that obtained with solid-

state switches and the cost is reduced by 50 SRt
, « PEanamm
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The experimental scintillation, chopper-input; transistorized combination multi-
range linear and quasi-logarithmic beta-gemma area monitor (1 mr/hr tc 50 r/hr)
continues to show excellent operation in breadboard form after six continuvous
weeks of operation. No general drift errors have been observed. and day-to-day
reading values have varied by less than £ 10 percent on the most sensitive

(0-16 mr/hr) range for the six weeks. Two final prototypes are being fabricated
andi should be completed within two weeks. Complete evaluation testes will then
be made.

The NPR nuclear instrumentation bids to IPD Specification RWS-6510 were reviewed
and recommendations were nmade concerning certain vendor excertions. Technical
recammendations also were made to IFD regarding the Intermediate Range Period
Monitors and the Subcriticel Monitor Improvement Program. These recoammendations
were based on work previously done within IPD by an engineer recently transferred
to HLO.

Work continued on & pyrometer for reading and recording reactor moderator tempera-
tures with equipment completely external to the reactor. Temperatures are determ-
ined by eanalyzing the thermal rediation emitted through a eighting chamnel termi-
nating st the surface whose temperature is to be measured. The radiation pyro-
meter canncot compete with the thermocouple in those applications where the thermo-
couple operatesg rellably now, but the rediation pyrcmeter offers the possibility
of eliminating some cf the costly and difficult thermocouple replacement work

and may provide temperature data where previously thermocouples could only provide
dete during the first few days of operation. Fabrication of the electronic cabi-
net has been completed by the Electronic Shop. Assemtly of the mechanicel parts
has teen delayed to permit completion of other customer work in the Optical Shop.

Systems Studies

The NPR primary loop problem has heen left patched on a problem board for the
EASE ~amputer. A new stability analysis will be made using this model sometime
in March. A firm decision has not yet been made on what particular runs to meke.

Further study is being made ints design c¢f a whele plant simulator for the NPR.
The approach being taken is: (1) determine the detail needed in the simulaticn
based on results of detailed studies of the individual components. (2) design
sipplified models of the individual reactor components and campare against the
detailed studies, (3) determine what additicnal equipment willi be necessary.

(4} simplify simulaticr. where possible s¢ the plant car be studied with existing
analog camputers, and (5) simjlete entire plart. GEL's five-rods heat transfer
medel for the heat exchanger has been reduceéd tc e one-ncde model. IFD's four-
noie reactor bulk primary heat transfer equations kave heern reduced to cne-ncde
equations. The computer program for these two parte of the NPR plant zimmletion
has t=en designed, and will be checked out on the EASE =02n.

An analog model of the NPR secondary loop has been designed and constructed.

Thiz system is presently being studied on the GEDA ccmputer. The seccndary
gyetem congizts of the exterior reactor loops from the seconiary side <f the
heat exchanger tc the turbines and includes a surge tark, rrezsurizer and other
lcor operation. The data obtained from the study seems t¢ indicate the surge
tank, as previously designed off-plant, is toz small. Additicnal studies will
provide further insight into the effect of design proposals or. reactor cperation.

5
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An approximate transfer function relating reactor coolant water outlet tempera-
ture changes to control rod movements was determined from experimental data
obtained earlier at 100-D reactor. This transfer function will be used as part
of a two-zone reactor control simulation now being prepared for the analog com-
puter. The reactor transfer function to be used on the camputer will be divided
into three blocks: (1) a one delayed-group kinetics simulation, (2) a heat
transfer simulation and (3) a temperasture measurement simulation. A rough esti-
mate of the transient response of a process to a step function input can be
expressed in terms of a pure time delay and a single "equivalent" time constant
element. Applying this approximation to the derived transfer function yields

a pure delay of one second an an equivalent single time constant of five seconds.
This approximation is stated for purposes of general comparison only; the com-
puter simulation uses the three blocks mentioned above in each reactor sectiom.
The computer simulation of the control system will include same of the effects
of moving a half-rod. The two simulated sections will represent two sections of
the reactor in which the ends of a half-rod are located. Addition of reactivity
into one section will, in general, result in a decrease in reactivity in the
other section. The effects of various ratics of the reactivity effects at both
ends of the rod will be studied.

SEPARATTIONS

Plutonium Critical Mass Facility

The pre-startup checkout of the Facility and equipment preparatory to the criti-
cal mass experiments was continued.

The hood tc be used for contairmment about the sclution critical experiments was -
checked for leak@: and accepted. When under a negative pressure of three inches

of water; the leakage rate was five cubic feet per hour. This hood will ncrmally
be operated under a negative pressure of one inch of water.

A chain hoist was installed in the top of the hood, with a swinging bocm support
to provide for more versatile movement.

Further difficuliies were encountered with the operation of the stainless steel
valves in the suction header in the mixing hood; the stainless steel threads of
these valves were found to be galling. The menufacturer of the valves was ncti-
fied of the difficulty and has agreed to replace the fourteen stem and bonnet
asgsemblies of the valves. Shipment of the replacement parts was to be made on
March 6. The difficulties with these valves have prevented further tests being
made on the solution system, which are necessary before the criticality experi-
ments can be undertaken.

AdJustments were made in the air balance system of the mixing rocm to give a
negative pressure of 0.1 inch of water when the doors are closed; the mixing
hood will be operated under a negative pressure of one inch of water.

The security alarm system for the mixing rcom and the reactor rocm was checked
out and is now cperable, but this system will not be placed intc routine opera-
tion until plutcnium is brought into the building.
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Delivery of the two transtackers for the Facllity was requested and these were
received. The battery charger for the transtackers was installed in the corri-
dor near the entrance to the reactor roam. Charging leads were run to the
reactor room for charging the Tatteries of the transtacker in that area.

New stainless steel control rods were received for the criticality experi-
ments with Pu solutions. Calculations had shown that the rods designed orig-
inally would very likely have had a worth in excese of one dollar and more
transparent rods were needed.

Design drawings were reviewed for the split half mechine which will be used for
the cconduct of criticality experiments with PuOp-plastic mixturee to obtain
data relevant to precipitates of Pu and PuQp slurries. The Technical Shops
have estimated about two months' time will be required to complete and assemble
the mechanical components for the split-half machine.

Work wae begun on the development of & canning procesz for the PuOp-plastic
fuels for use with the split half machine. The resu.s of recent tests indicate
the problem of gas evolution in PuOp-plastic mixtures will be eliminated if
PuOy-polystyrene mixtures are used. The prior experiments on the coating of

the PuOp particles to prevent excessive gas evclution have attracted the in-
terest of people interested in oxide fuels with enhanced heat conductivity.

Data Correlation - Development of Nuclear Codes for Criticality Calculations

The Monte Carlo Code EISMC, as originally designed for homogeneous infinite
systems, has been made operable on the 7090 computer. However, it was evident
that the accuracy of the code could be greatly increased with two modificationss
1) by conversion of the cross section scheme from a group averasged to point
values and, 2) by adapting an integral inveresion technigue for selection of the
scattering cosine for elastic scattering events. Both mcdifications have been
incorporated in the program with only the finel debugging to be campleted. A
new data tape was constructed contairing the pcint cross section values. The
selection of a cross section value for a particular energy is accomplished by
the following simple interpolation schemes

For a neutron having an energy E, such that, Eia< E & Ej,
o(E) = o(E) - [U(Ei) - U(Ei_l)] (E - Ey)/(Bj_q - E3)e

o{E;) and o(E;_1) denote, respectively, the cross secticn values at energies
Ei &nd Ei_lc

The cosine of the scattering angle, ,is determined from the equation
AR ] 1 )
[ o(p ,E) 4u = R
Y

where R is the randam number lying between O and 1. The partial integrals have
been inverted(l) for the following eight elements. oxygen; nitrogen. boron,

(L) J. R. Lemarsh, A. I. Lieberman, M. O. Vassell, “iSelected Nuclear Data for
~ Monte Carlo Calculations", NP-8216. 3
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carbon, aluminum, iron, lead and uranium. It has been assumed for HISMC that
the differential elastisscattering cross section for the plutonium isotopes 239,
240, and 241, as well as the uranium isotopes 233 and 235, behave similarly to
that for uranium. The partial integrals have been tabulated and stored in a
binary card library for use in HISMC. The scattering cosines are then deter-
mined by simple interpolation from the u(R,E) tables.

W B-9 HW-68T12,

A symbolic copy of the AIM~6 multi-group diffusion code has been received fram
Atomics Internationsl. This code has the two following advantages over the
9-Zoam code: 1) a criticality search option and, 2) the code was written in
Fortran, which makes modifications simpler. It was found that several subrou-
tines were missing when the code arrived; these have been requested from Atomics
International. The code is presently being modified so that the cross section
dependency on plutonium concentration, i.e., thermal spectrum shift and resonance
self shielding, will be camputed within the code.

It was also noted that the AIM-6 code did nct contain the SNG restart dump option
that was initialdy in AIM-5; this is due to the memory limitation of the IBM-7090.
We propose to surmount this difficulty by carrying out the execution of the two
codes 1n sequence without a re-entry of the input data into the computer.

Quantities of interest in the fabrication and handling of Pu-Al alloy fuel ele-
ments are the critical masses for the Pu-Al alloy under moderated and ummoderated
conditions. BExperimental data obtained at Hanford are available from which to
obtain critical mass estimates for the fabricated fuel elements when immersed
in water. To provide better estimates than currently available for the critical
mass of “he umoderated system, the eighteen group diffusion code (9-Zoom) was
used tr calculate the critical mass for the Pu=-Al allcys. The high energy trans-
port ~ross sections of plutonium were adjusted to provide approximate agreement

- with the criticel mass of g-phase Pu at full density. The results of these cal-
culations are presented below.

CRITICAL MASS FOR UNREFLECTED Pu-Al ALLOY SPHERES

Volume Fraction Alloy Critical Critical Mass Critical Mass
of Pu Density, gm/cc Radiue (cm) Kg-Pu-239 (Measured)
0.99 19. k44 4.88 9.k 9.9(1)
0.9 17.91 5.43 11.83
0.8 16.32 6.02 14.33
0.7 14.53 6.78 17.92
0.6 12.84 7.73 22,76 (2)

0.5 11.15 9.01 30.03 31"
0.4 9.4 10.82 4 .61

0.3 7-77 13.61 62.09

0.2 6.08 18.44 103.0

0.1 %,%9 29.75 216.2

0.01 2.87 120.3 1429

(1) H. C. Paxton, "Critical Data for Nuclear Safety Guidance", LAMS-2415,
May 16, 1960,

(2) D.P, Wood, et al., "Critlcal Masses of Cylinders of Plutonium Diluted with
Other Metals", Nuclear Sd ence and Engineering, 8, 578-580 (1960). (The num-
ber given is an estimated value which has been corrected slightly to con-

MBs form with the system calculated.)
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Interaction of Subcritical Systems

Efforts to improve thé triel functions in a variational principle calculation

of the interaction of suberitical systems have been described in recent months.
These efforts have met with only limited success. An alternative approach is
now being tried, namely, to use the constant trial function expressions for
relative rather than absolute calculations of criticelity. The quantity now
calculated by the variational expression is k'/k‘o, where k' is the k-infinity
which each of the (identical) interacting systems must have for criticality of
the assembly and k', is the k-infinity which would be needed to meke one of

the systems critical by itself. This ratio is now being calculated for two inter-
acting slabs, in which case the "exact" answer can be found with the multigroup
code, HFN. A code has been written for evaluation of the variational expression
in slab;, cylindrical, and spherical geometries. Up to 25 interacting systems .
may be used. This code has been used to calculate k'/k' as a function of
separation for two interacting slabs. The HFN solutions for comparison have not
been campleted. '

Criticality Hazards Specifications

Nuclear Safety in HLO

a) One nuclear safety specification was issued in HLO. The specification was
for Critical Mass Physics to cover experimental measurements in the PCTR with
plutonium nitrate solutions; the specification number is C-11, Experimental
Determination of Limiting Concentration of Plutonium Nitrate Solution.

b) A criticality display, which is to be used for nuclear safety education
throughout HAPO, was completed this month. This display consists of twenty
different models which show the "just critical™ dimensions of fissile material
irn different gecmetries and conditions of neutron reflection. The models
1rP1ude bare and reflected spheres, cylinders and slabs; the materials repre-

spoed are plutonium (metal and solution), highly enriched uranium (metal
anu sclution), and slightly enriched uranium irn the form of a water moderated
lattic~ of uranium rods.

Evaluation for Nuclear Materials Operation

The nuclear safety of a sp?cial Mound car shipment tc Oak Ridge, Tennessee,

was received and approved. The Mound car, which is ncrmelly used for shipping
isotopes from HAPO to Oak Ridge, is AEC escorted, and therefore may contain lar-
ger quantities of fissile materials than common cerrier vehicles. The approved
shipment consisted of "J" and "C" fuel elements; UNH powder, and slightly en-
riched UO, pellete.

Nuclear Safety of Off-Site Shipment

At the request of the AEC, the nuclear safety specification for the Redwood rail-
vay car was revised and brought up to date to conform with the fissile material

(l) Letter P. F. Gast to F. J. Zelley, "Nuclear Safety - Special Mound Car
Shipmeut“ Febm R 1961.
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currently being shipped.
approved for shipment with the fissile material such a3 Dz0. etc.

Ir. additior. cer=ain norn-fissile materials were

Miscellanecus Experiments for Nuclear Safsty Spezifications

The experimental work on the measurement in the PCTR of the limiting /just
critical) concentration of U-235 in an agueous sclution was ccmpleted this
month. The results of this measurement will be crmparsd with those reported

hy ORNL and will serve as a cross check tetween thae tvwe laboratories. I
additicn the measurement will provide anoctker "kacwn value" for checking the
PCTR method.

Tke concentrations of the 93% enriched UO,F, scliutisns used in the experi-
ments wers 13 gm U/1 for the buffer tank, and 11, 13, and 15 gm U/1 for the
three core tanks, respectively. Despite difficzultise with lea&iﬂg tanks (five
of the criginal six tanks eventually leaked), whe %tarks were finally filled and
sent tc the PCTR for the measurements.

On the campletion of the measurements, wnen the tarks were being emptied, it

was roted that a reacticn between the UGoF, soluticu aad tle aluminum <f tae
tanks kad taken place. A layer of scme insclutie uranium campound was deporsitel
on the tank wall, thereby lowering the concentrations »>f the soluticms. Eack
tank was re-sampled while being emptied; these samples are now being analyzed

tc determine the solution concentrations in the tanks after the builiur of the
uranium ccmponnd on the tank walls. It is not understood why the UCpF, sclu-
tion reacted with the aluminum in the tanks, since a test plece of aluminim
immersed in the UOpFp sclution prior to the exveriments showed nc significant
reaction.

Final preparations for the measurement of the limiting sonceutration {the con-
centraticn fcr whickh k,= 1) for a plutonium nitrate s:tlution were cempieted
during the latter part of this month. The stainiess “teel erxperimental vezsels
were completed and sent to the 234-% Building where they were filled with +as
proper plutonium nitrate solutions by CPD perscpnel. The buffar +ank= WETE
filled with solution at a concentratiom of approximately 1.4 a;l and the
three core tanks were filled with sslutisne with conceatrations of L2.4, 11.4,
and 12.5 gm Pu/l. The filled tanks “avs been sent to the 305-3 Builiing and
will he installed in the PCTR as seon as whe expsriment presently being oon-
acted trhere 13 completed.

Tre sxperiment *+2 determine the limiting critical =zinrcertratisn of an agueous

Pu sciution was originslly undertsken ir Arril and May ¢f 9b: Woern the agperi-
ment was in the final stazes of completiorn, a 2ombamizarion ineident cooirred
and it *ecame n .evessary to stop farther measuremants at nhat time. The ourrent
measurements will complete the experimsnt, and al:0 serve a2 a check on oz pre-
liminary results cttained earlier,

™

A. T. Giffsrd, Muclear Safety Specifizatisrn - Redwood Car, HAN-77569,
January 27, 1961.

(3) P. F, Gast, Nuclear Safety Specificaticn - Redw:cd.Car. HW-HBLS5Z, Fe:-
‘ruary 10, 1961. -
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Mass Spectrometry

Previous studies carried out with the mass spectrometer for this program have
shown that the energy distributions of ions arriving at the detector are not
homogeneous as they should be. The effects which have been cbserved are rela-
tively small in magnitude and have a negligible effect on routine analyses.
Experimental studies are in progress which have isolated the source of the in-
homogeneities to the ion optical system of the ion source. A new source
electrode structure has been fabricated which was designed to lessen the in-
fluence of the steering electrodes which were ascertained to be the contribut-
ing factor to the observed effects.

Studies on the effect of filament shape on sample life in the spectrometer are
also in progress. A configuration of filament has been found which has in-
creased the apparent sample life by an order of magnitude over the life obtained
vith a simple single filament. The configuraticr cf filament under study
possesses some of the general features of a double filament ion source. These
studies are very important since sample life determines the minimum sample size
whick can be processed. Particularly for plutonium samples, the ability to use
a very small sample is important in contrelling contamination both in the analyses
(spectrameter) and in the laboratory. Witk the filament configuration under
study a 0,10 ugm plutonium sample was isotopically analyzed to a statistical pre-
cision of 0.5 percent in the 2L0 to 239 ratio using the metallic ioms.

Seven analyses of product plutonium were performed as a service for Analytical
Laboratories during the month using the three filament mess spectrameter of the
Isotopic Analysis Program. One of the analyses which was also performed on the
single filsment mass spectrometer agreed with the analysis of the 2&0/259 ratio
obtained with the three filament spectrometer to within the precision of the
measurement (Q,5 percent). The results obtained on analyses performed cn dupli-
cate samples with the mass spectrometer of Analytical Laboratories were consis-
tently different from the results obtained in our laboratery by three to five
percent in the 240 content. As a result of this discrepancy work is in progress
to attempt to eliminate some of the apparent malfunctions of and evaluate the
Performance of the Analytical laboratories mass spectrometer.

Instrumentetion and Control

Help was requested by CFD in putting into satisfactory operation same recently
purcaased lathes with automatic contour fellowing contrel. These controls can-
not be adjusted tc give the required accuracy without jittering. The vender
made an attempt to fix them, without success, and has discontinued his efforts
cn the basis that the machines allegedly met specifications in factory teste
and were accepted.

A two-prong attack on the problem is under way. Since zno instruction bock or
descripticns exist, and circuit disgrams are meager; the vendor has been re-
questeld to furnish design data sc that a detailed anslysis of the system can
be made. Ir the meantime, tests have been set ur to measure the response of
the system to various stimuli. This work is under way, and has not yet yielded
definite results--except for an indication thaet the system is highly non-
Jinear.
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The problem was discussed with experts from the Control Systems Steering Group,
with two results: Concurrence that the two-prong attack is correct; and state-
ments that usual industrial applicaticns do not have nearly as great an accuracy
requirement.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scattering (ross Sections

A series of measurements of the differential scattering of incident 0.20 ev
energy neutrons from room temperature water has been started. Energy analyses
have been measured at scattering angles of 10 and 50 degrees. Measurements

have been made of the angular distribution of the scattered intensity of neutrons
of final energies of 0.075, 0.10, 0.l15, 0.20, 0.279, and 0.30 ev.

INELASCAT, the code which processes inelastic scattering data from the three-
axls neutron spectrameter, has produced satisfactory results on several test
cases. It is now in the process of revision to allow for cauputation of several
additional quantities, as well as polishing of output. Input data forms have
been designed and are being drawn.

A liquid nitrogen cryostat for cooling a vandadium scattering sample Juring scat-
tering measurements is under construction.

Fast Neutron Cross Sections

The positive ion Van de Graaff accelerator was used for a one-week period to
study the background and intensity problems to be encountered in pulsed beanm,
time-~of-flight total cross section measurements. The general indications from
the background study were moderately encouraging. Be(d,n) neutrons were success-
fully observed 5.5 meters from the target with a signal tc background counting
ratio greater than two without detector shielding. The pulse shape discrimina-
tion circuit which was previously successfully bench tested exhibited radio
frequency pickup in the accelerator building, and ccmplicated the detector opera-
tion during the measurements.

Instrumentation

A new time mark generator was built for use with the vernier chronotron. The
vernier chronotron measures very short time intervals;, and is used in the fast
neutron time-of-flight program. The time mark generator provides a pulse te
indicate when the burst of neutrons was formed. The bursts are actually formed
by sweeping the ilon beam across a slit by a strong RF field. The time mark
generator produces a five-nanosecond-wide pulse each RF cycie. The new unit kas
a buil®-in oscillator so the vernier chronotron may be checked without the neces-
sity of operating the RF sweep. Also, a 360-degree phase shift control has been
added so the chronotron display may be shifted as desired. The circuit is trans-
istorized, except that one EFP60 is required as an output tube tc get & large
enough pulse to drive the chronotron. Installation and system testing will begin
in March.
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REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE

PRTR Critical Tests

A summery of test results was submitted for the June American Nuclear Society
meeting. Interpretation of results by means of reactor codes made good prog-
ress, Nearly all of the earlier discrepancy between thecry and experiment
appeared to be removed by two changes: reduction of Pu-239 neutrons per fission
from 2.91 toc 2.84, and adcption of the plutonium cross section date and resonance
self-shielding techniques used in the MELEAGER code. Preliminary analysis using
the FLUXWEIGHT code appears now to agree very well with the experimental results
for critical loading as well as level coefficient and reflector savings.

Analyses of the results of the startup experiments were undertaken at the end

of the tests. A total of 259 multiplication numbers and 186 period mmbers were
obtained for experiments during the tests. Each multiplication number corres-
ponds tc an approach-to-critical experiment for a different reactor configura-
tior and each period number to a different measurement of a pericd. In addition;
there are data fram gold foils irradiated during 14 experiments. Approximately
95% of the analyses have been campleted.

The moderator level at which criticality oscurs for a particular reactor config-
uratior. has been predicted from both multiplication data and period data. The
worth of the moderastor at various levels has been determined fram the period
measurements which were made during the seccnd series of tests. The data fram
all the gold foils have been analyzed. Preliminary axalyses of data which were
obtained from a vertical string of BFz counters have been completed alsc. Tae
final analyses of the counter data will not be made until final normalization
factore are obtained for the ccunters.

The remaining 5% of the analyses comprise the determinaticn of the worth of the
moderator as a function of height for the first series cf tests, the tabulation
of the results from all the experimentes, andi the plotting of final radial and
vertical flux data.

Ir additicn to the analyses of data, summaries of the experiments have been
prepared for reproduction. These summaries relate varicus Critical Test num-
bers, multiplica*iom mumbers, period mumters, ani fuel lcadings to eazh cther.
Disgrams whicr show the positions of the fuel elements in the reactor have been
rrepared also.

The Critical Facility of the PRP

The use of 5086-type aluminum for the reactor vessel rather than 6061-type
aluminum was studied to determine their relative effects on the experimental
program. It has been decided to use the 5086 aluminum for the vessel and the
6261 aluminum for parts which appear inside the react:sr. Although the former
aluminur is not the purer cne, it dces have several advantages. It is easier
tc fabricate and structurally would make a hetter vessel. Alsc; the impurities
which would ke activated (princirpally mangamese) decay rapidly encugh that for
times greater than 24 hours after shut down the dose rates from the 5086 alumi-
num would be less than from 6061 aluminum. This ig only of impertance when
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work is to be done on the empty reactor since earlier access to the loeded reac-
tor would be limited by the fission product radiations which would be emitted by
the fuel. The 6061 alumi. .m has ~20% lower absorption cress section and so it

was felt advisable to limit "in-reactor" components to this type of alumimum.

Specifications were set for procurement of the Do0 which is tc be used as the
moderator during the first experiments. The DpO which Savannah River usually
supplies t< its customers hes properties which are adequate for use in tkhe Criti-
cal Facility. Its tritium content is a principel objection. However, the concen-
tration is not large enough to be considered hazardous and prccurement is simpli-
fied if standard D20 is requested.

A rough draft of a descripticn of the MIR-RMF experiment was reviewed. The des-
cription is to serve two purposes. It is to inform people of the experiment and

also serve as a "Test Description" for the personnel who will perform the experi-
ment at Idaho Falls. ‘

By the time the RMPF measurements will be made the Advanced Reactiviiy Measuring
Facility (ARMF) may be in operation. The latter facility is to be more sensitive
than the RMF for measurements of reactivity changes. For this reascn, the proper
forms have been initiated for AEC authority to use the new facility if it seems
advisable at the time of the measurements. In order to obtain this authority the
start of the experiment may be delayed, about one month, until April. This

delay may allow time for measurements of the samples in the PCTR. Such a measure-
ment would be a third check on the method of analysis. The other two checks would
be obtained from the measurements in the RMF (or ARMF) and in the PRP-CF.

Code Develognent

REU

The Basic Library Editor code was completely written and ready for campilation
at the end of the month. A portion of the Qutput code (Qutput Editor) is being
revised to permit more convenient selection of output information, and several
errors in the treatment of inelastic scattering transfer coefficients and com-
putation of diffusion coefficients for regions containing voids were corrected.

MELEAGER

Several additional options were incorporated into the code, including a provisicn
for automatic spectrum interaction (pseudo-hcmogeneocus reactor core), for auto-
matic determirations of temperature coefficients at the beginning ard end of each
cycle, for multiple reactivity eni-point iterations, and for direct modification
of the cross section lilbrary. These changes are alsgo described in +ke final
draft of the report; which is essentially ready for publicatisn except for the
inclusion of a code lis*ing and sample prcb.em.

LOLA

The final. report has been submitted for publication.
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Mcst of the subroutines for the Hanford version of C-6, the ANP slowing down

spectrum code, have been compiled and debugging of the ccde will start soon.

The initial phases of debugging will invclve checking the method of cbtaining
data fram the 100 point datae tape.

Anslysis of Finite Heterogeneous Lattices

A revision was made in the code POWER, which solves the matrix equation

Ax = A x for the maximum eigenvalue A and the associated eigenvector x, to
reduce the number of iterationes for convergence. The code was made available
tc the Fortran Program Library. Sane revisions were made in the code HET, which
performs the heterogeneous lattice calculations, in order to utilize memory more
efficiently. This is needed to permit expansion of the limits on some indices
end to include other calculations which now must be done by hand.

Machine Calculation of the Hurwitz H-function

To evaluate a general approack for obtaining infinite medium spectra by integ-
rating the defining differential equation, the Hurwitz H-function has been cal-
culated using Runga-Kutta integraticn. The H-function has also been calculated
fram its defining power and asymptotic series in order to determine the error
in the integration approach. Four figure agreement is obtainable with a reason-
ably large integration mesh.

The Hurwitz H-function has general application; since it represents the devia-
tion from a thermal spectrum of the infinite medlum spectrum of a weak v
absorber. C(Consequently, the power series representation of the H-~function has
beern coded as a TO9C subroutine for general use. This subroutine is currently
being inccrporated into ACE, & generalized integration routine.

Neutron Rethermalization in Graphite and Water

During the past month the activity traverses of lute.ium 17€ across a tempera-
ture discontinuity, have been fit tc within 5-13¢ for four different experiments.
Lutetium 176 hae a non-1/v crose section in the thermal energy regior. The cal-
ceulatione were based upon the two trhermal group model. The rethermalization
cross sections used irn the calculations were those derived previcusly frowm the
"1/v" activity traverses. These fite show the general validity of the twe
thermal group model ané suggest that absorpticr rates in otker non-l/v absor-
bere, such as plutonium 239, samerium 149, or xenon 135 can be adequately cal-

culated.

The ~omparisons of tke calculated and experimental traverses are depeadent upon

the model cf the energy distribution of the epithermal revtrcns. A Westcott
mcdel {(AECL 11C1) yielded the agreement quoted. This agreement was improved hy
a facteor twe through the use of the "Hurwitz model™ (NSE 1, 280-312; 1956).

The wvalues of resonance integrals whick kave heen measured and calculated for
the lutetium isctopes have been compiled for inclusion in the January, February,
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A final draft of a report which is entitled "ACE - An IBM TO9 Program for the
Convolution, Evaluation, and Integration of Various Functions" has been prepared
and will be distributed.

Pu-240 Effective Resonance Integral

A different method has been formulated for measuring the effective resonance
integral of Pu-240 than the one which was discussed last month. The new method

is also a relative measurement, and the standard would be the Pu-240 dilute
resonance integral. The reactivity effect of the Pu-239 is not a problem in the
new scheme, because the reactivity measurements are compared only between samples
with the same Pu-239 content, but with differing Pu-24O concentrations. Pre-
liminary plans for this experiment are almost camplete, and nothing has been found
80 far to indicate that the experiment is not feasible. The earlier method was
discarded because the reactivity effects of the Pu-239 would not be a linear func-
tion of the Pu-239 concentration.

Analysis of Fuel Tem;aera.ture Coefficient Data

In HW-63T66 the temperature coefficient of the resonance integral, 1/£ dg/aT,
was first expressed as a quadratic function of the fuel temperature, T. The
quantity 1/ 4%/dT was then evaluated at 50-degree intervals for temperatures
from 50 through 500°C. These results were plotted as a function of Kelvin tem-
perature cn a log log scale. From this plot the expression

1/ az/ar = 2.90 x 10-37~C-480(ey)

was obtained by fitting a straight line to the data. No error was attached to
elther the coefficient or exponent of T because the errors which were calculated
by the fit were too small and not representative cf the uncertainty in the ex-
perimentel measurements.

A discussion with an HLO statistician indicated that an error evaluation more
representative of the experimentel uncertainty would be a formidable task if
not impossible. It thus seemed advisable to start again with the raw data and
attempt to fit it directly with the general form, AT®, instead of the quadratic
form originally used. Two different approaches have been tried and each one
has its difficulties.

One method requires using about 90 percent of the original data points twice
which, besides being somewhat objectionable in itself; considerably complicates
the error analysis. This complication arises because the use of the same data
points twice must be taken into account. The second method, which uses a
generalized least squares program, was successful in fitting the experimental
data to the desired functional form. However, the errors which this program
generates for the cocefficient, A, and exponent, n, are now such that whken a
value of 1/f 4Z/AT is calculated by using the fitted equation the error on this
value is a factor of three larger than the experimental uncertainty. The method
which i1s used by the program to evaluate the errors is being checked in an attempt
to resolve the difficulty.
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Petble Bed Reactor Studies

At the request of the AEC, a proposei pebble bed reactor design is being evaluated.
The physics pcortion of this study is being conducted »y Theoretical Physics per-
sonnel.

The proposed reactor is fully reflected by graphite. U25’ fuel is 3ispersed in
graphite spheres whick also contain Th 232, fhese spheres are simply loeded into
the reflector structure which is in the form of a right circular cylinder with
the ends closed.

Instrumentation and Systems Studies

The PRPCF Instrumentation Specifications (HWS-T813) were reviewed, and a number
cf important changes were suggested in the interests of useful performance,
safety, and general operablility.

Investigations continued concerning spectral measurements of fuel rods contain-
ing U0, and Pulp to determine the peossibility of locating improper concentra-
tions of PuQp in the elements. Collimasted scintillation detector scanning was
used with channeling at 380 Kev. One element was tested which, supposedly, con-
tained a PuOp concentration "imperfection" about 0.25 inch leng with twe times
the ncrmal amount of PuQ, at the point of imperfection. A number of scans were
made using different speeds, collimator slit widths; etc.; however, the imper-
fection could not be located vie the scintillaticn scanning method. Future
tests will use fuel elements with imperfection concentrations six and 20 times
normal tc determine the detectability limits c¢f the scanning method.

Two experimental PRPCF "last ditch" safety fuse units were assembled usirng
different thermostats and with electric heaters to simulate the proposed opera-
tion which will employ enriched wranium. Labcratfry tests ipdicate relieble
triggering is pcseible at flux levels of 3 x 109 nv, and that the trigger level
is easily contrclled »y thermostat selection. TFinel tests will ke held when the
95 percent enriched uranium on order is obtained and installed.

The scintillation fuel element ruipture monitcr system for PRTR was receilved
and iz heing instelled. Discussions were held to determine testing prccedures
tc e used with the system.

Twe of the racdiation-resistant varlable differentiel transfcrmers for PRTR
process tune 1ﬁ§iae diameter measurement were calitrated. They were then ex-
prsed to 1 % 1C” R gemma and rechecked. Thorough testing has revealed no elec-
tricel or physical damage. The devices were calitrated on a range of sensiti-
vity which produces full-scale meter deflection for displiacement of = 2.010
inch. The same two transducers are tc recelve a further exposivre of 1 x 109 R.

Tre prove for measuring the PRTR Gas Anmalus was tested in 200°F water and
appreciable Cistortion in the nylorn “ased prenolic {2f whick the major pcrtions
are farriceted) was observed. Further testing indisated the urper temperature

range for the prove will be arproximately 160°F; since above this the prnenclic
distorts and the coil hcliers pave a tendency to etick. However; this should
be satisfactory since the meximum temperature expected during the actual inspec-
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Work is continuing on the wall thickness measurement cf the FRTR prccess tubes.
In an effort to improve the accustic courling “etweer the vltrascaic transducers
and the tubhe walls; the probe is being redesigned tc aCﬂcmmod te a crystal hav-
ing a contacting surface area of 1.0 x C.5 inch. Althoughk the accuracy and
reliability will be greatly improved; an accompanyi“g reductior in resclution
will result from the increase in transducer size.

A magnetic tape recording of PRTR neutron flux signals was made using the new
ionization chamber described in tkhe January report. This chamber had teen filled
with BFz at a pressure of one atmosphere (the maximum availatle locally; in an
attempt”to increase chamber efficiency. It was founi that the increase in
efficiency obtained, however, was not sufficient to clearly indicsate the location
of the frequency "break" due to neutron lifetime. The effects of the delayed
neutrons on the frequency response were shown although a detailed analysis of
this portion o' the frequency spectrum was not attempted. It was apparent that

a higher chamber efficlency was required for measurement of the prompt neutron
lifetime. A new chamber, 3/h4-inch in diameter and 30 inches long was then cons-
tructed. It uses a 1/4-inch diameter cemter electrode and one atmosphere of 96
percent enriched BFz gas. In addition, & new preamplifier weas designed and
built. The design is such that the d-c component of the ionization chamber cur-
rent can be biased ocut with a control box located in the control rcom during
reactor operation. The input circuit was also changed to be more compatible with
the new chamber. The new chamber and preamplifier were tested at the TTR and
used to measure the TTR prompt neutron lifetime. A well defined break in the
resulting frequency response curve established the ratio B/l; for the TTR; at a
value of 27.6. Using a B of 0.00755, this ratio yields a value cf 0.36€ milli-
seconds for the effective prampt neutron lifetime.

Thé PRTR Gas Balance System simulation has been started. This work consists

of the simulation of the gas loop, gas storage tank, the gasometer,; and the con- -
trol system. The Gas Loop System alone has previously been simulateé. In prac-
tice, 1t has been found that a shock excitation to the system can produce sus-
tained oescillations in the moderator level. The gascmeter was designed to pre-
vent this occurrence, but does not operate satisfactorily in this respect. The
purpose of the present study is to determine the necessary system parameters to
eliminate the possibility of moderatcr level oscillation. The study involves

the cderivaticn of the system equetions; including tkhose representing the gaso-
meter and the orifice coupling to the gas locp proper.

NONDESTRUCTIVE TESTING RESEARCH

A segmented time reversal scheme using transmissicn lines has been conceived for
use in the analysis of the broadband eddy current test signals; and the -peration
of a crude prototype signal reverser was successflly demonstrated. The time
reversal device will be used Just ahead ¢f the orthogenal filters in the analyz-
ing equipment, and its function will “e tc segmentally reverse the broadhrand
signal. Heretofore workers in this field of signel analysis have recorded the
signals on a magnetic tape and obtained the time reversed function by reading
the tape in reverse direction. The tape method leaves much to be desired fer
handling signals having high frequency components and in meeting the requirements
presented in continucusly analyzing the signals in an instrument as proposedi for
the broadband eddy current test.
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The new time reversal device consists of two electric transmission lines with
diode gzates between the lines connecting corresponding points of each line.

The lines are terminated in their characteristic impedances to minimize reflec-
tions. The signal to be reversed is arplied tc the first line. Wken this signal
is all on the line the diode gates are energized for a very short period. Thie
action establishes two waves traveling in opposite directions on the second

iine. The wave traveling in the reverse direction develcps a signel acrcss the
line terminating resistance which is reversed in time.

The waves traveling in the forward direction on both lines are dissipated in
the corresponding line terminating resistors. Successive signals fed to the
near end of the first line can be continuously reversed by this method.

The prototype device consists of two artificial transmiseion lines each having
six sections with delay time of sbout 1l microseconds per section and cutoff
frequency of 30 kilocycles. A blocking oscillator provides geting pulses of
about 1 microsecond duration. The time reveresal effect in elementary signals
waz clearly observed with this relatively crude device.

An improved device will be constructed using transmiszion lines having 50 or
100 sections with correspondingly higher cutoff frequencies.

The nevw method is presently limited to use at higher frequencies as contrasted
to magnetic tape recording which is most practical at lower frequenciesz. Effec-
tiveness of the new method will be limited by time deley to rise time ratios cof
the transmissicrn lines.

Compariscn of heat transfer test maps and ultrasonic maps of fuel element honds
indicates there is no definite correlstion between the size =f bond defects in
fuel elemente, as indicated on the ultrasonic mars, and the magnitude of in-
pedance t¢ neat flow. Heat transfer defects were detected in both rejected and
non-rejected production fuel rlements. Sixty-three aluminum clad nsturel uranium
Hanford production fuel elemer ts which had hesn ultrasonically rejected and 60
which had passed vltrasonic tests were heat *ransfer tested using a 10 KU, 15 KW
inducticrn heater an? a Physical Measuremernts (peraticsa Model III heat transfer
testing radizmeter. This equipment will detect bend heat transfer discorntinui-
ties e to circulsr voide 3/8 ineh or larger in diameter.

Zist dincities in heat transfer were 3dstected in the nonds of only 17 of the
62 pradéucticn vltrascanic rejects. Comparison of witrasonic maps of 12 of these
rejects with the heat *transfer mapz showei trhat large areas cf wltrascnic dis-
contisiity do not necesgarily indicate large heet transfer discontinuitiez. On
+the cother hani, distinct irdicaticns 2f “oni heat trancfer discortinuities were
fournd in four of the fuel elements which hal passed the production wltrasonic
tests. The largest of these Aiscoaminuities priucel a surfeace ftemperature in-
crease sirilar to that produced bty a circuvlar 3/8-inch-diameter v2id., PFarther
wltrasonisz characterization of these fizel elements is under way.

Variations iwn cladding surface emisszivity is <ne of tue mairn factors limiting

the sensitivity of the present hest transfer tegting equipment. These emissi-
vity variatioms cavse spuricus varistion: in radiometer indicatiocnz cf the sur-
face temperature vwhich mask tempera*ure changes due +to small keat transfer discen-
tipuities.
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Increasing surface heating power density during testing would increase *he
magnitude of temperature changes over discontinuities; but an wltimate limit
would be imposed at the point where metallurgical changes would occur in the
cladding due to high surface temperatures. For this reason, it is necessary
to eliminate the effect of emissivity vaeriations.

An invention report describing a possible new type of emissivity-independent
infrared radiometer being developed for application in heat transfer testing
has been issued (HEW-685T4). The theory upcn which this instrument is based has
been extended to include the case of large temperature variations.

A Zircaloy-clad uranium fuel element having suspected bond discontimuities was
heat transfer tested in the same equipment used with the alumimm clad elements.
Although apparent bond heat transfer discontinuities were indicated, large
jiameter variations in the test plece made it impossible to determine whether
they were real,; since much higher power densities are generated in areas that
pretrude nearer the induction heating ceil.

Previous tests with plasma-arc heating indicate it is much less positicn-
dependent than induction heating. Preliminary experiments have indicated high
sensitivity can be obtained in the heat transfer tests with a plasma-arc heat
source. Arrangements have been made with Ceramic Puels Operation to continue
using their unit on a part time basis during further evalustion cf this heating
method for applications in heat transfer testing.

NEUTRON FLUX MONITORS

Investigative work now includes detector lccation considerations in the reactor
such as in the process tube;, in moderator near the tubes, and in regioms between
the process tube and the moderator. Sets of parameters for the three possible
lccations have now been obtained and these new parameters are being used to
determine appropriate debector gompositions° The scope of material congidera-
tions now &ncludes U222 and L in addition t: previously conasidered U 58
Pul39, s and Puell. Informatic. concerning procirement of depleted uran—
ium and various mlutonium isotopes was received. Tent:ulive arrangements have
been made for on-site experimental fabrication cf sewa:. prototype detectors
and experiments have been planned for detector +estinax If feasible, tests will
be made beth in the Hanford production reactors ané ir Sne ETR at Idahc.

Prints apd radiographs of various types of in-core chamners were obtained to
guide the structural design of the proposed fissile materisl detectrors,

PHYSICAL RESEARCH - 5000 PROGRAM

Mechanism of Graphite Damage

Tests were carried out of a technique for campersnting for beam heating during
irradilation of graphite samples with the elecircn Van de Graaff. The results
were good. It was possible tc reduce temperature Arifts to negligible values
for temperatures as low as that of dry ice ¢ ur above romm ftemperature.
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BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmeosrheric Physics

The TBM T090 program for processing the dosage data obtained during atmospheric
diffusion experiments was modified and expanded to increase its versatility
and include calculation of some dispersion parameters. The program is now suf-
ficiently flexible to accept experimental data from almost any grid of sampling
arcs. In addition to the mass values obtained for each sampler location, the
progrem includes calculation of the first four moments of the arcwise mass dis-
tributicn, the modal value along the arc, and the position cf the mode. Debug-
ging of the program was completed in preparation for processing data collected
during the 1960 field test series.

Four additional diffusion experiments were attempted during the month, with

three successes. Twe experiments were ccnducted using an elevated source located
at 20C feet height with dosages measured at 1.5 meters height tc a distance of
one mile. One experiment was conducted using a ground scurce with dosage meas-
urements on bsth the vertical and horizontal grids to a distance of two miles.
Meteoroiogical conditions were unstable in the three experiments. The fourth
experiment was attempted during a steady rain, but failed when the wind direc-
ticn shifted off the sampling grid.

Refurbishing of the Rankin counters for assaying the amount of zinc sulfide
tracer material collected on membrane filters during the atmospheric diffusion
experiments progressed. Three unite that were previously contaminated by flek-
ing of plutonium from the alpha particle source were decontaminated. New alpha
particle scurces of Americium 241 were installed in two of the units. The
sigral-tc-ncise raetics for counters using the americium sources wae about 50%
better then with any of the previously used plutonium sources, even though the
alpha flux was nearly identicel. However, the americium sources alsgo flake off
slightly, and Analytical Laborstories have been requested to seek methods to
provide bYetter adherence of the source material. One counter, utilizing a source
of plutonium electrodeposited on rlatimm, has not deteriorated in nearly two
years of use.

Attempts to calibrate the rain-drarlet sampler for use in precipitation scaveng-
ing studies continued. DIroplets of distilled water of nearly unifcrm size are
generated with a modified hypodermic syringe at the top of a vertical tube y2
feet ir length and are sampled at the Tottam, having reackel terminal velocity
in the tuke. Droplets are ccllected on the Diazo paper cf the droplet sampler
and o an cll surface. Droplete collected on the oil are sized under a micro-
gccpe ard their dilemeters compared witk the spot size on the Diazc raper.

Large 4rops are collected ani weighed. Calirration data have been cbtained in
the dropsize range 0.75 to 4.6 mm diameter; which embraces the rain droplet
sizes tha*t intercept the zinc sulfide tracer.

Over-szll precision of the calibration is expected to be approximately ten per-
cent .
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DOSIMETRY

The Zn-65 celibration is continuing. The result continues to change with time
and is approaching the calibration value now in use.

The last modification necessary to permit use of the paper punch for preparation
of whole body counter data for the IBM machine was completed. Routine use of
the peper punch will begin March 1. Its use will eliminate the need for hand
punching of cards.:

The air filters for the iron rocm were changed. The old filters were found
to contain Ce-144, Ru-106 and Cs-137 but the amounts were lower by an order of
megnitude than those found on previous occasions.

A study was begun of the rate of elimination of Co-60 from an individual found
to be contaminated with that isotope. 2Zr-Nb-95 that was initially present was
rapidly excreted. The rate of excretion of the Cc-60 is very low.

Our past practice for locating Pu in wounds was to cover the wound with a thin
lead sheet containing a small hole. The plutonium was located by finding the
positicn of the hole that would permit the counter tc detect the X-rays. We

have found it to be simpler and faster to use Jjust a small piece of lead and find
the position of that piece which will keep the X-rays from being counted.

A circult was developed that permits discrimination against very shert scintilla-
tion counter pulses. This circuit may be useful in reduction of noise in plu-
tonium X-ray counters. The circuit works by requiring a coincidence between a
counter pulse and the same counter pulse delayed.

The positive ion Van de Graaff operated satisfactorily during the month.

Timers were installed on each of the mercury diffusion pumps that will turrn the
pumps off if not reset within twenty-four hours. These will protect the system
if for any reason the pumps are not serviced with dry ice evnry day. Plans

were prepared for a deuterium gas target. The work with the Perlow spectrometer
was completed and it and the 100 channel analyzer were remcved from the building.
A 1i-6 spectrameter and a 400 channel analyzer were moved intc the building.

We understand that our precision long counter has been adopted as a neutron
standardizing device for the Internaticrnal Radiation Standards Lakoratory being
set up by the Internmational Bureau of Weights and Measures. We also understani
that our double mecderator device has been adcpted by the Mound Laboratory for
use in checking the Pu-Be sources that they produce. They are the maker of
suck sources for the United States.

The measurement accuracy achieved with the precision long counter brought to
light that the neutron emission from Pu-Be sources changes on the crder of half
a percent per year. The change appears to be due to the growth of daughters cf
the plutenium isctopes in the source and therefcre depends on the isotoric
composition ¢f the plutonium. Mound Laboratory is seeking ways tc establish
the ccmposition cf the sources they have already produced and to measure 1t for
fubture sources.
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A precision long counter was fabricated for intercamparison of neutron stan-
derds in different leboratories. An antimony-beryllium neutron source prev-
iously prepared was successfully decontaminated and used in precision long
counter measurements. The study of the effects «f large doses of gamma rays
on the BF3 counters is continuing.

One of the results of the work with the Perlow spectrameter was the discovery
of deuterium contamination in most of our tritium targets. This was confirmed
by measurements with the double moderator. This is important to ocur laboratory
woerk because it means we cannot produce neuwtrons cf energy above 5.4 Mev that
are nct seriocusly contamineted with neutrons of lover energy.

The system for filling tissue equivalent chambers with tissuc equivalent ges
was completed and tested. It worked satisfactorily.

Through correspondence with the National Bureau of Standards our results for
the calorimetric determination of their Co-60 source was combined with their
free air chamber measurements of the same source. The result wae a precision
determination of the average energy to form an ion pair in air. This should be
one of the better determinations of this fundamental constant.

INSTRUMENTAT ION

The experimental “pocket" alarming dosimeter using & modified pencil ioniza-
tion chamber detector was modified to use a ministure low-current lemp which
will remain energized instead of being pulsed on. This will permit reliable
use of the unit, which has a selectable level alarming range from 10 mr to

200 mr, in fields te 10 r/hro Controlled size slit widths from 0.0l to 0.0005
inches were devise: using phctographic means, and the various slits were tested
to determine the optimum width for proper operation with the CdS cell. The
cptimm widtkr was 0.002 inches for use witk the miniature 603AL cell. The
method Jevised for slit production is directly applicable to volume fabrication
of the doeimeters. Necessary circuit development was started tc provide chopper,
amplifier, and oscillatcr gate circuits for the unit. The amplifier holds off
the oscillator untii the preselected dose is attained or the batteries fail.

The osz2illator will drive a resonant air column "speaker" %o provide the aulible
alarm.

Experimental work continued on another type of r .dature alarming dosimeter.

cirazit was successfully completed to "read" the ion chamber dosimeter charge.
By amprificatiosn, the obtained signal wili gate an oscillator which will drive
a transistsor scaler to provide a readout prepcrtional to the charge remaining
on the chamber. The reading circuit uses tunnel &iode quantizing gate techni-
ques.

investigsation, using cross-correlaticn techniques, continued concerning low
gamma energy (1 to 25 Kev) analysis methods in an effort to reduce the ncise
problems and improve the ability to detect a source. The develcpment work con-
cerned transistcr circuits driving dual log count-rate meters. A metered ratic
is chbtained of the twe signals which are noise-plus-tackground; and noise, back-
ground; and source. Some improvements have beer obtained over the conventional
analysis methods.
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Development and design work was campleted, and one prototype unit was fabri-
cated; for a stable DC amplifier needed to drive standard cne milliampere
chart recorders full scale in about 0.5 seccnds. The unit is driven by the
previously-developed, in general HAPQ use; 10C micrcampere “transistorized
count-rate meter. The prototype amplifier, using silicon transistors, is sub-
stantially improved over the original breadbcard unit. The cutput current
errors are minus 2 percent at O°F and plus 5 percent at 150°F. The principal
use for the unit will be in radiation monitoring work from airplanes, boats,
and autcmoblles yhere fast chart recorder response is required.

Experiments started on a reliable, small, ilnexpensive, hkigh level dose-rate
detection method for use in reactor buildings, highk level facilities, and other
locations where situations may occur which result in continued high dose rates
such as the recent Arco incident. The resultant prototype detector measures
only one inch long and one-half inch in diameter and is contained in a cylindri-
cal package 50 percent larger with plastic foam shock material included. The
unit can drive several hundred feet of simple two-wire cable and is gamma energy
independent from about 80 Kev to 5 Mev. Only the probe, which is ccmposed of

a rugged photocell and a terphenyl-in-polyvinyltoluene organic detecter, is
located in the hot area. The power supply and measuring instrument are located
in a safe zone. The power can be 60 to 150 VDC or VAC (whichever is available)
with a necessary current required of only two to three miiliamperes maximum.

The output can be read with a simple millivcltmeter or microammeter with a
meter-relay for a%arming purposes if desired. Dose rate levels from about

50 r/hr tc 5 x 10° r/hr are easily read. Reading errors caused by radiation
damage are expected tc be negligible below 107 or 108 r integrated dose. Tests
to date have been satisfactory with more high level tests scheduled. The prcte
is inexpensive, as the organic detector costs cnly $4 ani the phctocell, $3.

Final prototyre fabmicaticn continues on an experimental sciantillation alpha
air monitor using coincident-count techniques. All 3evelopment werk was ccomp-
leted last month. The original breadboard unit continves in successful opera-
tion, ané repeated tests have shown the unit to be =asily capable of alarming

. on equivalent contimuous Pue39 air contamination levels of 2 x 16-11 pc/ce in
about one hour even when the unit is operating in highk radon-thorsn air concen-
trations.

Twenty-five 1100 ohm-cm silicon wafers were lapped and are ready to etch for

use as silicon surface bharrier alpba and neutron solid state detectors. The
miniature prototype "palm-size" gross alpha monitor using a silicon diode
detector, transistorized circuitry, and a resonant aiv column "speaker" was

used throughout the month with excellent resuits and strong interest by moni-
toring personnel. Experiments were conducted with a boron-czated silicon sur-
face barrier dlode used as a slow neztron detector. Results were somewhat disap-
pointing due to lack of sensitivity as a result of the very small detector area.
Further tests are scheduled with both boron and litrium zcatings on the diodes.

A prototype transistorized amplifying annunciatcr was ccmpleted during the
menth., This unit, packaged in a 3 x 3 x 2 inch confainer and self-powered,

can be "plugged into" any HAPO count-rate type portable radiaticn monitoring
instrument via the phone jack. The unit eliminates the necessity cf wearing
headphones during monitoring. The resonant air coiumn “speaker" incorporated
produces a gated 3 Kb/s note for each input pulse at law count rates, a modu-
lated 3 Kc tone at medium rates, and a continous 3 Kﬂ"ecund at high count rates.
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The uni* has excellent audibility characteristics ané was enthusiastically re-
ceived »y monitoring perscnnel.

Extensive dsvelcpment work continued or the circuitry for readout, scanning, and
control poertions of the autometic film-dosimeter densitcmeter at the request of
Radiation Protection Operation; HLO. Redesign was found tc e necessary on the
relay decoding "tree" and on the film spct identification circuitry and detec-
tors. These items had to be redesigned before development and design work could
be started on the readout; scanning, and control portions. The associated IBM
tvpe 026 Card Punch was cperating incorrectly when received, and it required
repair. Development work completed to date includes a preamplifier, printing
circuits, and some master conmtrcl circuits. BExtensive work remains.

Design modificaticn work continued on the experimental zinc silphide particle
counters in use hy the Atmospheric Physics Operation, HLO. Twc new americium
hydroxide activator sources were installed, tested, ani the units were placed
in field use. Diffisxlties are still being encountered with minor source flak-
ing and subsequent filter contamiration. Another source fabricaticn technique
will re Tried.

The two transistorized scintiilation portatle dose-rate meters were finally
completed in experimental form and initial tests proved satisfactory. The full
scale first range can be one mr/kr or five mr/hr as desired with four totel
decaded ranges availahle. Further tests will be accelerated.

Experimental prototype fabrication continued on a transistorized bteta-gemma
combined area menitor; hand and shoe counter employing hackground suppressicn
sirsuitry. and cable-connected clothing and object probes. The unit will be
termed a Check Out Station Monitor.

Exverimental work continves on the thermcluminescent dosimeters. The gamms
energy response curve for a constant 120 mr icse was obtained for the packsged
dosimeter fram 8 Kev to 1 Mev. Four prototype units were calibrated, to
aczuracies of £ 10 percent, from accumulated doses of 20 mr tc 10 r. Tests

were condueted to determine the effects of mechanical vibraetion on an irradiated
dosimeter, and no effects of such vibration were found for doses fram 20 mr te

1 r; tkat is; the readout was the same whether vibrated or not. Experiments are
in progress tc fabricate an experimental hr dosimeter as an improved step from
the present 27 design. Various glass thicknesses with inclusioms, swcl as le=ad,
wili be trie? for the rackaging material. Demonstraticns of the prototyre amits
were conduethed for members of the Biclogy Operation.

Crmpomerts were criered for developing the egquipment tc store anl analyze pulee-
height spectra in the whole Tody coumter. At the presext, it is planmel to use
& Arun memory and parallel arithme-ic., The logic for the current adiress and

infex registers haz been developed.

An analcg computer study was made regarding the distritution of 1122 in the
tumen wody filicwing a one-ghot administration intc the lungs. Specifically,

it was required %c determine the variocus biological Sggay constante necessary
t¢ meset certain specified maximum éoncentratiors of I L ip the thyrcid glund

at spscified times. This constitutes a curve-matching procesz. It 1s necessary
tc gensrate a solution and note the maximum value of the variable, and the time
of maximum value. Then changes in the paramevers are made and the effect noted
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on the solution. The obvious ldeal metkod consists of generating solutions fast
encugh so that an oscilloscope can be used to visually okserve the effect of
parameter variations. The problem was ccmpleted using the repetitive mode of
operation cn the EASE computer, and a 1lT7-inch linear oscillcscope for display-
ing the solution.

gig‘ B-2T7 . HW-68T12.

Studies are under way concerning the feasibility of using "noise' techniques,
similar to those being applied to the measurement of neutron lifetimes, for the
analysis of metecrological data. It appears that analog methods can be used

to obtain the various correlation ccefficients required and that these techniques
would be much more simple than digital techniques for the high frequeacy com-
porents of the signal. A cambination of analog and digital techniques may be
advisable for low frequency components. The basic irstrumentation requirement

at the present time is a means of recording the datae continucusly in a form which
can be easily analyzed. A multiple-track FM tape recording system is under
consideration. Assistance is being given to Atmospheric Physics Qperation per-
sonnel in determining specifications for a recording system ccompatibdle with the
available analog computing equipment.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis

The mass spectrameter for this program provided isotopic analyses of the program
samples received this month. The program sample load processed was agaln about
200 percent of the goal. In addition, seven analyses were provided for Analyti-
cal Laboratories on product plutonium samples. The resulits of sixty-nine analyses
of thirteen different uranium standards were compiled and reported.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month. There were two
unscheduled shutdowns both due to faulty by-passing technique.

The experiment to determine the limiting concentration of 93 percent enriched
UOoF, in HpO was completed during the moath.

The experiment to determine the burnout in bell 3X materials was ccmpleted dur-
ing the month.

The callbration cf the PCTR continued. In all determinations the test cavity
contained solid graphite. The worth cf a fuel rod, a ccntrol rod, a safety disk,
and also the neutron lifetime for four fuel loadings have been determined. The
neutron lifetime data are heing processed and are nct included in the table of
data as follows:

Reactor Prcperties

Square Puel Loading 30 x 30 373 x 373 L5 x 45 524 x =23
Fuel Rods at Critical 22 32 46 _ 73
Driver Worth 108.1¢ 8l bg 5k .24 3L, 4
Control Red Worth L1 26.0 51.2 Ly .8
Safety Disk B -- - $2.78 --
Safety Disk © $2.52 -- : $3:38 $3.40
‘E?fety Disks B and C - - $35 .66 -
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Au foils were irradiated in the TTR in order tc ncrmalize them for PRTR experi-
ments. Instrurents to measure neutron lifetimes by noise analysis methods were
tested by Systems Research QOperation personnel in the TTR.
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Date necessary to determine the neutror lifetime by observing the neutron flux
decay after rapid insertion of poison were taken and are being analyzed.

A method of rapidly injecting poilson into the reactor by forcing a pistor con-
taining the poison down a cylinder by alr pressure has been utilized tc measure
the neutren lifetime in the PCTR with different core loedings. Incomplete data
indicate that the neutron lifetime may vary from C.82 m sec tc 2.0 m sec for the
various core loadings. Tests were also made on the TTR and are being anelyzed.

The poison cames {10 rest in the reactor within 50 m sec after pressure is applied
to the piston. The piston travels about 6 feet during this time.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

Meteorological Services, viz., weather forecazts, observations and climatological
services, were provided to plant operations and management personnel on a routine
baeis.

Weather Summary

Type of Forecast Number Made % Relisbility
8-Hoer Production 84 78.9
24k-Hour General 56 78.8
Special 158 86.7

February was warm, wet; and windy. Tempersatures were above normal throughout
the moath and averaged 43.7, a mark which has been exceeded in February only
twice in 49 years of record. Precipitation, all in the fcrm of rain, was
ldrgely confined to the first 10 days when 1.91 inches occurred. Subsequent
raine raised the menthly total te 2.10 inches. the seccnd greatest Pebruary
amount in L9 years of record. .

Wind speeds averaged only 5.0 mph daring the heavy-rainfall pericd from the lst
to the 1Cth. However. many windy periods during the last 18 days raised the
over-all monthly average to 9.4 mph, the highest for February in 17 years of
record.,

Instrumentation and Systems Studles

Fabrication continued on an experimental beta-gamms (mixed fission product) air
monitor for the 327 Building using a moving-tape filter meai, and cn an alpha-
beta-gamma alr stack monitor for use by Chemical Researck QOperation; HIQs, in the
32% Bzilding. Ime ‘o the extensive backlcg of work in the Electronics Shop,
fabrication completions will be delayed.
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Degign work was Jjust started on a specialized very sensitive portable beta-
gamme. "field use" monitor using our previously developed. and now standardized,
transistor circuits. The instrument will be used by the Biology Operation.
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Modification work and advice was campleted and rendered concerning the scin illa-
tion transistorized shoe and clothing meniter for the 325-A Building. The newly
installed shoe probes work satisfactorily and cnly miner circuit adjustments
remain.

Calibration of the micro-displacement readcut systems, to be used by Physical
Metallurgy for in-reactor creep measurements, has continued during February.
Calibration of the Schaevitz DRS-100 readcut system is 20 percent complete. This
includes the room temperature drift checks for all scales, and the 20°, 100°, and
200° C calibration runs on the 0-0.3 inch scale. It was found that the DRS-100
is quite sensitive to the transient electric and magnetic fields which occur
within the furnace as the various heating elements are turned on and off. In an
effort tec reduce this adverse effect, a large copper shield; which completely
surrounds the LVDT, is being installed. This should effectively ground the un-
vanted transients, and also improve the temperature profile throughout the length
of the furnace. An additional thermocouple is being mounted on the transducer
clamp which will continuously monitor the temperature of the transducer. Early
indications are that the temperature variations in the laboratory may produce
appreciable calibration error when the required accuracy is of the order of a few
micro-inches. At present, no obvious solutiom to this problem exists, dbut an
attempt will be made to determine the magnitude of this envirommental error.

The feasibility of using gamma spectroscopy to detect fissicn product mobility
vas studied at the request of Radimmetallurgy and Ceramic Fuels. The mobility
of certain fission products may possibly be measured by a finely ccllimated scan
of the gamma radiation from wafers cut from irradiated U0 fuel elements. Study
assumptions and recammendations were recorded in a memcrandum report.

The bids for the 333 Bullding autoclave bydrogen detecztion system bhave been re-
ceived and evaluated. The low bidder was $3,000 below our estimated $10,200
figure. Same adlditicnal tests will be required before the 306 Building mockup
instrument 1s acceptable.

Tre Chemical Dissolver problem for Chemical Research and Development Operation
has been programmed and is ready to go as soon as analog ccmputer time is avail-
able. A plug-flow dissolver is represented mathematically by a partial differen-
tial equation. Since this cannot be simulated exactly, an apprcximaticn is em-
Plcyed. In this case, the dissolver was considered tc be equivalient to eight
consecutive, identical dissclvers. In each section, the characteristics were
assumed to be a function of time only. The mathematical mcdel tken cosists of
eight crdinary differential equations, eclved simultarecusly. The resirculating
reservoir is simmlated by a transport lag.

Solid~state circuits were developed and fabricated for timing and synmchroniziag
the scanning of transducer inputs into a digital voltmeter-printer combiration.
The system is being used by Chemical Development Opera-ion o print autcmatically
the data from 35 points of measurement in an experimental chemical separations
process.
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Development started cn the Panellit-Heise pressure gage readout device for
105-IR. Originally tke device was to consist of one hand-keld gage readout

bax in back, for Heise gage, and one in the front cf the panel fcr the Panellit
readings. Information was tc be punched on a tape and tyred by an electric
typewriter. Requirements have been changed ani the present device will consist
of three hand-held gage readout baxes ir the front of tke panel; one for each
pancl. The Heise gage information will, as before; be transmitted tc the front
of tke panel by telephone. An adding machine tape punck will provide a base
camputation feature by subtracting the Panellit reading from the Heise reading.
Disadvantages of this system include a long, hard-to-handle adding machine tape
reajout. Had mcre money been svailablie, the data could have been typed on a
large sheet of paper by a billing machine. Insufficient funds have also pre-
vented the use of an sutomatic Heise gage readout from a pressure transducer.
The Zevice will probably not save any time in the actual gage readout procedure,
but it will save time between the ccntrol room and the 7090 date processor. It
ghovld eliminate the card punching procedure at the 7090 and the mamual typing in
the control room. The adding machine tape punch; the equipment cabinet, three
shaft encoders and same small parts have been crdered. Development of the logic
circuitry should start next month. '

Optics

High pressure mercury vapor lighting is teing incorporated in equirment being
designed to permit vertical illumination of chjects through the Ceramic Fuele'
long-working-distance microscope. A special microscope eyepiece adarter also
has beer. designed tc permit simultaeneous viewing, photograpring, and monitor-
ing of light level.

A camera qesigned to be used on the latest model l-,’)/k-inchmiiameter Lencx
berescope for phctographing reactor process tubes kas been campleted and tested.
The camera emplicys a Polaroid tack, permitting examinetion of the photograph
within minutes after exposure. A right angle eyvepiecze hsas been added toc the
camera t¢ permit visuel use c¢f the borescope withaoubl disconnecting the camera.

Design sketches have been prepared showing tke cptical and mecharxicel constrice
tion of portablie periscopes and binocsular unierwater periscopes for the NPR
project. Tne pertable periscopes are generally used for viewing the rear face
of the reactor trrougk holes in the biclogical skield. Tke deszign sketches
rrovide for improved mechanical comstructicm over previous models and alsc
spezify the sptical camponents more zompletely. The bincowlar underwater
periscope sketches modify the design used for X Area, providing improvements
iv optical and mechanical construction. Arrangements heve been made to get
camplete engineering drawings. Studies are in progress to further improve
desigu.

~ An optical traversing mechanism is being developel for use with a torsscope t©o
Getermine the distortica in reactor process tubes and other chanmeis. It will
be particuvlarly useful in the many cases at hoth the c¢ld reactors and at the
NFR vwhere the mercury mancmeter and surveying tyvpe measurements are nct appli-
cakle, Preliminary calculations indicabe the regquirsd sensitivity will be
reaiily obtained.

A totel of 4A3 manhours' shop work vas performed during the four-week period
(Jaruary 29 tc February 26) included in this report. Of +nis, 8% waz for an
offsite crder ccde CTT7, 21% for code 150C, 7% for IFL, 37% for @FL, 20% for
HLO, 5% for FFD, and 2% for CEO. 3 =
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The work included:
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Fabrication of two glass cylinders for GEL; Schenectady.

Modification of a camera filash attachment for Photography.

Fabrication of three solar cell pyrameters for Facilities Engineering, FPD.
Fabrication of 20 glass bearings for CFD.

Modification of a borescope for Facilities Engineering, CPD.

Fabrication of camera adapters for Radicmetallurgy.

Fabrication of three-way split-beam eyepieces for Ceramic Fuels, HLO.
Fabrication of parts for a borescope camere for Irradiation Testing, IFD.
Repair of one crane periscope head for Redox.

Ana.logr Canguter Facility Operation

The major analog camputer problems considered this month include:

1.
2.
3.
L.
56

NPR Primary Loop Analysis.
NFR Plant Simulator.

NPR Secondary Loop Analysis.
Thyroid I3l Activity.
Plug-Flow Dissolver Study.

Computer operation was as follows:

GEDA 138 hours up EASE 116 hours up

30 hours scheduled downtime 36 hours scheduled downtime
8 hours unscheduled downtime L4 hours unscheduled downtime
0 hours idle 20 hours idle

1T6 hours total T76 hours total

Instrument Evaluation

Successful demonstrations and field testing continued with the two prototype
Model II Scintran instruments. Thirty urits have been ordered fram off-site
(General Electric Company, APED, San Jose, California).

Nine of the ordered 12 Sentinel portable alarming dose-rate meters Lave been
tested and are now in field service. Three will require a phototube change to
permit first renge operation of 0-400 mr/kr in place of the 0-1 r/hr first
range originally requested. Future units will use the higher gain RCA 6655-A
phototubes in place of the RCA 6199 tubes. The general mechanical fabrication
and layout work on the units; purchased to our circuit-only specificatiomns,
from Technical Associates, Inc.;, were not satisfactory.

Field testing and demonstration work was carried out cn the rew "palm-size",
transistorized alpha monitor using a sclid-state detector and a rescnant air
column speaker. In addition; field tests were conducted on the new transistor-
ized "plug-in" package circuit, also using a resonant air column spesker, fer
headphone eliminaticn for all HAPQ portable count-rate type radiation detecticn
instruments. Tests on both units have been completely successful and fielid
personnel acceptance most gratifying.
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Investigation tests continued concerning general drift probleme with Dumont
6363 phototubes. Ticy are far more subject to gain veriation with time than
are comparable RCA tubes. .

pt‘
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Genersl instrument problem discussions and demonstrations were held with a
number of analysts and supervisory personnel at various CFL and IFD locations.
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATICN

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

TRRADIATION PROCESSES

Uranium Oxidation and Fission Product Volatilization Studies

Rear face single fuel-element "burning" incidents were simulated using unirradiated

4" solid and 8" I&E aluminum-clad elements. Induction heating was substituted for
the fission product decay heat which would be generated within a discharged element
which might be intercepted and exposed to ailr on the rear face of a reactor. Six
tests were conducted in an air atmosphere with inductive heating rates varying from
80 - 680 C/min. Each test resulted in different oxidation and melting characteristics
due to variations in the integrity of a uranium-aluminum alloy coating formed at the
surface. Essentially no uranium was oxidized when the alloy coating was continuous-- .
even at temperatures above the uranium melting point. When the coating was dierupted
rapid and extensive oxidation resulted. The integrity of the coating was deperdent
on the heating rate, cladding defects and length of the heating period. Uranium
temperatures attained in the tests ranged from 1085 C for an unoxidized specimen, to
an estimated 1700 - 1800 C for a free-flowing specimen that exhibited a rapid exo-
thermic reaction.

These tests indicate that a single fuel element which failed to drop clear into the
storage basin during discharge could reach temperatures exceeding the melting point
but would not necessarily oxidize extensively. Fission product release could vary

from a very low to a very high percent of the fission product inventory, dependirg

upon *the integrity of the jacket-urarium alloy sheath formed.

Aralytical resultﬁ from two fission product release tests using small gspecimens
irradiated to 10+“ - > nvt indicated that 30 percent and 40 percent of the I-131
released at oxidatior temperatures of 1200 and 1300 C, respectively, were retained on
a Millipore filter downstream of the oxidation tube. An electrostatic precipitator
collected 10 percent of the I-131 passing through the filter. The Millipore filter
was slightly more effective in retaining Zr-95 (55 percent removal). Tests such as
these constitute the preliminary work leading to a better understanding of the
physical nature of certain radionuclides and their possible modes of transport to

the ervirons when released from overheated fuels. '

NPR Effluents

Soil column experiments were conducted to determine the utility of ground discharge
for disposal of phosphoric acid deconteminaticn soiluticn proposed for NPR. When

the waste solution was initially neutralized with caustic the soil removed more tharn
90 percent of the radionuclides of zinc, iron; etrontium, cerium, chromium, ard
cesium. Similar experiments with initially urreutralized phosphoric acid waste
resulted in much poorer retention of these radioisctopes by the soil. Isotopes of
ruthenium; zirconium, and cobalt were poorly removed by soll in all experiments.
Radiosilver was the only isotope removed by soil more efﬁiéiently from acid than
neutralized waste solutions. : o°

i
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It might be possible to release the phosphoric acid waste to & crib at a judiciously
chosen location without an initial scavenging treatment; depending on the soil to
provide necessary decontamination. The research results indicate the advisability
of neutralizing the waste before.ground disposal. The disposal of the entire slurry
from a scavenging operation to a crib would be preferred tc direct release of the
supernatant solution to the river.

Wells 699-69-45 and 699-67-51, a mile to a mile and a half north of Gable Mountain
were completed at depths of 300 and 250 feet, respectively. Altitudes of the well
collars are being carefully determined so that accurate representation of the water
tatle configuration will be possible. These wells were drilled to better define
ground water altitudes in a location which may prove sultable for NPR effluent
ground disposal.

Reactor Effluent Treatment

The pilot scale reactor effluent aluminum bed decontamination facility was operated
at reduced flow because of increasing pressure drop across the first few feet of the
bed. The increase in resistance is due in large measure to debris settled out in

the 107-D basin which enters the pilot facility feed line from the bottom of the
vasin. Material reductions in pressure drop would likely be realized if reactor
effluernt could be drawn directly from the basin inlet rather than frcm the basin cribd
drain.

Apnalytical results made avallable for two recent months of operation permitted the
decontaminatiorn efficiency of the aluminum bed to be more firmly established than
previocusly. Over the two months the average percent removal as determined in ten
reasurements was as follows:

As-T6 - 53%
P-32 - L7
Mn-56 - 71
Cu-64 - 68
Zn-65 - 62
Np-239 - 19
Cr-51 - 8

The adsorption of trace concentrations of As-T6 from tap water at 80 C by a bed of
freshly crushed olivine, (Mg, Fe)2 §10),, was studied ir a flow system providing a
residence time of 2.93 min. The mineral was found to have a capacity of 35 bed
volumes for adsorbing arsernic under these conditiorns. The solution used in these
experiments also contained Zn-65 in trace concentrations. The zinc was removed

from solution by olivine mcre efficiently than was the arsenic, reaching omly 10
percent breakthrough whern the breekthrough of arsenic was complete. The minersl
became coated with a reddish-brown ferric hydroxide film during the experiment, which
probably plays.an important part in the adsorption.

Water Treatment Processes

Several water treatment modifications were tested on a lasboratory-scale plant.
Phosphate removal through the use of compined ferric hydroxide-marganese dioxide
floc was found to be comparable to the results previously found for arsenate removel.
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Separan filter aid is useful in this process. The phcsphate remcval efficiency
was 96 percent if 20 ppb Separan were used and 86 percent if 10 ppb were used.
Substitution of margancus ion for the ferrous ion as reductant of the KMnO), gave

a manganese dioxide precipitate with very little ability to remove phosphate. The
efficiency of aluminum nitrate as a flocculating agent for removing phosphate from
high turbidity water was tested. Phosphate removal was equal to or greater than
with the same agent in low turbidity water.

Reactor Film Studies

Studies are in progress on the adsorption of trace ions from near-boiling water onto
aluminum surfaces containing corrosion oxide formed while in contact with water of
various salt contents. The amount of a trace ion adsorbed by a column should be a
direct indication of the amount of radioisotope formation which would occur under
similar conditions in a reactor provided a steady state film exists. Some prelimin-
ary findings are: aluminum surfaces exposed to distilled water have a higher affinity
for zinc, sulfate, arsenate and phosphate ions than surfaces exposed to tap water;
addition of 50 ppm magnesium reduces the adsorption of aniors; carbonate and sulfate
reduce the adsorption and increase the desorption rates of anions, but increase the
uptake of zinc.

SEPARATION PROCESSES

Diluent Studies

A new high temperature ("Apilezon" coated diatomaceous earth) column for the vapor
phase chromatograph has been very useful in ckharacterizing hydrocarbon diluents with
respect to the number and relative quantity of their componerts. A further aid to
characterization of these diluents is the highly specific precipitation of normal
paraffins with urea. Through the use of these prccedures the following information
has been developed concerning several kerosene type diluents:

1. Shell E-2342 contains cver 36 distinct comporents. It contains less than 50
percent normal paraffins.

2. Shell Code 82 is quite similar to Shell E-2342 but contains relatively more
normal paraff.ns. The inference is that Shell E-2342 may have been chemically
treated to remove branched chain and cyclic species.

3. Soltrol 170 consists of fewer components than E-2342 but contains almest no
nermal paraffins. It 1s, by test; however, considered to be a superior sol-
vent to the Shell product. The inference is that branched species per se
may ot be harmful, but that perhaps a small fraction of a particular com-
ponent is responsible for poor performance.

L, Amsco 125-90W diluent consists of only about five major componerts (about
nine are detectable) and is very low in normal paraffin content.

5. Amsco D-95E-1 contained perbaps 20 to 50 percent of aromatics, and was
simiiar to Penola 100.

.6. Boyol D and Ultracine were similar to the Shell products but were ircter-
mediate in n-paraffin content. ..
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7. Degradation of E-2342 with boiling 4M HNO3 containing added nitrite for
three hours followed by washing with 20 percent NaOE and reduction by zinc
yielded a product of almost identical composition as the starting material.
With more aggressive degradation {about 25 percent destroyed) the non-
straight chain portion was removed in grester amount; resulting in a product
relatively richer in n-paraffins.

Observation Wells

Radiocorntaminants present in low concentrations in the ground water five miles south-
east of 200 East Area have migrated further southeastward to appear in well 299-20-20
which is 6.5 miles from 200 East Area. The last three samples from this well con-
tained concentrations of bgta emitters just slightly greater than the routine
detection limit of 8 x 10 ° uc B/cc° The additional 1.5 miles of movement occurred
over a relatively long period (35o 2.5 years) compared to the 1.5 to 2 years taken

to migrate the first five miles. The reduced movement rate is in accord with hydro-
logical and geological conditions in tke area of concern. Isctopic analysis shows
that Ru-106 - Rh-106 are the only radionuclides ir the ground water in this region.

The decayed animal material taken from a well monitoring the Purex A-6 steam conden-
sate crib was identified by Biology Operation as the remsains of a cottontail rabbit.
Considering the volume of water in the well and typical Sr-90 body burdens of rabbits
near 200 East Area, the decayed animal can account for the low Sr-90 concentration,
about 1 x 1077 uc/cc, recently detected in samples from the well. Initial results
from a dilution test in progress indicate the water in the well is stagnant which
lends support to the conclusion that the animal wes the source of the Sr-90.

Waste Tank Leak Investigations

Rurs were completed in the applicatiorn of a computer program to the solution of a
three-dimensional unsaturated flow model, with ar immediate objective of evaluating
the behavior of wastes leaking from underground storage tanks. The program results
are expected to assist with the evaluation of possible leak monitoring systems for
boiling waste tanks. Current knowledge assures that lateral spread will permit
leaks to be detected in simple vertical wells adjacent {10 feet) to the tarks before
the waste reaches the water table. The additionel computations will permit compari-
sorn of the amount of liquid that may e lost before detection with vertical monitoring
wells, and with lateral monitoring tubes extending under the tank from a caisson.
The calculations are kept conmeervative by utilizing soil parameters for the most
porous of the Hanford scil samplies on which approrriate measurements were made, and
by assuming the material Yeneath the tank to be hcmogeneous.

Disposal to Ground

Laboratory research to study the posesitle aprlication of Flerida petble phosphate
rock for plutonium recovery from D-6 sump wastes from the 234-5 Building was con-
tinued. It was found that upon standing the plutonium removed by the mirersl
gradually becomes unavallable for elutlcn; apparently by meauns of solid-state
diffusion along crystal interfaces. Freskly loaded phosphate rock may be eluted
with a scluticr of sodiuw carbonate, which rerlaces tke cuter layer of phosphate
miveral with calcite, thus releasing the plutornium remairing near the grain surface.
Wher rnot eluted; the phosphate mineral automatically recovers plutonium adscrption
capacity upon starding. -
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A bed of pebble phcsphate was cycled three times through a loading; esluting, and
recharging cycle in laboratory experiments with D-2 sump waste. The capacity of

the bed to 10 percent plutornium breakthrough increased with each cycle, being 210
bed volumes for the first, 425 bed volumes for the second; and 600 bed volumes for
the third. Prompt elution after the first cycle recovered 95 percent of the
plutonium. The bed was permitted to stand for two days before elution after the
second and third loading cycles and as & result elution recovered only about 10 per-
cent of the plutonium on the bed. Elution was perform:d with five bed volumes of

1 M sodium carbcnate solution. The mineral was then reocharged with five bhed volumes
of 0.2 M trisodium phosphate solution.

Simrilar experiments were performed with Canadian apatite mineral which has the same
composition but a different crystal structure. This mineral was found to have a
much lower plutonium capacity than the Florida pebble phosphate with no improvement
in elution performance. For complete recovery of plutonium, the pebble phosphate
mineral may be dissolved in five bed volumes of 6 M nitric acid with the exception
of about 2.5 percent insoluble silica.

Zirflex Decladding of NPR Elements

The Zirflex dissolution of oxidized Zircaloy cladding from tube-in-tube type uranium
fuel elements was investigated in two pilot unit tests. The possibility of gas
blanketing or poor diffusion in the arauli was specifically studied by placing the
fuel elements in a horizontal position. Prototypical fuel elemeats with the follow-
ing dimensions were used in the tests: Outer tube - 1.825 in. 0.D., 1.460 in. I.D.,
22 mil clad, 200 mil end plugs, and 14 in. length; Inner tube - 1.049 in. 0.D.,
0.498 in. I.D., 22 mil clad, 200 mil end plugs, and 14 in. length.

Initial dissolvent concentrations for “oth runs were 5.5 M NHF - 0.5 M NH NO3 ard
the F/Zr mole charge ratios for the two rins were from 6.C to 7.0, and 6.7 to 7.7,
respectively; the uncertainty is due to difficulty in cladding weight estimation.

Constant boil up rates of 0.6l and 0.82 g mol/min/ft2 were maintained in the first
and second runs, respectively. Condensate was removed to a separate receiver ard

replaced by continuous water addition.

The first run was stopped after 2.8 hours to observe the initial dissolution pattern.
Preferential attack on areas of maximum abrasion and random attack on undisturted
surfaces were noted. Approximately 60 percent of the cladding had been removed. In
the secord run greater than 90 percent ¢f the cladding was removed in 6.5 hours;

that remaining w-~s in a rapndom distribution. No gas blanketing or adverse diffusion
effects were apparent. Dissolution occurred essentially as predictzd from earlier
studies on fuels of different geometry.

Photochemical Production of Uranium(IV)

Some further studies have been made on the productior of uranium{IV) in nitrate
solution by irradiation of UFH-formaldehyde solutions with ultraviolet light. An
ultraviolet lamp (GE UA-1l) made especially for use in chemical process industries
wag used in these studies. Thke lamp 1s abcut twoc feet long and orne irnch in diameter.
It operates at about 1.5 kilowatts electrical irput. Preliminary data indicate that
one such lamp is capable of producing about 15 pounds cof uranium(IV) per day under
optimum usage of the radiation. et
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Continuous Dissolver - Reclamation Facility

c-6 HW-68712,M

The cold pilot plant Recuplex dissolver terminal report is being issued under the
title "Continuous Slag and Crucible Dissolver," HW-68630.

Purex C Column Water Studies

A serieeg of runs using the experimental C column were carried out in an attempt to
estatlish a relationship between the performance of the test facility and the source
of the water used for the 1CX stream. The tests were conducted ty varying the
pulsing frequency under a fixed set of conditions until a reproducible degree of
instability was observed. Building 321 steam condensate water, Purex sanitary water,
water passed through the Purex cation demineralizer and water passed through both
the Purex catior and anion demineralizers were used as extractant in the tests.

The fcllowing instability thresholds were observed under the test conditions: (Runs
were carried out chronologically in the order listed.)

Instability
Threshold
Source 1CX Water Cycles/Mino Remarks
321 Steanm Condeunsate 76 Final rur. prior to using Purex water.
Demineralized Water L2 Mixture from both demineralizers.
321 Steam Condensate 67 Run subsequent to use of above Purex water.
321 Steam Condensate T2 Run subsequent to carbornate-acid flush of
‘ column .

Purex Sanitary Water 63 -
Derineralized Water 52 Catiou and anicn removal in #1 unit.
Demineralized Water 61 Cation removal oniy in #2 unit.
Demineralized Water Lo Cation and anion removal in #2 unit.

WAETE TREATMENT

Batcr Cailcination

Nire bench-scale runs were made with simuiated Purex high-level wastes to study
factors affecting melt formation of the batch calcine. An annular pot, 6-inck 0.D.
and 15-inches high, heated by electromagnetic induction was used 1 oune run. The
inducticr heating exhibited short heat-up times and short response .imes to changes
in energy ircput. No operational problems were encountered that could be attributed
to the arnular pot geometry or to the method of heating.

The effects of permanganate and manganese fioxide on calcine melting were studied
briefly. Ir two similar runs with a high sodiun to metal ion ratic, the waste with
potassium permanganate did not form a melitable calcine, whereaé the sclutior without
the permanganate did. The presence of mangarcse dioxide ir the waste solution pro-
duced no ncticeable effect on melt formation. ‘P
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A synergistic effect on melt formation was found to exist “etween iron and aluminum.
A simulated waste solution with a sodium to metal ion {ircm plus aluminum) ratio of
7.5 and a sulfate tc salt nitrate ratio of 1.4 yielded a calcire that formed a fluid
melt. However, for three runs in which the metal ion was only ircn; aluminum or
chromium, partial melting occurred. These latter runs had the conditions necessary
for the generation of jaternal pressure; namely, partial meiting and the sulfate con-
centration in excess of the stoichiometric sodium equivalent. The generation of
Interral pressures during the calcination step was evidert in all three runs.

Storage Studies

Studies of the temperature effects of radiolytic heat gerneration in calcined high-
level wastes are continuing.

Tke temperature distributions in a proposed annular storage vessel have been estimated
for the case of air cooling by natural convection only and for the case of air cool-
ing by natural convection combined with radiation ccoling. The first case approximates
the situation of annuli standing in close mutual proximity. The second case
approximates the situation where a vessel "sees" only cool surfaces, e.g., canyon
walls, during transit to a storage vault. Within an annular vessel having containment
radii of 11 and 24 inches, 0.25 irch thick stainless steel walls, and containing a
solid which has a thermal conductivity of 0.6 Btu/sq.ft./hr.(F/ft.) and is generating
2940 Btu/cu.ft./hr., the maximum temperature is 1700 F when heat dissipation is
through natural convection from both bounding surfaces to air at 80 F. The wall
temperatures at the central cooling chanrel and the outer surface are; respectively,
1050 F and 915 F. Within a like vessel the maximum temperature is 1460 F when heat
dissipatior is accomplished by natural convection to 80 F air in the central flow
channel and by combined natural convection and radiation to 80 F air and 80 F black
body equivalent surfaces from the outer surface. The wall temperature at the central
cooling channel is 955 F and that of the outer surfage is only 55C F.

Underground Waste Sludge Sampler

Development and design ou the waste sludge sampler and handling cask has been com-
pleted. The sampler is designed to withdraw a 1/2-inch diameter, 36-inch long
sludge core. Initial use is proposed for the Purex tank 241-A-103. Tesis with &
tool steel knife edge ncze cone have shown that 10,000 pounds force is sufficient

to penetrate plaster of paris and a simulated Redcx waste sludge. A force of 13,000
pounds {the maximum force allowable for the sampler iube) caused the roze cone to
peretrate approximately 3/16—inch into mild steel plate. With a rounded edge noze
cone the penetration into steel was reduced to less than 1/16-inch with nc appreci-
able change in pressure required to.znter the simulaied sludge.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium-90 Program

Laboratory Solvent Extraction Studies - One liter of Purex Plant "crude cut" solution
was brought into the 222-8 Building cubicle for use in mini-mixer-settler runs
testing flowsheets for solvent extraction recovery of strontium. The soluticn, as
recaived, was at pH 1.2 and ccocntained a small amount of fir=ly divided white solid.
Acidification to 1.17 M HNO3 and digestion at 60-70 C for three hours did not dis-
solve this solid. .
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The crude cut solution, after being butited to feed composition, was used in a mini-
rixer-settler run simulating 1A column conditions in Study Flowsheet No. 2. Seven
extraction and five scrub stages were used in this run. Product from this run (IAP)
was diluted with an equal volume of non-radioactive IAP prepared in another mini-
rixer-settler. The diluted material was ther used &s feed in a miri run simulating
the second column (IB) of Flowsheet No. 2. Five mini stages were used in this run.

Analytical da‘ta so far obtained for these runs show considerable scatter. Best
estimates which can be made a* present place overall strontium recovery at about 87
percert; abcut 10 percent was lost in the first column and 2-3 percent in the second.
Gamma-scan data obtained to define decontamination performance are limited in sensi-
tivivy due to the high background from strortium. Cerium decohntamination in the 1A
column was less than two. About six was obtalned in a previous run at trace level
using the same flowsheet. Zirconium-niobium and ruthenium were not detected by
gamma scan in the IAP.

Gamma scans of the second column product (IBP) showed no peaks for gamma emitters.
A cerium decontamination factor of about nine was estimated from gamma scan data on
IBF acd IBW. This estimate agrees with the cerium decontamination obtained in
riciature pulse column runs at tracer level and under Flowsheet No. 2 conditions.

Hydraulic performance of the mini-mixer-setiler was excellen* during these rums.
There was no tendency toward flooding in =ither the IA or IB run. The fine solids
present caused no difficulty, they foll..+i thes agueous stream to the IA waste.
The composition of these solids has not besn determined. They apparently did not
carry a significant part of the strontium. Some precipitation of ethylene diamine
tetraacetic acid occurred in the IA waste because of the relatively low pH (3.5)
of this stream. Batch contact studies at tracer level indicate that the cerium in
feed preparzd from the crude cut solution is in the same oxidation state {(III), as
tracer cerium used in prior laboratory studies.

Further runs anticipated for the immediate future will be IA columr runs &t 10-20
percert full activity level. These will be aimed at improving ceriunm decontamination.
One such run has beer made but analytical data are nct yet available. A second

liter of crmide cut solution has been dbrought into the cubicle. This material is

very sirilar in appearauce to the first liter although the pH is somewhat higher
{2.5).

Pilot Plart Sclvent Extraction Studies - "Ccld" development studies for the HSW
strontium-9C recovery program were completed witkh the satisfactory confirmation of
the HSW Study Flowsheet No. 2. Strontium waste icsses for the solver* extractiocn
portion of this flowsheet were 3 percent in the IA column and 2 percent in the 1B
columr; using feeds ranging in pH from 3.8 to 4.7. The sodium DF in the 1A scrub
section ranged from about 10 with the low pE feed to 3 with the high pH feed. The
correspornding 1BP pH's ranged from 1.7 to 2.1 (2.4 is the maximum tolerable).

Ion Exchange Separations Studies - A small (1 cm x 62 cm) ion exchange column is
being used to study ion exchange treatment of the 1B cclumn product stream for
further purifica*icn of strontiwr. Biorad Dowex 50 W - X12 resin is used. From a
feed soluticn containing 0.0625 M SR - 0.0075 M Ca - 1.0 M citrate, loadinge of 34.5
and 37.8 g Sr/1 were obtained for fiow rates of 5.0 and 2.5 ml/min - sq.cm.,
respectively, at 10 percert breakthrough of strontium. Elutior with 3.0 M NaNO
removed 85 percent of the strontium at arn average concentration of 0.098 z; elution
with 0.5 M NahEDTA removed 86 percent at 0.179 M. Batch contact studies are ir

S SR g
| s A ’-i




o= i "’r‘jﬁ‘qtgg: @ ° T
SR S d § liSs

progress to aid in selection of an e"”ective wash solution for improving cerium
decontamination. On the basis cf reiative strontium and cerium distribution zoeffic-
ients, citric acid and citric acid-EDTA sclutions show promise. The data indicate
close pH control will be required for effective cerium removal without excessive
loss of strontium.

Stroatium Peroxide Intermediate - Filtration studies on Sr0p as an intermediate to
SrO0 continued. Contrary to early results with pure strontium nitrate solutions,
excessively fine grain Sr0, was precipitated from feeds containing scdium and
calcium in the ratios expected in Hot Semiworks strontium product solution. Studies
are continuing.

Strontium Carhonate Filter Casi - Design was completed on a full scale filter simu-
lating the strontium carbonate filter to be employed for Hot Semiworks product. The
completed unit will be available for testing at Hot Semiworks in April.

Solid Strontium Product - The following procedures have bteen investigated as means
for preparing strontium titanate:

1. Calcication of SrO-TiO, mixtures (200 to 1000 C).

2. Simultaneous precipitation of peroxides of titanium and strontium fcllowed
by calcination.

3. Simultaneous precipitation of strontium and titanium from solution by increas-
icg the pH and adding carbonate followed by calcination at 1200 C.

4. Calcination of mixtures of titanic acid and strontium peroxide or oxide.

Methods (1) arnd (2) have not been successful. Methods v3) and (4) show promige;
diffraction pattern data are not yet available on the products.

Hot Cell Operaticn - On completion of the second strontium purification run late last

morth, failure of several equipment items necessitated shutdown for repairs. Thus,
leaks had developed in the rubber-impregnated asbestos gaskets at the bottom of the
ion exchange columns, the in-cell Lapp pump had failed, a Durco valve in the feed line
had developed a leak, and several Hoke needie vaives had Yeen damaged. Two weeks of
equipment flushing and cell washdown reduced the radiatior levels to tolerable values
and permitted entry for contact maintenance, with reasonatle working times. The
columrs and pump have been re-gasketed with linear polyethylene (which should prove
much more resistant both tc radiation and to chemizal attack), cfferding valves bhave
een replaced or repaired, and piping changes have been made to mizcimize 221l wall
penetrations and eliminate the danger of soluticn dack-up to tke outside. Modifiza-
tions were complete at month's end with a run scheduled for early March.

Ion Exc e Capacity ard Feed Preparation Studies - The capacity exhibited by the
hot cell equipment in the two full-level purification runs with Purex astrcr*ium
concentrate was disappointly low, as compared to the coild ard tracer-level shakedown
runs. Breakthrough was obtained in both cases after loalding only atout three grams
of strontium per liter of resin. Experiments were accordingly carriei out in the
laboratory ard in small colwmms installed for this purpose ir the hot cell complex %o
determine the cause and cure of this cordition. 1t wae fourd that the low zapacity
was due to the high concentration of ammonium and sodium ions ir the zolumn feed.
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The sodium {9 g/1) was present in the as-received concentrate and the ammonium ion
came from the ammonia which was added to neutralize the acid required to dissolve

the solids present in the crude. Laboratery runs witk synthetic feed duplicated

the observed capacity of 3 g Sr/l. It was found that simple dilution gave ar almost
proportiocnate increase in capacity. Two-fold dilutior increased the loading to 6.4
g/l and four-fold dilution to 11.7 g/l. Behavior of actual concentrate in small
scale lorn exchange equipment was much more complex; &and not yet fully understood.

The solids apparently contain components in adcéition to ferric hydroxide, and these
affect the dissolution and stability of the feed. Thus, a feed brought into s3olution
by addition of nitric acid and HEDTA (followed by adjustment to pH 4 with ammonia),
although stabtle under these conditions, re-precipitated on modest dilutior It is
believed, however, that an empirical recipe has been found which wiil assure a clear
feed and a reduced ammonia concentration for the next run. this involves addition
of HEDTA and ammonia, little or no nitric acid; and no dilution. A column run with
this feed went very well, but analytical data are not yet available. It appears

each batch of Purex corcentrate must be considered as a separate problem and feed
makeup and loading procedures piloted on a small scale prior to full-sr::; operation.

Hot Cell Analytizal Support - Analysis of the pooled produ:t from Runs 1 and 2 has
beex completed; except for uncertainty in the barium value, where widely varying
results (O to 53 grams) were obtained. A comparison with the Martin specificaticns
follows:

Purity of Runs 1 ard 2 Combirned Product

Component Product Specification
Sr-90 Content 36.9 - 47.2 Percent® 35.5 Percent by Weigut (Min.)
Ce-1b4 Content <0.03 curies/gramr Sr-90 0.15 ¢/g Sr-90
Zr-Nb-95 Content <0.03 curies/gram Sr 90
Cs-137 Cortert <0.03 curies/gram Sr-9¢
Ru-106 Cor*ent <0.03 curies/gram Sr-90

¥* Reflects range of reported barium values.

Major impurities, other +han barium, were zoprper a=d zalcium at 18.4 ard 11.2 grams
per 160 grams of strontium, respectively. It might de noted that if all of tkre
barium in the feed appeared in the product; the axount could not exceed 25 grams.

The dezoctamination factors for cerium ani zirconium-niobium across the ion exchange
process (based or the above detestion Limits) are 5 x 10* ard 1000, respectively.
Cesium and ruthenium were not detected iz the feed.

In other work, the decontamination fror rare eerths in the ion exchange analytizel
method for strorntium {which ie used by the HAPC latcratories) was improved by a
faztor of tern by substituting ammenium form resic for hydroger form. Measured
deccrntaminatior fa:tors of 104 from cerium-1LL are obtained.

The Sr-89/Sr-90 ratics determined by Ara.ytical Laboratoriec Operation and Purex
Laboratories have shown marked disagreement. After further extensive work, using



both mass spectrometric and radiochemical methods, it was concluded that the wvalues
obtaired by ALC are correct. Referee samp.2s and counting standards are beirng
exchanged in an attempt to find the source of the Purex difficulty.

Strontium Shipment or Cerium-Cask Decalso Insert - Most of the work previously
reported on the absorption of strontium on Decalso was tailored +o proposed shipment
of Purex strontium crude in Oak Ridge STT's (wkich accommodate over 400 gallons of
Decalso). Decision to ship the purified 325-A product in a special 10 gallon
Decalso insert for the Cerium Filter Cask necessitated additional experiments to
define a loading procedure. Decalso loading and elution experiments were run with
a solution simulating the 10 gallons of combired Run 1 and 2 product {4.5 g Sr/l in
2 M HNO3 with previously indicated Cu, Ca, and Ba). The results showed:

1. Absorption from acidic solution is not satisfactory due to low capazity,
irreversible absorption, degradation of the Decalso, arnd cortamination of
eluted strontium with dissolved Decalso.

2. Neutralizaticn arnd dilution gave the best results. Neutralization with
caugtiz followed by four-to-ten-fold dilution will reduce +he loading losses
to less than one percent. Water washing will result irn an additional loss of
as much as five or six percent.

3. Caustic neutralization gave better absorption and higher capacity than did
ammonia. However, achileving the desired neutral or slightly acidlc pH is
somevhat more difficult with caustic.

4. Four colummn volumes of 4 M NH, NO. elutes most of the absorbed strontium.
Fraction of the initial stron%i readlly recoverable a. the destination
{allowing for loading, washing, and eluticn losdes) will range from 70 to
95 percent.

Multi-Fission Product Recovery Flowsheet

A study flowsheet for the recovery in Hot Semiworks of strontium, cerium and prome-
thium - rare earth fractions from Purex 1WW (following the current lead sulfate
scavenging step) was issued. The presently preferred modification of this flowsheet
would have the following features:

1. The 1WW crude is neutralized to pH 3.5 to 4 in a buffered system with HEDTA
present to complex iron and lead.

2. Strontium, calcium and rare earths are extracted with O.h4 M DZEHFA in the
1A column.

3. The extract phase erters the midpoint of a 1B column where the strortium is
stripped at a ccntrolled pE with citric acid. Ar organic scrub stream
prevents the stripping of Ca and rare earths.

4L, The rare earths are »tripped in a 1C columc with 1 M HNO;. Hopefully some
yttrium DF may be accomplished at this point. -

5. The rare earths from the iC column are oxidized with KMnO) to produce the
highly extractable cerium(IV). This should be very effectively extracted
in the 2D column, using 1 to 2 M HNO, to prevent extraction of the other
rare earths. The aqueous waste contdins sc3éntially only calcium, manganese
and all of the rare earths but cerium {and possibiy yttrium).
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6. The cerium is removed from the sclvent in the 2E column by stripping with
1 M ENWO3 containing H;0, (or hydroxylamine sulfate).

Limited demonstration of the above flowsheet indicated that 90 percent of the cerium
could be extracted from an EDTA-complexed feet at pE's from 3.1 to 3.8 and that the
extracted cerium could be quantitatively stripped witk 1 M HNO3 at a flow ratio
(A/0) of 0.2.

Attemrts to oxidize and extract cerium(IV) met with mixed success. In the first run
with 0.007 M Ce and 0.012 M KMnO)' in the 1 M HNO, feed, only about LO percent of the
cerium extracted. This was effectlvely stripped with 1 M HNO, containing O.1 M
hydroxylamine sulfate.

Virtually the same performance was obtailnea using 0.1 M sodium dichromate as the
oxidant. A disadvantage of this oxidart was the extraction of dichromate into ‘the
solvert followed by the formatlor of a highly extractable green chromium species.
Limited labcretory studies failed to identify thies green species. Its color and
propertise differ considerably from the chromium{III) and chromium{VI) species
whiclh normally extract into D2EHPA and DBP.

A thiréd oxidart, persulfate ion, was usca very successfully in laboratory studies
to form the extractable cerium(IV) ion but a pilet plazt run with persulfate-
oxidized feed was unsuccessful; apparently becauses of ar impurity in the system
which reduced the cerium{IV) to cerium{III). Unlike dichromate or permangansate,
oxidatior with persulfate is slow and requires several miputes digestion at high
temperature.

Fission Product Packaging - Cannister Calsination

Strontiur ritrate sclution has been evaporated and calcined in small zylindrical
vessels that could be used for shipping corcainers.' A 1-1/2 inch pipe cannister

nice izn:hes long was heated ir a furnace while strontium nitrate solutiorn {250 g/1)
was intermittently added and boiled to dryness. Ten hours were regquired to evaporate
two liters of soluticr without splashing or beiling cver. The 500 grams of salt
made & dense cake 2-3/4 inches deep. The temperature was then raised tc the cal-
cining peirt; and the heating rate wae controlled to prevent slugging and foamirg
over cf the zalsining melt. Six hours were required for completion of the reactior.
The product formed a deunse mass about cre inch deep in the bottom of the pot.

Ir a similar caunister of wwo inch pipe, the calcining time was reduced to two
kours ag *he reectirg meit showed reduced temdency tc "slug." In beth cannister
gizes, the foar volume was ahout twice the salt cake wvolume and about five tines
the f:ral product velume. The calcired zake was denese; hard and very difficult to
remove .

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Deterrniratiorn ¢f Thoriuw in Uraniux Ores

R. Ko preserted the sutjezt paper a*t the Pitteburgh Ccrnfererce on Analytical Chemistry
and Applied Spec*roscopy. The formal repcrt, BW-56220, was issued December 1, 1960.

Determination cf Gaeses ic Metsal by Emissicn Spectirography

Fabrication cof characteristi: {Fassel) equipment is progressing after a feasibility
study pronised significant Hanford usefulness. Prirncipal iterx needed is a s@urce
capable of evacuation so that inert gas may bte aamitted 'c perm.t Qx‘gen analysis.
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Determination of Cs-137 for Burnup Measurements

The tetraphenylborate (TBP) extraction method for the determination of Cs-137 for
burnup measurements was found to be 2-1/2 times as precise and over twice as econ-
omical as tne standard perchlorate method. Replicate analyses of a burnup sample
gave deviations at the 95 percent C.L. of 4 perzent and 10 percent for the TBP and
rerchlorate methods, respectively. The TBP proce.ure consisted of diluting the
sample aliquot with 10 ml of water, neutralizing to the bromeresol purple =nd-
point with sodium hydroxide, extracting cesium into 10 ml cf 0.05 M sodium tetra-
phenylborate in amylacetate, and transferring 4 ml of the organic phase +o a 10

ml tube for counting in a 3 inch NaI well crystal with the 256-channel ecergy
acalyzer. Cesium-137 disintegration rates were obtained by counting a Cs-137 standard
under identical conditions.

EQUIPMENT AND MATERIALS

Continuous Centrifuge

The six-inck continuous centrifuge for Z plant was modified on the recommendations
of the manufacturer's representative by boring out the baffles inside the case to
provide 30 mils diametral clearance (previously 17 mils) between the rotating bowl
and the case. The machine has subsequently been taken down, reassembled, and oper-
ated several times without mechanical difficulty or bothersome vibration. The
centrifuge has been removed from the one-ton concrete mounting block and mounted on
a vendor-recommended; 84O pound steel base, resting on fiberglas vibration isolators.
The arrangement is entirely satisfactory.

Process testing with a feed siuvr:y of freshly precipitated cerium oxalate (stand-in
for plutonium oxalate) has been resumed. The solids product is very wet (g-eater
than 50 percert liquid compared to 35 percent mcisture irn previous runs). Product
characteristics were insensitive to new feed solutions, carefully controlled strike
conditions, and redutced speed of the solids-unloading conveyor.

Microscopls comparison of the feed slurry to the solids product showed evidence of
mechanical degradation of the crystals by the solids conveyor. The feed contained
very few particles smaller than 10 microns with the majority larger than 20 microms.
In contrast, particles in the product slurry were largely in the 2 to 5 micron range .
Further development will be directed toward reduction of particle attrition.

Pulse Generators

Operation of an air driven pulse generator at the Idaho Chemical Prccessing Plant
was observed. CFD personnel have proposed that the Resuplex H-1 columr. be con-
verted to this system of pulsation on a prototype btasis.

Two 316 stainless steel bellows were received for repiacement of Recuplex Teflon
bellows on the next failure of the latter. Stainless steel bellows of this type
have been operated for 3 x 107 cyeles, without change in spring rate; at pressures
and frequencies in excess of those developed in Recuplex pulse generators.

PROCESS CONTROL DEVELOPMENT

C Column Data Processing

The latest version of the Data Reduction Code, whizh 5111 accommodate the output
data from the absorptiometer Data logger, was debugged this month. Some revisions
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were neressary in the code as originally written because upor compilation of this
new version it was discovered that the 32K memory capacity of the IBM 7090 had been
exceeded by the code. The litrary subroutines, which are available in the FORTRAN-
MONITOR processing system, are now inciuded with the binary program deck of the

Data Reductior Code, because the time being spent by the MONITOR system in searching
magnetic tape for these routines was amounting to epproximately 1/3 of the total
processing time for one run.

The desigr of a generalized ccmputer code which will be used tc process the reduced
data *hat : punched out by the Data Reducticn Code for the C columr rurs, has been
started. From the reduced data this code will generate the coefficients of any
mathematical model of the € column which has beer arrived et theoretically. In the
future this code will be referred to as the Modeling Crde. Since a great deal of
datea handling by magnetic tape is anticipated in this code, the Electronic Data
Processing Operation has agreed to write special sub-routines compatible with
FORTRAN; which will allow computation and magnetic tape operations tc proceed
simultaneously. This feature is not normally availatle ir FORTRAN programs.

C Cclumxn Iznstrurentation

Construction of the Absorptiometer Data Logger was completed this month. The Logger
wvas devugged and several statistical tesis were run on the urit tc determine urarium
enalysis reproducibility with various methods of sample handling.

The high speed scanning circuitry (0.4 sec. per data point) which will eventually be
ircorporated in the C Cclumn Data Scanning Progremmer has beer tested out with a
laboratory mockup of the Programmer. Installation and testing of the circuitry in
the actual Programmer is now proceeding. It is anticipated that when this system
is operable; the time to log the data pertiment to a single sample port in the
column will be reduced from the present value of 12 minutes to approximately 1.5
rinutes or less.

Analytizal Expression for Equilibrium Diagrams

Develorzernt of mathemsticel equations to fit the curves of equilibrium diagrams has
resulted in a set of simple equations which relates orgeric uranium =zorcerntration
to aquecus uranium conceptration for zorstart aqueous azid parameters of 0.00, 0.05,
0.10, 0.20, and 0.30 melar.

From previcus studies orn fitting equaticns tc the equilibrium zurves; it was con-
ciuded that a peclyrorisl form of equaticr should be developed. Tc be useful ir
later talcuiaticns this pelynomial functicn was limfted to the form: y = 8x2 + bx + <.
It was cecessary, therefore, tc represent each of the zomstant azid equilibrium
curves ty two setond order polyncmials, breaskirg the curves at their irnflection
poin*s.

The coefficients for these sets of polynomials have beer calzulated using the method
of Least Squares. The error in approximating the date oy & polyrcmial fit has beern
calcuilated for each equaticn and expressed &s a stardard deviaticn. A report is
veirg written which will presen*t the developed equatiors.

Ccrircl System Developmert for Recuplex

A chair hydrometer type density moniter for ir-lire use in The new Flutcni
Reclamation Facility was tested this morth. Hysteresis, flow ard temperature
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induced errors were observed to be less than one percent of range. The output
signal is lirear over the mid-portion of the density range used (1.0 to 1.5) but
errors as large as *3 percent were observed at the extreme ends of the span. With
the flow controlled to 500 ml/min and the temperature to 210 C of the calibraticn
point a measured error in density of less than one percent is obtained over the
range 1.08 to 1.42 density units.

The strain gauge column density monitor now under test has performed satisfactorily.
Long term stability and reproducibility appear to be good. Tests are continuing
and comparisons with pneumatic transducers are planned.

Electrolytic Conductivity Cell

A drawing (H-2-57888) of the electrolytic conductivity cell for installation in the
Purex 1BP sampler has been completed. The drawings, prototype cell and a diagram
of bridge resistance values for a Foxboro Resistance Dynalog Controller for tkis
application have been turned over to CPD Facilitiee Engiucering persornnel.

REACTCR DEVELOPMENT - 40OO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Het Cell Experiments - A second hot run removed the single majcr uncertainty as to
plutonium behavior which remained after the first hot run, viz., the ability to
irduce plutonium to "co-deposit" with uranium as & mixed oxide in the product deposi-
tion step. In the first hot run this was achieved only on the second atiempt.

The second run employed the same sali melt used in the first run. Ar additicnal
btatch of about 220 grams of irradiated UO, was dissolved intc this melt arnd a
by-product deposition and a product deposition conducted in sequence. Procedures
and results in the dissolution ard by-product deposition 2ssentially duplizated
those of the first run. The by-product U0, was again cleacly separated frow
plutorium an” fission products, decontamination factors being about 200 for pluton-
ium, 430 for verium, and 2000 for other rare earths. The product deposition was
preceded ty a two hour controlled humidity air sparge of the welt vice only a half-
kour sparge in the first run. This sufficed to permit PuOp and U0, to be "co-
deposited.” The plutonium/uranium ratios found in two samples of the miked oxide
product were, respectively, 6 percent and 19 percert greater than the ratio which
existed in the molten salt solution prior to the air sparge. Thus, it appears readily
pogsibie by this simple two step sequence to increase the plutonium/uranium ratio

in fuel to be recycled by a factor of 1/(l-x) where x is the fraction of the total
charged uranium which is "discarded" in the by-product deposition. The quantity x
can be varied at will {at least up to a demonstrated value of 0.4) so sufficient
flexibility exists to accommodate any reasonable "self-sustaining" plutoni-m recycle
scheme.

Fission product behavior in this run was comsistert with that of the first run. Rare
earth decontamination factors (from salt solution to product deposit) were about 1.2
for cerium and about 6 for the other rare earths. A%ility of cerium to follow
plutonium almost exactly was therefore again demornstrated. This causes little con-
cern in that cerium contributes only a minor poisoning effect and can therefore be
recycled to the reactor without significant peralty. However, the other rare earths
constitute the most prominent fission product poisons and, their recycle %o the
reactor would entail some economic penalty. o
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The projected Salt Cycle proczessing approa:h for such a self-sustaining plutorium
recycle scheme entails use of the same salt tatk for prolonged pericds during

which by-product U0, powder {free of plutonium) would be removed as the sole waste
stream and mixed U0p-PuO, powder removed as the sols product stream. With rare
earth decontamination factors as observed ir. these first runs {2000 in the by-product
deposition and 6 to 8 in the product depositicn) prclonged re-use of the salt melt
would simply result in accumulation of rare earths in the melt until their concen-
trations reached levels on the order of 6 to 8 times their levels in the feed after
which the rare earths would exit in the product deposit at about the same level at
which they existed in the entering feed. There is thus substantial incentive for
"destroying" the present large rare earth decontamination factors in the by-product
deposition in order to provide the rare earths with ar outlet from the process via
this step.

Deliterate destruction of the decontamination potential of a chemical process step
has a refreshing elemert ol novelty and several possitilities for accomplishing
this will be pursued in projected future work.

Electrode Processes - Studies have been initiated with ron-radicactive lanthanum ard
cerium. Only preliminary result- are available as yet but these are encouraging.
"Cc-depositio=" of lanthanum with U0, is much lees proncunced when the electrolysis
is zonducted ucder anhydrous conditions. Since co-depositior of plutonium with

UQs dces ozcur with reasonable efficiency under a dry air atmosphere this may afford
& mears of increasing rare earth decontamiratiorn factores ir the product deposition
step. ‘

Studies witk c¢erium confirm the analogous performarce of plutonium arnd cerium
observed ir the hot cell experiments. Cerium "earichmernt" (cerium/uranium ratic in
deposit divided by cerium/urarium ratio in initial salt solution) were 0.39, 0.453,
and 1.67 for "procduct depositions" conduzted under dry air, buildirg sir, and water-
saturated (at O ¢} air, respectively. It is especially izteresting that the highest
enrickraznt was cttained under conditions where a vieirle precipitate was presert

ir the melit and ccntaired virtually all +he zerium apd a substartial amount of
uranium. ‘

Further studies of the polarization effects ir electrodepozition of UCs from meclten
Nall-KCl shcow an effective depolarization effect ty chlorime. Electrclysis st a
fixed superficial current demsity of 0.1% a.mps/::m2 car be =z&srried to substantial
depletion of the melt uranium withcut develoring any substartial cathode over voltage
fother thar th:s unavoiiable IR drop). Eowever, enclogicg the arocde ir a shroud

tate &2l thereby restricting access of chiorire wo *the cathode regicr allows only
abcut LT a: mack uranium to be plated at this currert dersity wefore & substantial
overvcil*tage 1s seer ¢z the zsathode.

Studles of U0z Jrystal Grecwth - Cortinued study of *he influerze of depositicn
zoaditions or The crystal hahit of electrodeposited er has producel soms illuminating
information. To date, the most importart variabie determining the rature of the UO
deposit formed is the composition of the atmosphere over the melt. Essentiallv two
extrexs casee are seen. If the NaCl-KC1 melt is thorcughly dried and electrolysis
iniziated urder a &ry helium atmosphere by "drivirg" & mizrocathcds {a platirum wire
skielZed Ty a quartz sleeve exzept at the tip, at & potential of one vol+® negative
with raspect %c & Ag/AgCl reference electrcde the eleztrolyvsis currsnt ircreases
rapidly tc a maximum value ard then decreases to a smae-l “ut steady zurrert cf cs.

50 miiliampereszs. Th= U0y deposit whizh forme under ihis strcrzly polarized condition
is a smcoth, demse pclysrystalline sphere. Oue sphare growr ic “Lls marnrer measured
about ozne centimeter ir diameter, h%d & highly polished "glazedﬁ\éppearance; ard a
measursd tplk deneity of 10.76 g/cn3. ' o -
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By contrast, when an electrodepositicn is conducted i the same equipment dbut under
an oxyren-vearing atmosphere, the current which flows is greater by a factor of 20
to 60 and "rampant" growth of UUp occurs, resulticg in a "mace" of radially oriented,
loosely packed single zrystals of UOp, each of which may be as xuch as 8 mm in
lengti.

Studies of KC1-PtClo, Systems - In sharp cortrast tc the NaCi-KCl system, the atmoa-
phere over the equimolar KC1l-PbCls, salt mixture had little effect on either the
physical appearance or measurable properties of UCo cathode deposits. Granular
U0 deposits essentially identical in appearance, of essentially identical oxygen/
uracium ratio and chemical purity were prepared by electrolysis under helium,
chlorire, dry air, and moist air atmospheres. Under each atmosphere, a decreased
oxygen/uranium ratio was observed as the curren®t density was increased; however.

Measurements of tke reduction potential of uranyl ion in ten mole percernt solutiors
of UO-Clo in KC1-IBCl gave results fror which strong zomplexation of uranyl can be
inferred in these systems. The measur:d deposition potentials of uranyl (relative
to the Ag/AgCl reference cell) =t 600 ¢ were +0.578, +0.481, +0.393, and +0.350
volts, respectively, as the KCl/PbC12 ratio was varied from 1 to 1.5 to 2 to 2.5.
In the absence of uranium deposition potentials of lead in these systems were
-0.281, -0.345, -0.400, and -0.445 volts relative to tke Ag/AgCl referenze cell.
Quite apparently, the activity of the reducible uranium species can he decreased
by a factor of about 400 by increasing the KC../FoCl, ratio from 1.0 to 2.5.

Process Studies - Calculations have been made to Jetermine the distribution cof fission
product elements and their relative poisoning effects in the Plutonium Recycle Test
Reactor at steady state with plutonium-natural uracfium mixed oxide fuel. Complete
f*ssion produvt removal after each cycle and a burcup of 10,000 MWDL/T at 2 flux of

5 x 1013 n/cm /sen were assumed. The total estimated fissicn product poiszoning
during one cycle is 6.4 gram equivalent weights of rsutrors per ton urgaiur. F*ssion
product removal would have little effect on 55 percent of theze poiscns. whiah havs
cross sections greater than 10 barns, because they are in secular equilibrium

witk the fissioning nuclides. The remaining poiscns are distributed as follows:

59.1 percent rare earths, 9.8 percent inert gases, 7.0 percent alkali metals, 0.80
percent halides, 0.19 perceat alkaline earths, 11.6 percert Rk, k.0 percent Tc,

3.3 perzert Ag, and 4.0 percent other elements. Cerium, which is expected to te
difficult to remove by *he Salt Cycle Process, aczoiunts for only 0.l percert of

the removable poisons.

Alloy Development - Sampias of 11 experimental alloys prepered y Battelle Memorial
Irgtitute have been exposed to HCl sparged equimclar NaCl-KCl melt a% 800 C for

six hour periods. Ore of these {85 percent Ni - 15 perzen% Al) corroded at less
than 10 rils/mc. Four samples - three modificatiors of Alrizo 3-B, and one of
Hastelloy B - corroded at rates about 20 mils/mo. The remainder zorroded at rates
in the 200-900 mils/mo range. Battelle is preparing other alloys of the Al-Ki
syster in hopes of finding a composition cczbining forgability with gocd corresion
resistance. A sample of the 85 Ni-15 Al alloy was exposed as atove with alternate
water vapor-saturated air and HCl sparges. During three such cyzles ftotaling T2
hours exposure the sample corroded at 0.8 mil/mo, an exceptiorally low rate for this
system.

Non-Metallic Materials - An alumina crucible, grade Triargle RR manufactured by
Morganite, Inc., failed after 1470 hours at 700 to $00 C contairing an equimolar
sclution of sodium chloride ard potassium shlorid#., ‘The solution was saturated
with chlerire for at least half of the test. The Zrucible was judged to have
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failed when a detectable amount of the solution kel percolated through the walls and
botton.

A second crucible from the same batck failed after 262 hours test without zhlorire.
Failure was by the same mechanism ag 1ke first zruritle. There wae nc significant
zhange in weight of either vessel.

Ccrtinuous Ion Exchange Cortactor Development - Jiggler Centactor

Three four~hour thorium-traced adsorption-elution runs have shown that when the
effective hydrauliz lengih of the elution zolumn is shorter than the adsorrtion-
scrub column the elution medium canrot be held low enough in acidity to permit
effective thorium removal from the resir in the thorium-nitric acid anion exchange
syster. Increasing the length of the eiution column by two feet and in*troduzing a
0.5 M HNO, wash stream at the bYottom of *the A column were sufficient to mairtain
the desir#d low acidity in the C column. This charge in apparatus; however; made
rezin movemen? cortrol through the air 1lift more difficult than before.

Possitle designs for a uridirectional resin flow device are being investigated.

Brief experiments with tapered orifices indicate that at & low frequency puise the

20-50 meseh resifr ir nitric aczid tends tc behave as & liquid. Under alzerrnating

equal pressures ir a U tube arrangemert in which equal columns of resin were separa-

x;a by a 3-insh x 1/2-inch dise with a 3/b-inch to 1/U4-inch tapered orifize, a net
low of resir was o%served from the larger diameter side of the orifice. Frequencies

grcater than 6 ryc/mln appear to nul¢ify this effect. Apparently as the frequency

is ralsed the vodidage of the resin bed decreases, resulting ir a rapidly irncreasing

pressure drop.

Ar ir:rease in lergth of the C column and the use of the new tapered orifisze in
Flaze of the thir 1-1/b-inch orifice previously used mike it possitle to recycle
the resir without use of the air 1lift. The propulsicn cf resin is effected by

the hydraulic pressure of the pulser during the compreszsion stroke. The elimination
cf the air 1lift promotes greater operational stability and may allow the use of
cocurrernt flow ir the C column hecause of a redustion ir € 2clumn slip acid. Thae
rost promising adsorpiion-elution performarnce to date has teen a four-hocur thorium-
traced rur with a b-irpck coluru at 3 cyz/min and & 2-irzh arpliitude. BEoth the
liquii ard resin flow rates were about 200 ml/mir.

RADICACTIVE RESIDUE FIXATICN

Kirz+<x:s of Rutherium Tetroxide Dezomposition

Stistartial quantities of ruthenium tetroxide will be evelved in ary scheme of
radioactive waste calcination and will require removal from the off-gases. This

can be dopns readi v ard effectively Yy absorptiorn on silica gel or similar materials
provided there 1s ro decomposition to suh-mizrorn sized rutherium dicxide, whizh
would be very diffizult to filter out. Since data are not available on the rate
and ﬁztent of dnoomposifion of RuOy a+ tle temperaturen ard dil ute gas phase zom-

de?erv;ne these uant;-_e< Th= reaptior wxll te far*ind out ir a glas= system and
fcllowed analytizally bty infrared spectrometry. Frelimirary experiments indicate
“hat common stopcock gresses cannot be used {-a2cause of rapid redustior of tetroxide)
but that polyphospheric atid will probatly bs satisfactory. Although there was some
dissoiuticzn of rutherium tetroxide in the polyphosphate, as evidenced by a ysllow
¢olor, <khereé was no apparent decomposition. The equipment ie accordingly being
fabricated with stcpecocks and ground joints

RERLESTITINT -
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Radiant Heat Spray Calciner

O

Several runs were made during the month in the demonstration spray talziner to
evaluate the suitability of a proposed feed compogition {(mixed underground s*ored
waste and 1WW) and for further testing of the effectiveness of ceramic cloth

filters and of the new Jjack-leg filter sention which would be used in the proposed
hot cell unit. The Jeed is one which Chemical Development has found {after drying
and calcining) barely meltable at 900 to 925 C. The spray calciner run was accord-
ingly made with the melt pot operated at 930 C. An excellent compact sinter with
density of 2.7-2.8 g/cc was formed even though the powder was being added continu-
ously to the pot. A volume reduction factor of 20 {from feed to melt rot) was
achieved. An Eco gear pump, rather than feed pot pressurization, was used successfully
in this run to pump the feed to the two-fluid nozzle. It is planred %0 use a similar
gear pump (but with stainless steel rather tran Teflon-glass gears) in the heot cell,
an intrinsically safer operation than pressurizing the feed tank.

The jack-leg filter arrangement continued to perform well, with only a slight coating
of powder accumulating on the bottom of the Jack-leg section. A prolonged test of
ceramic cloth filters in the filter section showed no significant increase in
pressure drop during the runs. A sodium balance from feed to condensgate indicated

& decontamination I etor of 1725 for the cloth filter plus the condenser {but
excluding the scrutber).

In other experiments, it was found that the filter cakas which slowly builds up on
solid filters (ceramic or stainless steel) and is not removed by blcw-back can te
readily removed by back-washing with a small volume of water. Use of oriy five

liters of water per square foot restored the filters +o treir origircal cordition.

Mineral Reactions

A procedure was devised and tested for preparing pelletized czlinojtilolite froz the
powdered mineral by extrusion using a sodium silicate binder. Tra resulting product
was mechanically stable and was not affected by coid water, aclds or caustis solutions.
However, the pellets distintegrated in water at 90 C. Cesium asorption by a hed of
the pellets was inefficient compared with a bed of zrushed eliroptilclite.

The effext of increased temperature on the adsorption of zesium from synthetic high
level waste was found to be similar to tha®* reporfed for other systems. The zesium
capacity of a bed of the mineral at 80 C was ahout one-third of that at 20 C. Tre
mineral was found to adsorb strontium more readily at 80 C than at 20 C ard exhibi<ed
& much sharper breakthrough at the higher temperaturs. This behavior is zornsistent
with the hypothesis that the calcite impurity in the bed is largely responsitle for
removal of strontium. ‘

The eluticn of strocntium and cesium from ¢lincptilolite with a § N solution of
ammonium acetate was found to proceed at abcut one-fourth the rate obtaired with
5 N ammonium nitrate. Adjusting the PH of the solutiorns had little effect on the
elution. Corductivity measurements indicate that the elution efficiencies of
various ammorium salts is determined by the degree of ionizaticn.

Laboratory research was initiated to compare a commer:ial Pheroli=z resin known tc
have a high specificity for cesium with clinoptilolite. The resin has a particularly
good specific cesium capacity at very high pE. A sclumn of the resin was charged
with the superratant solution of a synthetic coaticrg wasjé trazed with Cs-137. The
50 percent breakthrough capacity of the resin for undilutdd waste was 200 column .
volumes. TiRgguds greater than previously, determined for clircptilolite. '
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Tlinoptilolite was found to have a cesium capazity greater thar ter times that for
a sulforated poiystyrene resin in laboratery zolimrn experimerts with aczidified,
carbor filtered, Purex tank farm condensa*e waste. A cclumn of clincptilclite
received 10,000 column volumes of waste before 50 percernt bureakthrough was reached.
Beczause of the low amount of dissolved salts normally present in this waste a
higher cesium capacity was expected for the resir. The cesium capacity of the
resir may have teen depressed somewhat by salts ¢ea:4°d out cf the activated carbon
or by residual cleaning agents in the tank truck used to transport the waste.

A bed of activated carbon removed suspended orgarnic material from sbout 1500 bed
volumes of acidified Purex tank farm condensate before breakthrough of suspended
organic material was observed in the effluent from the bed. Breakthrough of Ru-106
ard Zn-95, Nv-95 from this sume bed was also detected at this point. Little more
than half of the Ru-106 and Zn-95, Nb-95 was being removed prior to breakthrough.

Ccondernsete Streamws

Micro Pilet Flant Rur 12 was conducted to evaluate the effectiveness -if activated
carvon; calcite and clinoptilolite columns in removing orgacic and radiocontaminants
from Purex Tank Farm condensate waste. Treatment with carhor reduzed butyl phosphate
concentrations to N0.1 ppm and hydrocerben diluent concentrations %c 1 - 3 ppm.
Redu:ing the flow 1ate from 1.3 %o 0.5 gpm/ft2 improved the removal efficiency for
hydrocarbcr diluent. The addition of sodium hydroxide to irnsreass the pH and tri-
sodium phosphate to prcmote the calcite-phosphate rearrangement resacztior did not
measurably alter the efficiency of the mineral beds for removing Ce-137. However,
the Cs-137 capazity of the beds, based on er eifluent b“reakthrough corcentration of
2 x 107% uc Cs-l37/ca, wag reduced about 2 percent from the 7200 column volumes
obtained ir Run 11 ir which only phosphete was added during part of the run.

Strontiur decortarination factors varied from 4 - 10 aszross the carbeor cclumn and
from 10-15 a:rogs the mineral zolumns when no chemicals or w.__u only NaOH was added.
A maxirum mineral column Sr-90 decontamination factor of 20 was realized when the
phosphate ion zencentration was 100 ppm. At this time the overall Sr-90 decontamin-
aticrn factor for the three cclumns was 100,

BIOLOSY AND MEDICINE - 6000 PROGHAM

Geclogy ard Hydrolcgy

The fanglomers<te [piedmont or slluvial far depoeit) direstly overiying basalt
teneath the Separations Plarts areas wa: tertatively correlated with zomparatle
fangiomerates lotally exposed or the flanks of Gatle Mountain and Umtarum Ridge.
These exposed farglcmerates are largsly basalt sand and gravel in zorntrast to the
Ringcld gravels which are characteristically quartz-rizhk, exotiz roczk types derived
fror areas upstream on the Columbia River. Westward along Umtanur Ridge the exposed
fangicmeratss grade into and form part of the tuff beds that scme persons have
referred to as the lower Ellensburg formation. The exposed farglomerate is overlain
by tasall fiows emitted to the west and referred to by some persons as Wenas basalt.

The fangliormerate beneath the Hanford Werks i compara®le in grair size and ir com-
position tc the exposed fanglomerates. The mineralogy of the silt arnd clay fraztions
ie mcre rearly that of the interbasalt beds than later Ringcld. These, together
vith the structural form of the bed, appear %c validate the zorrelation.

DECLASSIFED -
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The atsence of basalt flows above the farglomerate Seneatk the Hanferd Werks indizates
either that the flows were once present ard 10talily were eroded, or were never

present there. If ir. part eroded they might ocsur eastward. Uncorfirsd ground
waters movirg eastward thus might have a ready reth for their =ntry into the basalt
series. If the flows originally terminated on the w2st side of the Harnford Works
area, those ground waters, moving eastward, will remain in the sedimerts that lie
above the latest basalt flow there.

Study of the fanglomerates where exposed will help determine the potential cf ground
water and waste movement through it at depth in eithker case.

Methods of solving three-dimensicnal flow problems were compared. The dependence on
symmetry to simplify such problems to two-dimensions is ofter not Justified. The
scluticn of the non-linear partial differential equation representing three-dimensional
flow by au iteration method is prohibitive except through the use of a large digital
computer. The possibility of reducing the laber of sclving such prodlers through the
comt ined use of the finite sine integral trarsform and an iteration process was
studied. For the test case examined for comparisorn *he combirned prozess required

only cne-fifth “he computation needed for direct iteraticn.

Additicnal computer czalzulations were performed using a model and coxputer program
developed for solving three-dimensicral unsaturated flow provlems. The protlem
considered was the movement of water from a point of 2ntry in a soil msdium. Defin-
ition >f the lateral extent of movement under unsaturated fleow will assist in optimum
placing of wells for monitoring the movement of wastes from a release roint.

Scil Chemistry and Geochemistry

Laboratory research was performed to study the remowval of radioanicrs from solution
by zineral replacezent reactions. I+ was fourd that +race concentrations of radio-
acicrs could be removed from sclution during caticn replacemert reactic-e ir much

the same way that radiocations are removed during anion replacement reac+iorns.

The removal of P-32 (as tke phosphate) and S-35 (as the sulfate) durirg & gvpsum-
Darium replacement reaction was utilized in the study. It was found that as a sclution
of barium was passed through a bed of cruzhed gypsum.(CaSOAQQHQO) tr2 mireral is
gradually replaced with barite {BaSO)). During the repla:emert prc:ess accompapying
radiosulfur was removed from solution with decontamiraticr. facztors of 102 to 1G™.
Similar experiments with solutions containirg radiophcsphorus resulted ir decontami-
ration factors somewhat lower than those for sulfur but having approxima*zly the same
range. Factors significantly affecting the radicanior imcorporation in the mineral
were column flow rate, mineral grain size, influert pH, Ba*? corcentratiorn.. ard
temperaturs,

laboratory studies to investigate the reaction mechanisme by whizh suifide mirerals
remove .adlcactive icne from solution utilized galena ‘PhS) ard arsenopyrite
(FeSEJFeAaz)“ Experiments were performed or the removal of phosphate ion from
soluticn to statistically evaluate system variatles. % was found that pE and
residecce time are important system variables, whilie temperature, oxyger concentra-
tice; ard electroly*e <oncertration are ro+ signifizant withir the limits studied.
Apparectly, then, <he mechanism is not. agsonigted with oxiiation cf the nireral bed,
ard is unlike icn exchange in that the tompetitive iorn conmcentraticn has no effect.
e
.
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Field Apparatus Development

A Lynes packer was received. This in-well tool consists of two heavy rubber inflat-
able packing elements and a control element. The control element allows inflating
of the packing members separateLy, opening the column pipe to the well fluid above,
between, or below the packing members separately. With this tocl and & hydraulic
pump recently acquired; in-well measurement of piezometric head and formaticn per-
meabilities may be initiated.

The "H" model thermistor flow meter was tested for downscale response. Orienting
in a horizontel position eliminated down scale readings noted earlier. There still
rerains the inexplicable anomaly of a different calibration for "up" flow than for

"down" flow. Effort to improve the symmetry of the thermistor used did not improve
the agreement between the two calibrations.

A linear motion transducer operated from direct current was tested for use with an
orifice type in-well vertical current meter. A novel feature of the device will be
a pressure-sensing diaphragm which contains the orifice across which the pressure
drop is to be measured. Simplicity and good sensitivity with flow direction
indication are anticipated.

énagé}
Chemical Research and Development
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ORGANIZATION AND PERSONNEL

HW-68712

No significant changes occurred in organization wuring February 1961.

TECHNICAL ACTIVITIES

FISSICKABLE MAT ‘RIALS - 2000 PROGRAM

Columbia River Contamination

Fish

BIOLOGICAL MONITORING

Concentrations of total beta emitters in all species of fish collected

from the Columbia River continusd to decrease during the month. The

average concentrations in flesh of whitefish from Ringold, where highest

values were found, was approximately three times ‘the mean value of

the three fish sampled from the same location during January, 196C.

Specific values for fish at all sampling locations follow:

Collection ECZE Wet Wel_.ﬁ' ht Trend
Sample Type Location Date No. Average aximum Factor
Vimitefish Priest Rapids Jan 31~ 8 2 x '.LO'5 7x 10"5 -5
miscle Feb 2
Hanford Feb 3 10 3 x10°4 10-3 .-
Ringold Jan 25-26 11 1 x 10'3 10-3 -
Richland Jan 19-24, 7 3 x1Q° 10-4 =2
McKary Feb 9 1 7x10" 1070 -
Burbank Jan 17 1 2x1074 o7k -
Channel Cat~ Burbank Jan 17 2 2 x 10"5 3 x 10-5 -
fish muscle .
Carp Richland Jan 19 1 2 x 10"'-51 10'15‘ -
Burbank Jan 17 L L x107 10™ -
Chiselmouth Priest Rapids Feb 1-2 3 L x107 x 1070 -
muscle Burbank Jan 17 5 2 x 10-4 x 107U -
Crappie Burbank Jan 17-18 5 2 x 10-5 3 x 1070 -
muscle .
Yellow Perch Ringold Jan 26 1 8x 1o-§ 8 x 1072 -
muscle Burbank Jan 17 5 1x10° 3 x 10‘5 -
(Continued)
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Collection ac/g Wet Weight Trena
Sample Type Location Date No. Average Maxd mum Factor
Squawfish  Priest Rapids Feb 1-2 5 Lx 10"§ 7 x 10:? -
muscle Ringold Jan 26-27 L 5=x10° 7x 1072 -
Richland Jan 19 5 3x10% 6 x 10 2 -
McNary Feb 9 2 3x 10 3 x 107 -
Coarse-scaled Priest Rapids Feb 1-2 1 Lx 10_-_5 L x 10’i _—
sucker muscle Ringold Jan 26 5 6 x 10_)4 9 x 10° -
Richland Jan 19 5 1x10 L x 1074 -
McNary Feb 7-9 5 1x1074 1 x 1074 -
Burbank Jan 17 5 1x10°b 3 x 107l --
Fine-scaled  Priest Rapils Feb 2 1 2 x '10"5 2 x 1075 -
sucker muscle Ringold Jan 26-27 3 9 x 107 1 x 1073 -
Richland Jan 19-25 2 Lx10 D 6 x 10~ -8
McNary Feb 9 L L x lO'h 1x 10:% -
Burbank Jan 17 5 6 x 10™ 2 x 10 -
Rainbow trout Ringold Jan 27 1 6x107b 6 x 1074 -
mascle
Minnows Hanford Feb 3 7 3x1073 3 x 1072 -
entire Fichland Feb 18 6 3x1073 3 x 1073 -
Waterfowl
32

Concentrations of total beta emitters, predominantly P°“, in flesh of game species
of waterfowl collected from the Columbia River within the Hanford Reservation were
two times greater than those obtained last month and arproximately twice those of
one year ago. Average concentrations in flesh of various species follow:

Collection No. of pe/g Wet Weight Trend
Sample Type Date Samples Average Maximum Factor
Diving ducks Jan 11 1 5 x 107> 5 x 1073 +3
River ducks Jan 11-25 L L x 1074 1 x 1073 --
Mergansers Jan 11-27 3 2 x 1073 3 x 1073 +2
Coot Jan 10 1 3 x 1074 3 x 107k -8

Swamp Contamination

Waterfow collected at the 200 West swamps contained aggroximately the same
concentrations of total beta emitiers, principally Cs 7, as observed last month
anc one year ago. Average concentrations in flesh were as follow:

Collection No. of nc/g Wet Weight Trend
Sarmple e Date Samples Average Taximum Factor
River ducks Jan 12-13 5 2 x 10')" , 3 x 10'1* -

Diving cucks Jan 13 2 5 x 107 5 x 107>  --
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Effect of Reactor Effluent on Aquatic Organisms

Effluent monitoring was continued at the 1706-KE laboratory with the exposure of
young salmon to dilute untresated effluent and to like concentrations of effluent
passed through a bed of aluminum turnings. A slight increased mortality has
appeared in fish exposed to the effluent passed through the aluminum (L per cent
strength) over those of the control and untreated effluent, but any significance is
still questionable.

C. columnaris

Columparis strains obtained during the summer of 1960 from various locations in
the Columbia River were tested for comperative virulence in killing small salmon.
Organisms had been held in lyophilized form during the intervening time.

Of the nine strains tested so far, eight were clearly less virulent and one equal
in virulence to the test strain used previously in standard test procedures.

The mostovimlent strain was obtained late in the fall after river temperatures were
below 60°.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Strontium and Calcium

Three lots of eggs spawned from a stock female were fertilized with ripe contrel,
and low and medium treatment males (6 months after the termination of feeding

of Sr’0-190 at a rate of 0.005 and 0.05 pe/g of body weight per day). No additional
spawn was t&en in February. None of the four surviving medium treatment females
appears ripe and it is questionable whether they will mature this season. Spawn
taken in late Jamary from a low-treatment female indicated very poor fertilization
(as measured by initial pick-off data) when they were compared to the control 1l.ts.

Exploratory work on single oral administration of Sr85 to trout is being pursued
in order to study the distribution of the isotope in various tissues and organs
with time. Most of the effort in February for this study was expended in technique

and analysis problems. Some measurements of the various sources of variations were
obtained.

The body weights of year-old miniature swine offspring at the 25 pc Sr9o/day level
are significantly less than those of animals on the 1 pc Sr O/day level.

Preliminary data were evaluated on the skeletal uptake of Sr?0 in first and second
generation offspring miniature swine which received Sr70 through fetal life and

up to one year of age. The skeletal concentrations of sr?0 at birth and weaning were
sliéhtly greater in the second than in first generation offspring. (Variation in
sr?C concentration between the bones from any one animal was slight.) Deposition

in teeth was about 70 per cent of the average skeletal concentration. On_the

basis of present estimates, skeletal tissues of offspring on the 25 jac Sr’ /day
level will receive about 0.5 rads/day at birth, 1.5 raas/day by weaning and about
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L, rads/day at six months of age and older. The skeletons of the offspring obtained
during fetal development and at birth contained a Sr9o/g calcium ratio approximately
L per cent of that in the dams' ration, as compared to 13 per cent for swine
sacrificed at weaning., Swine sacrificed at six months of age or older contained

a Sr’%/g calcium ratio about 25 per cent of that in their diets,

Evidence was obtained indicating that in sheep irreversible binding of calcium in
circulating blood may be an important factor in maintaining ionic calcium level.
In serum from ewes containing between 9 and 13 mg Ca/100 ml, calcium in excess

of 7 mg/100 ml appeareﬁ to be irreversibly bound and, therefore, not exchangeable
with in vitro-added Ca 5 or Sr’0, This evidence is in contrast to work by other
investigators who have assumed that all blood calcium is in dynamic equilibrium
with blood protein, That the irreversible binding of calcium may occur in the
circulatory system was suggested by a second study. In this latter study, with
in vitro additions of up to 10 mg of Calid 5 100 ml of sheep's plasma, calcium

in excess of 6 mg/100 ml appeared tﬂsbe irreversibly bound and, therefore, not
exchangeable with in vitro-added Ca“*”. If these observations can ‘be confirmed for
other species of animals, simpler explanations than previously possible may be
provided concerning calcium transport and concentrating mechanisms (e.g., at the
gastrointestinal tract and kidney level).

Neptunium

Approximately 0 per cent of intravenously injected neptunium was retained by a

rat after 178 days. Highest concentrations were present in bone. Autoradiographs
showed quite specific localization in certain soft tissues, notably ovary amd
adrenal glands. Gastrointestinal absorption of neptunium based on tissue retention
after chronic feeding appears to be less than O.l per cent. This is comparable to
plutonium and lower than was previously indicated by urinary excretion data.

Plutonium

Stuaies were continued on the therapeutic effect of DTPA administered at short
intervals following combined X-irradiation and plutonium administration. The
acute lethality can be sharply reduced in DIPA treatment when DTPA is given within
one hour following plutonium and X ray. The treatment has little effect when
delayed for as little as three hours. Mhhether this effect of treatment time is
due to the cifference in amount of plutonium removed or the difference in length
of time that the plutonium remains in the animal; remains to be clarified,

Radiocactive Particles

In dogs the processes of deposition, pulmonary clearance, and translocatiocn favored
the pulmonary retention of plutonium inhaled as particles with a mass median
aiameter of .3 p, compared with 3 and 1.7 p particles. These experiments with

LB dogs suggest a correlation between the amount of plutonium translocated from
lungs to other tissues (some of which was excreted in urine) and the particle size
distribution of the aerosocl.

Four experiments of a series planned to stucy the inphalation of CelhuOQ aerosols

were complzted. The half-life for retertion of Ce in lungs is greater than 30 days.
Translocatﬁon to liver is consicerably less than was reported by other authors

using Cel}-‘ O? fumes,
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Effects of Irradiation

Further studies on the leakage of 1131 1abeled polyvinylpyrrolicone (PVFP) as
influenced by irradiation of the intestine inaicate that the effect of irradiation
is confined principally to the upper small intestine. Irradiation of a 10 cm
segment of the upper small intestine results in as great a leakage of PVP as
occurs when the total body or entire exteriorized intestine is irradiated.

Project Chariot

Sorting of quantitative samples of invertebrates associated with dominant
plant communities from Cape Thompson was completed. Sorting of benthonic samples
from ponds and streams and taxonomic analyses of planktonic crustaceans was

initiated.
Acting MQ

ger
BIOLOGY LABORATORY

FP Hungateses
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Lectures

Qe

tapers Presented at l.eetings

I
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:
-

J. 0. vavis, "Froject Chariot," .::. Inst. Chem. . ., @ ichlond, .
Feoruary Y, 1501,

Uff-Site 3eminars and Local Seminars

W. C. Hanson, "Project Chariot," Carmichael 8r. High Science Classes,
Richlanc, Washington, February 3, 1961.

W. C, Hanson, "Project Chariot,” Central United Protestent Church 3Scout
Group, Richland, Washington, February 6, 1961.

i~e F. Sullivan and E. M. Uyeki, "Ameliorating and potentiating agents
and raciomimetics," Radiation Biology Seminar and In-Service Institute
of Ladiation Biology, Jniversity of lasaington, Seattle, Wasiington,
February & anc 9, 1960.

I, ... larnnacy, "Radiation carcinogenesis," Kaulation Biology Seminar,
university of Washington, Seattle, ¥ebruary 17, 1¢61.

L. 1. sustat, "Raciation carcinogenesis,™ Radiation 3iclogy Serminar,
university of Wwashington, Seattle, February 17, 1961.

L. i.. Zustad, "Pnysiological effects of irradiation," In-Service Institute,
University of Washington, 3eattle, February 16, 1961.

L. Lo Bustad, "Effects of Atomic Energy on Agriculture," Parent-student
meeting of FFA .t Chief Joseph auditorium, Richland, Washington,
Tebruary 23, 1961.

L. L. Bustad, "Effects of Atomic Energy on Agriculture," U. 3., Department

of Agriculture group, Pasco, Washington, February 24, 1961.
L. 4. Seorge, "Raciation biology at Hanford," I.P.D. Safety Meeting -
100-3 Area, February 22, 1961.

c. 3iolosy Seminars

-r. L. 5. Kirschner, .epar tment of Zoology, liasnington State Jniv rsity,
Pullmarn, ‘iasnington, "Calcium Movement Across the Molluscan Mantle,™
February 8, 1961.

. J. Beir, "Plutonium Inhalation Studies," Februery 22, 1%61.

F.olicstions

T Puvlicseiions

T

< -v w'llarc ana L. 4. Temple, "The behavior of innaled
articles," Jocument W-64139, ioveiver 15, 1960.

: G *” o Sulliyan, "Tumours of tne small irtestine in rats
intestinal X-irrediction," lature 108, 957 (uecember 10, 1%60)

o

Scniffmar, K.H., "A perfusion stucdy of the movement of strontium across
the gills of FRainvow Irout (Szlmo raircrerii,," Bicl. Zull. 120 (1¢61)
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - FEBRUARY, 1961

ORGANIZATION AND PERSONNEL

There was no change in organization or personnel during the month of February.

OPERATIONS RESEARCH PROGRAMS

Inventory of Models

Work continued on the inventory of business models at HAPO with some evaluation
of their use in different local enviromments. Information concerning a series
of supporting models is being compiled currently.

OPERATIONS ANALYSIS STUDIES

Frel Element Performance

Considerable assistance was given in preparing for the major re-run of the com-
plete file of Quality Certification data, scheduled for the first part of March.
Several changes have been made in the program, and additional calculations,
notably the calculation of uniform corrosion rates, are being incorporated. Data
from this re-run will be used to establish improved relationships between fuel
element performance and reactor variables, and will form the basis for the
issuance of routine monthly reports starting sometime in the next few months.
Pre-irradiation data will be included.

Break strength data from several tubes of normal I and E fuel elements were used
to derive a model relating break strength to fuel element power and residence
time. The empirical models chosen fit the data very well. It is hoped that
these models may be useful in providing information abeut thresholds for split
ruptures.

Process Tube Leak Detection and Replacement

Assistance is being provided in connection with simulating the process *ube lesk
detection system with the primary intent being to train operators in tecoming
more efficient in detecting leaks.

Z-Flant Information Systems Study

Final compilation of the computer program is now in process. A paper tape of
the program will be made so that final debugging can be performed on-line. I%
is hoped that debugging can start March 16th.

A design error in the weight balance circultry has been discovered. Design
change and implementation is now in process in 234-5 Building.
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The memory capacity of the computer has been changed from 16,000 to 19,C72 words.
Engineering and reinstallation of the drum at Hanford should be finished by the
first par+t of April.

Eadistion Protection Study - Development of Badge Calibration Curve

An eguation of the general form

Year y -

was used for the density-dose calibration function. Here, J = density, D = dose

in mr., XY = limiting density for large doses, and e and b are constants. 1In
the range Oo30 to 1000 mr. the fit of the equation to density-dose data is
insensitive to changes in , 80 it can be fixed and not re-estimated with each

developer batch. In the ranf€ 30 to 5000 mr. 360 is a critical parameter and

- must be estimated by an iterative procedure. For both cases (l/density

variance) weighting improves the precision of the fitted function.

nventory Studies

A discussion was held with personnel of General Stores and Excess Property
Operation for the purpose of expioring the feasibility and approximate cost of
implementing a pilot experiment to test the mathematical model of spare parts and
general inventory control.

STATISTTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Tolerance statements were provided for dimensions of the CVIN (overbored) fuel
element. :

o+l count data were analyzed from a pilot plant test designed to evaluase the
effects on quality of the bonding layer of vacuum outgassing to remove hydrogen
after the beta heat treating step.

A cuboctahedron design was used to design an experiment involving optimization
of the canning cycle for nickel-plated fuel elements. The resulting data have
been analyzed, and an optimum cycle was selected.

load reguirements necessary to bend & section of co-extruded fuel element a given
smount were determined based on available data. This was in connection with the
straightening of such fuel elements to meet specifications.

Additional curves were prepared giving sample size requirements for evaluating
rupture performance. Specifically, this was in connection with proposed eval-
uation of nickel-plated fuel elements.

Further assistance was provided in setting up acceptance testing procedures for
aluminum components with respect +o wettability properties.

——
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Irra ion Processing Department Tl

Data were analyzed from the test previously designed to evaluate the effects on
reactor front face radiation exposure of removing front face cap inserts. These in~
serts were used at one time to support zinc wafers which were corrosion inhibitors.

Assistance is Tteing given in determining the post-irradiation data requirements
-for NFR fuel elements. The possibility of representing the fuel element profiles
by polynomial expressions is being considered.

Most reactor front-to-rear flux profiles can be described by a three-term “rigono-
metric series. A method has been developed which simplifies the computational and
interpretative features of the model.

An expression has béen found to use in connection with calculating certain heat
transfer values in smooth bore process tubes. This is a greatly simplified approx-
imation to a theoretically valid result.

Chemical Processing Department

Considerable assistance was given in connection with possitle revised specifica-
tions for the final product. Attention was directed towards determining what
conditions must prevall, (process and measurement parameter values) in order for
the specifications to be met with given probability.

A special standard sample program was inaugurated to resolve a possible mis-
allocation of total observed variation to measurement and process variation. This
is in connection with the determination of final product purity.

Assistance of a scoping nature is being given in connection with a cost control
study which may be conducted in Purex.

An IEM~-T7090 program for computing detailed contour descriptions, calculsting and
correcting for specific errors inherent in machine tool design, and generating
the design specification for cams which control these machliie tools is in the
process of being written. Following a recommendation of the Numerical Control
Sub=-Committee of the Committee on Super Accuracy, the Hanford routine will be

compared with different methods being investigated by other AEC installations.

Relations Cperation

Curves of the form y = a + bx + cx2 + dx3 where y = monthly salary and x = years
since graduation were developed for data from two off-site sources as well as

HAPO. These curves facilitated comparison of data from different sites altnougn
the smaller amount of data limited its usefulness at values of x beyond 15-20 years.

STAITSTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLD

2000 Program

Pulse Column Test Facility

Discussions were held with personnel of Process Development Operation concerning
the precision of instrumentation to be used on the pulse column test facility
study. As a result of the analysis of pilot study data from the mid column photo-
meter, a method of collecting and analyzing read filter-standard filter ratios
was suggested which guarantees uniform precision forall samples' An experimental
plan was discussed for the calibration of a gamma anprptlometer +o be used for
the anpljgis of pulse column feed concentrations. @'}~ TRy
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4000 Program

Plutonium Recycle Program

A fluorescent penetrant nondestructive test is used to detect surface defects on
zirconium tubes contemplated for use as PRTR fuel element cladding. To date the
reliatility of the fluorescent penetrant method is unknown. An experiment was
designed to investigate this reliability as a function of several preparation
variables: Time in penetrant oil bath, time in emuwlsification bath, and developer
drying time. The form of the experiment allows for the estimation of absolute
reliability and operator effects in addition to the relative effects and inter-
action of the preparation variables.

Swelling Studies

A mesting with program personnel was held to discuss current ideas on mechanisms
of swelling and possible approaches to the analysis of photomicrographs of uranium
samples to determine the effect on pore size distributions of burnup and annealing
variatles. Analysis was initiated of pore size distributions for .09 and .29 a/o
irradiated uranium samples annealed at either 650° or 850° C for one hour. ™o
familiarize experimental statistics personnel with the status of quantitative
metallography, particularly as it applies to the estimation of three-dimensional
properties from two-dimensional sections, W. L. Nicholson attended a symposium

on quantitative metallography sponsored by the Metallurgical’ Research Laboratory
of the University of Floride, Gainesville, Florida, February 1-3, 1961.

Aluminum Corrosion

Several standard procedures are used by Corrosion and Coatings Operation to measure
zluminum corrosion from autoclave experiments. The most precise method of measur-
ing corrosion penetration uses the stripping of samples in a methanol iodine
soclution to give a direct measure of metal weight loss, which can be converted to
milli-inches penetration. A less precise, but simpler, method of calculating
penetration is based on the assumption that the penetration/weigh+ gain retio
depends only on autoclave ambient variables. Standard samples are used to esti-
mate “he penetration/weight gain ratio, and this ratio is used as a factor to
convert all sample weight gain data for the particular autoclave run into pene-
tration data. Since the chemical stripping and the £ilm weighing process is by
far the most involved part of a corrosion experiment, the second method is
preferatle if, in fact, it is valid. Data from several recent experiments have
been re~evaluated in order to determine the effect of sample preparation variatles
on the penetratlonf&nlght gain ratio. The degree of this dependence will he
useful irformaticn in deciding the amount of stripping necessary in future
experiments.

6000 Frogram

Slology

Work continue’ on the statistical analysis of data from an experiment to determine
the effects of varying amounts of radiation on various population parameters of
Ephestia kuehniella Zeller (Mediterranean flour moth}, Slgnlflcance tests were
conducted on the sex ratio and the results reported to interested personnel of

*he Riology Operstion. e Coee e )
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General

Instrumentation

Additional data analysis was done for Instrument Research and Development Cperation
in connection with the calibration of an RST #+ potentiometer.

Work Sampling Studies

Statistical analysis continued of data from the work sampling study recently com-
pleted by Analytical Laboratories Operation. Summary statistics are being com-
puted to estimate over-all work efficiency and variation of this efficiency with
time of day and day of the week.

Division of Research Programs

Work continued on a report of a statistical study to determine the best method of
estimating background for a high energy anticoincident type gas sample counting
instrument. A statistical method was devised and flow charted for computer coding
for the estimation of the death rate and initial population size of a pure death
process convoluted with a Poisson process of unknown intensity. Discussions were
held jointly with Chemical Instrumentation and Data Processing concerning the
setting up of a magnetic tape master file of program sample data.

Cther
Work continued on additional features of a mathematical problem associated with

ion exchange phenomena reported in January. A random walk model was constructed,
and the diffusion equation associated with the continuous generalization of the

model was derived.

for Carl A. Bennett, Manager
Operations Research & Synthesis

WL Nicholson:kss
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PROGRAMMING OPERATION
FEBRUARY 1961

A. REACTOR DEVELOPMENT - L000 PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Computer Code Development. Microscopic debugging of the fuel ccst portions
of the PUCK code is nearing completion. At the same time, debugging of the
reactor physics portion (GPR) was completed to the point that small fuel
exposures are computed accurately and the code fixes the fuel geometry,

SDPV (Slowing Down Power Volume Ratio), rather than fixing the spectral index
for a given case. The final step to attain a fully updated working recycle
code (PUCK) istle masterminding routine, Rx, which selects equilibrium and
near-equilibrium plutonium batches for analysis. Rx is now being rescoped
and will be ready for final programming and debugging in a few weeks.

The IDIOT code (a transport theory physics code) was used to obtain the
physics parameters necessary to communicate with the PUCK code for a large
number of inverted clusters with HpO and DyO coolants. (The inverted
cluster fuel element is one with multiple internal cocoling channels composed
of relatively thin-walled tubes .) The Holey Element code (which determines
the temperature distribution in inverted clusters) was used to give informa-
tion which alded in determining the maximum specific power.

" The physical size of an idealized cylindrical reactor was ccmputed by using

the lattice spacings assumed in the IDIOT runs, fuel specific power, and

the requirement of generating 750 thermal megawatts, and was used with the
fermi age and the diffusion length (also from IDIOT code) to calculate a

total non-leakage probability. This, with allowances for: xenon and samarium
absorption, reactor temperature coefficients, and control, allowa selection

of Ky values for the PUCK input.

More exact comparisons will be made for this study on a smaller number of
cases using MELEAGER (a physics burnup code) which will solve for both
batch and graded irradiation cases. These more refined calculations are
important because some of the schemes for fueling supercritical reactors are
not suitable for graded use.

The stainless steel cladding comparison study was amended to include data
with which one can estimate the penalty for operating a reactor at fuel
exposures less than the exposure at minimum cost. Cases included cover a
large number of reactor physics and economic conditions.

Assistance was provided Reactor Engineering Development Operation in the
preliminary phase of the Supercritical Reactor Study making use of the
relative fuel costs for graded U-235 enriched machines generated by the PUCK
code.

UNCLASSIFTED
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One member of Programming attended a two-week short course at UCLA
entitled "Nuclear Reactor Research and Design - Utilization of Digital
Computers".

SPECIFIC FUEL CYCLE ANALYSES

A computer program to generalize the MELEAGER burnup calculations was

begun during February. The basic code (i.e., first working deck) will
convert batch irradiation data to uninteracted graded data and will provide
"shutoff" data at any desired final reactivity. Thus, a single MELEAGER
physics calculation represents both batch and uninteracted graded cases at
any number of final Ky, values which constitutes a gross saving of computer
time. The uninteracted graded case 1s representative of a reactor in which
the excess neutrons from a fresh fuel channel are available to other fuel
channels but the neutron spectrums of each channel are independent of the
other channels. This is in contrast to fully interacted graded in which
the neutron spectrum of all fuel channels is the same and is determined by
weighing all the isotopes in the reactor on a population density basis.
Currently, fully interacted cases are being solved by iteration of the
MELEAGER code, but a higher speed method is being programmed. Most power
reactor graded cycles actually represent a combination of the two methods,
although there is only a small difference in the results except for fully-
enriched plutonium cycles.

This program will represent the isotopic concentrations as calculated by
MELEAGER under batch irradiation conditions with a combination polynomial-
expoential fit. The uninteracted graded data will be obtained by normalizing
the time intervals to a constant flux. Different specific powers can be
obtained by varylng the time intervals, since the isotopic decays are
ignored. Separate polynomial fits are made as a function of Koo to determine
the end-point conditions.

Thorium Fuel Cycles. Some preliminary physics calculation runs have been
made with the MELEAGER code on thorium fueling systems with Pu, U-233, and
U-235 enrichment. Some physics calculations were made previous to the
development of QUICK code economics for thorium systems, but the total fuel
cost values in the table below were obtained after development of a thorium
cost code. Although only minor changes were required in the QUICK code,

a set of consistent logic had to be developed to handle these systems. In
general, the logic was to fix the value of U-233, and calculate the remaining
uranium values from the price schedule. The plutonium isotopes were
handled in the usual manner by meking total fuel costs (T.F.C.) a function
of Pu value.
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Enrichment
Material

Pu I¥*
Pu II*
Pu III*
U-233
U-235
Pu I*
Pu II*
Pu ITI*

Notes:

F-3 HW-68712-

THORTUM-232 FUEL CYCLE COST RESULTS (NOT MINIMIZED)

Basis: APWR Physics; TID-8602 for Graded Fuel Cases;
TID-8502 for Batch Cases.

Fueling
Method

Graded
Graded
Graded
Graded
Graded
Batch

Batch

Batch

*Atomic fraction of each isotope:

Pul

Pu II
Pu III

Pu-2
0.950
0.752

0.529

Percent Fissile T.F.C.%**
MWD/ Ton Enrichment Mils/KWh
11,480 2.29 3.43
40,040 3.75 2.15
4k, 020 ho77 2,21
37,700 3.25 1.40
52,395 4,38 2.23
5,360 2.29 5.17
16,950 3.75 3.26
18,290 b7 3.2k
Pu-240 Pu-2l1 Pu-gle
L5
0.195 0.049 o 0.003
0.301 0.143 0.026

*yith U-233 and fissile Pu valued at $15/gram.

Interesting comparisons can be made in the above table between Batch and
Graded Cases at the same enrichment, showing a reduction in fuel cost

using graded irradiationm.

However, these graded calculations do not

include "startup" and "shutdown" charges, which would increase the graded
costs somewhat.

Comparison of fuel costs for different enrichment materials 1s not valid,
because the costs are not minimized. Thus, some cases may be near minimum
while others are far away, giving the erroneous impression of a high

fuel cost. Comparisons between the Batch and Graded Cases at the same
enrichment are still considered at least qualitatively valid, however.

i

The next step planned in the thorium evaluation is to calculate minimum
fuel costs with different enrichment materials. The calculations made to
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B.

date will be used as a gulde to the relative enrichment necessary to
obtain these fuel cost minimizations. 1In addition, thorium cycles will
also be investigated in the broad spectrum of thermal reactors that have
been analjzed with plutonium-U-238 cycles.

OTHER ACTIVIITES

'Sixty-six Form 189 Research and Development Program Proposals were reviewed,

including eleven which were written by Programming. Also, the budget assump-
tions for FY-1963, 06 Program, Division of Biology and Medicine, were composited
and prepared for transmittal to the AEC, and DEM programs at Hanford were
reviewed with Dr. Allen Lough and Mr. James Turner (of AEC-DEM) who visited
Hanford laboratories to familiarize themselves with these research programs,
particularly in the area of radiological physics.

Hanford assignments which were taken on at the meeting of the Panel on Dispesal
of Radioactive Wastes into Fresh Waters were completed and forwardsd to the
JAEA hez lgquarters in Vienna. In addition, comments on a draft report were
provided and appropriate reference materials were forwarded.

The meeting of the Division of Biclogy and Medicinc Prozram Directors was
attended at the Donner laboratories, Berkeley, California by one member of
Programming. Most of the meeting was devoted to a raview of the progress of
research programs at the University of California aad tu dis~ussionc of the
recent SL-1 reactor accident at Idaho Fells.

Two new, long-range proposals for research and development were prenuxred for
submittal to the AEC. One is concerned with the study of distinctive physical
chemical properties of isotopes; the other proposes the study of unconventional
isotope seyarations processes. Preparation of these was encouraged by the
earlier success of Hanford lLaboratories personnel in separating mercu:y-204 by
the monochromatic photochemical sensitization process - an unconventional
isotope separations process which is based on a distinctive physical chemical

property.

A secret report discussing <he isotopic compositions of recovered cesium and
strontium fission products and the implications of what such compositions

mey disclose concerning reactor operating conditions was issued. (HW-68315,
"Fission Product Security Problem - Preliminary Evaluation" by R. W. McKee,
dated February 20, 1961,) Additional details on this study were being refined.

Ir. Gerald W. Johnson; Director, Plowshare Program, has agreed to be the
Hanford Science Colloquium speaker for April 18, 1961.

Assistance was provided in arranging for visits and tours by 356 visiters
during the month. This number included 26 visitors on 15 official business
visits, and 330 students, teachers, and cther liy personnel on six separate

9w W

Acting Manager,
Programming

FW Woodfield:rd
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RADIATION FROTECTION OPERATION
REPORT FOR THE MONTE OF FEBRUARY, 1961

A. ORGANIZATION AND PERSONNEL

Effective 2-1-61, V. M, Milligan transferred from the Calibrations Operation to
IPD and L. L. Crawford transferred from the Radiation Monitoring Operation to
the Reactor & Fuels Research & Development Section. On 2-15-61, P. C. Friend
was hired as a Specialist, Radiation Monitoring, and assigned to the Radiation
Monitoring Operation.

B. ACTLVITIES

One case of minor plutonium deposition was confirmed during the month. Based on
preliminary biloassay measurements, body deposition will probably be less than

5% of the maximum permissible body burden (mpbb). The total number of plutonium
deposition cases that have occurred at Hanford is 265 of which 192 are currently
employed.

Six minor injuries potentially contaminated with plutonium were examined in the
Whole Body Counter. Two of these cases showed no measurable contamination in the
wound. Two cases showed detectable, but minor, plutonium contamination and two
cases required excision of small amounts of tissue to remove plutonium at the
wound site. In the excision cases, abouf, 10 nc was the maximum amount measured
in the wound (one nanocurie = 1 nc = 107> uc; mpbb = 40 nc). Excision reduced
the plutonium remaining at the wound site to about 1 nc.

Fission product air contamination occurred in the 221-T Building in conjunction
witl pumping out fluid in the tank with air pressure. Examination of involved
employees in the Whole Body Counter show a maximum of about 0.1% of the maximum
permiseible body burden for zr9 and Cel Faulty ventilation at a cut-off saw
in the 333 Building resulted ina transient body burden of 5 - 10 mg of uranium
in a Fuels Preparation Department employee.

An Irradiation Processing Department employee entered an abnormally high radiation
field (3 r to 100 r/hour) in the 105-B Building. He was in the supply air duct;

a radiation zone moet of which has a normal dose rate of 1 to 3 mr/hour. He
strayed from tbis location in the course of performing housekeeping and was exposed
to a dose rate of 1 - 100 r/hour, for an estimated three minutes. The source of
this dose rate was discharged metal in the discharge ares pickup chutes. The
supply air duct in wkhich the man was working in this location ig in the vicinity

of the discharge area pickup chutes. His film dosimeter indicated he received a
whole body dose cf 170 mr.

Prompt action by employees minimized the consequer.ces of a spread of plutonium

contamination which resulted from a rupture of a Pu-Al billet at the 308 Building
rolling mill. Microcuries amounis of plutonium were deteated on the floor.
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A sudden change in containment vessel pressure caused an unplanned incremental

rise in the moderator level of the PRTR during critical testing. The circumstances
associated with this incident were investigated because of the potential for
operating difficulties if the reactor were operating at full power level. Appro-
priate action was planned to prevent a recurrence of this condition.

A study conducted to determine if the mask checking equipment in the 2724-W Building
was sufficiently sensitive, indicated that the mask checking equipment is at least

as sensitive to contaminated materials potentially trapped in air passages of assault
masks as the conventional GM meter check.

One employee who was contaminated during the grinding of a cgntaminated pipe in
January still had a measurable, though small, quantity of Co O in his lungs. While
the lung burden is only about 0.1% of the maximum permissible body burden,
repetitive examinations in the Whole Body Counter indicate that the excretion rate
is extremely low.

The air filters for the air supply to the iron room in the Whole Body Counter were
changed after fifteen months of operation. Ehe total act vity for the four remohﬁd
filters was: 6 x 103 d/m of Cs137, 1.3 x 10 @/m of Rul®® and 7.2 x 103 a/m Cel
Radon daughter activity was also measured in the filters immediately after they were
removed.

In using the Whole Body Counter probe for locating plutonium contaminants in super-~
ficial wounds, it was found that use of a small (1 mm?) piece of lead as an
absorber over the wound site was more effective in locating the contaminants than
the previously used small collimator.

The exposure record cards for employees were prepared and distributed through
supervision. The annual radiation exposure report for 1960, required by AEC
Manual Chapter 0523, was prepared and forwarded to AEC-HOO.

Fifty extra-high range CP-TP's were ordered for emergency monitoring purposes. These
instruments provide the capability of measuring gemma dose rates up to 5000 r/hour.
The ionization chamber of these instruments is to be constructed of 1/8 inch
aluminum to minimize beta radiation sensitivity.

The automatic Columbia River Monitoring Station was reactivated on February 8 follow-
ing repair of the pump which had suffered excessive wear of the impeller shaft and
temporary repair of the amplifiers. Overheating, excessive maintenance, and lack of
dependability resulted in the ordering of replacement transistorized amplifiers.

Equipment and supplies for transfer of the Biological Monitoring function to the
kadiation Protection Operation were ordered. One boat, outboard motor, trailer and
associated hunting and fishing equipment were transferred from the Biology Operation
to the Envirommental Monitoring Operation. Necessary game collector permits were
also obtained.
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Modification of the existing aerial monitoring equipment to provide faster and
variable time responses was completed. Design of improved aerial monitoring
equipment by Nucleonic Instrumentation personnel proceeded on schedule. Modi-
fication and calibration of the Redox Plant 50 ft. stack sampling equipment
approached completion. The design and fabrication of an isokinetic sampling
probe for the criticel mass facility exhaust was completed with the assistance
of Chemical Effluents Technology personnel. Development activities leading

to uniformly acceptable stack monitoring systems for use on Hanford stacks were
initiated. Generally, the approach will be to mate commercially available
components with Hanford designed components.

Radiological Design consultation was provided for the Fuel Recyele Pilotr Plant.
The preparation of the complete radiological design criteria for this facility
was started.

The X-ray energies obtained with the use of various K-fluorescent targets and
filtered X-rays were analyzed with & portable energy analyzer. The study
indicated that the 23.7, 52, and 100 Kev energies were the best monoenergetic
sources available with the present calibration equipment. Several discrepancies
in established energy values were noted. Additional work was planned to improve
the calibrations mede with the X-ray and K-fluorescent source.

The design for the new Hanford personnel dosimeter approached completion. A
number of solld state devices was obtained for evaluation as fast neutron dosi-
meters. The contract with the Battelle Memorial Institute was completed and
the BMI silicon diode neutron dosimeters were received. Studies on correlating
forward resistance changes with neutron dose will be initiated when operating
time on the positive ion-accelerator is available.

A 9-inch double-moderator criticality dosimeter was evaluated for neutron response
in the energy range from 54 Kev to 6 Mev. Initial studies showed the response

in this range to be better than + 20%. Activation cf the indium foils in this
dosimeter amounted to about 8 counts/minute/mrem neutrons. One disadvantage of
the .double-moderator approach to criticality level dose measurement is that

the energy distribution of neutrons is not determined.

The exposed fluorods which were sent to Los Alamos for comparison with our fluorod
dosimeter system were interpreted by Los Alamos to within + 10% of the actual
doses delivered to these devices at Hanford. A copper foil exposed to 1 rad of
230 Kev neutrons resulted in a disintegration rate of 210 dpm/gm, indicating
sufficient sensitivity for use as a component in a criticality personnel decsimeter.

P. E. Bramson attended the 2nd Annual Conference on Microdosimetry sponsored by
the Bausch & Lomb Company at Rochester, New York. He presented a paper describing
the Hanford application of fluorod dosimeters. Technical consultation on the
proposed Washington State Bill (SB 427) was provided by AR Keene to the Senate
Committee on Natural Resources at Clympia, Washington.

The hazard analysis , analyzing the radiolo§ical consequences of loes of control
during shipment of kilocurie amounts of cel37 ana sr9° , neared completion.
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C. EMPLOYEE RELATIONS

One suggestion was submitted by personnel of the Radiation Protection Operation.
Three suggestions submitted by Radiation Protection personnel are pending
evaluation.

There were six medical treatment injuries during the month for a freguency of
2.81. No security violations occurred during February.

Radiation Protection training included: Training and refresher sessions were
presented to two groups of Fire Protection employees, Radiographic Testing
Operation, and Design personnel; orientation programs for Security Patrol were
formulated; a training program including tours was organized for two newly
assigned exempt personnel; training courses were planned for 90 members in
engineering and drafting assignments in the 700 Area; a one-hour training talk
was presented to Nuclear Physics Research personnel; and three one-half hour
training sessions on use of Exposure Estimate Cards were held with Plutonium
Metallurgy personnel. .

D. SIGNIFICANT REPORTS

HW-68204 "Neutron Damage to Semiconductor Devices" by D. R. Haffner.

EW-684T1 "Analysis of Radiological Data for the Month of January, 1961"
by E. C. Watson.

BW-68706 '"Monthly Report - February, 1961, Radiation Monitoring Operation"
by A. J. Stevens.
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-January 1961 - Mid-February 1961)

Sample Type and Location

Drinking water

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-B Area
100-F Area

Hanford

Pasco

McNary Dam

Vancouver, Washington

Atmosphere

Il3l Separations Areas
1131 Separations Stacks
Active Particles - Project
Active Particles - Environs

Activity
_Type

Isotopic
Gross Beta
Isotopic
Isotopic
Gross Beta

Gross Beta
Isotopic
Isotopic
Isotopic
Gross Beta
Isotopic

Il3l
1131

Monthly
Average

Vegetation (Control limit for vegetation is 1072 uc Il3l/g)

Separations Areas

Residential

Eastern Washington and
Oregon

Fission Products less
1131 . Wash. and Ore.

131
1131
1131

Gamma
Emitters

2.6 x 10-6
< 1.5 x 10-6

<1l.5x 10'6

< 1.0 x 10°2

Units

% MPCy-GI*
uc/ce

% MPC,,-GI#*
% MPC-GI**
uc/ce

ue/ce

% MPCy-GI*

% MPCy-GI¥

% MPCy-GI**
uc/ce

% MPCy~-GI**

ue/cc

Combined curies/da
ptle/100 m3
ptle/100 m3

ne/g
ne/g

ue/g

ne/g

* The % MPC,, is the percent of the maximum permissible limit for cccupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

*% The % MPCy,-GI is the percent of the maximum permissible concentrations for
persons in the neighborhood of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained

in NBS Handbook 69.

*#% This location is now sampled quarterly.

The most recent result is tabled.
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. EXPOSURE EVALUATION AND RECORDS

Exposure Incidents above Permissible Limits

Whole Body Localized
February 0 0
1961 to Date 0 2
Gamma Pencils
Pencils Paired Readings Paired Readings Lost

Processed 100-280 mr Over 280 mr Readings
February L Lo TL T 0
1961 to Date 9,418 146 10 0

Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed. 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad (ow) mr(s)

February 8,745 965 65 31 32 11.08 23.15
1961 to A |
Date 19,375 1,677 130 35 48 8.5k  18.58
Neutron Film Badges
Film Readings Readings Readings Lost
Processed 50-100 mrem 100-300 mrem Over 300 mrem Readings
Slow Neutron
February 832 0 0 0 6
-1961 to Date 2,912 0 0 0 15
Fast Neutron
February 263 31 0 0 6
1961 to Date 819 139 43 0 15
Whole Body Counter
Male Female February 1961 to Date
GE Employees
Routine 55 L 59 105
Special 9 0 9 17
Terminal 1l 0 1 1
Nonemployees 1 1 2 6
Pre -employment 0 0 0 0
Total 66 5 T1 129
Bicassay
‘ February 1961 to Date
Confirmed Plutonium Deposition Cases 1 2%
Plutonium: Samples Assayed 8 874 1,415
Results above 2.2 x 107° jc/sample 20 35
Fission Product: Samples Assayed 5 891 1,485
Results above 3.1 x 1077 jc FP/samples 1 2
Uranium: Samples Assayed 308 571

*Bringing the total number of plutonium deposition cases which have occurred at
Hanford to 265. UNCLASSIFIED
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Uranium Analyses

Following Exposure Following Period gf No Exposurc

Units of 10~7 pe Uec Units of 1077 pe U/ce

Number Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 60.8 4.2 76 13.7 2.5 62
Fuels Preparation* 0 0 0 0 0 0
Hanford Laboratories 30.5 6.1 40 9.4 3.0 33
Hanford Laboratories* 0 0 0 0 0 0
Chemical Processing 59.9 6.2 37 36.8 L.6 43
Chemical Processing* 18.9 12.7 2 20.8 20.8 1
Special Incidents 164.0 55.7 12 0 0 o}
Random v ’ 1.5 1.1 2 0 0] 0

*Samples taken prior to and after a specific job during work week.

Thyroid Checks February 1961 to Date
Checks Taken 0 0
Checks Above Detection Limit 0 0
Hand Checks
Checks Taken - Alpha 35,574 56,657

- Beta-gamma 45,235 97,030
Skin Contamination
Plutonium 28 34
Fission Products 4o 83
Uranium 1 23

CALIBRATIONS

Portable Instruments
CP Meter

Juno

GM

Other

Audits

Total

Personnel Meters
Badge Film
Pencils

Other

Total
Miscellaneous Special Services

Total Number of Calibrations

AR Keene:jmb

Number of Units Calibrated

February 1961 to Date
998 1,858
260 483
594 1,349
181 337
110 213

2,143 I 2ho
1,620 2,640
603 889
2,223 3,529
305 961
4,671 8,730

U

nager

Radiation Protection
UNCLASSIFIED
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LABORATORY AUXTILIARTES OPERATION
MONTHLY REPORT - FEBRUARY, 1961

GENERAL
There was one security violation charged to the Operation.

There were no major injuries; the minor injury frequency rate was 3.49,
which is considered about average experience.

TECHNICAL SHOPS OPERATION

Total productive time for the period was 23,280 hours. This includes 17,716
hours performed in the Technical Shops, 4,299 hours assigned to Minor
Construction, 42 hours assigned to other project shops and 1,223 hours
assigned to off-site vendors. Total shop backlog is 23,350 hours, of which
60% is required in the current month with the remainder distributed over

a three-month period. Overtime hours worked during the month was 1,208.7
hours.

Distribution of time was as follows:

Man-Hours % of Total

Fuels Preparation Department 5,011 21.5%
Irradiation Processing Department 546 2.3%
Chemical Processing Department 576 2.5%
Hanford Laboratories Operation 16,639 T1.5%
Construction Engineering & Utilities 58 0.3%
Miscellaneous 450 1.9%

Requests for emergency service increased slightly, requiring an overtime
rate of 5.4%, compared to 4.5% the previous month.

At the close of the reporting period, there were fcur open requisitions
for Journeyman Machinists and one for a qualified Instrument Technician.

A check of government owned surplus equipment disclosed a deep hole
drilling machine available to the Technical Shops for the cost of freight
and installation. As a new machine of this type was planned for the Shops,
a savings of approximately $20,000 will be realized.

-UNCLASSIFIED




UNCLASSIFIED B-2 HW-68T12

RADIOGRAPHIC TESTING OPERATION

General

A total of 7,984 tests were made, of which 728 were radiographic (including
x-ray and gemma-ray) and 7,256 were supplementary teste. Out of a total of
3,359 man-hours, 546 (16.2%) were used in connection with rediogrsphic tests,
and 2,813 (83.8%) were used on supplementary tests. The supplementary test
work included: autoclaving; borescoping; dimensional measurements (micro-
scopic and air-gage); eddy current; magnetic particle; penetrant (contrast
and fluorescent O.D. and I.D.); leak detection; surface treatment (pickling,
steam detergent cleaning, and vepor degreasing); and ultrasonic (core
integrity, bond tests, flaw detection, and thickness measurement),

The number of pieces handled this month totaled 5,276 items. The feet of
material represented by these items amounted to 56,800 feet. Work on
tubular components continued to account for a large percentage of the
footage of material tested; the tubular component work includes both fuel
element sheath tubes and reactor process tubes.

Production testing and treatment of the NPR process tubes is proceeding
routinely. The backlog of tubes requiring fluorescent penetrant testing
is now being successfully worked off. Problems involving artifacts have
been mainly solved by the use of a dry developer technigue and by white
1light borescope checks of fluorescent penetrant indications that may be
arising from surface marring. The backlog cf development order tubes

is also being worked off in order to obtain mcre in-process storage space.

Some guestion has arisen regarding the internal integrity of the process
tubes. Investigation of voluntary rejects by the vendor has disclosed

a condition that may be serious in that present methods of tes*ing do not
assure detection. A metasl separation in the plane paralled to the tube
surface has been assumed by the .vendor to be breaking out to the inside
wall surface with its subsequent detection by fluorescent penetrant testing.
However., in the investigation of some of these discontinuitiee evidence
has been found of cases where the lamination may not open up completely
to. the surface. Loss of ultrasonic measurement signals has been pcinted
out as a pcssible corollary. Such & loss could also be accounted for by
localized conditioning resulting in a very small area of reduced wall
thickness. Both the problem of a localized conditioning and the detection
of purely internal discontinuities is currently under investiga*ion.

The field operation has been unusually active on a wide variety of Jjobs

for a large number of customers as evidenced by the supplementary test per-
formed and the large number of components represented. Some of the work

hes been of an emergency nature involving either reactor outages or extremely
critical construction work. Some of the construction work invelves both

UNCLASSIFIED
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PRTR and NPR work. An unusual job encountered at PRTR involved a pressurizer
for the reactor system. A heavy nozzle weld (4" thick) in a restricted
location required the use of Cobalt 60 for a gamma radiograph. Considerable
fluorescent penetrant work was done in the field on the over-bore nozzle
program for B, D, F, and H Area. A new 14O KV portable x-ray unit has been
obtained to give additional flexibility to the field operation.

The 300 Area laboratory work continued on a routine basis with primary effort
being devote. to testing of sheath tubes and plutonium metallurgy fuel
element examination. The new ultrasonic flaw detection test tank in the

314 Building was put into operation for preliminary evaluation of the
equipment. The ultrasonic cleaning equipment has been obtained and the
scanning bridge for the ultrasonic cleaning tank is 50% complete.

Testing Statistics

No. of Ft. of Weld No. of

Component Tests or Material Pieces
CPD 2,003 15 19
FPD 25 36 9
HLO 4,986 32,008 4,005
JA Jones 163 : 100 11
Kaiser Engr. by 18 7
IPD 2,766 24,638 1,24k
Total 7,984 56,800 5,276

CONSTRUCTION OPERATION

There were 63 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $141,998. Ninety new orders, 4
supplements and adjustments for underruns amounted to $67,334. Expenditures
during the month on HLO work were $108,589. Total J. A. Jones backlog at
month's end was $110,743.

UNCLASSIFIED
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Summary
BL CE&UO
Unexpended . Unexpended
No. Balance No. Balance
Orders outstanding beginning of month 63 $ 137,200 1 $ k4,798
Issued during the Month (Inc.Sup. & AdJj.) 93 67,334 1 10,000
J.A. Jones Expenditures during month
(Inec. C.0. Costs) 98,296 10,293
Balance at month's end 6l 106,238 1 L, 505

Orders closed during month 89 9k, 582% o*

* Face Value of Orders Closed

FACILITIES ENGINEERING OPERATION

There were 13 authorized projects at month's end with total authorized funds
of $2,673,500. The total estimated cost of these projects is $9,488,000. The
difference between expenditures at 1-31-61 and estimated cost is $2,910,000.

Project CGH-8T4, Consclidation of Plutonium Metallurgy Facilitles, 231=-2
Building was returned without approval by the Commission.

The following summarizes the status of FEO project activity:
Number of authorized projects at month's end 13

Number of new projects authorized during the month: 1
CAH-916 - Fuels Recycle Pilot Plant

Projects completed during the month: 1
CAH-885 - Geological & Hydrological Wells - FY-60

New project proposals submitted to AEC during month 2

New projects awaiting AEC approval:
CGH-902 Uranium Scrap Burning Facility
CAH-917 Field Service Center
CGH-918 Second Whole Body Counter Cell Addition - 747 Building
CGH-919 31k Building Ventilation System
CAH-921 Geological & Hydrological Wells - FY-1961
CGH-923 Spectroscopy Laboratory - 325 Bullding
CGH-924 200 KW Induction Heating System = 306 Building

Note - Proposals complete or nearing completion are as follows:
Burst Test Facility for Irrediated Zirconium Tubes
271-CR Waste Treatment Facility

UNCLASSIFIED
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HW-68712

Engineering work performed during the month included the following listed

major items as well as scope engineering for project proposals.

The availa-

bility of capitel work order funds have increased the work load.

Title

Presiure Vessel and Piping Systems
Engineering & Inspection Service

"Split-half" Machine for Critical
Mass Studies

Horizontal Control Rod and Drive
for Tamper Tank (Critical Mass)

Beryllium Dust Filters - 306 Bldg.
Electrical Modifications - 3702
Building

Filter Changer -~ CWS

32T Water Basin - Clean-up System

Material Handling System for Heat
Treating Equipment - 328 Bldg.

Motorized Door Opening Device -
327 Building

Arrange space and install utilities
for business machines - 3760 Bldg.

Status

This is a continuing work program on
HLO vessels, pressure systems and re-
lated safety devices. The work in-
cludes not only periodic inspection and
engineering evaluations of plant pressure
systems but engineering service during
design, fabrication, installation, and
operation to R & D components having
process devices subJjected to high
pressures and temperatures. Code
compliance work is being performed on
1) PRTR Systems; 2) Irradiation Studies
Loop; 3) Breakaway Corrosion Loop; and
4) HLO PAC & Equipment Projects.

Design of machine is essentially complete.
Fabrication cost is being estimated.

Design work is nearing completicn.
Materials are on order.

Design complete. Fabrication and
installation work is 80% complete.

Material is on hand and field work is in
progress.

Drawings are being prepared of proposed
design.

A study is being made of a recirculating
filter system for removing radicactive
contaminates from storage basin water.

Engineering work has started.

Design complete. Installation work is

in progress.

Design work in progress.

UNCLASSIFIED
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Title Status

Source Positioner - 3745 Bldg. Design complete. Material on order.
Special Air Conditioning - Design complete. Installation work
Leboratory in 222-U Bldg. is in progress.

Animsl Pens and Grourd Improve- Steam and water has been installed in
ment - 100-F dog kennels. Also, an evaporative

cooler is being installed. Asphalt
parking area and animal pad is being
placed.

Drafting and Design Services

Work load in 3706 Building drafting room is constant with some overtime
work required. Branch offices in 306 and 308 Buildings have steedy work
loads with backlog in 308 office. The equivalent of 155 design drawings
were ccmpleted this month.

Major design and drafting work in progress includes the following:

1. Physical and Mechanicel Properties Test Cell - 327 Bldg. - Special
equipment design - complete.

Structural Materials Irradiation Test Facility - design - 36 dwgs.
required - 75% complete.

Strontium Purification Project - Werk complete.

Thermal Precipitator - 5 dwgs. required - LO% complete.

Critical Facility - epprox. 20 dwgs. required - 95% complete.
Ultrasonic Transducer - Bridge & Track - U dwgs. - essentially complete.
Special Air Operated Chuck for vibratory compactor - 6 dwgs. T0% complete.
Oxide Press - Hood Enclosure - 75% complete.

Process Calciner - 25 dwgs estimated - 40% complete.
Special Air Filter for 325-A Cells - 9 dwgs. - complete.
. Transfer Cask - 327 Bldg. - 7 dwgs. - T5% complete.

o

°

°

H H=\0 010\ FWw

H O -

Plant Maintenance and Operation

January costs were $158,T779, which is 9‘7.6% of forecasted expenditures.

Analysis of Costs

The cumulative expenditures are 2.4% below forecast. Of this $21,000,
$17,000 is attributable to less maintenance work than plenned. For the
month of January the costs were within $2000 of the predicted amount.
During this month the work forecast was reviewed in the light of the
limited work force available for building and machinery maintenance. The
steam predictions were likewise revised because of the mild winter. As
& consequence, $200,000, was released. The result was a 27% reduction in
current monthly liquidations (rent) in HLO buildings.

UNCLASSIFIED
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gg.provement Maintenance

Item January
Relocation & Alteration $ 7,301
Repainting 2,763
Rercofing 9,419
Electrical modifications T43
Piping modifications 37
H&V modifications 215
20,47

Waste Disposal and Decontamination Service

The improvements provided by Proiect CGH-819 to the 340 Building loadout
stations, trailer shelter, and increased storage capacity has improved

working conditions and decreased loadout time. During the construction of

this project,. some interference with operation was anticipated and some overtime
was used to accumulate wastes.

The decontamination work continues primarily.on laboratory radiation handling
equipment. High level waste disposal by concrete drum process has increased
in volume primarily because of wastes generated in the 325-A cells.

Plant Engineering and Miscellaneous

Approsimately 26,000 square feet of prints were reproduced during the month.

The total estimated value of the 12 requisitions issued during the month was
$4,000. The majority of this procurement activity is for approved HLO proJjects.

Painting was continued in 325 building.

Interior painting was started in 3707-C huilding.

Painting of certain rooms in 231-Z was started.

A contingency maintenance request for the replacement, rerouting and shielding
of the crib waste line in 327 building has been epproved by the Commission.
J. A. Jones Construction forces are doing the work.

Laboratory furniture for 325 bullding has been ordered.

A canopy has been designed and is being built for T4T building.

Improvements to 50 ton refrigerant compressor in 325 building are being made.
Design has been made for procurement of improved laboratory hoods in 329
building.

UNCLASSIFIED
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A new type of sump pump is being installed in basement, of 326 building to
solve flooding problem.

Safety switches are being installed in control circultry - 326 building.
Electricel load studies are being made on 325 and 3760 buildings.

Plans made for a new drafting room location in 306 have been deleyed pending
building occupants approval.

A new product assembly room hes been completed on the mezzanine of 325
building basement.

The crane in 314 building was inspected. The crane is out of service until
repairs are made. Material is on order.

TECHNICAL INFORMATION OPERATION

Volume I, No. 1, of & new Technical Information publication =-- the Plutonium
Information Bulletin =-- was distributed during the month to HAPO personnel
concerned with plutonium technology and to a limited number of off-site AEC
contractors .actively engaged in plutonium research and development. Intent
of the Bulletin is to present a current-awareness service to HAPO and off-site
AEC contractors of new and significant plutonium information from world-wide
sources. Comments on the first issue have been solicited.

B. B. Lane has edited and issued a revised "Glossary of Hanford Technology",
EW-68206, updating an earlier glossary published in 1954 as HW-32L6L. The
new edition revises and supersedes the former and adds ebout 150 new words
and sbbreviations. Entries consist of Hanford jargon (words and abbrevia-
tions which have special and unique meanings at Hanford) as it is found in
written reports or personal conversations.

The Director of the Division of Classification met with HAPO personnel
February 1 to discuss the current classification restrictions on plutonium.
The discussion was primerily an exchange of information on policy, practice,
and the affect of the restriotions on the Plutonium Recycle Program. De-
classification of the plutonium in the intial PRTR loadings was requested.

During CY-1960, Technical Publications published 117 formal reports and 25
informal reports. These reports contained 6,873 pagee, of which T7% were
text and 23% illustrations. Average number of days eech report wes in
Technical Publications was 31.7.

The Speech and Article Clearance Activity Report for 1960 has been completely
automated. 1t is now presented in tabular form from an IBM LOT print-out
of cards genersted during the year by Technical Information's keypunch unit.

There were 374 items processed for clearance. Copiles of the report were
sent to Level 2 Managers of HAPO, and in addition to Level 3 Managers in
HLO, where most of the submittals originated.

UNCLASSIFIED
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The Specialist, Technical Information Procedures, has been spending con-
siderable time in preparing procedures for the forthcoming automation of
the Classified Files. One of the principal problems concerns the reports
catalog, its role in the total literature searching spectrum, what cards
should be filed into it, and so on. A clear policy in these items will be

needed Yefore Filea automation is completed.

The program to replace older off-site-originated documents by microcards
from the AEC has been slow. An order for 2100 microcards has been sent to
OTIE and, as a result of overtime by two clerks, another 900 microcards will
be ordered. There still remains a large part of the document collection to

be checked.

Mechanical handling of the Library's periodical subscriptions has now been
completed, and it eppears that no further debugging will be necessary. The
machines are now routinely updating the tape for any changes in the periodical
subscription activity, and providing reports on periodical traffic.

Work Volume Statistics

Document Distribution and Files

Documents routed and discharged (copies)
Documents issued (copies)

Documents sent off-site (copies)
Document reserves filled (copies)
Documents picked up and delivered

Document Accountability

Holders of classified documert s whose files
were inventoried

Documents inventoried in Files (copies)

Documents destroyed or retired (copies)

Documents revised (copies)

Documents pulled and documents filed (copies)

Documents reclassified

Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site

Reference and Publication

Books cataloged (new titles)

Books added to the collection (volumes)

Ready reference questions answered by
professional staff

Literature searches by professional staff

Reports abstracted (titles)

Formal reports prepared (titles)

Off-site requests for HAPO reports (copies)

Reports released to CAP (titles)

January

18,701
18,181
10, 489

640
21,015

640
10,196
9,220
1,300

16,960
823

209,751

12k
236

210

288
21
279
31

February

22,215
1k, 361
8,182

617
20,827

284
15, 34k
1,19
21,465
651

207,343

146
327

200

N n
5E&6P8
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Library Acquisitions and Circulation

Books ordered (volumes)

Periodicals ordered

Books circulated (volumes)

Periodicels circulated (issues)
Inter-Library loans

Films borrowed or rented

Industriel film showings

Bound periodicals added to the collection
Bound periodicals discarded

Library Collection:

EW-68T712

January February
645 470
124 172

1,512 1,935
2,Th9 3,201
Th 83

13 20

50 7
1Lk 133
35

Main Library W-10 Library 108-F Library Ind. Med. Total

No. of books 30,953 8,593

No. of bound

periodicels 14,276 10
45,229 8,603

Classification end Declassification

Documents, including drawings and photogrephs
reviewed for downgrading or declassification

Documents and pepers (intended for oral pre-
sentation or publication) reviewed for appro-
priate classification

1,739

1,869

3, 608

Documents submitted to Declassification Branch,

Oak Ridge

JL Boyd:jw

2,037 43,322
3 16,123
2,014»0 59, )4)-1»5
Januar February
LL4o 246
33 ks
81 57

Maneger,
Laboratory Auxiliaries
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SEMI - MONTHLY PROJECT STATUS REPORT HW- 68712
GENERAL ELECTRIC cO. — Hanford Laboratories DATE  2/28/61
PROJ.NO. TITLE FUNDING
CG-785 In-Reactor Studies Equipment - 105 KW 0290
AUTHORIZED FUNDS [pegign g 47 .000 TaEc S ‘ cosTacoMMTO  5_19_47 $ 279,974
s 325,000 ICONST. s 278,000 s $ 325 000 ESTIMATED TOTAL COST 1 305,000
STARTING DESIGN 1=5=50 DATE AUTHORIZED §=9 =60 esto. [oesionl2-30-00 PERCENT COMPLETE
DA TES Icoun. 3-22-60 DIR, COMP, DATE 3-1-61 OATES | conar. 3-1-81 WT'D: [SCHED.|ACTUA:
ENGINEER DESIGN 100 100 100
FEO - H. Radow TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS [[GE=TIT.) 100 100
FIXED PRICE AE-TIT. 1}
COST PLUS FIXED FKEE
PLANT FORCES 2 1200 CONST. 100 100 100
ARCHITECT=ENGINEER PF 100 100 100
DESIGN ENGINEERING OPERATION 0 710 CPFF
GE FIELD ENGINEERING P

SCOPE, PURPOSE, STATUS & PROGRESS

ex-reactor conditions.

that may be required.

This project provides a research and development facility to permit instantaneous
measurement of physical properties of materials under dynamic in-reactor and simultaneo:

Physical completion, with a few exceptions, will be attained as of March 1, 1961.
exceptions include the completion of the helium modification, the delivery and
checking out of the capsule removal equipment, and any start-up type corrections

The

PROJ. NO, TITLE FUNDING
CGH-805 High Temperature Tensile Testing Cell - 327 Building 0290
AUTHORIZED FUNDS [DEMGN s 20’400 l{“':c § mme- COST & COMM. TO 2-]_2-61 $ 158, l#96
s 170,000 | const.$ 149,600 loe s 170,000 ESTIMATED TOTAL COST s 170,000
STARTING [pEsign 8-26-58 DATE AUTHORIZED 9_9-60 g‘s::"'g;_. DESIGN 6-15-5‘ PERCENT COMPLETE
oates | const. 9=14-60 OIR. COMP. DATE || 1 _47 DATES |const. 4=1-61 WT'D. | SCHED.|ACTUAL
ENGINEER DESIGN 100 100 100
- TITLE | 100 100
MANPOWER AVERAGE |ACCUM MANDAYS{|GE-TIT. || 100 100
FIXED PRICE AE- TIT, |1
COST PLUS FIXED FEE 2 740
PLANT FORCES CONST, 100 99 98
ARCHITECT - ENGINEER PF 2 30 —--
DESIGN ENGINEERING OPERATION 285 CPFF 35 100 99
GE FIELD ENGINEERING 5 Ly Fp
Mat'l | 63 [100 | 97

SCOPE, PURPOSE, STATUS & PROGRESS

of a cell in the 327 Building.

installed.
Acceptance testing is in progress.

require more time than originally planned to r

esolve.

Fabrication of the tray around the furnace is posing special problems which will
Completion of the project to
the satisfaction of the customer 1is expected within the scheduled period.

This project provides equipment for: performing room and high
temperature tensile tests on highly irradiated materials and involves the installation

The manipulator has not been received but the majority of all other equipment has been

BM -7300--042( 2~61) atc.t micCNLAND, wAsH
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FIXED PRICE

COST PLUS FIXED FEE

PLANT FORCES

ARCHITECT~ ENGINEER

DESIGN ENGINEERING OPERATION

GE FIELD ENGINEERING

SEMI —MONTHLY PROJECT STATUS REPORT HW- g s
GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61

PROJ.NO. TITLE ‘ FUNDING
CAH-822 Pressurized Gas Cooled Facility 4141-Operating
AUTHORIZED FUNDS ‘;DESIGN s L{,O’OOO* ,’AEC $ cosT & coMmTo 2-12-61 S 807,7114

s 995,000 {consT. s 955,000 | e s 995,000 ESTIMATED TOTAL COST $71,120,000
STARTING DESIGN 8=19-59 DATE AUTHORIZED E%L.gi. cesien 4-29-60 PERCENT COMPLETE

DA TES LCONSY. lo_l’z-6o DIR. COMP. DATE 6-30-61 DATES (CONST- 9-30-61 WT'D. SCHED. |ACTUAL
ENGINEER DESIGN 100 loo loo

- WF _Hildebrand THTLE 1
MANPOWER AVERAGE (ACCUM MANDAYS | GE-TiIT.11 1700 100 100

AE-TIT 1)

CONST.

| 65 | 6L

PF

CPFF 92 63 63

Fp 8 93 80

SCOPE, PURPOSE, STATUS & PROGRESS

Work Authority CAH-822(5) dated 2/10/61, authorizing additional
total of $1,120,000 has been received.

from wall of B Cell.

# Does not include design performed by Struthers-Wells.

Prefabricated piping sections have been moved into B-Cell. J. A.
of removing NaK heater from Section D and re-locating sections from 9" to 18"

$125,000 making new

Jones 1in process

FROJ. NO. | TITLE Modifications & Additions to High Pressure FUNDING
CGH-53: | Heat Transfer Apparatus - 189-D Building 0290
AUTHORIZED FUNGS " ooors 66,000 "aec s cosT scoMm.To  2-12-61 s 675,697
s 700,00C icousns 634,000 lee s 700,000 ESTIMATED TOTAL COST s 700,000
STARTING :DESIGN ?&—20-59 ZD‘TE AUTHORIZED 4-5-59 ggL'gL. [oEsian 2-15-61 PERCENT COMPLETE
DATES .consT, 4=22-59 [|DIR. COMP, DATE L-1-b61 DATES |consT. L-1-A] WT'D. SCHED. [ACTUAL
ENGINEER DESIGN 100 100 100
FEQ - H. Radowv TITLE |
MANPOWER AVERAGE |accum manoavs[ee-mit.p1| 100 100| 100
FIXED PRICE AE- TIT. LY
COST PLUS FIXED FEE 15 3500 ‘
PLANT FORCES CONST, 100 I 96‘) 95
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION 0 960 CPFF 100 901 95
i GE FIELD ENGINEERING Fp
TS oPE, FURROSE, STATUS & FROGRESS

This project provides necessary modificetions to existing equipment to simulate more
severe in-reactor operating conditions in out-cf-reactor facilities for research and

development studies.

The high-speed valve order is now prugressing favorably and it
the assemuly will be ready for witness testing in late March.

All of thne remaining vessels have been received and installation is now underway.

* Per revised construction schedule submitted to the Commission for approval.

is anticipated that

B0 -7300-042( 2—-S51) atcct RICHLANG whsH

oo



H-13

SEMI -MONTHLY PROJECT STATUS REPORT Hw- £8712.
GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61
PROJ.NO. TITLE FUNDING
CAH-842 Critical Reactivity Measuring Facility 58-e-15
AUTHORIZED FUNDS [pggign s Lg ,000 {AEC s 148,000 COST g COMMTO  »_175_ g7 $  110.575
s 360,000 Icousr. s 15,000 se $ 212,000 ESTIMATED TOTAL COST s 360,000
STARTING »’%N 11-17-59 DATE AUTHORIZED E%L}?L. DESIGN 2-1-61 PERCENT COMPLETE
DATES tCONS'r. 10-3-60 DIR. COMP, DATE L _230-6] [OATES |const L4-30-61 WT'D. |SCHED. ACTUA
ENGINEER DESIGN 100 100_1 100!
HIO - WS Kelly TITLE o
MANPOWER AVERAGE [ACCUM MANDAYS || SE-TIT.|}
FIXED PRICE Geo. Grant Co., Inc. AE-TIT. |
COST PLUS FIXED FEE
PLANT FORCES | i CONST. 100 NS L7
ARCHITECT= ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF 80 o]e] 59
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

The fuel transfer lock has been shipped by Henry Pratt Co. Final painting and
testing will be performed after the lock is installed.

L

PROJ. NO, TITLE FUNDING
CGH-857 Physical & Mechanical Properties Testing Cell - 327 Bldg.| 0290
AUTHORIZED FUNDS {DESIGN s 75,000 [Asc s COST 6 COMM. T0 2-12-H] 7&,9’-&0
s 75,500 CONST.S 1GE s 75,000 ESTIMATED TOTAL COST s 500,000
STARTING {DESIGN 10-29-59 DATE AUTHORIZED ] Q=] -59 5;:4'21.- oesign 3-1-01 FERCENT COMPLETE
DATES const. 9-1-62% DIR, COMP. DATE DATES |consT.T-1-63% WT'D. | SCHED.|[ACTUAL:
ENGINEER DESIGN 100 100 99
FEO - RW Dascenzo TITLE 4
MANPOWER AVERAGE [Accum MANDAYS|cE-TIT. 11| 1CO 100 .99
FIXED PRICE AE-TIT. I
COST PLUS FIXED FEE
PLANT FORCES CONST, 100 NS
ARCHITECT - ENGINEER 1 PF
DESIGN ENGINEERING OPERA TION 2 CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, sTATUS & ProGRESs Thig project will provide facilities for determining physical
and mechanical properties of irradiated materials, and involves the installation of a
cell in 327 Building.

All of the design will be complete by March 1, 1961, with the possible exception of

incorporation of the comments on the Dilatometer Machine and the Rotating Beam Fatigue
Tester.

It is not planned to ask for procurement and construction funds at this time.

* Based upon AEC authorization of total project funds by 2-1-62.

BM -7300-042( 2—61) ALC.GE AICHLAND, wasH
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SEMI—-MONTHLY PROJECT STATUS REPORT M 6871e-
GENERAL ELECTRIC co. — Hanford Laboratories pATE  2/28/61
PROJ.NO. TITLE FUNDING
CGH-858 High Level Utility Cell - 327 Building 0290
AUTHORIZED FUNDS [pesian 5 70, 000 TAEC S cosT g coMM T0  2-12-61 s 70,000
s 7C,000 consT. s i ¢e s 70,000 ESTIMATED TOTAL COST S 500,000
snn'rmc(’nesm_ﬁ 10-29-59 |lpaTE AuTHORIZED 10-1-59 e T L. |oEsiGN 3-1-61 PERCENT COMPLETE
PATES  consT. 8-1-61% DIR. COMP., DATE DATES | consT. 2-1-H2¥% WT'D. |SCHED. |ACTUAL
ENGINEER R DESIGN 100 100 100
FEO - RW Dascenzo TITLE
AVERAGE |ACCUM MANDAYS [[GE-TITi1 | Q5 100 100

MANPOWER

FIXED PRICE AE- TIT. 1M
COST PLUS FIXED FEE Vendor 5 100 99
PLANT FORCES CONST. 100 NS
ARCHITECT-ENGINEER 2 PF

L CPFF

DESIGN ENGINEERING OPERATION
Fp

GE FIELD ENGINEERING

SCOPE. PURFOSE, STATUS 8 PROGRESS Thig prlject will provide facilities to prepare specimens
fror irradiated materials for use in determining their physical and mechanical properties
and invclves the installation of a cell in 327 Building.

The project design will be complete on March 1, 1961, providing that Western Gear
completes the corrections to their Decladder design and with the exception of comments

on the Rounc¢ Tensile Sample Former Machine.
A revised project proposal for total construction funds is being routed in HIO for

approval.

* Based on AEC authorization of construction funds by 4-1-61.

PROJ, NO, TITLE FUNDING
CAE- %66 Shielded Analytical laboratory - 325-B Building 6l-a-1
AUTHORIZED FUNDS = s 60,000 ]'Al-:c s us , 000 COST & COMM, TO 2_32_5] s lS,QOO('GE)
s _67.,00C { CONST.S lee s 15,000 ESTIMATED TOTAL COST $ 700,000
STARTING {pgsign 9=5-50 DATE AUTHORIZED 5_37] .60 EZL’gL. pesian 11-14-60 PERCENT COMPLETE
DATES ‘Lcousv. DIR. COMP, DATE DATES |cONST. 3-]1-62 WT'D: | SCHED.|ACTUAL
ENGINEER DESIGN 100 100 100
I'EQ - RW Dascenzo TITLE
MANPOWER AVERAGE |ACCUM MANDAVYS|GE-TIT. || 10 160 100
FIXED PRICE AE-TIT. L] 90 | 100 100
COST PLUS FIXED FEE '
PLANT FORCES CONST. 100 NS
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

| SCOFE. FURPOSE,STATUS & PROGRESS  Tmis project will allow greater capacity for analytical work
' involving today's more highly radioactive solutions and consists of adding a shielded

isboratory rto the 325 Building.

This project was approved by the local AEC Board of Review on 2/3/61, and sent to
Wasaington for further approval.

A letler from Washington AEC has requested a further site study for this facility with
consideration being given to the influence of future waste effluent and fission

product wor# on the chosen location.

Py A7 T
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SEMI - MONTHLY PROJECT STATUS REPORT Hw- 4871
GENERAL ELECTRIC co. — Hanford Laboratories DATE  5/58,61
PRQJ.NO. TITLE FUNDING
CAH-867 Fuel Element Rupture Test Loop 58-e-15
AUTHORIZED FUNDS |pesion g 130,000 AEc S 770,000 cosTeacoMMTO 2_1D.6]1 $ 371,31k —_
s 1,500,000 {consT.s 1,370,000 1 ee § 730,000 ESTIMATED TOTAL COST s ._'l__JiOO.O—d—O—‘
STARTING DESIGN O~1=-H60% DATE AUTHORIZED EsT'O. JoEsign2-15-01 PERCENT COMPLETE
DATES tccms'r. 11-2-60 DIR. COMP. DATE 10-31-6.1 DATES CONsT-lO-31-6l WT'D: | SCHED. |[ACTUA!
ENGINEER DESIGN 100 100 99
HIO - PC Walkup TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS [[GE=TIT.| 91 100 99
FIXED PRICE AE=TIT. | } 9 100 160
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 8 8
ARCHITECT- ENGINEER PF 2
DESIGN ENGINEERING OPERATION CPFF 24
GE FIELD ENGINEERING FP (l) 10 17 77
(2)] 33
SCOPE, PURPOSE, STATUS & PROGRESS (3) 31
(1) G. A. Grant Co.
All design drawings and construction specifications being routed for approval at
month enc.
* Detail Design. Scope design started 11/2/59 and completed 3/15/60.
PROJ. NO. TITLE FUNDING
CAH-870 Facility for Recovery of Radioactive Materials-325 Bldg.. 60-a-1
AUTHORIZED FUNDS [oe5i6n 5 46, 000 [agc s 4U6,000 cosT gcoMM. To_ D126 s_ 39 147{GE)
s LBE,0C0 consT. 5 440,000 lee s 40,000 ESTIMATED ToTaL cosT  § LBE COO
STARTING {ﬁsmh‘ 11-20-59 [[oATe auTHorIZED 3_22-60 EsTo: [oesian3-1-60 | PERCENT COMRLETE
DATES CONST. 5_6_60 DIR, COMP. DATE 6_1_61 DATES |consT.H-1-61 WT'D. | SCHED. [ACTUAL
ENGINEER DESIGN 100 100 100
FEO - RW Dascenzo TITLED
MANPOWER AVERAGE |ACCUM MANDAVYS|IGE-TIT.1! | 1N 120 100
FIXED PRICE 14 2938 AE-TIT.1 90 1100 1109
COST PLUS FIXED FEE L
PLANT FORCES CONST. 100 gq 95
ARCHITECT - ENGINEER PF l 100 loo
DESIGN ENGINEERING OPERATION 2 CPFF
GE FIELD ENGINEERING FP 99 91 95
SCOPE. PURPOSE, STATUS & PROGRESS Thig project will provide & facility for recovery of
specific radioisotopes from wastes, and involves an addition to the 325 Building.
Work completed the last two weeks is as follows:
1. Vault "A" wall and bottom of cover slebs preparel for painting. Vault "B" walls
painted.
2. Pipe testing continuing and also installation ci some lines.
3. COme-half of top 2" layer of concrete floor slab poured and ventilation duct
openings in walls grouted in.
L. Blectrical work continuing in vaults and started in the basement.
5 Insulation of pipe lines is continuing.

BM -7300-042( 2—61) AEC-GE AICHLAND, WASH
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SEMI-MONTHLY PROJECT STATUS REPORT Hw-  G871c-
GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61

PROJ.NO. CTITLE FUNDING
cAH-588 | Biology laboratory Improvements 60-h-1
AUTHORIZED FUNDS [oEsion's 40,000 "aec 530,000 CoST & COMM T0 D.12-61 s 9,998
[3 LLC.QD, [CONST. § lGE 310, 000 ESTIMATED TOTAL COST $ )_'_20’000
STARTING DESIGNS 8-60 | DATE AUTHORIZED 9-2-60 T L. |DESIGN 3-15-61 PERCENT COMPLETE
DATES Lcorqs‘r 515 61 DIR. COMP. DATE DATES'{CON57,6—15-61 wT'D. jscHED. AcTuAL
ENGINEER DESIGN 100 NS 95
FEQ - JT Lioyd TITLE |

MANPOWER AVERAGE [ACCUM MANDAYS || GE-TIT,| 17 NS 100
FIXED PRICE AE-TIT 1 83 NS 92
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITEC T~ ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS Thig project provides additional space for biological
research Huypo ting services, and involves an addition to the 108-F Building.

38 Title I rerrcoducibles and 15 specifications were received on 2/7,61 from B. D.
Bohna & Co‘ for 90% reviev. Prints were made and review is underway. Two additional
reproducibles and one specification was received on 2/21/61l. Prints were made and
reviev of the entire set is in its final stage.

PROJ. NO. TiTLE FUNDING

CAL-8G% Stress Rupture Test Facility 60-1
FUTHORIZED FLNDS ;'DESIGN s 7,500 faec s ©9,000 cosTacoMm.To o 10.6] 8 7 LBE

3 80, 200 | const.s \\qg s 11,000 ESTIMATED TOTAL COST s 90,000
STARTING ‘pesign 7=29-60 [DATE AUTHORIZED ] ()-20-60 oL, oesianl 2=1-60 PERCENT COMPLETE
DATES ! const. 2.6-61 [DIR. cOMP, DATE 10_]15-61 DATES CONsTlO-l5-6l WT'D. |SCHED.|ACTUAL

ENGINEER DESIGN 100 lOO lOO
FEQ - RE Waliman TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS[IGE-TIT. 11 | ]0O0 100 100

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

-3 rroject invclves a facility for deliberately rupturing tubing to esteéblish

e conditions.

sning was helé 2/2,61.

15 were received on a single contract combining this project with a sand filter
Y EPD. The lov bid was by George Grant Co. The construction for this project

t a* $69,400 vhich exceeds currently authorized funds. Project proposal

ion was prepared requesting additional money so the work can proceed. Approval
om Wrsh_ggtﬂn cf additional funds has been received.

BM 7300 -042( 2-61) ALCGE RICHLAND wASH



H-17

SEMI -MONTHLY PROJECT STATUS REPORT RW- £8712
GENERAL ELECTRIC co. — Hanford Laboratories DATE  5/28/61
PROJ.NO. TITLE FUNGING
CAH-901 Structural Materials Irradiation Test Egquipment - ETR 0290
AUTHORIZED FUNDS |pegign g 15,000 aec 21,000 COST 3 COMM TO 2-12-61 s 51,323
s 125,000  l|const.s 110,000 e s104,000 ESTIMATED TOTAL €esT  $ 125,000
STARTING [DESiGN 9=15-60 DATE AUTHORIZED 9=2-60 5%:«?;:.{"55'“" 4-1-01 PERCENT COMPLETE
DATES iccms'r. 4-15-60 DIR. comp, DATE L0=15-61 DATES | const. 10-15-6] WT'D: |SCHED. |ACTUA!
ENGINEER DESIGN 100 100 85
FEQ - KA Clark TITLE |
MANPOWER AVERAGE [ACCWM MANDAYS [[GE-TIT.{1 [ 100 100 85
FIXED PRICE AE=TIT. | }
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT~ENGINEER PF
DESIGN ENGINEERING OPERATION 1 135 CPFF

FP

GE FIELD ENGINEERING

SCOPE, PURPOSE, STATUS & PROGRESS
This project provides for the installation of equipment at the ETR for which changes in
the physical properties of reactor structural materials subjected to in-reactor

conditions can be determined.

Installation of sub-pile piping is expected to be started during the month of
February. Instrumentation design is incomplete because of a manpower shortage for

this particular portion of the work.

L

PROJ. NO. TITLE FUNDING
CGH-902 Uranium Scrap Burning Facility 61-j
AUTHORIZED FUNDS [oaslcN s fu-:c [ COST & COMM. TO s
s 36, 000 1 CONST.$ lcs s ESTIMATED TOTAL COST s 36,000
STARTING |pesien 3= 2-0O1 DATE AUTHORIZED EsTiD. oesignt=14=-61 PERCENT COMPLETE
DATES ICONST_ L1461 DIR, COMP, DATE . DATES |cONST. WY'D. | SCHED, |ACTUAL
ENGINEER . ' DESIGN 100
FEO - RK Waldman TITLE |
MANPOWER . AVERAGE |AccumM MANDAYs|[Ge-TIT. 1)
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
This project provides a means of making uranium scrap material safer for storage and
off-plant shipment by converting this scrap to a stable uranium oxide. The facility

will be adjacent to the 333 Building.

Directive and work authority has been received but no work was started until review by
General Electric Company has been made regarding AEC's proposed changed of Method of

Performing Werk

BM -7300 -042( 2—61) ACC.GE MICHLAND. WASH
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SEMI - MONTHLY PROJECT STATUS REPORT HW- £8T71cC-
GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61

PROJ.NO. TITLE FUNDING 75% Gperati
CGH-907 Strontium-90 Interim Program 25% 0L9C
AUTHORIZED FUNDS [pesion 5 35,000 "aEC S COST & COMM T0  2=12-61 s 400,063
s 120,000 |const.s 385,000 |5 s 20,000 ESTIMATED TOTAL st § 020,000
STARTING DESIGN G=8-60 DATE AUTHORIZED Gm65=60 EST'D: |oesiGN 3-1-61 PERCENT COMPLETE
DA TES lconsT. 9-8-60 DIR. COMP. DATE 3_1_61 DATES | consT 3_1_61 WT'D: |SCHED.|ACTUAL
ENGINEER DESIGN 100 lOO loo
FEQO - H. Radow TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS |[ GE-TIT.1) 100 | 100
FIXED PRICE AE-TIT. 1}
COST PLUS FIXED FEE 3600
PLANT FORCES 150 CONST. 100 100 100
ARCHITECT- ENGINEER PF 11 100 100
DESIGN ENGINEERING OPERATION CPFF 89 100 100
GE FIELD ENGINEERING fP

SCOPE, PURPOSE, STATUS & PROGRESS
This project will allow the separation of Strontium-90 material from Separations Plant
waste streams on an interim basis, and involves the conversion of the Hot Semi-Works

Piant for this purpose.

"B" Cell has been accepted and physical completion, with a few exceptions, will be
attained as of March 1, 1961. The exceptions include the remaining phases of the
outside lines and the loadout station, some punch list items, and correction of
deficiencies disclosed by cold runs.

PROJ. NO. TITLE FUNDING
CAH-914 Rattlesnake Springs Radioecology Facility 61-J
AUTHORIZED FUNDS IIDESIGN s 3,i+()()* (AEC s 53, (00 cosT g comm, To e~L12=-01 ¢ IUU
¢ 72,000 1co~s1‘.s 68,60C lee s 18,300 ESTIMATED TOTAL COST s 72,000
STARTING fpesign  3-1-61 DATE AUTHORIZED 1 D.22.60 e BL. oEsian 6-1-61 PERCENT COMPLETE
DATES ICONST. 7_15_61 DIR. COMP, DATE 10_31_61 DATES CONST-lQ-l-6l WT'De SCHED.|ACTUAL
ENGINEER DESIGN 100

FEC - OM Lyso TITE

MANPOWER AVERAGE |ACCUM MANDAVYS|IGE- TIT. 11

FIXED PRICE AE-TIT.10 | 100 NS
COST PLUS FIXED FEE

PLANT FORCES CONST, 100

ARCHITECT - ENGINEER PF

DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will allow performance of radioecological studies under local environ-
mentel conditions. It consists of constructing field facilities for this purpcse.

The fielid survey work 1s in progress by G. E.
AEC has n=sgotiated for Bovay Engineers, A-E to handle the design of this project.

#Bovay Engineers.

BM -7300-042{ 2—61) AEC-GE RICHLAND WASH
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SENM-—NKJNJTH_Y PROJECT STATUS REPORT
GENERAL ELECTRIC co. — Hanford Laboratories

HW -

6371 -

oATE 2/28/61

PROJ.NO, TITLE FUNDIN Gnd s
CAH-916 Fuels Recycle Pilot Plant \vail. to Comm.
AUTHORIZED FUNDS [pegign § AEC $ COST & COMM TO L
s 50,000 |const. s GeE § ESTIMATED TOTAL COST  $° 5 (000,000
STARTING DEsign 3=1=61 DATE AUTHORIZED 2=9=01 EsT'o. {ossmn 3-1-62 PERCENT COMPLETE
PATES CONST. _° - . DIR. COMP, DATE DATES | const. 2=1-63 WT'D. |SCHED. |AcTuA
ENGINEER - DESIGN 100 NS 0]
FEO - RW Dascenzo TITLE

MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT.
FIXED PRICE AE-TIT 1}
COST PLUS FIXED FrEE
PLANT FORCES CONST. 100
ARCHITECT=~ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS
This project is to provide a facility to perform a full scope of engineering tests
and pilot plant studies associated with fuel reprocessing concepts.

AEC Directive No. AEC-187, dated 2/9/61, and on AEC Work Authority, No. CAH-916(1)
dated 2/17/61, was issued to General Electric Company to perform scoping and design
work, and related management services.

PROJ. NO.

TITLE - ruNnDING
CAH-917 Field Service Center - Atmospheric Physics 61-]
AUTHORIZED FUNDS fussncN s ,’Asc s COST & COMM, TO $
S 1 CONST. S IGE S ESTIMATED TOTAL COST $ lslﬂooo
STARTING [pesign 5=1=-O1F DATE AUTHORIZED EST'O. [oog g8 9=1-01% PERCENT COMPLETE
DATES {CONST_ 10-1~-61% |[oIR. comp. DATE %O::_:;.- cConsT. e=1-62% WT'D. | SCHED,|ACTUAL,
ENGINEER DESIGN 100
FEO - JT Lloyd TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS|[GE- TIT.§ |
FIXED PRICE AE- TIT, 1}
COST PLUS FIXED FEE
PLANT FORCES CONST, 100
ARCHITECT -~ ENGINEER PF
DESIGN ENGINEERING OPERA TION CPFF
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide facilities necessary to conduct atmospheric physics
research and development programs.

# Based on AEC authorization by 4/1/61.

The revised project proposal was transmitted to the AEC on 1/23/61.
is being reviewed by individual members of the Review Board.

The proposal

BM -7300-042( 2~61) aLc.GE RICHLAND, wasSH
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SEMI — MONTHLY PROJECT STATUS REPORT ww- 6871z
GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61

PROJ.NO. TiTCE . FUNDING
CGH-918 | Second Whole Body Counter - Cell Addition - 747 Bldg. 61-j
AUTHORIZED FUNDS | pesiGN § TAEC S COST & COMM TO s
< “(CONST. s | e s ESTIMATED TOTAL COST S 110,000
STARTING DEsiGn 4=1-O1% | DATE AUTHORIZED EsT'D: [oesion 7-1-01% PERCENT COMPLETE
DATES  const. 11=1-61% [ 0IR. COMP. DATE oaTES |consT. 6-1-62% WT'D- |SCHED. |ACTUAL
ENGINEER - DESIGN 100
FEO - KA Clark TITLE |

MANPOWER AVERAGE [ACCUM MANDAYS |[SE-TIT 1}
FIXED PRICE AE-TIT L
COST PLUS FIXED FEE !
PLANT FORCES CONST. 100
ARCHITECT~-ENGINEER PF
DESIGN ENGINEERING OFPERATION CPFF
GE FIELD ENGINEERING FP \

SCOPE, PURPOQSE, STATUS & PROGRESS

This project will provide a szcond whole body monitoring cell in the 747-A Building
to increase the capacity of the Whole Body Counter Facility to meet projected needs.
The project proposal is being studied by the AEC.

% Assuming AEC authorization by 3-1-61.

PROJ. NO. TITLE FUNDING
0GH-919 | Air Conditioning - 314 Building 61-]
AUTHORIZED FUNDS ;DEStGN s ,(Asc s COST & COMM, TO s
s | consT.$ lee s ESTIMATED TOTAL COST s 35,000
STARTING 'pesian  3-2-61 DATE AUTHORIZED iga'g-‘_.'pgsm,q 5-5-61 PERCENT COMPLETE
oates oo o Loil-6] DIR. COMP, DATE DATES |coNsT. £-30.6] WT'D: | SCHED. |ACTUAL
ENGINEER DESIGN 100

FEO - RK Waldman TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS|[GE-TIT. }1

FIXED PRICE AE- TIT. } I

COST PLUS FIXED FEE '

PLANT FORCES CONST. 100

ARCHITECT - ENGINEER PF

DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING FP

I SCOPE, PURPOSE, STATUS & PROGRESS
. This project will supplement existing cooling units, thus providing cooling air
' supply commensurate with heat load and outdoor temperatures.

iThe project proposal was submitted to HOO-AEC 12-21-60.
|

Heat load calculations were made by CE&UO Design Group to substantiate test
results.

BM 7300-042( 2—61) ALC.GE RICHLAND WASH
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SEMI -~MONTHLY PROJECT STATUS REPORT HW- 6871¢-

GENERAL ELECTRIC co. — Hanford Laboratories DATE 2/28/61
PROJ.NO. TITLE FUNDING
CAH-921 Geological & Hydrological Wells - FY-61 61-J
AUTHORIZED FUNDS [pesign § AEC S COST &4 COMM TO ]

S CONST. $ GE $ ESTIMATED TOTAL COST s 79.700
STARTING DESIGN R=]1-H1% DATE AUTHORIZED Esro: pesiGN 4=15- 518 PERCENT COMPLETE
DA TES tcous*r. 5-1-61% DIR. COMP. DATE cATeEs |const. 3-15-624 WT'D: |SCHED. ACTUA
ENGINEER BESIGN 100
FEQ - HE Ralph TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT.q
FIXED PRICE AE=TIT ||
COST PLUS FIXED FEE
PLANT FORCES CONST, 100
ARCHITECT=-ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

# Based on AEC authorization by 2/23/61.

This project involves the continued drilling of exploratory-type
determing the conditions of water tables within Hanford Works.

Project Proposal submitted to AEC 1/24/61.

Scheduled for AEC Review Board action on 2/23/61.

wells used in

PROJ. NO. TITLE FUNDING
CGE-923 Spectroscopy Laboratory Q290
AUTHORIZED FUNDS {DES‘GN s h, 500 {AEC s COST & COMM, TO H
s 1 consr.s 90,500 se s 95,000 ESTIMATED TOTAL COST $ 35,000
STARTING [pegign  lU=1-B1% | PATE AUTHORIZED B BL.loEstan £-1.-01%| PERCENT COMPLETE
DATES ‘LCON!T- 6—1-6L* DIR, COMP, DATE DATES |CONST.1N.1. K73 WT'O. SCHED. |ACTUAL
ENGINEER DESIGN 100
_ ersoll TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|[GE-TIT. I}

FIXED PRICE AE-TIT. 1| !

COST PLUS FIXED FEE '

PLANT FORCES CONST, 100

ARCHITECT - ENGINEER PF

CESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS &8 PROGRESS

#Based on AEC authorization by 3/1/61.

This project will provide a facility for specialized spectrometry work.

The project proposal was submitted to the Commission 2/21/61.

BM -7300-042( 2—61) <rEC.GE RICHLAND, wasw
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 68712-7
GENERAL ELECTRIc co. — Hanford Laboratories DATE 2/'28/61

PRQJ.NO. TITLE FUNDING
CGH-92k4 200 KW Induction Heating System - 306 Building 0290
AUTHORIZED FUNDS |pesiGN § 3,700 AEC S COST & COMM TO s
s ICONST. s 27,300 GE § ESTIMATED TOTAL COST H 31’000
sTARTING pEsion 4=1=D1%  T0oATE auTHORIZED gsTo. [oesigno=1-01% PERCENT COMPLETE
DATES LQNST. 5-1-61% DIR. COMP. DATE DATES | consT. O=1=O1% WT'D: |SCHED. |ACTUAL
ENGINEER DESIGN 100
FEO - RC Ingersoll TITLE |

MANPOWER AVERAGE |[ACCUM MANDAYS || GE-TIT.1)
FIXED PRICE AE«TIT. I
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

the 306 Building.

SCOPE, PURPOSE, STATUS & PROGRESS

#Based on AEC authorization by 3/1/61.

The project proposal was submitted to the Commission 2/21/61.

This project wil™ provide a source of power for induction heating for R & D work in

PROJ. NO. TITLE FUNDING
AUTHORIZED FUNDS {ossncN s [Asc s COST & COMM. TO s
S CONST.S 155 $ ESTIMATED TOTAL COST $
STARTING [pESiGN DATE AUTHORIZED E’oa'g;__ DESIGN PERCENT COMPLETE
DATES CONST. DIR. COMP. DATE DATES |coONST. WT'D: SCHED. |ACTUAL
ENGINEER DESIGN 100
TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. I

FIXED PRICE AE-TIT. |}

COST PLUS FIXED FEE

PLANT FORCES CONST. 100

ARCHITECT ~ ENGINEER PF

DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING Fp

SCOPE, PURPOSE,STATUS & PROGRESS

B8M -7300-042( 2-61)
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UNCLASSIFIED : I.1 HW-68712

PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

COMMUNICATIONS

Prepared press release on visit of two French physicists to Hanford Laboratories.

EMPLOYMENT (Professional)

Advanced Degree - Thirteen Ph.D. candidates visited HAPO for professional
employment interviews. Three offers were extended and one previous offer
accepted during the month. Current open offers total three. Recruiting trips
to two universities occurred. ‘

BS/MS - 102 applicants were considered, 51 offers were extended, 9 acceptances
and 3 rejections were received. Current open offers total Tl.

Technical Graduate Program - Three new Technical Graduates reported aboard and
four were placed on permanent assignments. Current program members total 61.

Achievement on the summer employment program is current as follows:

Probable Additional

Accepted Open Offers Offers to be Made
Professors 13 0 2
Students 5 13 10-15
High School Teachers 0 0 3-4

EMPLOYMENT (Non-Professional)

Five additions occurred during the month. There are currently eleven open
requisitions.

SALARY ADMINISTRATION

Non-Exempt - Nineteen Jjob audits were conducted.

0. E. Boston, Manager
Professional Placement

and Relations Practices

CEB : lmh

UNCIASSIFIED
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Jan. Feb. Nonexempt Transfer Request Jan Feb,
Requisitions Transfers
Active at end of month 17 11 Active cases at end of mo. T4 T5
Cancelled 2 1 Cancelled 3 2
Received 10 9 New 2 L
Filled L 5 Effected 6 1
Hold 0 9

UNCLASSIFIED
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C - Technical Graduste Progrem
Month ending February 28, 1961

Number Personnel on Assignment
(HAPO Tech Grad Program ..... veeseeos 54
(Engineering & Science Program ...... T

Distribution of Assignments by Departiments

IPD
HL
FPD
CPD
CE&UO
C&AO

Distribution of Assignments by Function

Research & Development or Engineering
Other ‘

61

25

n
D H\OW

k2
19

HW-68712

UNCLASSIFIED
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FINANCIAL OPERATION MONTHLY REPCRT
‘ FEBRUARY 1961

Personnel
One non-exempt clerk was transferred to CE&RUO. Arrengements were completed to
transfer J. G. Rake, Speciaslist - Auditing and Procedures to Light Military Elec-
tronics Departiment, Utica, New York, effective March 1, 1961.

Activities

GENERAL ACCOUNTING

Travel by HLO personnel continues at essentially the same level as in FY 1960.
Through February of 1960, 800 trips were started compared with 829 through February
1961.

Following is & schedule of approval letters in the hands of the Commission cr which
have been submitted to them and the current status of each letter:

Number Title Status

AT- 97 Cooperative Program for Evaeluation A new letter has been prepared
of Decontamination Agents and will be resubmitted.

AT-105 Symposium on the Biology of the Letter supplemental to original
Transuranic Elements letter has been prepared and for-

warded to the AEC.

AT-127 Exchange of Senior Staff Members Approved February 17, 1961.
With Other Laboratories

AT-129 National Committee on Radiation Approved Februsry 28, 1961.
Protection and Measurements

AT-133 Transfer Expenses for Key Approved February 28, 1961.
Enployee

AT-136 Trensfer Expenses for Key Approved February &0, 1961.
Employee :

Several meetings were held with CAO and CE&UC personnel pertaining tc project unit -
ization and reporting in connection with the new criteria established by CAO for
the mechanization of fixed assets. This resulted in a substantial alteration to
our present method of unitization reporting and requires the preparation of Data
Processing input data sheets to establish unit of property in the fixed asset
accounts. In addition close working relationship will be required wi+th CE&UO
personnel on projects being unitized by them to insure consistency in unitization.

UNCLASSIFIED



UNCLASSIFIED J-2 HW-68712

Project unitization reports were issued during the month on the following projects:

CAH-T90 High Level Radioactive Material Recovery and Storage $34k4,0L8
Addition, 327 Building

CAH-860 PRTR Fuel Flement Access, 327 Building 80,533

CG- 731 Critical Mass Laboratory - 290-E Building 993,763

Project unitization is progressing on the following projects:
CAH-864  Shielded Animel Monitoring Station - 100-F
CGH-877 Piro Chemical Test Facility - 321-A Building

CAH-878 Additional Facilities for Isotope Study on Animals,
141-C Building

CAH-885 Geological and Hydrological Wells - FY 1960

Assistance is currently being provided CEXUO on the unitization of projects AEC-167,
Plutonium Recycle Test Reactor and CAH-TL7, Plutonium Febrication Pilot Plant in
establishing units of property and tagging moveble equipment. This assistance

will continue until unitization reports are issued.

Nuclear Materials Accounting advised us of the forthcoming Survey 18, Part 3,
which will consist of a verification of HAPO inventories of depleted uranium and
BIRCH as of the end of January 1961. All material custodiasns were advised of the
survey and requested to submit inventory informetion to ensble us to prepare and
submit a physical inventory schedule for HLO.

Preparations were completed for the physical inventory of movable cataloged equip-
ment in the custody of Reactor and Fuels R&D Operation to begin March 13, 1961, and
continue through June 1961.

Reconciliation by CAO of the physical inventory of the Hot Semi-Works facility was
completed this month. This inventory, which began September 20, 1960, included
fixed property (buildings, other structures, installed equipment and utility
systems) valued at $4,252,743. One item velued at $373 was not physically located
during the count.and one unrecorded item valued at $250 was found during the count.
This facility is currently being prepared for use as the Sr-90 Interim Facility.

Twenty-six items velued at $12,960 were received at the Laboratory Equipment Pool
during the month of February. Five items valued at $3,021 were withdrawn by
custodians and 23 items valued at $14,852 were disbursed in lieu of placement of
requisitions. There are currently 561 items valued at $217,414 located in the
Equipment Pool.

UNCLASSIFIED
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The following Reactor and Other Special Materials were on hand at montk end:

Beryllium 63 gr. $ 36
Gold 2,202 gr. 2,952
Palladium 1,378 gr. 1,571
Platinum 6,853 gr. 19,943
Silver 1,913 gr. T7

Zirconium
Inventory Stock 3,010 1b. 66,123
R&D Stock 624 1b. 9,369
Scrap 9,333 1b. ' 000
$100,071

During the month 4,240 grams of platinum scrap valued at $12,338 and of no further
value to HAPO were made available to the AEC for shipment off-site. Upon receipt
of shipping instructions the dollar value will be transferred to the AEC.

The idea of providing, by establishing the Laboratory Equipment and Special
Materials Pool, a routine and uniform method for the orderly disposition of HLC
equipment and material has proven to be sound. As of January 31, 1961, after
being in operation less than fourteen months, the value of equipment redirected

to useful purposes within Laboratories, thereby avoiding the purchase of new equip-
ment, exceeds the costs of the building plus all operating and maintenance costs.

A physical inventory of Cold Semi-Works, 321 Facilities is currently in prcgress.
The count will include all fixed property including buildings, installed equipment
and utilities. The physical count of fixed assets is being taken by C&AC personnel
assisted by HLO Financial and custodial personnel. The purpose of this inventory
is to prepare deteil records in a manner which will contribute to mechanization.

COST ACCOUNTING

Effective March 1, 1961, two exempt specialists and one cost clerk were transferred
from the Cost Accounting Operation to other functions within the Financial Operation.
The Specialist - Project Accounting and one cost clerk were transferred to General
Accounting and the Specialist - Financial Representative was transferred to the
Technical Administration function.

The Hanford lLaboratories operating cost control budget was adjusted in February to
include amounts proposed in the January review with the AEC Division of Reactor
Development and for internal adjustments within Reactor and Fuels R&D Cperation.
These adjustments are as follow:

UNCLASSIFIED
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(Dcilars in Thousands) Previous New
Control Change Control
Plutonium Recycle Program
Plutonium Fuels Development $1 482 $ -82 $1 Loo
Uranium Fuels Development 413 +112 525
Fuels Reprocessing Development 826 - 26 800
Phyeics and Instrumentation 603 + 22 625
Design Development 158 - 3 155
Reactor Engineering Development 615 - 615
Meterials Development 389 + 61 450
Test Reactor Operation 1 275 + 25 1 300
Cycle Analysis 22k - 24 200
Procurement of HX Plutonium 1 -_35 100
Tctal PRP 120 +_50 [ 170
Gas-Cocled Power Reactor -
Physics Measurements 5 + 1 6
Experimental Gas-Cocled Reactor 230 - 1 229
Project Gas-Cooled Loop 349 + 71 420
Cther Gas-Cocled Reactor 20k - T1 22
Total Gas-Cooled Power 1 -0~ T
Srecific Fuel Cycle Arnalyses 190 + 60 250
Swelling Studies 200 - 50 150
Ix.-Reactor Memsurements of Mechanical Properties k50 - 25 Les
U0, Fuels Research 800 - 50 750

Tn addition to the above changes, CPD sponsored research and development was adjusted
as follows to confocrm with the current program controls maintained by CPD.

Separations $1 124 $+ 25 $1 149
Separatisnz - NPF 166 - 25 141
25l-5 Weapotns 230 + 5 235

Preparatics of the Budget for FY 1963 and Revision of Budget for FY 1962 ccntinues &s
scheduled. Progress through February includes the following:

1. Persinnel recguirements approved by the Gereral Manager - HAPO.

. BService Azszessment budget submitted to Contract Accounting.

%. Scheduliex of budgeted charges between departments.

L, Pers:rnel assignments for determining Service Azsessment distribution
fur FY 1963,

5. Special equipmext submissions to budgeting depsrtment.

6. Researchk and Develcpment Proposals:

Received ail proposals in draft form from HLC Secticus.

02, Ok and 05 programs typed orn duplimats

Oc, 05 and O programs to Manager - Hanfovd Laborasories for review.
04 programs duplicated in preliminary form and submitted to the
General Mansger - HAPO for review.

Q0 o

Srecial reguests received during the month were az fcllow:

.. - Hea® Tranzfer and Fluid Flow Studies for Canadiazr Co. - operative
rrogram. The estimated cost for FY 1961 is $50,000. Costs will be
tranzferred mcnthly to HOO-AEC.

.25 - Evaiuaiian =tudies of the Vallecitos Builing Water Reactor contr il rod
drives for APED. Estimated coste are $5,000.
UNCLASSIFIED
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Special analyses and consultations were pfovided Hanfcrd Laboratories components
during the month concerning the cost-budget status of several research and develcp-
ment programs.

The majcr complications encountered in estimating the portion of Plutonium Recycle
Program expenditures applicable to "fuel fabrication" as distinguished from
"research and development" were outlined and transmitted to HOO-AEC Budget Division
at their informal request. It appears this segregation of costs will be discon-
tinued on budget presentations and on cost~budget reports after approval by
WASH-AEC.

An AEC policy, effective January 1, 1961, requires excess construction equipment

and materials to be transferred to the excess yard fully reserved without credit

to the project. This equipment and material will be free issue to another construc-
tion project, but will be released to operations at full value or a negotiated
price. Material or equipment released to construction from operatiocns excess will
be priced at full value or a negotiated price. CE&UO is issulng a memorandum

clarifying the AEC instructions relative to handling and pricing construction
excess.

Action as indicated occurred on the following projects during the month:

New Funds Authorized HLO

CAH-822 Pressurized Ges Cooled Loop Facility $125 000
CAH-901 Structural Materials Irradiation Test Equipment-ETR 21 000
CAH-916 Fuels Recycle Pilot Plant 50 000

Physical Completion Notices Issued

CAH-T4H4  Metallurgical Development Facility, 306 Building Addition
CCH-819 Increased ILaboratory Weste Facilities, 300 Area
CAH-878 Additional Facilities for Isotope Study cn Animals, 141-C Building

Construction Completicn and Cost Closing Statements Issued

CAH-T47  Plutonium Fabrication Pilot Plant
(AEM Services Only)

Payroll Statistics

Number of HLO Employees Non-
Changes During Month Total Exempt Exempt
Emplojees on Payroll at Beginning of Month 1 382 65L 728
Additions and Transfers In 10 T 3
Removals and Transfers Out 21 13 _8

Employees on Payroll at End of Month 1371 648 723

UNCLASSIFIED
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Overtime Payments During Month

Exempt
Ncnexempt
Tctal

Gross Payrcll Paid During Month

Exempt
Nonexempt
Total

Participation in Fmployee Bene

Pians at Morth End

Pension Plan
Inzurance Plan
Personal Coverage
Deperdent Ccverage
U. S. Savings Bonds
Stwck Bonus Plan
Savings Plan
Savings and Security Plan
Accidexnt Insurance

Trnsurance Claims

1lzyee Benefits

Life Insurance

Weekly Sickness and Accident

Comprehensive Medical
Dependent Benefits

Comprekensive Medical

T.tal

Goed Neighbor Fund

Mumber Participating
Percert Participating

#The criginal refusals of the
beer changed accordingly.

%{ Ssle:bk

March 1k, 1961

J-6 HW-68712
February January
-
1
$21. 856 $24 502
$527 105 $5£3 lg%
50
$2§£ 610 $9h1 099
fit February Januery
Number Percent Number Percent
1 217 99.3% 1 225 99.4%
383 99.8 1 374 99.5
981 088
68 34.5 T1 35.9
83 6.1 82 5.9
*¥1 051 *89.5 1 060 *¥89.6
797 58.2 801 58.0
Februexry January
Number Amount Number Amount
0 $ 0 0 $ 0
21 1 97h 18 1 1ko
oL 6 256 87 2 300
10 9098 151 13205
302 $18 188 ggg $16 645
February January
933 940
68.1% 68.1%

S&%S Program are no longer eligible.

January % has
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY
D. R. Green Infrared Radiometer with Automatic Self-

Cecmpensation for Variations in Emissivity
of Viewed Surface

J. P. Pilger A Device for Crimping Bearing Surfaces
onto Fuel Element Supports

L. L. Ames, Jr. Removal and Recovery of Plutonium from

A. E. Reisenauer Acidic Wastes .

G. Jansen, Jr. Process for Recovery of Strontium-90

A. M. Platt from Radioactive Waste Solutions

G. L. Richardson

Uit S oo
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