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This report was prepared as an account of work sponsored by an agency of the United States
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LEGAL NOTICE

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

A. Mckes any warronty or representation, expressed or implied, with respectto the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

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

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contractor.
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Table I - Hanford Laboratories Force Report

Date:

January 31, 1964

At Beginning of Month

Exempt Salaried
Chemical Laboratory 146 133
Reactor & Fuels Laboratory 204 198
Physics & Instruments Laboratory 102 . 76
Biology Laboratory 43 6k
Applied Mathemetics Operation 19 5
Radiation Protection Operation 42 99
Finance & Administration Operation 151 119
Progremming Operation 17 b
Test Reactor & Auxiliaries Operation (S 317
General b L
TOTAL _7%2 1019

At Close of Month

Exempt Salaried
b7 130
207 197
102 75

Ly 66
21 5
5 95
1k9 118
18 L
65 315
¥ 2
_798 1010

Totel
277
Lok
177
110

26
136
267

22
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BUDGET AND COST SUMMARY

January operating costs totaled $2,893, 000, an increase of $327, 000
over the previous month; fiscal year to date costs are $19, 027, 000 or 58%
of the $32, 597, 000 control budget. Hanford Laboratories' research and
development costs for January compared with last month and Financial
Plan No. 4, dated January 22, 1964, are shown below:

COST
(Dollars in Current Previous %
thousands) Month Month To Date Budget Spent
HL Programs
02 b4 98 $ 67 3 559 $ 1 180 47
03 8 12 231 250 92
04 1 331 1 096 8 383 13 754 61
05 109 105 833 1403 59
06 275 258 1 897 3 352 57
08 28 11 99 240 41
1 6§49 1 549 12 002 20 179 59
Sponsored by
NRD 175 168 1149 1 798 64
IPD 31 29 354 . 490 72
CPD 166 147 904 1668 54
Total $2 221 $1 893 $14 409 $24 135 60%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

In support of radiation hazard studies, inner component specimens
from N-Reactor fuel have been pulse annealed at 980 C. Fuel volume
increases of 19-38% were observed, but there was no evidence of clad
necking and failure and, thus, no evidence that activity release or massive
corrosion would result should these fuel temperatures be encountered for
short periods.

Initial destructive examination of a prototypic inner component of
N-Reactor fuel irradiated to 2500 Mwd/ton indicates excellent component

performance.
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A capsule irradiation test comparing irradiation performance of
uranium containing submicron particles of uranium carbide standard ingot
uranium has achieved an exposure of 0.05 at% burnup and will be irradiated
to 0. 3 at% burnup.

Eight Li-Al target elements have been discharged after 124 days at
full power. The elements appear unchanged as a result of irradiation.

A full KER loading of target components has been fabricated. The
target material contains 0.56% Li enriched to 63% Li6.

Postirradiation examination of Zircaioy-2 clad uranium rods contain-
ing known cladding defects have shown strain concentration at the defect
varying from 15% to 40% to complete cladding failure. Results from examina-
tion of these rods should complete the picture of cladding instability in pro-

gressive stages from first indications to ultimate rupture.

‘ Two inner tubes from N-Reactor fuel elements with fluted outer
surfaces have accumulated 1800 Mwd/ton exposure and continue to show

excellent visual appearance.

In the study of effects of altered fuel composition on irradiation
behavior, single tube fuel elements containing uranium to which 400 ppm
iron and 800 ppm aluminum have been added have been completed. These
elements will be irradiated in a comparison test with standard N-Reactor

fuel compositions.

A second generation N-Reactor fuel support has been fabricated by
a single step hot forging of Zircaloy wire. This support has been designed

to meet a much higher strength requirement than the first generation support.

In an IPD production test, hot-die sized fuel elements increased in
outer and inner diameter more rapidly than did the Al-Si controls. Destruc-
tive examination has shown no evidence of grain boundary tearing. Steps in
the canning process which might cause texture changes sufficient to account for

this behavior are under study.

DECHASSIFIED D
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The corrosion of aluminum coupons in heated process water was
reduced by factors of 5 to 10 by coating the surface with either of two

commercial marking inks.

Using NH4OH to adjust the pH to 10 water quality continues to be
satisfactory in the operation of the KER Loops. The radiolysis of ammonia
during reactor operation is greater at low than at high coolant temperatures.
Change of KER-2 from LiOH to NH4OH resulted in a reduction in 02,

demonstrating the effectiveness of radiolytic hydrazine in scavenging oxygen.

Samples of intergranularly attacked tubing from N-Reactor steam
generator 4A with pinhole defects were tested at 520 and 550 F and pressures
of 1720 and 1340 psig, respectively. Two of the samples split at the pin-
hole defect within a few hours. However, this failure is thought to be a
result of the prior application of 3000 psi pressure to produce the defects.
Eight decontamination cycles of this tubing with sulfamic acid widened the

‘ attack at the grain boundaries in the areas which had been intergranularly

attacked, and completely removed the grains.

Refined experiments reiated to radiation-induced reaction of carbon
monoxide with water vapor indicate no significant thermal reaction below
600 C.

The oxidation of TSX graphite in carbon dioxide and carbon mon-
oxide mixtures was measured and found greater than in corresponding

reactions of CSF graphite.

The rejuvenation fuel element successfully completed its third

cycle of irradiation.

The new Vipac facility was used to fabricate { ‘e fuel elements for the
PRTR. One of these uses a new end cap design to eliminate the crevice of
the old design. Three other elements were made by the swage compaction

technique.

New tubing for swage compacted elements allows an increase in

reactivity by using more fuel per unit length.

DECLASSIFIED —
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Tubular extensions of aluminum alloys containing 6 and 10% silicon
have been successfully fabricated for evaluation as cladding components.

A pyrometaliurgical mehod of decontaminating U233

is being
evaluated using natural uranium which had been stored for a period of a
year. Liquidation of the metal in Zirconia crucibles followed by casting

into a graphite mold reduced the alpha activity of the cast uranium 98. 3%.

Three massive tubular Zirca.cy -2 zlad Th-U fuel elements have
achieved an integration exposure of 1.5 x 1020 fissions/zc (4200 Mwd/ton),

the elements continuing under irradiation.

The effect of specific fuel composition on the irradiation and corro-
sion behavior of Th-U alloys is under study. Nine additional alloys have
been double vacuum arc-melted. The resulting ingots will be coextruded to
Zircaloy-2 clad rcds by defect corrosion testing.

Preliminary efforts to investigate the validity of existing two-phase
steam-water critica! discharge theories at high pressures have produced
unexpected results. Laboratory experiments, performed on a short piece
of pipe (L:D = 20) with upstream pressures approaching 2000 psia, showed
correspondence with the more advanced theories only when two-phase mix-
tures entered the pipe. When compressed water entered the pipe, the
location of the primary choking occurred at the entrance rather than the
discharge of the pipe section, and very high flow rates resulted.

Temperature behavior was approximately as expected for an
N-Reactor fuel surface changing from fiim to nucleate boiling, but that
resistance to flow was less than expected. This information is of import-

ance in analyses of loss -of-coolant incidents in N-Reactor.

A formal report giving two new cross section libraries for MAC

shielding code was completed and submitted for publication.

A defected N-Reactor fuel element with a bonded tapered end cap,
irradiated to 1200 Mwd/ton, was ruptured in IRP at 300 C. Rupture started

after 162 min of incubation; the end cap came completely loose.

-|.
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Information abou* defect propagation and contamination of coolant
was obtained during 406 hr of irradiation of a defected Al-Pu, PRTR spike
element in the FERTF.

Anticipated cladding failures of PRTR fuel elements containing fuel
suspected of being contaminated with oil supplied strong evidence that such

contamination was the cause of other recent failures.

Irradiation testing of prototypic fuel capsules and fuel rods progressed
through charging of seversa: iest capsules into MTR-ETR, and by hydraulic
analyses of a fuel element design for irradiating EBWR fuel rods in PRTR.

An eddy current detector fuel element was completed for use in

EDEL-1 facility evaluation of fretting corrosion.

Evaluation of older stocks of PRTR /0.505 in. ID) Zircaloy-2 cladding

by improved methods indicates a 20-25% rejection rate.

. The south vibrational compaction unit in the 308 Building was adapted
to PRTR fuel element fabrication.

Calculations were performed to determine heat transfer conditions
for higher power densities in the PRTR. The five different instances of
power density increcses which were studied inveclved decreasing the number
of fuel channels and/or decreasing the fuel length. I‘ was found that by
decreasing the number of tubes from 65 to 43, shortening the fuel from 88
to 48 1n., and providing adequate subzooling, the maximum heat flux could
be increased frem 221, 000 to 801,000 Biu/hr-sq ft without relaxation of the

reactor’s boiling burnout safety marg:.n.

Zircenium concentrations in the PRTR primary coolant were signif-
1icantly above normasl for 3 days during the past month. Some fretting is

possible, severe fretting is unlikely.

The laboratory for plutonium decontamination studies was completed,

and tests of plutonium oxide dissoliution were started.
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Three irradiation test capsules containing solid solution UN-20 wt%

PuN peilets were prepared for irrad:ation in the MTR.

ThN was synthesized for use in preparation of (Th-Pu}N compounds

for phase and irradiation studies.

Four thorium metal-plutonium oxide cermets were fabricated by

the Nupac process.

Using uranium a2 a ztand-in for piutonium, mockup tests were made
of metallography prccedures with the recently installed research metallo-

graph.

A deliberately defected, vibrationally compacted thoria element was
irradiated in the MTR GEH-4 loop = ‘i’ coolant activity level exceeded
operating safety l:mits. The element is being returned to Hanford to evaluate

extent of fuel washout.

‘ Singie crystal UO2 conta:ning metallic uranium has been examined by

optical transmission microscopy to 700 C.

Uranium monosu.f:de has been irradiated for 154.5 effective full power

days to 3.5 x o fiss1ons/cm3)

Preliminary resuit: indicate plutonium and some fission products

relocate 1n UO2 under an app:iied potential gradient.

Brittle fracture tests have been ccontinued at room temperature on a
series of N-R actor process tube specimens containing 275 ppm, 180 ppm,
and 90 ppm hydrogen. The reduction in burst pressure due to the presence
of the hydride was 14.6% at 90 ppm. 1&.4% at 180 ppm, and 29.2% at 275 ppm.

Progress on research and development in support of the ATR gas loop
was reviewed with representatives from Babcock & Wilcox Company, Ebasco

Services, Phillips Petroleumn Company, and the Atomic Energy Commission.

Comparisons of the corrosion resistance of weldments of Haynes 25,

Hastelloy X to themselves and each other in 1200 C air contaminated helium

® DECLASSIFIED e
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for 7 days ina -ate severe oxidation to complete destruction of the Haynes 25
alone or coupled. re Has‘elloy X retaine :ts integrity and a tenacicus oxide

film.

The tube failure in the PRTR rupture monitor heat exchanger resulted
from wear against a support plate. Pits up to 20 mils in depth, of unexplained

origin, were observed on the ID of the tube.

All of the equipment for the Project CAH-922 ‘rradiated Burst Test
Facility is on hand. The major portion of the work remaining to be done

involves mechanica! and ele:itrizal connection of the instrument panels,

Tensile tests have been performed on irradiated stainless steel
specimens at 300 C {572 ¥}, the temperature at which they were irradiated
in the ETR G-7 hot water lcop. Ductility at 300 C was found to be 50% less

the 1 the room temperature value.

At the present time four :reep capsuies have been assembled and are
ready for charging into the reactor. Three of these capsules contain AISI 304 SS

specimens. The fourth ccntains a final 20% ccld worked Zircaloy-2 specimen.

A temperature effect was observed in the tensile properties of Incone!?
625 and Hastciloy N irradiated at 50 1122 ¥ and 280 C {536 F) to an
exposure of 1 x 1020 nvt., Specimens of both alloys tested at room tempera-
ture showed that the increase in yield strength and decrease in total elonga-

tion were substantialiy greater in the case of 50 C irradiations.

Samples 1AlIS. 346 SS. exposed 19 days in 280 C water of the ETR G-7
loop have been stripped of ox:de and metal iosses determined. Corrosion of

the irradiated samples was somewhat less than *hat of unirrad.ated controls.

Rates of hydrogen absorption and desorption at 750 C (1562 F} in the
0.2 0 ZrH; g
closed system. The time required for 90% saturation varied from 3 to 30

Zr-H system have been measured over the range ZrH in a

min, the longer times apparently ths result of oxygen contamination. The

time required for 90% desorption varied from 2 to 9 min.
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Initial rrealts of the quantitative metallographic study of second
phase particles in dilute alioys of uranium have been obtained. Data on
9 of the 30 specimens representing different compositions and heat trea*-
ments indicate that the popuiat:on density and average particle size of the
second phase are significantly affected by both composition and he: ‘reat-

ment.

Two swe.ling capsules which were previnrusly brought to operating
conditions at 625 C 1157 F') and 425 C {797 F'}, respectively, are operating
satisfactorily.

Studies of quench-hardening in nickel have shown that the amount of
hardening achieved incr.:ages with decreasing impurity content. This is
direct evidence that impurity atoms are effective trapping sites for vacancies.
Aging at a temperature of 500 K (437 F) results in a significant increase in

the yield stress.

. Strain-rate cycling experiments on unirradiz:ed polycrystalline
molybdenum have shown that the effective activation volume is approximately
10—19 .:m3 at room temperature. This unexpectedly high value has been
‘entatively interpreted in terms of a mechanism involving cross-slip of

sczrew disiocations.

High-purity, electrorefined piutonium has been received from the
Los Alamos Scientific Laboratory. It is currently being used for basic
research studies and its properties are being compared with those of selected
high-quality, as-reduced. and vacuum-cast metal. Metallographic observa-
tion revealed that both types of metal have very few inclusions and approx-
imately the same amount and distribution of microcracks. The beta-to-

alpha reaction rates of both types of metal are comparable.

The steady state strain rate of plutonium in the beta and delta phases
has been found to bz proportionai to the fifth power of the applied compressive
stress over a wide range of stresses. For piutonium in the gamma phase,

this proportionality is valid cver only a limited stress range.

¢ e T
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Detectors to measure the energy distribution of neutroi., have been
calibrated and are currentiy being used to monitor the neutron experiment

in the N-Iteactor core during startup tests.

Meutron flux monitoring tests indicated the degree of consistency to
be expected in such measurements is probably about 15%.

Irradiation experiments with systems involving carbon, carbon
monoxide, and carbon dioxide showed (i} CO disproperticnated to yield
carbon dioxide and black soliids. (2) graphite and carbon dioxide yielded
carbon monoxide, the ratio COZ;CO being 0.86, and (3) thermal reaction
between carbon dioxide and graphite was negligible below 675 C; reaction
was rapid in the range 1200 to 1400 C, and the COz:CO ratio was 0.5.

Further work on the oxidation of TSX graphite by water vapor
indicated a higher activation energy for large samples than was previously

reported. This is in better accord with earlier experimental data and
. theoretical prcjections.

The long term irradiation of boronated graphite is proceeding satis-
factorily. The high and iow temperature sections are operating respectively
at about 900 ¥ and 725 F'.

Photomicrographs of gray boronated graphite containing 7% boron
indicate almost complete recrystallization of the structure. It is expected
that this material wiil have quite different response to radiation than the

black boronated graphite which resembles polycrystalline graphite.

Additional stud.es on the Military Compact Reactor (MCR) were
completed, and an informal document has been prepared summarizing the
findings of the study.

The second generation shim rod assembly has been successfully tested

in the environmental mockup.
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The wedged-tvpe PRTR fuel element designed to prevent fretting
corrosion at the end bracketz was ‘ested at PRTR operating conditions 1in
EDEL-I for 3 weeks. Tubs exam:ination showed fretting of 1/2-mil depth
at the two supports oppesite the wedges at the top and bottom of the fuel
element. However, the carbcn steel spring used to maintain tension on
the wedges had relaxed from hLigh temperature, so that the fuel element

was probably not ''locked' during ‘esting as intended.

The "excessive vibration' detector cn the PRTR operated satisfac-
torily for 2 weeks. Increased vibration levels in PRTR were indicated

during scrams, power level changes, and chang:s in pump combinations.

The HTLTR heating element test mockup was completed and con-
siderable water was remcved during heating of the insulating material. A
heating eiement surfaze temperature of 1020 C was achieved. The heating

element subsequently faiied, presumably due to oxidation of the graphite

‘ heater.

More than 400 EBWR ruds have been fabricated by the Vipac

process.

A number of :mprovements were made in the process for pneumatic
impaction of UOz-PuO2 fuel material to provide consistently high density
and reproducible vibraticna! compaction characteristics.

A relationship between tube volume and average diameter was found

to exist for EBWR tubeg and variaticns 1n tube volume are believed not

i1kely to cause difficulties in the vibratory compaction process.

EBWR fuel element fabrication histories were better for the three
of six examined lots that showed better particle bonding, highest densities,

and O:U ratios closest to the value of the starting ma‘erial.

Preliminary data obtained from recent sieve analyses indicate
surprisingly littie breakup of the partic.es within a lot of the formulated

mesh composition, even after 40 min of vibrationai compaction.

° DECLASSIFIED BN
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Developments in the process for pneumatic impaction of UOz-PuO2
fuel material provided improved zcntrol cf fuel particle density. It was
established that AIS: 310 SS :zn be used in inside impaction containers
without appreciably a:tering JO, s:cichiometry during heating, but that
UO2 heated in AISI 304 SS cans i_s subjected to reduction in O:U ratio,
because of oxygen get:ering by the zan. An O:J ratio of approximately 2.01
or more is required for maximum density and adequate particle bonding.
Since UO2 heated in AIST 304 3S cans m:ght be reduced below an O.U ratio
of 2.01, the use of this material was discontinued. if was also found that
material near the center of the impaction cans was not uniformly dense.

Heating time was increased from 55 min to 80 min to correct this.

In the study of tungsten cizd cermet fuels, a method of forming fuel
plates confined in a cylindrical tube has been demonstrated. A tiube contain-
ing seven 0. 045 in. thick tungsten p.ates was fabricated by coextruding a

W-Mo assembly with subsequent chemica: removal of the molybdenum.

' A W-UO2 cermet fr: 1 material containing uniformly dispersed sub-
micron UO2 particles 1s undce development. The coprecipitation of uranium
and tungsten has been demonstrated, although optimum precipitation conditions
have not yet been established. Rcas‘'ing and sintering conditions required to
reduce the precipitation‘c W—LIO2 and to densify the resuiting material with-

out serious agglomerat:on of the UO2 particles are under investigation.

Postirradiation examination of a second NASA WwUO2 fuel specimen
was completed. Successfu: operation at approximately 3000 C was inferred

from tungsten grain structure.
Nonfueled grids are being assembled for fuel element design studies.

Photomicrographs of sections of W- UO2 impacted cermet platelets
revealed good bonding between the tungsten powder of the cermet and the

tungsten foil cladding.
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An intensive investigation of the accelerated fuel loss resulting from
thermal cycling has led to significant improvement in the fuel loss character-

istics of W-UO2 cermet fuel p.ates.

A hexagonal honeyconib grid with 1/8 in. hexagonal coolant channels
was fabricated by pneumatiz impaction. The 80 vol% W-UO, grid was
initially loaded by vibratory compaction and the mild steel mandrels were

removed solely by chemical techniques.
Spalling of W~UO2 cermete in & plasma is being investigated.

Two W-U02 cermet grids have been vibrated to failure at room tem-
perature and indicate the possibility of microcrack formation in the tungsten

matrix during vibration.

Bonding was achieved on the longitudinal joint of a 1 in. wide secticn
of a 2 in. OD x 0.020 in. wa.l tungsten cylinder formed by shaping of rolled

plate.

Approximately 1 tor {632 fuel elements) of low uniform bulk density
165.5—67.3% TD) "Soi-Gel' thoria was canned Experimental work to
achieve a high density thoria mixture that utilizes a maximum percentage
of the materia. as receivad from ofisite produced encouraging initial resuits.

A density cf 82. 5% was obtained using a iow power vibrating tabie.

2. Physics and Instruments

The cold reactor physize tects for N-Reactor startup were completed
and the data are now being reduced *o physics parameters of interest. Prep-

arations for the hot reactor tests are nearly complete.

In other N-Reactor supports, assistance was provided in checkout of
the fuel rupture monitor systems. Rupture detection instrumentation for
the PRTR Fuel Rupture Loop operated satisfactorily during the first defected
fuel test; and preparations were made for a combined simulation of the

primary loop and steam generator systems on the new analog computer.

DECLASSIFHED S
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Emergency testing service was provided N-Reactor Department to
locate the position and determine the extent of damaged Graphite Heat
Exchanger tubes. Breaks in the tubing wall were succeszfully 1o0zated;
surprisingly, the defects were in each case located in the same relative
position

Seven more critical mass experiments were conducted with Pqu-
pclystyrene compacts in rectanguiar prism configurations. Plutonium
concentration was 1.12 g/cc {2.2% Pu240'}, with a H:Pu atomic ratio of ~15.
Various reflector combinations involving Lucite were used to determine the
effect of cadmium cn reflector savings. Additional data were obtained with
complex reflectors for evaluating the effect of neutron poison sheets or
absorbing materials interposed between the reactor core and its reflector.
Absorbing materials consisted of steel plate in several thicknesses, c¢ae of

which contained ~0. 3 wt% gadolinium.

. Several major revisions and improvements were made in the GAMTEC
Code (a neutron slowing down and thermalization code which provides multi-
group constants for heterogeneous systems for use in multigroup diffusion
calculations). The changes reduce the amount of input data and improve the

theoretical accuracy of the code.

SMC, a Mcnte Cario code, was written for studying neutron slowing
down and diffi:sion in multiregion finite assemblies. SMC will be used to
compute criticality in spherical geometries containing one-to-three material
regions.

A study was made of a possible method for determining the neutron
spectrum which in theory appears promising. The method consists in
making coinparisons between caicu.ated and measured activity ratios for

various foils whose energy dependent cross sections are known.

Work has proceeded on the design of an on-line reactor noise analysis

system for the Critical Mass Laboratory.

‘ ‘ 2
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Nuclear safety consulting services were provided to HL,, CPD, and
NRD. The Course B, Group I lecture series in nuclear safety {eight

sessions) for CPD was completed January 23. The next session, Group III,
will begin in February.

Modifications to the *riple-axis spectrometer at 105-KE have been
substantially compieted. Mocdifications will allow the use of the adjacent
beam hole for time-of-flight studies of slow-neutron scattering.

The compiete reduction of data on the inelastic scattering of neutrons
from 95 C HZO reveals internal inconsistenc:es which will require further

measurements.

The abundance sensitivity of a heavy-element mass spectrometer
has been restored to its previous value by modifying the entrance port of
the newly installed ion detector.

Phoenix fuel studies have been extended to beryllium-moderated
' systems. Beryllium provides an energy flux distribution mere conducive to

240 than does water and, therefore, increases the

epithermal capture in Pu
relative capture in that isotope. This increased capture could improve the
Phoenix action in some reactors. Other Phcenix investigations indicate
that the results of analysis are sensitive to the burnup-time steps used in

the analysis. Planning of Phoenix fuel type critical e: periments continues.

Approach-to-critical experiments were initiated during the month
using EBWR PuOZ-UO2 fuel rods. The first lattice being studied is equivalent
to the EBWR fuel-to-moderator ratio, and has a lattice spacing of 0. 71 inch.
Approximately 400 of the estimated 500 rods needed for criticality have been
loaded. The experiment will be completed as soon as sufficient fuel is

available.

The conversion of the PRCF for light water experiments is essentially
complete. The EBWR fuel rods will be ioaded in that facility as soon as the
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first approach-to-critical experiment is completed. A report, HW-80092,
has been issued describing the planned light water experiments in the
PRCF.

Analysis of data taken on DZO-moderated experiments in the PRCF
continues. Moderator ievel coefficients and the ratio of delayed neutron
yield to the neutron lifetime were determined during the month.

Neutron flux distributions procduced by the modified heavy gas equa-
tion for homogeneous light water-moderated systems were compared to
those produced by a more detaiied thermalization model. The modified gas
equation adequately describes the fiux distribulion of water-uranium and
water -plutonium systems encountered in thermal reactors. Previous

studies gave similar results for graphite systems.

In computer code development, analysis of the PRTR 19-rod cluster
1s being performed in final checkout of the RBU code. The current version
of GE-HL Program S-XII, which has major improvements over previous
versions, has been sent to Argonne National Laboratory Code Center for
industry-wide distribution. The HRG ccde has been modified so that it
provides punch cards directly in the Program S format. Improvements have
been made in the Physics Chain that wiil ailow multiple passes through GAM
and TEMPEST. The ZODIAC burnup code has been expanded from 10 to 18
energy groups.

Extensive anaiysis of the three sets of Pu-Al, light water-moderated
critical experiments continues. These have been analyzed using the GAM,
HFN, and THERMOS codes. Thermal parameters using the latier code
were determined employing the Brown~St. John and Nelkin scattering
models. Neither model yielded consistently good agreement with experi-
ments. Interestingly, the difficulties apparently lie in the spatial flux dis-
tribution in the moderator and not i1n the energy-space distribution in the

fuel as one might expect. The poorest results were obtained using the
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Nelkin model in analyzing the 5 wt% experiments. The Nelkin kernel also
gave poorer agreement when used in analyzing the UO2 Yankee criticals.

These studies w:.ll continue,

Destructive analyses have been completed on one of three HX Pu-Al
fuel elements irradiaied in the PRTR. Assistance :rovided by Chemical
Research Operation in the ana.ysis procedures has improved the quality of
data obtained. The PRTR Gamma Scan Facility has been redesigned to
improve operation. Irradiated fue: rods are scanned in this facility for
determining fission distributions. The ALTHAEA one-dimensional burnup
code has been used successfully in analyzing the Lx Pu-Al burnup experi-

ments performed in e PRTR.

An HTLTR graphite heater eiement was tested up to temperatures of
960 C for 24 hr, but failed when exposed to air that leaked in around a sight
tube. A new heating element has been constructed and installed in the pre-
liminary reactor mockup assembly for further tests. The construction of
the outer shell of the larger mockup has been completed, but work has been
stopped because of lack of funds. High temperature tests on samples of

various materialis in nitrogen continued during the month.

Four uranium samples irradiated at KE-Reactor under the Neutron
Flux Monitor program have been discharged and analyzed by mass spectrometer.
If these data confirm theoretical predictions, as expected, this phase of the
program will be concluded. Laboratory efforts have suggested methods of
circumventing difficuities encountered with the B-11 detectors, and these
have been incorporated in new units now being fabricated. A production
test has been approved for testing of the microwave system at KW-Reactor,

test loops and plasma capsules are being made ready for these tests.

A technique which promises to be a major advancement in practical
use of the eddy current multiparameter tester is undergoing laboratory
checkout. In essence, the technique significantly simplifies calibration

procedures by locating ail adjustments associated with a particular test
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parameter at a single control. By preliminary estimates, this procedure
will reduce average setup and calibration time from several hours to a few

minutes.

Infrared studies for reducing the effect of surface emissivity varia-
tions have reached a milestone; the experimental demonstration of the
delayed signal concept. Applied to 1&E fuel eiements having clean or dirty
and bumpy surfaces, the test proved to be markedly less sensitive to sur-
face condition. These experiments also revealed an interesting and signif-
icant effect in that a fractured bond, apparently caused when the fuel surface
was purposely dented, increased in size with each successive heating of the

aluminum jacket.

Successful laboratory tests have been performed on sensors and
associated electronic circuitry that are to be used for the remote measure-
ment of animal temperature, pulse rate, and respiration rate. The implanted
sensors will telemeter the data to a remote station.

This year, a field party completed the first of a number of planned
trips to Anaktuvuk Pass, Alaska to measure the Cs137 body burdens of

Eskimos with the shadow-shield whoie body counter.

Other radiological physics work included: comparison of the Hanford
precision long counter response with S(n, p) reaction data to establish rela-
tionships with S(n, pj reaction calibrations by other U. S. laboratories;
progress on reduction of the background for the plutonium counter; and

development of a new neutron spectrometer and a new radiation calorimeter.

The mathematical model for the lateral growth of a diffusing plume
of material dispersed to the atmosphere that was derived from Hanford
ground source data was shown to also apply for some elevated source
releases. Independent verification of the model was made using data from
16 releases at 200 ft height made during 1955-1956. The wind variability
factor was determined from wind velocity measurements at the release

height. Agreement between the new model and the data was far superior to

the power function used earlier.
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3. Chemistry

Gas and liquid chromatographic studies were performed on a sample
of used Purex solvent which exhibited unusually high ruthenium retention.
No evidence of a volatile ruthenium species was revealed by the gas chro-
matographic work. Liquid chromatography, on a silica gel column prepared
with Soltrol, was much less effective in removing fission product complexing
agents from the TBP-Soltrol scivent than it has been found to be with Soltrol
itself.

Laboratory testing of the trilauryl amine extraction of neptunium and

plutonium from actual Purex 1WW was successfully performed.

Initial studies of the Redox prototype countercurrent anion exchange
column have demonstrated satisfactory performance using thorium as a

stand-in for plutonium.

The control ioops associated with the Gradient Control System and
' pulse control system for the Plutonium Reclamation Facility were given a

final and satisfactory calibraticn check preparatory to plant delivery.

A plutonium detection test loop has been operated with a wide range
of plutonium concentrations using two in-line detectors, a 17 kev X-ray
crystal and an alpha-sensitive glass scintillator. The X-ray device proved
best.

The first of a planned series of exploratory hot cell studies of the
dissolution and processing of irradiated thorium was completed without

incident.

Studies are continuing on preparation of target grade thoria by a
modified Sol Gel process. in addition, a brief study was made of radiant
heat spray calcination for this purpose. Thoria of high purity and low
moisture and nitrate ccntent was readily produced by spray calcination.
The tap density was low 3 g/cc) but the powder was readily pressed to
65-70% of theoretical density.
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Batch contact studies have established suitable extraction conditions
for adequate extraction of uranium and thorium recovery from scrap contain-

ing plutonium, uranium, and thorium.

The containment controls required for bismuth recycle (from bismuth
irradiation and processing for P0210 recovery) have been studied. It appears
that glove box techniques will be required unless polonium DF's in excess of

104 are secured.

Planned pilot plant work on the CSREX process has been completed

with definition of operating characteristics of the solvent extraction columns.

In continuing studies reiated to the recovery of fission prnducts from
high level wastes, it was determined that synthetic zeolite Linde 13X is a

selective sorbent for Ce‘r3 ions.

Laboratory studies to define the flowsheet to be used for final purifica-

tion and reduction to metal of the one-kg quantity uf CPD-recovered technetium
. are continuing.

Six ion exchange runs were made during the month to explore the effect
of variables on the acid side (HEDTA) of the promethium purification process.

This process continues to look very promising.

The following compounds of interest as isotopic heat source materials
were successfully prepared: strontium fluoride, neodymium borate, cerium
borate, strontium titanate, and neodymium metal (a stand-in for promethium

metal).

Operations of the Salt Cycle Process in C-Cell of the HLRCF using
"cold" U-Pu have been terminated after four electrolytic depositions. The

equipment is being readied for processing irradiated PRTR fuel elements.

In supporting laboratory studies, equilibrium conditions and reaction

rates were measured for plutonium and uranium reactions with 02—C1 and

2
HC1 in equimolar LiCl-KC!, under cconditions representative of those

employed in the C-Celi demonst:ration runs.
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Computer economic studies of close coupled fuel reprocessing
feasibility have continued. The results indicate economic incentive for the
close coupled plant {in comparison to a centralized plant) for a 1000 I\/Iwe
reactor complex when fuel exposures are in the range of 10, 000 to 20, 000
Mwd/ton.

Hot cell studies of high level waste calcination were continued with
a successful spray calcinaticn run in which cold fission product stand-ins
were added to Purex waste to simulate the chemical composition of waste

from 10, 000 Mwd/ton power fuels.

In cold pilot plant work five very successful melt runs were made
in the continuous melter for spray calcination product. Recent evidence

points to the segregation of melt constituents in the melter.

Laboratory glass-making studies confirmed the large chemical
effect of fission products, at levels expected in power fuels, on the forma-

tion and properties of glasses proposed for waste fixation.

Promising results were obtained in efforts to alleviate the solids
problem which has hampered complete demonstration of an integrated
process for decontamination of aikaline Purex waste condensate. Hypochlorite

added to the condensate collection tank appears to alleviate the bacterial problem.

An irradiated N-Reactor inner fuel element was inductively heated to
980 C successively in three positions along its length to characterize the
swelling or other changes in an element when water is lost from the coolant
channel and the element overheats. Swelling was pronounced but the cladding

did not rupture.

A study is underway to define more accurately the ground-water travel
time from the 1301-N Crib to the Columbia River. Preliminary evaluations
indicate that a large safety factor is incorporated into the 11-day estimate

previously made.
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An 81-node, three-dimensional resistance network, assembied and
tested to check errors associated with resistor tolerances and continuum
simulation with discrete rezistors irelated to grocund-water regime simula-
tion), provided information supporting earlier studies with two-dimensional

networks.

A recent sediment core sample from the McNary reservoir was
analyzed for sediment deposition rate by the isotope ratio technique. In the
most recent 6-month period, the depositicn rate was several times faster
than the normal measured rate for older (deeper) sections. No immediately

apparent reason seems to exist for such an increase.

The removal of methyl iodide from an air stream by several liquid
scrubbing solutions was determined to be very inefficient by the usual
scrubbing solutions, but highly efficient by a small amount of silver nitrate
in 95% ethyl alcohol.

’ Spectrofluorometer studies of uranium in aqueous solution showed
that as little as 2 x 10‘9 grams could be detected by this means, giving
promise that this method can become a more useful technique than the

standard process.

An effort to improve the reliability of present methods for analyzing
reactor fuel burn-up has increased the precision of analysis by a factor of
about two. The precision is now sufficiently good that definite biases between

alternate methods have been detected. Efforts to determine the cause(s) are

underway.
4 Biology

The incidence of fish infected with columnaris when the Columbia
River waicr is cold does not seem to be markedly smaller than when the

water is warm.

LA3SIHED
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By using Sr90 it appears that deposition of calcium in the skeleton
of crayfish occurs, contrary tc established belief, in the exoskeleton before
the molt of the crayfish.

The skeletal retention of Sro° from SrTiO, was observed to be
0.15% of the administered dose 10 days after oral administration to minia-
ture swine., (When given as the chloride, the absorption of Sr is about 50

times greater.)

Pig skin exposed to vapor of 1131 showed absorption and peak
deposition in the thyroid of 0. 9% of the original skin activity. Earlier work

with aqueous solutions of Nal showed about 3-4% uptake.

Young female miniature swine were found to develop severe nephritis
from the injection of radium more readily than older animals. .There is a
possibility that this is not strictly an age dependent effect since equivalent
doses per kg of body weight were administered, and the older animals had

more fat.

Intestinal perfusion studies using rats are being performed to find
the effectiveness of various chelating agents in removing plutonium from
the animal body. DTPA increases the excretion of plutonium into the GI
tract by way of the bile by about 10%. Urinary excretion increases by 20%,
However, the greatest amount of plutonium is still excreted via the intes-
tinal tract.

Two samples of P1,123902 dusts were received from the British
Atomic Energy Authority, Aidermaston, England. One was prepared by
oxidation of the delta metal at 120 C and the other at 450 C. Both dusts
were carefully sized and characterized. Comparisons will be made with

1ocally prepared dusts.

Continued delay in obtaining the new dog runs has begun to sericusly
affect the inhalation research program. Temporary runs are being con-

structed that are designed to serve for a few months.
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Diethyldithiocarbamate, administered to rats directly before whole-
body radiation, was found to have no radioprotective effect. In fact, it

appeared that there may have been some synergism.

Male rats irradiated with 150 rads of neutrons showed no loss of
reproductive capacity. Litter sizes were normal. However, when irradiated
females were mated with ncnirradiated males, fecundity and litter size

decreased.

Radioiodine gas deposited on one surface of the leaf was found to
diffuse through the leaf at the rate of 0.1 c¢m per hour. Since the leaf
(coleus) has no stomatal openings on the upper surface, the passage is pre-
sumed to occur through the waxy outer cuticle of the upper exposed surface.
This tends to question reports from other laboratories that ascribe the
penetration of iodine through the leaves as occurring through stomatal open-
ings.

a1 deposited on plants in the field,

To further define the loss of Il
leaves containing radioicdine were exposed to different temperatures in the

laboratory. Accelerated removal occurred, but lasted for only 24 hours.

A body temperature telemetering system developed by the Nucleonics
Instrumentation group was calibrated and tested in sheep. Accuracy of the

system was found to be within acceptabie clinical standards.

5. Programming

Calculations indicate interesting benefits from mixing U23802 and
ThO2 in the same fuel channel in a soft-spectrum reactor. Since both U238
and thorium cross sections are highly dependent on resonance absorptions,
and since their resonances do not overlap significantly, the resonance
captures in each material can occur without reducing those in the other.
This effect might be exploited by increasing the fertility of the reactor,
reducing the resonance escape probability without having to adjust the

lattice. and reducing fuel cycle cost through extending the fuel reactivity
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Idealized evaluations of seed blanket reactor systems suggest that a
neutron multiplication factor, k, approaching unity may be necessary to
develop the full potential of the seed bianket concept.

TECHNICAL AND OTHER SERVICES

There were eight new plutonium deposition cases confirmed by
special bioassay analysis during the month. Six resulted from inhalation
of contaminated air during the fire in the Redox Final Products Concentra-
tion Building (233-S), and one case resulted from a contaminated injury
received in the Weapons Manufacturing Building (234-5). All seven were
estimated to be depositions of less than 1% of the maximum permissible
body burden (MPBB plutonium, with bone as reference, is 0.04 uyc). The
eighth case, estimated to be a deposition of 3% of the MPBB, was detected
by routine bioassay sampling. A re-evaluation of a deposition case
originally estimated to be less than 1% of the MPBB resulted in its removal
from the list of confirmed deposition cases. The total number of individuals
who have received internal plutonium deposition at Hanford is 334 of which
242 are currently employed.

Concentrations of fallout materials in the air of the Pacific North-
west continued to decrease during January. The monthly average of 0. 6 pc
e/m3 was the lowest recorded since the Fall of 1961. Averages for the
months of November and December, 1963, were 1.0 and 0.9 pc B/m?’,

respectively.

Meetings and consultations were held with AEC-TAB personnel, and
others from NRDL and Rand, in connection with a new project on postnuclear

attack economic-biological interactions.

In connection with current AEC-GE efforts at economic diversification
for the Tri-Cities, work has begun extending previous Tri-City Area economic

modeling and analyses.
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A statistical analysis is being performed for IPD on a test of the
effect of annuli thickness (of spire-core and can-core) on AlSi bonding

integrity measurements.

The minimum variance inventory method for the control of Z-Plant
component MUF's is now being applied by NMM.

Under the 2000 Program, discussions were held regarding the
possibility of developing a technique for studying flow in heterogeneous
porous media analogous to the hydrodynamical concept of "streak functions. "

Under the 4000 Program, additional understanding of the complex
process of particle packing has been gained by the successful analysis of the

geometry of multiple spirals.

Statistical analysis was begun of data relating to second phase particles
in dilutely alloyed dingot uranium. Results should help determine dependency
of density volume fraction of such particles on alloy composition, time, and

. temperature of both solutionizing and precipitation anneals.

On 6000 Program, final data obtained from EDPM "triangular' diffu-

sion model have been submitted for evaluation by program originator.

Statistical analysis was started of data from a study to investigate

beetle populations of selected communities.

SUPPORTING FUNCTIONS

PRTR output for January was 1482 Mwd, for an experimental time
efficiency of 78% and a plant efficiency of 68%. There were five operating
periods during the month, two of which were terminated manually and three
were terminated by scrams. A summary of the fuel irradiation program as
of January 31, 1964, follows.
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Program
Ai-Pu U0, PuO,-UO, Other Totals
§_q_; Mwd No. Mwd No. Mwd No. Mwd No. Mwd

In-Core C 6 982.2 79 9 349.8 85 10 332.

Maximum 251. 7 221.3

Average 163.7 118.4
In-Basin 43 3 726.4 26 2882.1 24 1150.2 93 7 758.7
Buried 1 7.3 1 7.
Chemical
Processing 32 2 309.3 35 1 965.8 _ 67 4 275.
Program
Totals 75 6035.7 67 5830.1 103 10 500.0 1 7.3 246 22 373.

Note: (Mwd/Element) x 20 = «.de/tonU for UO2 and Pqu-UOz.

A total of 59 reactor outage hours were charged to repair work. Main
items were:

Instruments 32 hr
Valves 11 hr
Process Tube to Nozzle Gaskets 6 hr

The January heavy water inventory indicates a loss of 700 1b for the
month.

Startup work for the HZO moderated PRCF continued during the month,
which included preoperational testing, completion of project exceptions,
modifications to the facility, administrative preparations and some repair
work. At month-end the fuel follower sections for the rods are the last major
items still needed.

FERTF test 4-0, using a defective Al-Pu element, was completed.
Considerable difficulty with airborne radioactive contamination was encoun-
tered in the loop annex cell, equipment room and tunnel. Air activity
problems were evaluated while FERTF test 4-1, utilizing another defective
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Al-Pu element, was being performed. As a result, vent lines to the pump
hoods were installed upon completion of FERTF test 4-1, thereby elimina-
ting the air activity problems.

A preliminary schedule was prepared for the chemical processing
of 35 Al-Pu fuel elements in March.

Total technical shops operation productive time for the period was
20, 130 hr. Distribution of time was as follows:

Man hr % of Total

N-Reactor Department 2 681 13.3
Irradiation Processing Department 3 602 17.9
Chemical Processing Department 482 2.4
Hanford Laboratories 13 365 66. 4

Hanford Utilities and Purchasing Department - -

Total productive time for Laboratory Maintenance was 23, 300 hr
of 24, 600 hr potentially available. Of the total productive time, 91% was
expended in support of Hanford Laboratories components, with the remain-
ing 9% directed toward providing service for other HAPO organizations.
Manpower utilization (in hours) for January was:

A. Shop Work 2 400
B. Maintenance 8 400
1. Preventive Maintenance 2 500
2. Emergency or Unscheduled Maintenance 1 700
3. Normal Scheduled Maintenance 4 200
C. R&D Assistance 12 500

The heavy water inventory at the end of January 1964, showed a loss
of 701 1b ($9623) for the PRTR. Heavy water scrap generated during the
month amounted to 2127 1b, resulting in a $2574 charge to operating cost.
Heavy water accumulated at month end for return to SROO amounted to
11,006 1b, valued at $137,818. Fifty-five drums (27, 445 1b) of heavy water
were received during the month, valued at $375, 448.
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Cumulative data on Hanford visits:

Number of Visitors

In January Since June 13, 1962
Visitors Center 1 034 61 319
Plant Tours 38 n. a.

HAPO professional recruiting activity this month is summarized

below:
Plant Offers Acceptances Rejections Open Offers
Visits Extended Received Received at Month End
Ph. D. 8 5 2 1 4
BS/MS (Direct
Placement) 4 4 0 1
BS/MS (Program) 1 6 17 27

Seven technical graduates were placed on permanent assignment.
Four new members were added to the roll and none terminated. Current

Program total is 67.

Authorized funds for nine active projects total $7, 592, 500. The total
estimated cost of these projects is $10, 839, 000. Expenditures on them
through December 31, 1963 were $2, 038, 000.

Manager, Hanford Laboratories

HM Parker: JEB:dph
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TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 02 PROGRAM

lﬂ

Metallic Fuel Development

N-Reactor Fuel Evaluation. Examination of an N-inner fuel component

irradiated to 2500 MWD/T in KER-4 has started. This is the companion
piece to a 3100 MWD/T outer tube that has been previously examined
and reported upon. Superficially, the component performed well with
no indications of warp, surface bumping or rippling, clad striations,
crud deposits or corrosion effects, and the brazed end closure and
inner bore appear unchanged. Destructive examination indicates no
deficiencies in the performance of the closure or the associated heat-
affected zones in the fuel; clad, and bond. Some micro and macro
cracks have been observed in the fuel, but these are believed to have
been produced during post-irradiation handling of the component.

Specimens of an inner tube irradiated to 3100 MWD/T have been pulse
annealed to 980 C in support of reactor hazards stud::s. Fuel volume
increases of 19, 26, and 38% were obtained for times at temperatures
of 0, 5, and 30 minutes, respectively. Metallographic examination of
the pulse annealed specimens shows the development of a large popula-
tion of gaseous voids in the fuel matrix that correlates with the
measured volume increases. The fuel component showed no evidence of
localized clad strain or failure, and no evidence of release of
activity.

Irradiation of Fine Carbide Uranium Fuel. In & test to investigate

the ability of a submicron dispersicn of uranium carbide teo reduce
uranium swelling, three NaK-filled capsules will be irradiated in

the ETR to evaluate the peri{crmance of fuel rods produced from chill-
cast uranium shot. Twc ot these capsules each contain two fuel rods
identical in uranium composition, but with one having a uranium car-
bide size of 2-5 microns produced {rom arc-melted uranium and the
other a carbide size of less than 0.5 microrn produced from the uranium
shot. The third capsule contains two fuel rods with the fine carbide.
One capsule, GEH-14-609, has been irradiated for one cycle in the ETR
and has accumulated an exposure of 0.05 at$% burnup. Goal exposure
for this capsule is 0.3 at% burnup. During the first cycle of ir-
radiation the capsule operated at a maximum core temperature of about



420 C. The capsule will be moved to another location in the
reactor for the second cycle in order to attain the test design
fuel temperature of 600-625 C.

Target Element Development. Irradiation testing of eight experi-
mental lithium-aluminum target elements in KER Loop 2 was completed
after the elements had accumulated 124 days of exposure at full
reactor power. Examination of the targets in KER Basin was made
and the elements appeared unchanged as a result of irradiation.

Four additional target elements have been prepared for irradiation
in the KER Loops. Two of these elements are of advanced design
and contain a nominal 3.2% natural Li in Al, and the target cores
have been bonded to the Al can. In addition, the axial hole in
the target core has been omitted. The other two elements are of
identical design to those previously igradiated. One of these has
a composition of 2 w/o Li (0.20 wt$ Li°) and will serve as a
reference element while the other contains a nominal 8 wt% natural
Li.

Co-producer Target Elements. Target elements for the co-producer
production test PI-6h5-D were completed on schedule. These elements
have an aluminum-llthiug core, 0.LLO-inch diameter containing 0.56%
Li enriched with 63% L The target cores are double clad. The
first cladding is coextvuded aluminum over the fertile core to pre-
vent tritium diffusion into the Zircaloy Jjacket. Aluminum end plugs
are welded into the counterbored ends to complete the gas seal, then
X-rayed to assure weld integrity. The aluminum clad elements were
then coated with dry graphite and inserted into Zircaloy sleeves.
These sleeves had the supports pre-welded in position to assure

that no aluminum contamination of the weld would occur. After
assembly the target elements were evacuated, back filled with helium,
then end plugs were welded in position. Each element was checked
for helium leakage by means of a helium mass spectrometer leak
tester, x-rayed for weld defects, then autoclaved for 72 hours in
300 C water. Fifteen target elements, 26 inches long, were delivered
to NRD for final assembly with the driver elements.

Weld Development - Target Elements. The welding of 18 lithium-
aluminum target elements clad in aluminum and Zircaloy with supports
can be divided into three phases.

Welding of aluminum end caps into the coextruded aluminum clad, %—inch
diameter rods was done manually by the TIG process using AC and argon
shielding gas. Some porosity was encountered when one group of end
caps were handled with a leather glove, but this was eliminated when
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tongs were used to place the end caps in position. The welds were
checked by x-ray.

Second, attaching of Zircaloy supports to the Zircaloy cladding
tubes was done by resistance projection welding prior to loading
the aluminum clad cores into the Zircaloy sleeves. A copper
mandrel was used. Welds were checked by destructive tests on an
identical tube and supports before, during, and at the end of the
group used in the actual tests.

Third, welding of Zircaloy end caps into the Zircaloy tubes after

they had been loaded with the aluminum clad cores was done in the

308 Building under the direction of Lloyd Lemon. Welding was done

in a helium filled glove box using the TIG process. Prior to welding
the glove box was evacuated to insure that the elements would contain
helium as a heat transfer medium between the aluminum and the Zircaloy
clad. After welding, the elements were helium leak checked and
x-rayed.

Corrosion Rates of Aluminum-Lithium Alloys. A series of corrosion
tests have been designed to determine the danger of exposure of
lithium containing aluminum alloys to reactor water. Short term
corrosion data in 100 C water up to 110 hours indicates that in the
first 20 hours annealed alloys containing up to 3%% Li corrode twice
as fast as the cold worked alloys. However, the 1100 aluminum
standard and the 0.5% Li alloys behave exactly the opposite with the
higher weight gains in the cold worked condition. Corrosion rates

of the 0.5% Li alloys and 1100 aluminum were the same, whereas the
other compositions showed an increased corrosion rate with increasing
lithium content. After 30 hours there were no further weight gains
for any of the alloys and all observable surface reaction had stopped,
indicating that the lithium conterts had beer depleted to the point
where only the aluminum corrosion rates were tlie main contribution.

Fluted Fuel Element Irradiation. The twc N-single tube fuel elements
with fluted outer surfaces which are being irradiated in the ETR have
successfully completed nine cycles of irradiation in the M-3 pres-
surized loop for an accumulated exposure of abcut 1800 MND/Tn After
the eighth reactor cycle (1600 MWD/T), the elements had undergone a
volume increase of 0.9%. The elements have been operating at a
maximum specif.c power of about 130 kw/ft with a corresponding core
temperature of 520 C. A Zircaloy-2 basket has been prepared as a
replacement for the stainless steel basket which is currently being
used for holding the elements in place in the locp. This replace-
ment should result in an increase in the pcwer level for the remainder
of the irradiation.




Cladding Deformation Studies. Post-irradiation examination con-
tinued on Zircaloy-2 clad uranium rods from capsule irradiations
to determine the strain capabilities of Zircaloy-2 cladding as a
function of cladding thickness, cladding thickness unif'crmity,
and temperature. Results from visual examination and diameter
mexsurements from the 94 specimens in this test and the correla-
tion of cladding strain limits with cladding thickrness uniformity
have been reported previously.

Detailed measurements are being obtained on transverse sections of
some of these rods to assess the plastic strain behavior of the
cladding at striaticns of known pre-irradiation geometry. On
specimens examired to date, about 15% of the total cladding strain
occurred in the striations of two specimens. About 40% of the total
strain occurred in the striations of a third, and in this specimen
the necking occurred from both the inside and outside surface of the
cladding. Metallography is being completed on a fourth rod in which
the cladding necked severely and then ruptureda. Results from this
rod should complete the picture of the progressive stages from the
f'irst indications of the plastic instability tc the ultimate rupture.

Alternate Uranium Composition. Studies are in progress to determine
the effects of altered fuel compositions upon fuel element fabrica-
tion, corrosion behavior, and irradiation swelling resistance.

The comparative irradiaticn behavior of single tube fuel elements
(1.790" OD x 0.975" ID) fabricated from standard N-fuel composition
and an alloy containing 40O ppm Fe and 800 ppm Al will be deter-
mined from high temperature loop irradiations. The major impurities
in these materials are: 510 ppm C, 137 Fe, 6 Al, 127 8i for the
standard composition and 537 ppm C, 386 Fe, 837 Al, and 47 Si for
the altered fuel. The production test fuel elementic were beta heat
treated and structural characterization of the ingcts, primary ex-
trusions, coextruded fuel, and compl:sted fuel elemerts is in
progress. Major differences ar:s cbserved in grein size, second phase
particle distribution, and hot hardness between the two materials.

Second Generation N-Quter Support. The hot forging method of making
a stronger N-outer fuel support has been successfully demonstrated.
It was necessary to set up the tooling in the 620 KVA resistance
welder to obtain torging pressures of 12 vors. The prrimary qualifi-
cations for the new support are permanent set characteristics. The
nev support exceeds the permanent set criteria.

Uranium Alloy Investigation. Evaiuarticn <f & series of binary and
ternary alloys of uranium with up to 5% total r.icbium end/or zirconium
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is continuing. Alloy buttons were prepared by arc melting. Hard-
ness measurements were taken and metallography is being completed
on the as-cast buttons. During this month the alloy buttons were
hot rolled into sheet which will be cut into corrosion coupons and
given various heat treatments. The prepared coupons will be auto-
claved under varying conditions of temperature and pH.

It was originally proposed to study the corrosion rates in cold
worked material as well as heat treated material. However, several
of the alloys are sufficiently brittle to preclude giving them an
appreciable amount of cold work. The compositions of these alloys
are 2 and 3 wt% Nb, 4 and 5 wt% Zr, and 2 through 5 wt% combined Zr
and Nb. The hardness of these alloys can be attributed to solid
solution hardening.

Uranium Sulfur Alloys. Samples of uranium-sulfur alloys (O-1 wt% S)
heated for 2k hours (450-1100 C), and water quenched, have been under
investigation. This study has been completed, and a report on the
work done to date is in preparation. Metallographic studies indicate
little or no gamma solid solubility of sulfur in uranium. No eutectic
information was observed in the 0-1 wt% sulfur range.

Hot Headed Closure Studies. Macroscopic examination of 65 hot-headed
and machined fuel element sections revealed a number of small edge
defects. These edge defects, rounded edges and laminations due to
the back-extrusions process, wculd tend to generate defects in the
projection weld and tend to promote crevice formation.

After the elements were remachined, inspection revealed that 19 were
satisfactory, 32 had one to tweo small defects remaining, and 16 were
teotal rejects. It is believed that most of the 32 can be used after
remachining although there will be variation in the width of the
exposed uranium. The ring projection spacing on the caps can be
varied to accommodate the exposed uranium width variaticn.

Brazing Alloy Corrosion Rates. Earlier corrosion deta indicated that
catastropic weight losses occurred in the 1.1-2.0% Be range of Zr-Be
alloys after 500 hours in pH 10, 360 C water. These same losses were
not observed in pH 7, 360 C water. Now, after 2500 hours of exposure,
increased weight losses have begun to appear in the same concentration
range in the pH 7, 360 C water test. In the meantime the weight loss
range in pH 10 has spread to 0.8 to 2.2% Be after 1500 hours. These
alloys appear to be very composition sensitive as well as structure
sensitive. Zircaloy-2 containing uranium up to 1% and tested at both
PH levels compares very favorably with pure Zircalcy-2.
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Corrosion of N-Reactor Fuel Materials by High Temperature Salt.
Short time corrosion rates of Zr-2 clad uranium in high tempera-
ture salt were measured to determine the feasibility of some
special heat treatments of irradisted fucls iu salt. Sampics ol
Zircaloy-2 and uranium were i1mmersed in & salt mixture of 90p
barium chloride and 10% sodium chloride at 980 ¢ (1800 F) for two
periods of five minutes each. Samples of Zircaloy-2 plus 5% beryl-
lium brazing alloy were given the same treatment, except at a
temperature of 900 C (1650 F). Corrosion, although fairly rapid,
was uniform and noncatastrophic.

Creep Penetration. An apparatus for determining the hot hardness
of materials as a function of time, tem erature o load has been
built and installed. Load (100-1000 lbs) is applied tc a 10 mm
tungsten carbide ball in contact with two samples while temperature
is controlled by immersion of test capsules in a nitrate salt bath.
Final indention diameter is a measure of hot hardness and creep re-
sistance. Samples of Zircaloy-2 and uranium have been investigated
with this apparatus. Further investigation to obtain values over a
range of temperatures and loads i& ncw in progress. A report on
"Creep Penetration Testing Procedure" will be available by the end
of January.

Extrusion of Silicon Cladding Alloys. A te: quantity of two
aluminum-silicon alloys were extruded for IFD Production Fuels
Section to evaluate the feasibiiity of using the allcys for clad-
ding material in the hot die sizing program. The two alloys were
Al, 10% Si, 1% Ni, 0.5% Fe and Al, &% S1, 1% Ni. 0.5% Fe, 1% Mg
which are believed to have good ccrrosion performance. Both alloys
appeared to extrude satizfectorily at & 20 to 1 veduction whern
heated to 300 tc 40O C. Considevabis extrusion die pickup was
experienced in the beginriang, resulting in rough extrusion surfaces.
This condition was corrected by 2ltaring the extrusion lubricant
and speed.

The material was all extruded into smali tubes ror use as D cladding
components. Silicon slloy tubes for O cladding components will be
extruded in the near future.

Examination of Hot Die Size Diffusiocn Bonded Fuel Elements. Fuel
elements fabricated by the hot die size process and irradiated under
production test IP-Sh6-A irncresased 1n both cuter and inner diameters
to a greater extent than AlSi canred contral fuel elements. Lerngth
changes are not available as ve:.




Metallographic examination was made of one transverse section from
the c.ater region of a hot die sized element irradiated in a center
position of the reactor colum. No evidence of porosity or grain
boundary tesring was found. The dimensional changes that occurred
are believed to be due to anisotropic growth resulting from crystal-
logrnphic texture introduced during the canning of these fuels.

Comparison of the uranium microstructures of hot die sized and Al-Si
canned elements indicates that the temperatures and mechanical loads
present during the hot die sizing process were sufficient to cause
observable structure differences. Further examination of elements
from several steps in the canning process is in progress.

Stainless Steel Clad Niobium Tube Fabrication. A 316 stainless steel
clad Nb-1% Zr tube was produced by a combination of hot extrusion and
cold swaging. 1020 steel was used as & sacrificial mendre). Tc ex-
pedite removal of the steel, a steel tube was utilized and filled with
solid graphite. The graphite could be later removed by driiling,
permitting full length access of acid for steel removal. To insure

a bond all the internal surfaces of this billet wcre cathodically
cleaned and sealed by electiron beam * :lding.

The extrusion billet was preheated to 1170 C and extruded from the
24" extrusion container in a 0.030" thick graphite sleeve to 3/L"
diameter. The extrusion was then ccld swaged to 1" diameter, the
graphite drilled out and the 1020 steel chemically remcved, leaving
the 0.020" thick stainless clad 0.04O" 1 ick No tube.

A diffusion layer between the stainless and Nb was just discernible
when examined at & magnification of 750A. Samples of the extrusion
were prepared and heat treated at temperstures of 900, 1000, and
1100 C for times of one and three hours at each temperature. Exami-
nation of the samples indicated that the diffusiorn width increased
in all six samples; the amount of growth being proportional to the
time and temperature. Peel tests to determine the ease of separating
the stainless from the Nb at the interface indicated that the dif-
fusicn bond was very brittle as the samples separated considerably
easier as the width of the diffusion layer increased. The as-
extruded material was by far the most difficult to separate.

Further work along this line will require the use of a material at
the interface to promote bording and prevent, the formetion of a
britile compound layer.

Pyrometallurgical Decontamination of Uranium. The U-238 isotope
decays by a series of radioactive decay steps to produce a number




of high energy alpha emitting elements of which the principal one
is Th-230., Uranium more than six months since separation will
have reached equilibrium in Th-230 and U-234 contents. A series
of pyrometallurgical decorntaminations were wede by melting avail-
able stored uranium (3 years or more ¢ld} in zirccnia crucibies
and holding for three hours at 1400 C, ther casting into a graphite
mold. Results were very encouraging. On the basis of alpha counting
1.7% of the original activity remains in the cast uranium, the
balance being held in the slag crust on the crucible. Additions of
powdered zirconia maintained the alpha activity at 1.7% of the ori-
ginal; however, U0, additions lowered the alpha activity to 1.4% of
the original. When 0.1% natural thorium wes added to the uranium,
and run t'rough the normal melting procedures, 5.5% alpha sctivity
iem;ined, but when melted with 10% U0z, the activity was lowered to
1%.

Thoria Fuels Development. Approximately one ton {632 fuel elements)
of low uniform bulk density (65.5-67.3% TD) "Sol-Gel" thoria was
canned. This material was shipped to the Irradiation Processing
Department on January 17, 1964. Work was begun on the second ton
of low density "Sol-Gel" thoris using new equirment recently in-
stalled.

Experimental work to achieve a high density thoria mixture that
utilizes a maximum percentage cf the material as deliver~d produced
encouraging results. A density of 82.5% was obtained using & low
power vibrating teble. It is anticipated that both pneumatic and
ele>tronically controlled vibrators will substantially increase
this figure. Tnctallation of electronically controlled vibration
equipment wis started. Inetallation of a prneumatic impaction vi-
brator was completed.

Rupture Testing of Irradiated Fuel Eiemen*: in IRP. One N-Reactor
inner fuel element, irradiated to 1200 MWD'T 1in KER, was rupture
tested in the IRP. This element had s Yonded tapered end cap, and

it was defected with a 0.025" hoie at +he «nd cap. After 162 minutes
of incubation at 300 C, the fuel elemert tegan rupturing. The water
was cooled at the current N-Reactcr shutdeown rate. Examination of
the fuel element showed the end cap had come completely lcose and the
rupture extended about an inch down the fuel element for the entire
circumference.

2. Corrosion and Water Quality Studi<s

Protective Coatings fcr Aluminum. Twy commercial marking, inks were
found to reduce the corrosion of aiumunum by fartors of 5 to 10.
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Coated samples of aluminum alloy X-8001 were exposed at the down-
stream end of process channels in F-Reactor to process water
(treated river water) at pH 6.6 containing 1.8 ppm sodium di-
chromate.

Stress Corrosion Cracking of H-Reactor Crossheader. Tests were
conducted to determine whether reaming the pigtail-connection fittings
of the stainless steel H-Reactor crossheaders would result in sus-
ceptibility for stress corrosion cracking. Full scale portions of the
crossheader, which included one or two pigtail fittings welded in
place, were exposed in boiling 42% MgClo solution for periods of 65

to 150 hours. Significant cracking was produced in each of the cross-
header pieces, both opposite the fittings and at the welds. Longi-
tudinal cracks were also produced in the bevel-thread region of the
fittings on only the samples exposed for 150 hours. Thus, the reamed
fittings were somewhat less susceptible to cracking than unmodified
portions of the crossheader.

Testing of NHLOH in KER Loops. The first pair of instrumented UO2
crud detectors (thermocouple elements) was discharged from KER-1 after
going to goal exposure. Their performance was satisfactory during

the entire test. No increase in cladding temperature occurred during
the test, which was with ammoniated coolant at pH 10. Visual inspec-
tion showed little or no deposit of crud on the discharged elements.

A second identical pair of crud detectors, one upstream and one down-
stream, was charged into KER-1.

Final design was completed for a cermet (UOp-Mo) core crud detector
which will be capable of longer exposures and higher heat flux than
the present detectors. Two such elements are now being fabricated.

Operation of KER-1 (carbon steel) with ammonium hydroxide was con-
tinued during the month. During a seven-day period at low tempera-
ture with a pH of 10.1, the rate of loss of ammonia was 0.1 lb/day,
which is higher than the 0.03 1b/day observed at high temperature.

The total gas concentration was also several times greater than at

high temperature; this is attributed to increased radiolysis of ammonia.
Hydrazine was observed as a steady radiolysis product and apparently
inhibited the buildup of radiolytic Op and HoOp, &b no gross formation
of either occurred during this low temperature operation.

Water quality in KER-1 remained good during both high and low tem-

perature operation at pH 10. Turbidity was 0.5 to 1.0 ppm, total
solids 0.5 to 4.5 ppm.




A test was run in KER-1 to determine the crudding characteristics
of ammoniated coolant at pH below 10. The pH was held at 9.5 for
seven days, during which no gross crud buildup or release was in-
dicated by the thermccouple elements, activity bursts, or c¢rud
concentration in the coolant. The pH wes tnen reduced tu &.0 for
four days; crud data for this period are not yet complete.

Operation of KER-4 (stainless steel) continued at pH 10.1 using NH)OH.
The rate of loss of ammonia was 0.18 lb/day at low temperature and
0.05 lb/day at high temperature. Water quality remained good. Tur-
bidity was 0.5 to 1.0 ppm; total sclids 0.5 to 2.5 ppm.

Loop KER-2 (stainless steel) was converted from LiOH to NHLOH.
Prior to the conversion at pH 10 with LiOH, the total dissolved gas
and Op concentrations were high due to radiolysis of the coolant
(about 60 cc/kg total gas and 18 ppm Op). During low temperature
operation at pH 8.5 with NHyOH, these concentrations decreased sig-
nificantly (to about 12 cc/kg total gas and 6 ppm Os) after three
days. Coolant pH was then increased to 9.3-9.5 and total gas in-
creased (to about 20 cc/kg) while Op disappeared. These results
demonstrate that even at pH 8.5, NHyOH conditioned coolants inhibit
radiolytic oxygen formation. Coolant quality was acceptable during
this period, although total sclids concentrations increased somewhat.
Ion exchange cleanup operation is being employed for both coolant
purification and pH control.

N-Reactor Steam Generator Tubing. A section cf intergranularly
attacked 304 stainless steel tubing from N-Reactor steam generator
LA was tested in TF-7 with 520 F, 1700 psig, pH 1C lithiated water
for 43 days to determirne the rate of propegaticn of & pinhole leak.
The leak rate varied between operating periocds from 5 to 20 ml/hour
except for one three-day period at about 30 dsys of exposure, when
the leak rate was 300 ml/hr. Metallographic examination revealed
there was not any wire drawing or csustic embrittlement. Two addi-
tional samples were similarly tested in TF-7 and failed within a
few hours due to an increase in size of the pinhole defect by
cracking.

All the samples had been previously exposed a* 300 C. 2000 psig
until & pinhole developed at the intergranularly attacked areas.

It is felt that this drastic method of producing the pinhole leak
was probably responsible for the failuress observed. Attempts to
meke pinhole defects by drillirg a (0.0C3-inch diameter hole from the
0D of the tubing intc the intergranular attack arsas were not suc-
cessful -
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A test employing tubing defected by pre-exposure to 300 C,

3000 psig water is in progress in TF-2 in 550 F, 1340 psig, pH 10
ammoniated water. The leak rate remained constant at 9-14 ml/min
for 18 days, then went to zero after a shutdown period. After a

second shutdown, the rate increased to 54 ml/hr for one day, then
returned to zero.

Samples of intergranularly attacked N-Reactor steam generator tubing
were removed from TF-4 after 2, 4, 6 and 8 cycles to & sulfamic acid
decontamination process followed by recirculation of high temperature
wvater. The decontaminations progressively widened the attacked area
at each grain boundary until by the eighth cycle all the grains in

the attacked area had fallen out. Areas which had not been previously
intergranularly attecked were not corroded. The areas which had been
intergranularly attacked were not increased in width or depth.

Effect of Cleaning Solution on N Fuel Elements. Chemical cleaning of
‘the N-Reactor primary system is being considered to remove heavy rust
deposits. A test was performed in the TF-8 carbon steel loop to de-
termine the corrosion resistance of N-Reactor fuel elements to a pro-
prietary ammonia-EDTA cleaning solution. A 4% solution was used for
24 hours at 250 F. These conditions are more severe than those
planned for use in N-Reactor in order to accelerai: ~ny adverse
effects of the cleaning solution. The system was p. .sivated following
the cleaning with 5 oz/gal of a 50:50 mixture of NaOH-NaNOo.

Examination of the fuel elements revealed no attack to the Zircaloy-2
components. However, the elements had remeined in stagnant water

for two days following the cleaning which caused 2-5-mil deep pits

on the carbon steel support shoes. Algo, the cleaning solution had
loosened magnetite from the loop walls and this had plated out on

the fuel elements to form & thick, black, slippery coating. Since
N-Reactor piping does not contain a magnetite film yet, this plating
out is probably not indicative of what will happen in N.

Following the cleaning, the fuel elements were exposed two weeks to
recirculating 500 F deionized water at pH 10 (NHL,OH). The elements
were in good condition following this exposure. Corrosion samples
of Zr-2, silver plated steel, copper tubing, and 17-4 pH stainless
steel were also exposed tc the entire test and none showed any ad-
verse effects of the chemical cleaning.

Fretting of N Fuel Supports. Fretting corrosion studies on N-Reactor
fuel elements in flowing, high temperature, pH 10 water with applied
external vibrations were continued. A range of induced vibrations
from 50 to 90 cps at 5 cps increments was studied. The inner fuel
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element supports had failed during a previous test at these
conditions but remained in excellent condition during this test.
The test is being repeated.

Stability of Valve Packing. Some of the valves in the N-Reactor
primary system have Teflon-impregrnated asbestos packing rings,
vwhich are contacted by the fluid passing through the valve.
Samples of this packing were tested at 535 F in pH 10 ammoniated
coolant. The weight loss rate for the packing was sbout C.1% per
week. No measurable buildup of chloride ox fluoride was observed
in the coolant, and no significant change in pH occurred during a
one-week test. Additional tests are being conducted at 200 F.

Anodic Passivation Studies of Corrosion by Decontaminants. Studies
on the anodic passivation characteristics of carbon steel were
continued. Scanning tests with aerated dibasic ammonium citrate
were completed. It was found that there was a passive region at
room temperature in the concentration range of 0.1 M to 1.0 M
dibasic ammonium citrate. At elevated temperatures there was
greater corrosion and narrower passive regions.

Preliminary results from testing on solutions of dibasic ammonium

citrate and 0.01 M EDTA are encouraging. The addition of EDTA to

the ammonium citrate solutions broadens the passive region and re- '
duces the passive region current density. This indicates that EDTA

acts as an inhibitor. '

Chemonuclear Studies. The H-1 Loop was decontaminated to reduce
activity and to obtain a clean system for testing of the chemo-
nuclear production of hydrazine from ammenia. Ar alkaline
permanganate-sulfamic acid procedure was used. ard a DF of about
10 was obtained.

3. Gas-Atmosphere Studies

Kinetics of the Reaction CO2 + Hpo = HpC + CC. To improve the reli-
ability oi' the experimental date. the squipment for studying the
water-gas reaction was medified tc include (1) enclosed thermocouple
wells in the reaction zone in place of wax seals (2) ar infrared
analyzer having a carbon monoxide sensitivity range of O to 2% CO,
and (3) an electrolytic hygrometer for moilsture anslyses in the range
0 to 1%. Experiments made with the above improvements have given
data which are consistent and cors:dered reliable.

Eight runs were made at 905 £ 5 C with varyirg cirbon dioxide but
constant hydrogen concentrations. The scatter of rate constants
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calculated from an empirical equation was less than 8% and the
average value agreed almost exactly with the best literature value.
Continuing work stresses the effect of carbon monoxide and hydrogen
on the reaction kinetics.

Radiolysis of Carbon Monoxide-Water Vapor Mixtures. Previous results
on the radiolysis of carbon monoxide and water-vapor mixtures indi-
cated that an Arrhenius plot of the 100-ev yields of hydrogen and
carbon dioxide was linear to approximately 350 C, but above 350 C the
100-ev yields were much larger than expected. These large values

were attributed to the thermal reaction becoming important above 350 C.

Experiments in the absence of a radiation field, however, showed that
the thermal reaction is not significant below 500 C and contributes
only slightly even at 600 C. The experiments in a radiation-field
were very carefully repeated and revealed that the 100-ev yields

(g values) indeed were not unusually high until above 500 C.

It is believed that the earlier results arose because of localized
high temperatures in the ampoules due to location relative to the
heaters. Additional experiments to determine the effect of helium
gas on the radiation chemistry of the CO>-Ho0 reaction indicate that
the energy absorbed by the helium is approximately as effective as
the energy absorbed by the carbon monoxide. The uncertainty in the
data prevents a more quantitative statement at the present time.

Rate Constants in the Carbon Dioxide-Graphite System. Oxidation
rates have been measured for TSX graphite in flowing carbon dioxide
and in a carbon dioxide - 4.8% carbon monc.ide mixture. From data
obtained at 800 to 900 C, spezific rate ccretants were calculated.
Comparison with data on CSF grarhite was made; the CSF being purer
is found to oxidize at & lower rate. as expected. Of interest is
that the apparent inhibition of the burnout by carbon monoxide is
generally less in the case of TSX graphite until a temperature of
about 900 C is reached.

The ratio of over-all oxidation rates RTSX/RCSF for 100% carbon di-
oxide and for a mixture of 95.2% carbor, dioxide and 4.8% carbon
monoxide was determined to range from 2 to 15.

Thick Film Effects on the Hydriding of Zircaloy-2. Previcus experi-
ments have indicated that as the ZrO, film on Zircaloy-2 grows in
thickness, it becomes permeable to hydrogen gas even in the presernce
of an oxidizing agent. A second experiment has been started which
has confirmed earlier work. Zircalcy-2 coupons with preformed oxide
films of 0, 50, 100, 200 and 500 mg/dm® were exposed to helium




contaminated with 2% Hp, 2% CO, and 0.15% HpO at temperatures of
350 and 450 C (662 and 842 F). After 24 days, samples with 200

or 500 mg/dm? pre-films showed evidence of gas phase hydriding

at both 350 and 450 C, wheress samples with 0 and 50 mg/ ‘dme were
normal with no gas phase hydriding. For the 100 mg/dm“ samples,
the increase in hydrogen content was greater than ncrmal but could
be accounted for by hydrogen pickup associated with the corrosion
process, These results show there is an upper weight gain limit
for safe exposure of Zircaloy-2 in a hydrogen containing etmosphere.
Data to date predict that as the weight gain and/or temperature
increases, the HgO/H: ratio of the N stack gas must also increase
to prevent hydriding of the Zr-2 pressurs tubes.

Zirconium Graphite Compatibility Loop. The zirconium graphite com-
patibility loop is now operaticnal. The first experimental use of
the loop involved the measurement of the rate of transport of HpO
through an actual N-Reactor tube block, 24 inches long. These data
are required to determine the dew point in the reactor gas required
to supply H20 to a process tube at rates sufficient to inhibit hy-
driding. Diffusion rates are measured by circulating heiium of
constant known moisture content around the loop, and weighing all
the water which diffuses through the graphite on a magnesium per-
chlorate bed suspended from & recording balance. Measurements made
at 400 and 700 C (752 and 1292 F) show the bar to be quite permeable
to water vapor with the diffusion rate essentially temperature
independent between 4CO and 700 C. TIritial results indicate that

a moisture content of 50 ppm (-54% F dew point) would meet the oxi-
dation demands of the process tuve.

Process Tube Development

Process Tube Testing. Brittle fracture tests have beer performed

at room temperature on 8 series of nydrided N-Resctcor process tube
specimens containing 275 prm. 180 ppm. and 90 ppm hydrcgen. The
hydrided tubes were defected by malled siots, 38 mm (13 irches) long,
and their burst pressures compareé with what of & similarly defected
unhydrided specimen. The reductiion in burst pressure due to the
presence of the hydride was 14 .6% at 9C ppm. 18.4% at 18C ppm. and
29.2% at 275 ppm. All specimens failed with a full length fracture
very brittle in character with little or ro evidence of shear. The
effect of precipitation under stress on fthe orientation of hydride
platelets in Zircaloy tubing has also been examined. Specimens con-
taining 90 ppm hydrogen wer= heated to 300 € (572 F) te dissolve the
hydrides and allowed to cool slowly in the furrace while ‘nrernal
pressure was maintained. Hcop stressas of 20,000 pei and 25,000 psi
were investigated. At both stress levels a strong orientation of
hydrides in the radial direction was noted.

BECLASSIFIED
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Project CAH-922 Irradiated Burst Test. All of the equipment for
this facility 1s on hand. The major portion of work remaining
involves electrical and mechanical connections between the vessels
and the instrument panels. The prototype vessel will be decon-
taminated and modified to fit the project arrangement. Completion
is estimated at 93% versus a scheduled 98%. A 30-day extension of
the project has been requested.

N-Reactor Steam Generator Tubing. The evaluation of tubing with
massive flaw areas in excess of 50% of the tube wall is currently
under way. Half of the specimens (three) have failed after a period
of Bho)hours of exposure to test conditions of 3000 psi and 300 C
(572 F).

Crush Tests of N-Reactor Fuel and Dummy Elements. Axial compression
tests have been performed upon carbon steel dummy spacers and short

fuel elements individually and in tandem while confined in & length

of N-Reactor Zircaloy-2 pressure tube. The purpose was to determine

‘the energy absorption capacity that would be available in a full N-
Reactor pressure tube in the eve: t the fuel-dummy charge was sub-

jected to axial forces. The details of this report are published

in a report entitled "Crush Tests of N-Reactor Fuel and Dummy Elements,"
HW-80436.

5. Thermal Hydraulic Studies

N-Reactor Studies. Laboratory data obtained in the heat transfer and
fluid flow experiments with the full-scale, electrically-heated model
of an N-Reactor fuel column with prototypic outlet piping were prc-
cessed by means of the digital computer program described last month.
This program was designed; primarily, for the conversion of instrument
readings into engineering parameters, development of flow-pressure
drop relationships., and comparisons of powers and flows calculated
from different sets of readings to determine errors and uncertainties
in the calculated values.

Liquid-phase flow versus pressure-drop relationships were developed
from experimental data obtained at 1200 psig for all portions of the
system. These relationships are being used in a modified program to
develop two-phase to single-phase pressure drop ratios. For various
portions of the system, pressure drops were proportional to some power
of the flow, the powers falling in the range of 1.8 to 2.0, as would

be expected in a system having both frictional and expansion-contraction
losses.



Flow rates calculated from two independent sets of instruments
showed good agreement; generally within 1%. Agreement between

the calculated powers was not as good as that obtained for flow
comparisons. Powers calculated from warter {lcw rates and tem-
perature rises were generally about 5% lower than thecse calculated
from electric current and voltage measurements. Calculation
methods, assumptions, and correction factors are besing examined in
an effort to improve the agreement.

Modifications to the computer progrem tc allow caiculations of two-
phase to liquid-phase pressure-drop ratios were ccmpleted. This
modified program will also calculate boiling la2ngths in each of the
three flow channels in the fuel column mcdel and will separate the
total pressure drop into frictional and momen*um change losses.

Emergency Cooling of N-Reactor Fuel. Laboratory experiments were

performed to investigate surface temperatures and rates of steam

generation in N-Reactor fuel elements under certain conditions of

emergency cooling. The conditions studied were for the case where

emergency cooling would cease for a short period of time, allowing

the temperature of the fuel to increase tc approximately 1500 F,

and then be re-established. The problem is of interest since the

steam that would be generated could not be vented to the atmosphere .
and would cause a pressure buildup within the reactor building.

The test section consisted of two, 6-foot long, steel tubes, one
placed within the other to form & 0.160-inch flcw annulus. An
electrical heating element was placed inside the inner tube to bring
the test section to the desired temperature before the water coolant
was introduced to the test secticn. Thermccouplies vere attadied
aleng the lengths of both tubes and were fed to fast response re-
corders for continuous readout.

The test procedure, consisted of heating the test section while it
was dry. A water source was ther valved in that would produce a
certain flow under cold conditicns. Pressures, temperatnures, and
flow were recorded while the test secticn lost 1its storsd heat and
returned to the temperature of the water. Tests were run at flow
rates of 6 and 2 gpm.

The data thus obtained are being processed. but indications are that
the film coefficient varied from about 105 Btu/br-ft2.°F at 1500 F

to 1350 Btu/hr-ft°-OF at a LS50 F surface temperature. The tempera-
ture decrease of the surface was fairly constant with time from 1500 F
to about 900 F (~ 20 sec) &t which pcint there occurred a rapid
temperature decrease (~ 6 sec) to shout 250 F. The flow rate change
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was negligible when the tube was open to the atmosphere while the
pressure ve .iation was a rapid 10 psi + 10 psig. The temperature
at which th. switch from film boiling took place was about as pre-
dicted, but the resistance to flow through the test section from
steam generation was less than expected.

Critical Flow of Steam-Water Mixture. Analysis of preliminary experi-
mental data for the critical flow of high pressure steam-water mix-
tures was performed. The purpose of this analysis was to test the
validity of the various critical flow models proposed in literature
by determining the correspondence between theory and experiments
performed at high pressures. In these experiments critical flow data
were obtained with a short piece of pipe (L/D = 20) at upstream
pressures approaching 2000 psia. Inlet enthalpies of 420, L60, 480
and 525 Btu/lb were considered. The experimental data demonstrated
unexpected results. As long as a two-phase mixture entered the test
pipe, correspondence between the data and the more advanced theories
existed. For example, the Fauske theory(l) predicted the critical
mass velocity with 5% accuracy at a critical press?rs of 600 psi and
stagnation enthalpy of 525 But/lbn The Levy model 2) was observed to
predict mass velocities within 10% at these conditions. When com-
pressed water entered the tube and was required to flash to a steam-
water mixture within the length of the pipe, the location of the

. primary choking was observed to occur at the entrance of the pipe
rather than at the exit where it is normally assumed to exist.
During the existence of upstream choking; the pressure at the en-
trance of the pipe was observed to remain at the saturated value
regardless of flow rate. This behavior is similar to that observed
in short tubes at low pressures and temperatures (HW-7759%) and is
suggestive of the metastable flow system observed in that investiga-
tion. Normally, a pipe with an L/D ratio of 20 is not considered a
short tube and such behavior was not expected. A report summarizing
these experiments and results is in preparation.

(1) H. Fauske, "Contribution to the Theory of Two-Phase, One Component
Critical Flow," ANL-6633, USAEC Research and Development Report,
TID-4500, 18th Ed., October 1962.

(2) S. Levy, "Prediction of Two-Phase Critical Flow Rate," GEAP-4395,
USAEC Research and Development Report, October 1963.



Present Reactor Studies. During laboratory studies with an
electrically-heated, full-scale model of a charge of K-V self-
supported fuel elements in a smooth-bore Zircslcy tube, it was
observed that the pressure drop across the tube would increase
without reason. Pressure drcp messurements were taker for the
first 23 feet of test section and comparsd with measurements

for the last five feet of test section. From this comparison it
was learned that the downstream pressure drop was larger than the
upstream drop. Since the best explanation for this difference in
pressure drop would be a partisl plug in the dowr.stream annulus,
the downstream hydraulic head was removed for examination of the
test section. It was found that the annulus was partly plugged
with broken ends of the ceramic pieces uszed to support the
electrically-heated fuel model in process tube. This condition
also existed at the thermocouple flange located five feet upstream.

The broken ceramic pieces were removed and the test section re-
assembled. The annulus plugged again as soon as flow was estab-
lished. Since it was then apparent that the ends of the support
pieces would continue to break off and plug the annulus, the test
section was removed and disassembled and all ends of the supports
were broken off. The test section was reassembled and installed
in the low pressure heat transfer facility for further testing.

6. Shielding Studies

N-Reactor Shield Evaluation. During Janusry installation of the
N-Reactor shield evalusation instrumentation was completed; and an
initial experiment was performed with the small core loasding. For
the first test setup, two ion chambers and two foil holders were
inserted in the bottom o the thimble. Gamms ray fiuxes were mea-
sured and the gold and cadmium-coverzd gold foils received suffi-
cient activation to allow counting. These foils were exposed for
approximately 25 kilowatt mirutes., Test setup No. 2 corsisted of
three ion chambers and six fcil holders which filled the entire
thimble from bottom tc top. Gamme ray measurements were taken for
this setup. However, foil activatior was rot obtained becsuse cof
fuel irradiation restricticrs durirg this part of the smzll core
rhysics test.

Test setup No. 3 was a test run especially tc¢ &llow irradiation of
the shield plug thimble arnd was conducted directly after core neu-
tron spectrum measurements. The evacusted heliumd detector was
placed in the thimble bottom. irradiated At 5 Kw (smail core power)
for four minutes, and backgrourd wss counted. Th: deheztor was
then removed from the thimble and filled wiwh hel:um3 at Lroper
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pr«esure. While the helium3 detector was being filled, the

l14hium® detector was operated for 10 minutes at a reactor power
level of 5 Kw at the bottom of the shield plug thimble. Then,

test setup No. 3 was inserted. This consisted of the filled

helium3 detector (at the bottom of the thimble), three ion

chambers and five foil holders. The entire test setup was irradiated
at 5 Kw for 30 minutes. Preliminary analysis of the data indicates
that significant activation of the gold and cadmium-covered gold oc-
curred for a distance of approximately 25 inches up from the bottom
of the thimble. Sufficient flux was available at the bottom of the
thimble to satisfactorily operate the helium3 and lithium® detectors.
At the end of each of these tests the foils were removed and counted.
A total of 18 gamma measurements and 22 foil activation measurements
have been made to date.

Preliminary analysis of these data indicates a high thermal spectrum
in the shield plug thimble for the small core configuration. Ex~
trapolating these preliminary data to the full core configuration,
it is indicated that for comparable power densities, the full core
will produce measurable flux levels in the shield plug thimble and
through the first few inches of the inner shield regions.

The data obtained from small core tests are currently being analyzed
in detail. Full core zero power physics tests are expected approxi-
mately the second week in February. A test report to cover shielding
irradiation measurements during power ascension tests is being pre-
pared.

MAC Code Development. A formal report has been prepared and sub-
mitted for publication giving an expanded and corrected 3l-group
cross section library for MAC code and also giving & l15-group
library which will enable users to make calculations in about half
the computer time with little sacrifice in accuracy.

7. Graphite Studies

Oxygen Bomb Calorimeter. Calibration and modification of the calo-
rimetry equipment is continuing. A multiple-deflection device was
installed on the galvanometer, increasing its sensitivity by a
factor of 4. The new stirrer assembly has been installed and is
working satisfactorily. Measurement of heat transfer coefficients,
between the calorimeter and water jacket, and heat generation rates
due to stirring of the calorimeter water are in progress.
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WEAPONS - O3 PROGRAM

B.
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Research and development in the field of plutonium metallurgy continued
in support of the Hanford 234-5 Building Operations and weapons develop-
ment programs of the University of California Lawrence Radiation
Laboratory (Project Whitney). Details of these activities are reported
separately via distribution lists appropriate to weapons development work.

REACTOR DEVELOPMENT - O4 PROGRAM

l.

Plutonium Recycle Program

Fuels Development

Fuel Element Refurbishing. Design criteria for underwater fuel
element inspection and refurbishing equipment were prepared.

This equipment is to be installed in the proposed addition to the
PRTR basin.

Fuel Element Rejuvenation. The rejuvenation fuel element suc-
cessfully completed its third cycle of irradiation, after operating
with a maximum surface heat flux of 375,000 Btu/(hr)(ft2).

Fuel Element Development. Assembly of an eddy current detector
fuel element for monitoring vibration in EDEL-1 was completed.
The twelve outside fuel rods each contain an eddy current coil
surrounded by ZrO2 in a matrix of vibrationally compacted UOp.
X-ray examination of the completed rods shows minor migration of
UO2 into the insulating ZrOp medium. This may affect optimum ir-
radiation exposure if the element is later charged into the PRTR.
Following assembly, the element will be charged into EDEL-1 for a
period of definitive tests to correlate rod motion with observed
fretting.

PRTR Fuel Fabrication. A new vibrational compaction facility was
put into operation to fabricate fuel elements for the PRTR. The

new facility is in the south line in Room 138, 308 Building; the
north line was previously set up to fabricate EBWR elements. The
line is capable of compacting two fuel rods at a time on a 30 to
L5-minute cycle; actual vibration times are 15 to 20 minutes. The
rods are compacted to 87% TD. Five vibrationally compacted clusters
were fabricated for the PRTR, two of the clusters utilized a new end
closure which eliminated the crevice between the cap and can. (Post-
irradiation examination of vibrationally compacted fuel elements has
shown corrosion attack in the crevice region on some fuel rods.)

(; £ ey UNCLASSIFIED
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Three swage compacted fuel elements were fabricated for the PRTR.
Two of the elements were made with new, as-received tubing (0.030"
wall instead of 0.035") which permitted 2% more fuel to be loaded
into each rod. In addition, the starting tubing length was in-
creased; this permits more variation in the distribution of particle
size in the fuel which, in turn, permits more economic utilization
of the fuel material.

Elevated temperature tests in the fuel outgassing facility permitted
an increase in the minimum temperature to 500 C, with no significant
increase in the total outgassing cycle time. The higher temperature
will be more effective in removing volatile impurities in the fuel.

A review of the present, over-e 1 PRTR Vipac process is nearly
complete. The essential materials receiving and final assembly
operations are under study. The study is complete enough at this
time to indicate some initial action plans for instituting an im-
proved, formal quality control plan.

During the last month and & half, 1200 pounds of uranium dioxide were
prepared and canned for densification by high energy rate impaction.

Weld closures were made on 20 Zircaloy-clad, Physics elements for
experiments in N-Reactor.

The core material for the 36-inch PCTR rods has been densified by
impaction.

Swageable type end closures (no crevice between end caps and clad-
ding) were made on 20 PRTR %~inch diemeter vibrationally compacted

fuel rods.

Examination of PRTR Fuel Elements. During approximately two-year

storage in the PRIR Besin an irradiated (600 MAD/T) UOp fuel element
developed a longitudinal cladding split. No defect was discernible
during examination i1mmediately af'ter the element was discharged as a
leaker in October 1961. The {-inch wide, 12-inch long split is
located approximately 18 inches from the bottom of an outer fuel rod.
Unexpected oxidation and subsequent swelling of the fuel had occurred.

The possibility of catastrophic defect propagation in irradiated UOo
fuel elements must be considered in establishing time limits for
undervater storage of elements awaiting reprocessing or re-irradiation.

Anticipated cladding failures by massive zirconium hydriding oc-
curred in four UO2-PuO2, PRTR fuel rods. 1Ir each case the failure
vas predicted from suspicion of oil contamination of the fuel during
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fabrication. Three of the clad failures occurred in UOo-1 wt%b
PuOo fuel elements that were fabricated just prior to discovery

of an oil leak in & piece of fuel processing equipment. A

special irradiation test of these elements led to failures of

three fuel rods which supplied strong evidence that oil con-
tamination was the cause of the recent series ¢f PRTR fuel element
failures. Further evidence was gained from the fourth predicted
rod failure when a UOp-0.48 wt% PuOp rod containing fuel which also
passed through the defective process equipment failed after

LOO MAD/T exposure.

Al-Pu Element Post-Failure Irradiation Performance. The satis-
factory behavior of a failed, Zircaloy-clad, nonbconded Al-Pu spike
fuel element operating under power reactor conditions was demon-
strated. An Al-Pu spike enrichment fuel element (#5088) suspected
of failure during earlier operation in the PRTR was irradiated

406 hours in the water cooled (250 C at 537 gm/cm®) Fuel Element
Rupture Test Facility (FERTF). The exposure accumulated by the
element durlng irradiation in the rupture loop was 0,047 x 1020
f1851ons/cm , to complete a total of 0.32 x 1020 fis:ions/cm3
Preliminary post-irradiation examination revealed severely cracked
and hydrided Zircaloy cladding in the failure region. However,
only minor swelling occurred. Fuel alloy corrosion products were .
eroded and some evidence of localized intergranular attack of the
fuel was noted. There were no indications of waterlogging in
spite of the presence of water throughout the nonbonded, core-clad
gap. Monitored activity releases indicate that approximately 4 mg
of Pu or 0.1 cm3 of fuel alloy was released to the coolant during
the loop test. Fission product ratios in the coolant showed the
release mechanism to be predominantly fission reccil. A steady
state activity release rate was attained during the early stages
of loop irradiatiorn and did not interfere with reactor operation.

Cladding Evaluation. Ulirasonic inspection of 0.505-inch ID Zr-2
tubes was initiated. These tubes are used to fabricate fuel rods
for the PRIR by vibrational compaction. Approximately 20-25% of
tne 200 inspected tubes were rejected because of signals origi-
nating on the iInner surfaces. Some of these rzject indicsticns
appear to be caused by dirt or other foreign mater:ial on the inner
surface. However, some rejects are valid. After cleaning, ques-
tionable tubes thet still show defects will be sectioned for
metallurgical examination.
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Corrosion and Water Quality Studies

Heat Exchanger Tube Examination. A tube in the PRTR rupture monitor
heat exchanger failed in November 1963. The heat exchanger tubes
are 0.035-inch wall, 3/8-inch diameter, seamless 304 stainless steel.
An eddy current probe was used internally on the failed tube to
locate the area of failure. Four positive indications of ID defects
vere seen in a 1%-foot length of the tubing. This section of the
tubing was removed from the heat exchanger.

Examination of the removed section of tubing showed the failure re-
sulted from wear against a support plate. Approximately 22 mils of
the wall on one side cf the tube had been removed, and a split
about {-inch long was centered in this area.

The tubing was sectioned in tlie arees where the ID defects were indi-
cated. The eddy current indications were caused by clusters of pits
on the ID of the tube. The pits were of two type¢: (1) round pits
about 15 mils in diameter and from 5 to 10 mils deep; and (2) elonga-
ted pits about 35 mils long, 2 to 5 mils wide, and 10 to 20 mils deep.
No other nonuniform attack was seen on the tube wall.

‘ Under the exposure conditions (< 150 F - 66 C - pH 10 deionized
heavy water), pitting attack of the stainless steel heat exchanger
would not be expected. The pitting may be related to inclusions in
the tubing which were dissolved out. There is no relationship be-
tween the external erosior and the internal pitting.

Zirconium concentrations in the PRTR primary coolant were signifi-
cantly above normal three days. Some fretting is possible; severe
fretting is unlikely.

The laboratory for plutonium deccntamination studies was completed,
and tests of plutonium oxide dissolution were started.

Reactor Components Development

Shim Rod Development. Assembly of one second generation shim rod

is complete and the assembly has been operated in the environmental
mockup at 170 F for abcut 250 hours. The only difficulty encountered
has been with sticking and binding of the lead screws and shim rod
elements. This is attributed to (1) out-cf-tolerance shim rod
elements which cause binding of the lead screw under certain condi-
tions, and (2) close fitting ball bearing lead screws which do not
have a "tolerance" for foreign matter. Currently, the assembly is
operating satisfactorily.
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transient analyses of identical excursions carried out by analog
and digital computer methods.

PRTR Increased Power Density Study. A preliminary assessment is
being made of several possible means of increasing the PRTR pcwer
density at its present power level by reducing the fuel loading
size. This would have the benefit of increasing the rate of
accumulation of exposure and recycle of plutonium through the
reactor and at the same time would permit fuel testing at more de-
mending conditions. For initial purposes, five cases of decreasing
core size were considered. These involved reducing fuel loading
from 85 tubes to 55 or 43 tubes, and shortening fuel from 88 inches
to 60 or 48 inches. 1In the smallest core ccnsidered, peak heat
flux would be ~ 800,000 Btu/hr-ft2° Enrichment would probably be
increased to about 1.5%. Changing of the fuel geometry has not yet
been investigated.

Fuel Re-use. Further studies on the fuel re-use concept have been

initiated. Previously the only thermal reactor type considered

vas a heavy water moderated type, so this new work will expand the

previous work to include three additional reactor types. These

‘nclude a boiling light water moderated reactor, a pressurized
. water reactor; and a simulates spectral shift reactor.

Other expansion in scope will include two cladding types, zirconium
and stainless steel, and a specific power rating of 20 Mw/ton for
all the reactor types. Previously, 10 Mw/ton was used.

The economic parameters to be used will be largely unchanged excert
where appropriate to allow for expansion tc cther reactor types.

Thermal Hydraulic Studies

Heat Transfer Conditions for Higher Power Densities in the PRTR.
Five different cases of power density increase were studied for

the PRTR as & means of achieving fuel exposure goals more rapidly
and increasing the diversity of fuels testing programs. The cases
involve decreasing the number of active fuel channels to as low as
43 and/or decreasing the active fuel iength to as short as 48 inches
while holding the total power level at 70 Mw.

The results of a thermal hydraulic anaslysis show that the power
density in the core could reasonably be increased up to 3.6 times
the present level without encountering flow instability and without
relaxation of the boiling burnout safety limits. This would
represent a peak heat flux of 801.000 Btu/hr-ft2 at normal power
level conditions.
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In each of the cases studied, the following gensrsl bises were
applied:

1. Total reactor power equals 70 M-,
2. Flux distribution will nct chenge agprilat.y:

Axial

.31 peak/avg
Radial 3

1
1.30 peak/avg.

. Percent of total power appearing &s heanr flux
from fuel surfaces equals 95.
. Uniform distribution of fuel enrichment.
. Present fuel element configuratica - 19-rod bundls,
. Outlet temperature from maximum tube equsls 540 F.

o\ &= w

The analysis indicates the desirability cf decreasing the normal
outlet temperature to 522 F.

All cases studied which inciude a change cf the numbsr of active

fuel channels would require a change ¢f the flow mornitcr sensing

elements and would require changing the flcow.restricting orifices

which are presently upstream of the fue.i =lements. The cases in-

volving shorter fuel lengths would require the fuel rods to be ‘
cut shorter and the f'uel hanger rods to be adjusted to achieve

optimum nuclear physics parameters.

Pressure Transients in the PRTR. A document & bteing written which
presents a simplified thermodynamic analysis to be used to evaluate
pressure transients for the PRTR primery systewm. The problem of
particular interest is the failure cf the reactor to <cram when
pumping power fcr the primary system is lost. I tnis case, as
vapor is generated and pressure rises, a przssure trip is reached
which scrams the reactor. The problem then is to determiue the
maximum pressure rise and determine the rejuired -afety relief
capacity of the system.

Calculations have been compietzd for one phase of° ihe probiem
which has not been previously considered during iiis ftransient,
This is the problem of condensing vapor uubbies. As vapor 1s
formed, the two-phase mixture iz at saturation cuondi-ions but as
the pressure rises; the saturatior temperasure rises £nd the exit
fluid from the reactor then is sutcoolzd. The vapcr hubtles are
initially superheated during this process nut will 2531 and begin
to condense. To account for this prohlem, an 2ff:z-uive mean bubble
lifetime of the generated varcr 1s corsiderszd. Thic is used to
obtain an effective vapor generation raie.
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The solution to the equations describing this probiem has been
programmed for the computer and the effects of reactor inlet
temperature and initial pressurizer gas volume wvere considered.
The results of these calculations for initial conditions of

120 Mw, 9600 gpm, 1040 psia pressurizer pressure, 1165 psia
scram pressure and 427 F inlet temperature were determined.
Nonuniform power generation with a maximum-to-average power of
1.3 was used in all cases. The results indicate that the size
of the relief valves would not be a problem since they would not
even open at their set point of 1265 psia.

Plutonium Ceramic Fuels Research

Plutonium Ceramics Irradiation Program. A program is under way to
study the irrediation effects upon plutonium ceramics and cermets.
The materials under study are in the form of small, thin wafers to
allow a high burnup rate to be attained at relatively low tempera-
tures. The materials presently under irradistion are; PulN, PuC.
PuOp, B-PupO3, and PuN-W and PuN-Pu cermets. These materials were
prepared by pneumatic impaction; arc-melting, and/or sintering.

One sample of PuC has already been examined out-of-reactor and samples
of PuN and Puldo are scheduled into Radiometallurgy Operation during
February 196k,

Irradiation of UN-20 wt% PuN Capsules., Three capsules of UN-20 wt%
PuN solid solution pellets were fabricated. Powders of -325 mesh
UN and PulN were blended, pelletized, and heated for five hours at
1800 C in 2/3 atmosPhere of nitrogen. The product of this reaction
was a solid solution of PuN in UN, as iderntified by x-ray diffrac-
tion. These pellets were then sintered. centerless grcund, and
loaded into stainless steel capsules with MgO guard pellets at each
end. The stainless steel capsules with welded end caps were then
shrunk-fit into heavy wall aluminum sleeves and a second set of end
caps were welded on.

These capsules will be irradiated in the MIR at a capsule surface
heat flux of 218 w/em? (~ 700,000 Btu/(hr)(ft?)) which will give a
central fuel temperature of about 1300 C.

Thorium Nitride. ThN-PuN combinations may be quite attractive as
preeder fuels. Single-phase ThN was synthesized for use in prepara-
tion<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>