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FOREWORD

This is the fourteenth quarterly report on the Advanced Plutonium
Fuels Program at the Los Alamos Scientific Laboratory.

Studies on Fast Reactor Metallic Fuels, formerly reported as Pro-
ject 461 in this series of documents, have been discontinued except for
phase-out effort. Any results from the final work wili be described
under Project 467, a new work category covering all irradiation experi-
ments [chiefly those concerned with (U,Pu)C fuels].

Most of the investigations discussed here are of the continuing
type. Results and conclusions described may therefore be changed or
augmented as the work continues. Published reference to results cited
in this ‘report should not be made without obtaining explicit permission

to do so from the person in charge of the work.
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PROJECT 401

EXAMINATION OF FAST REACTOR FUELS

Person in Charge:

Principal Investigators: J. W, Schulte

R. D. Baker
J. A. Leary
C. F. Metz

1. INTRODUCTION

This project is directed toward the examination and
comparison of the effects of neutron irradiation on
LMFBR Program fuel materials. Unirradiated and ir-
radiated materials will be examined as requested by the
Fuels and Materials Branch of DRDT. Capabilities are
established for providing conventional pre-irradiation
and post-irradiation examinations. Additional capabili-
ties include less conventional properties measurements
which are needed to provide a sound basis for steady-
state operation of fast reactor fuel elements, and for
safety analysls under transient conditions.

Analytical chemistry methods that have been modi-
fied and mechanlzed for hot cell manipulators will con-
tinue to be applied to the characterization of irradiated
fuels. The shielded electron microprobe and emission
spectrographic facilities will be used in macro and micro
examinations of various fuels and clads. In addition, new
capabilities will be developed with emphasis on gamma
scanning and analyses to assess spatial distribution of
fuel and fission products.

High temperature properties of unirradiated
LMFBR fuel materials are now being determined by Con-
tractor in an associated project (ident. no. 07463).
Equipment designs and interpretive experience gained in
this project are being extended to provide unique capabil-
ities such as differential thermal analysis, melting point
determination, high temperature dilatometry, and high
temperature heat content and heat of fusion for use on ir-

radiated materials.

11, EQUIPMENT DEVELOPMENT

A. Inert Atmosphere Systems
(C. E. Frantz, J. M. Ledbetter, P. A, Mason,
R. F. Velkinburg)

System for Metallography Cells

Argon atmosphere was provided throughout this
Quarter to the two metallography boxes and the "blister"
where the metallograph is located. Difficulty was en-
countered initially with the recirculating system when
the solenoid values, as supplled by the manufacturer,
failed during operation. It was necessary to maintain
the inert atmosphere by discontinuing the recirculating
system and using Ar from high pressure cylinders on a
once-through basis. The approximate average concen-
trations which were maintained in the containment boxes
during this period under these conditions are tabulated
below.

TABLE 401-1
02 AND MOISTURE IMPURITIES IN INERT ATMOSPHERE OF CONTAINMENT BOXES

ap® of 0.01 Iz, uzo" 25" of 0,03 ta. H,0°

Ages Oy ppn  HO, ppm O,.ppm  H,0, ppm
Grinding box 250 20 2000 40d
Polishing box 260 20 2600 10d
Metallograph Blister < 5000 160 3000 «)d

° 4p = presaure differential between [nslde of the contaioment bax and the oell,
b The Ar flow rate at this pressure differential was 20 cth.
¢ Tbe Ar flow rate at thia pressure differentia]l was 40 cth,

d This value (s
the halogens,

bagly high as the °

may have bees polsoned by



These results demonstrate how sensitive the leak rates
are to variations in pressure differential.

The defective solenoid valves were replaced and
other improvements in the system were incorporated.
Corrosion products found in the system indicate that the
Freon TF used in the ultrasonic cleaners may be decom-
posing in the radiation environment or within the regen-
erant beds. Efforts will be made to find a suitable sol-
vent as a substitute.

Performance tests on the purifier for the metal-
lography cells revealed that one of the regenerate beds
for removing O2 has been poisoned and will probably
have to be replaced. The chemicals for removing H20
were apparently unaffected.

System for Digsassembly Cell

The Ar atmosphere in the containment box used for
disassembly of the fuel pins has been maintained gener-
ally at ~ 25 ppm O2 and ~ 10 ppm H20 using a 50 cfh
flow rate and at a pressure differential of nearly 0.0 in.
of H,O (and slightly positive on some occasions).

) Performance tests on the recirculating systems
are currently in progress for evaluating the efficiency
and capacity of the chemical beds.

General Observations

Much valuable experience has been gained during
this period in maintaining inert atmospheres within hot
cell contalnment boxes. Based on this experience the
following conclusions were arrived at in support of the
projected programs:

1. Since the leak rates are very sensitive to
pressure differential, it is advisable to develop
and install equlpment for precisely controlling
the differentlal,

2. A sealed manipulator, such as the CRL Model
L, would be beneficial since one of the high
suspect leak areas is the plastic booting used
on the manipulators for preventing the in-leak-
age of air and to kcep the manipulators from
becoming contaminated.

3. The use of an auxiliary Ar system, as mentioned
in the preceding Quartcrly Report (LA-4307-
MS), will be a valuable addition to the present

inert gas capability. The design of the high prcssure
tank system for supplying Ar gas to the containment
boxes has been completed. It is anticipated that the in-
stallation will be completed by February 15, 1970.

B. In-Cell Equipment

(J. H. Bender, G. R. Brewer, D, B. Court, E. L.
Ekberg, F. J., Fitzgibbon, C. F. Frantz, D. D.
Jeffries, M. E. Lazarus, J. M. Ledbetter, C. D.
Montgomery, T. Romanik, T. J. Romero, A. E.
Tafoya, J. R. Trujillo, R. F. Venkinburg, L. A,
Waldschmidt)

1. Metallography

The new equipment installed in the inert atmosphere
boxes for metallography has functioned quite satisfactorily.
Improved results have been obtained in the grinding-pol-
ishing, photography, alpha, and beta-gamma autoradio-
graphy operatlons with this equipment. The devices for
material transfers between boxes and in and out of boxes
have been particularly effective.

A plastic container to fit the 7 in. alpha transfer
system has been designed and the first samples received
for trial. Preliminary tests appear very promising.
These units will save many man-hours in the disposition
of Pu-contaminated wastes from the metallography and
disassembly cells.

2. DTA

A new remotely-adjustable mirror mount for the
optical path from the furnace to the pyrometer was built
and installed. Calibrations of the equipment are being
completed prior to testing irradiated material. Methods
are being explored for an economical way to fabricate
tungsten crucibles in the event it is necessary to heat
the crucibles in a sealed container.

3. Heat Content

Additional work was done on the drop calorimeter
in an cffort to determine the reasons for inconsistent
calibration values. The apparent heat content of an
empty tungsten capsule at 1515°C was determined to be

9.5 kcal/mole with a reference temperature of 25%¢.

4, TFission Gas System

During this Quarter, two failures were encountered
in the bellows portion of the puncturing device. The cause
of the failures was a comblnation of normal wesr on the

device, and the thicker wall of the pins being punctured.



A thrust bearing has been incorporated into the puncturing
device to obviate any rccurrcnce of this difficulty.

5. Shipping Cask

The 1-1/2 in. diameter holes in the gusscts in the
basc of cask DOT SP 5885 were filled and welded to pre-
clude their use as potential tic-downs or lifting holes.

There are now three types of inserts available for
the shipping of irradiated capsules. The diameters and
numbers of 40-in. long capsules which can be handled

are as follows:

TABLE 401-1I

INSERTS FOR SHIPPING CASK

No. of Diam, of
Insert No. Capsules Capsule, in.
1 19 0.37
2 6 1.13
3 7 0.75

Experience gained on the 5 shipments made thus
far indicate a few minor changes which should be incorpo-
rated into the design. Approval will be obtained from the
Department of Transportation prior to making these modi-
fications.

II. DP WEST FACILITY
(F. J. Fitzgibbon, M. E. Lazarus, C. D.
Montgomery, J. R. Trujillo)

This area which houses four hot cells is being
altered to provide space and equipment for the non-de-
structive examination of fast reactor fuel elements. It
is anticipated that the equipment to examine fuel elements
at a rate of 150 per year will be operational on July 1,
1970.

A set of preliminary drawings was submitted to
the AEC (ALO Office) for approval on November 21, 1969,
Bids have been requested on a 1-ton, 3-ton, and 25-ton
hoist for the facility.

All of the equipment was removed from Room 401
at DP West to give the contractor unrestricted use of the
area during modification, The manipulators were re-
moved and stored at the Wilng 9 Facility to protect them
from the dust which would be produced during any chip-

ping and drilling operations. Progress made on some of

the major equipment requirements is listed in the

following sections.

A. Unloading and Handling Equipment

The height of the hook for the 25-ton holst has been
increased from 10 ft to 12 ft to accommodate vertical
shipping casks,

Precise locations for the additional holes to be
added to the cell faces, ceilings, and walls are bcing
determined well in advance of requests for the final
drawings.

The Engineering Department is preparing designs
on the: corridor bridge crane; cask cart and rails;
bridge system for manipulator hoist: and other support
equipment.

B. Gamma Scanning

Modifications, to reflect the latest requirements,
are being made to both the Ge-Li detector shield and to
the shield support.

Design of the scanning mechanism is nearly com-
pleted. Procurement of the commercially-available com-
ponents has already been initiated, with the longest lead
time required for the ball screws.

C. Profilometry

The electro-optical unit for this system has arrived.
A few problems have been encountered during the unit
check out, which should be corrected by the manufacturer
before the end of February. It is expected to use es-
sentially the same deslgn for the scanning mechanism as
is planned for the gamma scanner.

A Kollmorgen modular periscope, previously pur-
chased for another program, will function as part of the
optical relay system.

D. Gas Sampling System

All of the commercial equipment necessary for
sampling the cover gas from the capsules has been order-
ed and received. The sampling system, in which a drill
is used to penetrate the cladding, will be employed for
sampling the cover gas in the capsules. It is tentatively
planned to obtain flssion gas samples from all of the pins
by using the sampling apparatus in the inert atmosphere
disassembly cell at the Wing 9 Facility.

E. Other Operations

The removal of capsule cladding and Na will be done



according to approved safety practices. Tests are cur-
rently in progrcss to develop methods of separating thc
pin from the capsule in such a way that there is no ex-
posure of a Na-coated pin to the air (such an exposure
would have a decided effect on the condition of the pin
cladding). Under consideration are heated oil bath tech-
niques, or auxiliary inert gas systems in which the Na
is removed by heating and dissolution,

Disposition of active wastes will be carried out
using technlques and equipment similar to those employed
in the Wing 9 Facility.

Construction has already started on the two mov-
able tables to be used within the cells.

Procurement of equipment for the macro-photography
of the capsules and pins is continuing.

1v. METHODS OF ANALYSIS

Measurement of U and Pu
(J. W. Dahlby)

Controlled-potential coulometric titrations of U
and Pu, as part of the chemical characterization of ir-
radiated mixed oxide or carbide fuels, was found pre-
viously to be satisfactory for determining Pu in the pres-
ence of U, Results for U in the presence of Pu showed
4 small positive bias of 0.3 to 0.4 relative percent if
electrical calibration of the equipment was used. In the
measurement of Pu, the current was integrated for the
coulometric oxidation of Puy(lll) to Pu(IV) at a Pt elecirode.
A Hg working electrode was used in the titration of U in
which the current was integrated as U(VI) was coulomet-
rically reduced to U(1V) following a preliminary reduc-
tion of more-easily reduced impurities, Various modi-
fications in the titration cell during repeated titrations of
U showcd that the cause for the positive bias when elec-
trlcal calibration was uscd was retention of a small quan-
tity of solution in a minute pocket around the Pt wire that
made electrical contact with the Hg electrode through the
wall of the titration cup. Replacement of this Pt wire
contuct with a contact insertcd through the cell cover
climinated the positive bias,

The method was tested further by successfully
analyzing an irradiated oxide pellet having low beta and

gamma activity levels. The relative precision (1 0) of

the method was 0.07 to 0.08 percent for a single deter-
mination of either U or Pu in samples of this type. An
irradiated mixed-oxide pellet having undergone about

1 percent burnup was dissolved for testing the method on
solutions having higher beta-gamma radioactivity levels.

Gross Gamma Scanning
(J. Phillips and J. Deal)

Locating anomalies and areas of interest for further
analyses in irradiated fuel elements is an important use
of gross gamma scanning provided the results are ob-
tained quickly to avoid delays in destructive sampling of
the fuel capsule. To ensure the required speed, a simple
gross gamma scanning system was assembled to comple-
ment the complex system for detailed gamma scanning.
This simple system uses the scanning mechanism, slit,
and lithium-drifted germanium detector of the detailed
gammé scanner for accurate resolution of scan position
and reliable measurements. An amplifier, single channel
analyzer set to accept all gamma energies above a pre-
set background, a scaler timer, and a printer complete
the system. Testing of the gross gamma scanner 1s in
progress. Present schedules indicate that use of the
gross gamma scanner will not interfere significantly with
planned operations of the system for detailed gamma
scanning although some components are common to each

scanner,

V. REQUESTS FROM DRDT

A, Examination of Ilrradiated Material
(K. A, Johnson, J. R. Phillips, J. W, Schulte,
J. F. Torbert (GMX-1), E.D. Loughran (GMX-2),
G. R. Waterbury)

Battelle Northwest Laboratory
From each of the ping BNW-1-9, -11, and PNL-1-

15, 17, 19, two tube burst test specimens were prepared
and packaged in an inert atmosphere in Swagclok fittings
provided by BNWL personnel, These specimens together
with two fuel samplcs from PNL-1-19 were shipped to
BNWL on October 30.

Table 401-11I lists the metullographic work com-
pleted thls Quarter on one trangversc scetlon (fuel and
clad) from each of the pins listed. Samples werce pre-

pared and examined in an incrt (Ar) atmosphere,



TABLE 401-I

METALLOGRAPUIC EXAMINATION OF BNWL MATERIALS

o Auto- 8-y Auto- Optical
Plu Macrophotos gadiography radlography Metallography Replication
PNL-1-15 X X X X
PNL-{-16 X X X X X
PNL-1-17 X X X X
PNL-1-18 X X X X X
PNL-1-19 X X X X
BNW-1-9 X X X X
BNW-1-11 X X X X
PNL-X-1 X X X X X
PNL-X-3 X X X X X
PNL-X-4 X X X X X
PNL-X-6 X X X X X
PNL-X-7 X X X X X

Electron microprobe examinations were completed
on a cross section from each of two fuel pins, PNL-1-17
and BNW-1-11,

Data reports were forwarded to the Sponsor as
different phases of the work were completed.

United Nuclear Corporation

Work was started again on 3 UNC pins which had
been taken throu.gh the profilometry when operations were
curtailed in favor of higher priority specimens. The
following tests were performed on UNC-87, -89, and -90:

1. Fisslon gas samples were taken and analyzed
from UNC-87; some difficulty was encountered
in getting good samples from each of the 4 seg-
ments of UNC-89 and -90.

2. Dissection to remove Nb discs, Fe monitor
wires, and fuel samples.

3. Density tests by immersion were run on 3 pel-
let fragments from UNC-89.

On October 29, 3 capsules, UNC-81, -82, and -83
were received from the EBR-1I. The following operations
were performed on these capsules:

1. Visual inspection and photography.

2. Measurements for contamination and radiation.

3. Temperature measurements.

4. Radiography.

5. Micrometer measurements.

6. Gamma scanning.

7. Sampling of cover gas (UNC-81 only).

In Table 401-1V is listed the metallographic work

completed this Quarter. These samples were also

TABLE 401-IV

METALLOGRAPHIC EXAMINATION OF UNC MATERIAL

o Auto- 8~y Auto~ Optical
Pip Sec Type crophof radjography radjography Metallography
UNC-87-1 Nb diek X X x X
UNG-87-2 .o X X X X
UNC-87-A Fuel + Clad X x X X
UNC-87-D .o X X X X
UNC-87-E -o" X X X X
UNC-87-1 "o X X X X
UNC-87-CM-1  Flepum Clad X X X X
UNC-89-1 Nb diek X X X X
UNG-89-2 .o X X X X
UNC-89-3 .- X x X X
UNC-894 .o X X X X
UNC-89-C Fuel + Clad X X x X
UNC-89-H R X X X X
UNC-89-M el x X X X
UNC-89-R . " X X X X
UNC-90-1 Nb disks X X X X
UNC-90-2 v X X X X
UNC-90-3 oo X X X X
UNC-80-4 .o" X X X X
UNC-90-C Fuel+ Clad X X X X
UNC-90-H oo X X X X
UNC-90-M .o X X X X
UNC-80-R - X X X X

processed inan inert atmosphere (Ar).

Eleven iron, flux-monitor wires from capsules
UNC-87, -89, and -90 were dissolved in-cell, and ali-
quots were taken for radiochemical determinations of
absolute counting rates.

Electron microprobe examination wag started on a
cross section of pin UNC-87. A silver stripe was painted
remotely from the edge of the mount to the edge of the
specimen to provide the necessary conductive path. Here-
tofore, a carbon coating had been evaporated on the sur-
face of the mount and specimen to provide conductivity.
Either method has been shown to produce satisfactory re-
sults,

Cask DOT SP-5885 was provided to Douglas-United
Nuclear for shipping some irradiated (U, Pu)C experi-
mental assemblies from the Hanford area to ANL-1llinois.
These were originally destined to be examined at LASL,
but since the fuel was Na-bonded, DRDT directed that
they be shipped to ANL.

Data reports were forwarded to the sponsor as
usual when phases of the work were completed.

Westinghouse (WARD)

Processing of gamma scanning data for three



capsules (W-1-G, W-2-G, and W-3-G was continued.

An insert for the LASL shipping cask was designed
and fabricated for transferring these three WARD cap-
sules to ANL-l1llinois. It was also decided by DRDT to
examine these Na-bonded fuel pins at ANL.

Atomics International

An additional 4 replicas from the (W-U)C specimens
were sent to Al for evaluation. This completes the six
spccimens which DRDT authorized LASL to prepare.

The gamma scan data analysis on the monitoring wires
was completed and the report forwarded to Al. Assuming
the 3 samples sent to ldaho Nuclear for burnup analysis
are satisfactory, LASL has completed its commitments
in regard to this experiment.

Nuclear Materlals and Equipment Company

Three NUMEC capsulcs were received from the
EBR-1I on October 29. Two of these capsules wcre to
be shipped to NUMEC at a later date, and one (NUMEC
B-11) was to be examined at LASL. After receipt of
two capsules at Quehanna, NUMEC was to forward three
pins (partially examined) to LASL. One of these three
pins was for examination at BNWL & some future date,
and thc remaining two would be examined at LASL as
scheduled by DRDT.

The following non-destructive tests wcre completed
on the NUMEC B-11 capsulc:

1. Visual inspection.

2, Contamination, radiation and temperature
measurements,

3. Radiography.

4, Micrometer measurcments.

5. Center point of halancc.

i, Photography.

Additional examinations will be carried out after
discussions arc held with NUMEC personnel and approval
is received from DRDT for the proposcd work.

LASL (K-Division)

Isxperiment OWREX 13 was reccived from the OWR.
A ruadiation reading of 15 rhm on this unit indicatcd that
the examination would have to be carried out in a hot cell

when it could be scheduled into the program,

V1. EXAMINATION OF UNIRRADIATED FUELS
J. A. Leary, M. W. Shupe, E. A, Hakkila,

R. T. Phelps, G. R. Waterbury, K. A. Johnson)

Westinghouse Advanced Reactor Division

Metallography and electron microprobe analyses
were completed on mixed carbide pellets, S-6,-X-6, and
on one pellet each from batches 549, 539, and 536.

VII. PAPERS PRESENTED

"Containment Boxes for Plutonium Fuels Exami-
nation," C. D. Montgomery, 17th Conference on
Remote Systems Technology (American Nuclear
Society) December 1-4, 1969, San Francisco,
California.



PROJECT 462

SOD1UM TECHNOLOGY

Person in Charge:

Principal lnvestigator:

1. INTRODUCTION

For the successful operation of high tempera-
ture sodium systems contemplated for use in fast,
central station reactor concepts, impurities in the
sodium must be monitored and controlled. Nonradio-
active impurities such as oxygen must be maintained
at low concentration levels to limit corrosion proc-
esses. To control the levels of these impurities,
a knowledge of their behavior and interactions in
sodium must be developed.

The sodium technology program at LASL has pro-
jects directed toward acquiring information about
and designing equipment for the control and moni-
toring of impurities with precipitation processes.
Also, equipment is being designed to sample sodium
cover gas at operating temperatures with a quadru-
pole mass spectrometer. The current LASL projects
are summarized below.

A. Study and Design of Precipitation Devices

1. Study of Plugging Meter Kinetics

B. Sampling and Analysis

1. Development of a High Temperature Quadru-
pole Mass Spectrometer for Cover Gas
Analysis

2. Total Carbon Analysis Development

The following projects are being phased out because
of funding reductions and will be reported here as
the final data are generated and analyzed.

C. Phaseout Programs

1. Study of Carbon Transport in Thermal Con-
vection Loops

. Study of Gas Diffusion Through Metals
Study of Soluble Getters in Sodium
Study of Sodium Leaks

[T N I )

. Development of Remotely Operated Distilla-
tion Sampler for EBR-II

D. B. Hall
J. C. Biery
6. Analysis of Dynamic Cold Trap Performance

1I. STUDY AND DESIGN OF PRECIPITATION DEVICES

A. Study of Plugging Indicator Kinetics
(J. C. Biery, D. N. Rodgers, W. W, Schertz,
J. L. Bacastow)

1. General

Plugging meters have been used on sodium sys-
tems for many years. They are relatively simple to
design, install, and operate; however, the meaning
of the data obtained from these instruments has not
always been clear, and, as a result, the value of
the instrument has sometimes been questioned in the
past. Previously reported LASL work! indicates,
however, that the plugging meter is a valuable in-
strument and that it can be used with confidence.
The three areas of investigation indicated below
are continuing in order to better understand and
use the meter.

(a) Characterization of the plugging indica-
tor's dynamic behavior with type of
impurity.

(b) Studies of orifice configurations and
materials to improve nucleation and dynam-
ic characteristics at low concentrations
(~1 ppm or less range).

(c) Development of a prototype plugging indi-
cator system incorporating the research
results of (a) and (b).

2. Current Results

The plugging meter research program at LASL is
being conducted in two loops; Plugging Indicator
Loop No. 1 (PIL-1), formerly named Analytical Loop
No. 2, and Plugging Indicator Loop No. 2 (PIL-2),
formerly named Cold Trap Loop. The characteristics
of the two loops are summarized in the previous

quarterly report.?



a. Research in Plugging Indicator Loop No. 1 -
(P1L-1)

(1) PIL-1 Operation

After nearly one month of isothermal

operation at 350°C with a saturation temperature of
190°C, as indicated by the "oscillating" plugging
meter, cold trapping was begun on October 22, 1969.
By November 7, 1969, the system was being cold
trapped at 120°C. Cold trapping at 120°C has con-
tinued to the present time to remove impurities in
preparation for the first single impurity plugging
indicator runs using oxygen.

When cold trapping was begun, the helium
cover gas was flushed several times to bring the
o ¥ AT, N, CH“).
Presently, about 16 ppm H, and 1 to 2 ppm N, are

impurity levels below ~3 ppm (H,, O

the only observed impurities.

(2) History of lmpurities in Cover Gas of
PI1L-1

The history of impurities in the cover

gas are summarized in Table 462-1. These data,
when combined with oxygen distillation results
rcported previously,? give considerable information
about the behavior of the impurities in the sodium.
Oxygen

No oxygen has been detected in the cover gas;
however, the vacuum distillation results showed the
apparent oxygen level in the sodium to start at 10
ppm by weight on July 3, 1969, and decrease to 4.8
ppm by weight by July 30, 1969. The 4.8 ppm by
weight correlated well with the 190-195°C satura-
tion temperature indicated by the "oscillating"
plugging indicator. (The Rutkauskas3 oxygen solu-
bility curve gives an oxygen saturation concentra-
tion of 4.6 to 5.9 ppm by weight for 190-195°C
saturation tcmperature.) The initial high "oxygen"
concentration implied that the sodium contained an
impurity that did not decompose in the vacuum dis-
tillation process and that this impurity disappeared
as of July 30, 1969.

110-120°C range was initiated, the oxygen concen-

When cold trapping in the

tration by vacuum distillation dropped below 1.0
ppm by wecight.
llydrogen
The partial pressure of hydrogen remained con-
stant from June 25, 1969, through October 21, 1969,
at which time cold trapping was initiated. The

average hydrogen concentration over this period was

42 ppm by volume which corresponds well with the
expected 36 to 50 ppm by volume for saturatcd NaH
solutions at 190-195°C."

tion results and the hydrogen partial pressure indi-

Thus, the vacuum distilla-

cate that at least two impurities, Na20 and Nal,
were saturated at the saturation temperature shown
by the "oscillating' plugging meter.

Also, since the H2 partial pressure remained
constant up to October 21, 1969, the excess "oxygen'
concentration indicated by vactum distillation
could not be due to NaH. The "excess' oxygen de-
creased about August 1, 1969, with the NaH concen-
tration remaining constant.

When cold trapping was initiated, the H, con-
centration dropped to a level that was undetectable,
At 150°C the partial pressure should be approxi-
mately 2 ppm by volume and at 120°C, 0.25 ppm by
volume.* Thus, most of the NaH appearcd to be re-
moved in the cold trap. However, after running for
a month some H, (~10 ppm by volume) appeared in the
cover gas. This increase may imply that NaH may be
deposited above the sodium meniscus in the bulk
hold tank and is unavailable for removal in the
cold trap.

Methane

The methane concentration remained in the 15
to 37 ppm by volume range until August 4, 1969, at
which time the second cover gas flush was effective
in rcducing the concentration to 3 ppm by volumc.
This drop corresponds closely to the decrease in
excess ''oxygen' concentration by vacuum distilla-
tion. Thus, the compound that did not decompose in
vacuum distillation may well be carbon bearing.

The ratio of CH“ in the cover gas to excess "oxygen"
in the sodium was approximately 7:1 in ppm by vol-
ume CH“/ppm by weight "oxygen.” If the carbon com-
pound were Na,C,, the ratio would be 4.5:1 ppm by
volume Cu“/ppm by weight carbon in sodium as Na?C).

When cold trapping started, the methane con-
centration dropped to zero and was undetectable for
the next two months. Two possibilities might ex-
plain the decrcase: (1) Thc carbon-bearing compound
is precipitable; (2) Since hydrogen is necessary
to produce CH“ from a compound such as Na C,, the
production of CH“ stopped when the concentration of
Nalf decrcased to near zero with the initiation of

the cold trapping.



Table 462-1

Summary

Average lImpurity

of Cover Gas Impurities Concentrations in PIL-1

Concentration
ppm by volume
Date ¥ Cii N No. of Bulk Sodium Saturation )
(19069) 2w 2 Samples Temp. - °C Temp. - °C Operation
60/19-6/24 72 25 4 4 165 190-195
0/25-7/14 a2 36 n 7 225 190-195
7/14-7/15 Flushed cover gas
7/106 40 14 1 225 190-195 -
7/17-7/28 40 23 * 4 250 190-195
7/29-8/4 38 37 20 5 300 190-195
8/4 Flushed cover gas
8/4-8/11 32 2.4 1.4 6 300 190-195
8/12-9/8 49 2.8 1.7 13 350 190-195
9/11 Flushed cover gas
9/12-10/20 51 6.0 11.0* 10 350 190-195
10/20 Flushed cover gas
10/21-11/3 0 0 l.l* 3 350 150-160 Cold trapping - 150°C
. Cold trapping - 106-125°C
11/3-12/29 9 0 2.8 17 350 ~120 Flushed gas space five

* .
Concentration steadily increased

Nitrogen
The nitrogen concentration did not correlate
with sodium temperature or cold trapping tempera-
ture. The concentration dropped to near zero with
each cover gas flushing and slowly increased with
time. This behavior implied that a very small leak
existed or some N2 diffusion through the stainless
steel was occurring.
Conclusions
Two impurities, Nazo and NaH were saturated in
the sodium at 190-195°C.

Also,

Both were removed by cold
trapping. the sodium contained a carbon-
bearing compound that may have been responsible for
producing "high-oxygen' vacuum distillation results.
Methane, which indicated the existence of the car-
bon compound, disappeared when cold trapping was
initiated.

(3) Plugging Meter Operation During Cold

Trapping
As cold trapping proceeded, the nature of

the plugging indicator oscillations changed dramat-
ically. At 190°C saturation temperature, the flow

oscillations were well developed and varied from

times in the time period.

after each flushing of the cover gas.

0.07 to 0.14 gpm. WNWhen the cold trap was run at
150°C, the flow oscillation amplitude decreased
considerably and varied between 0.105 and 0.113 gpm.
At a cold trap temperature of 115°C, further damp-
ing occurred with the flow varying between 0.105
and 0.110 gpm.

Some qualitative observations can be made from
the data at the 190°C saturation temperature and
the two cold trap temperatures of 150 and 120°C:

(1)
temperature indicated, at least qualitatively, that
(2) With a

cold trap temperature of 150°C, the flow trace indi-

The kinetic behavior at the 190°C saturation
only one impurity was precipitating.

cated that possibly two impurities were precipita-

ting on the orifice - one with a saturation tempera-
ture in the 160-170°C range and a second one in the
110-125°C range.

indicated the second impurity while the maxima

The minima in flow consistently
indicated the first. A change in slope during pre-
cipitation also indicated the possibility of a
Also, the

rates of precipitation were much slower than the

lower saturation temperature impurity.

rates of dissolution. Mass transfer coefficient



analysis will indicate whether the differcnt rates
are a rcsult of a changing mechanism or alterna-
tively of the lower concentration driving force
availablc below thc lower saturation temperature.
{3) At the 115°C cold trap temperature, again only
one impurity was found; its saturation temperature
was in the 115-125°C range. Again, the dissolution
rate was faster than the precipitation rate.

(4) Modifications to PIL-1

Two stacked Powerstat units have been re-

conditioned and installed to replace the single
units which supplied power for the automatically
and manually controlled bulk tank heaters. The new
stacked units nearly double the available heater
pover and allow operation of the loop at 400°C

which was not previously possible.

The resistivity-meter side loop was re-
moved and replaced with a removable orifice plugging
indicator loop. The new plugging indicator will be
used to collect precipitated material for analysis
and to tcst different orifice designs. The new
side loop will not be operational until trace heater
installation and insulation is completed.

The same solids addition device that was
used successfully on Analytical Loop No. 1 will be
used on PIL-1.

however, on the inside of the PIL-1 bulk tank to

An additional component is required,

retain the solids addition basket assembly for
retrieval. This component was fabricated and in-
stalled and is now ready for operation.

(5) Preparation for Na,0 Addition to Loop

After clcanup of the loop, oxygen is to be
added as Na_ O to start a serics of plugging indica-
The Na O

will bc added through the solids addition mcchanism

tor runs with'a known source of oxygen.

which has now been asscmbled and installed in the
main tank of the loop.

A source of solid Na70 was obtained and
analyzcd to determine its composition. Scven sam-
ples of the material werc dissolved in water and
titrated. The titrated solution was then unalyzed
spectrophotometrically for Na*. Both analyses indi-
cated that the material is a heterogencous mixture
of metallic sodium and Na,O (10% sodium and 90%
Na/O).

and the results indicate the NaOll concentration to

Sodium cuarbomatc was not dectected (<0.5%),

be tow. The material is of sufficicat quality to be
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used as a hydrogcn-frce sourcc of oxygen for future
plugging metcr experiments in PlL-1.

b. Research with Plugging Indicator Loop No. 2 -
(PIL-2)

(1) Plugging Indicator Runs

Several intercsting plugging indicator
runs were performed on the loop during the reporting
These are summarized below.

Run 10369

The plugging meter orifice temperature was in-

period.

creased sufficiently above the indicated 190°C satu-
ration temperature to allow the plug that was pres-
cnt to partially dissolve.
then dropped to 181°C.

The temperature was

The flow maintained a steady
value for 10 min, and then decreased at a constant
rate. The period of constant flow is most probably
explained by a two-impurity system in which one of
the species (impurity 1) is precipitating and the
other (impurity 2) is dissolving at equal rates.
When the dissolving impurity (No. 2) is sufficiently
covered with the precipitating impurity (No. 1), the
dissolution stops and flow decreases. After an
extended period (~1 h) of steady precipitation, the
temperature was dropped to 160°C. An increase in
the rate of precipitation was noted. This change
could have been due to an increase in driving force
for precipitation of impurity No., 1 or to the initi-
ation of precipitation of impurity No. 2.

To help clarify the possible two-impurity
behavior, data from this run were analy:cd with the
aid of thc computer program, PLUGIN, and the results
are summarized in Table 462-11. The primary impur-
ity was assumed to be oxygen with a saturation tem-
peraturc of 190°C. It should be noted that the
rate constant (k) is lower than the values usually
found for oxygen and that the rate constant in-
crcascd significantly when the orifice temperature
was dropped to 160°C. This behavior is not comsis-
tent with the concept of a single impurity since k
should be relatively independent of driving foree.
Therefore, at least two impurities are¢ indicated,
impurity No. 1 having a saturation temperature ibove
181°C, and impurity No. 2 having a saturatiou tem-
peraturc between 160 and 181°C. These data were not
reanalyzed using the lower estimated saturation tem-

perature.



Table 462-11

Mass Transfer Coefficients for Run 10369

Orifice Rate Constant (k)
Temperature, °C (g O/ (ppm-h-cm?)
181 7.7 x 107"
181 5.0 x 107%
181 7.2 x 104
160 20.7 x 1074
160 20.0 x 107"
160 13.3 x 1074
160 21.6 x 107"
Run 101369

The impurities in the cold trap were dissolved
off, and, as a result, the saturation temperature
indicated by the oscillating plugging meter in-
creased to ~206°C. Maintaining the orifice at 207°C
resulted in a very slow dissolution of the plug on
the orifice. (Presumably, impurity No. 1 was dis-
solving.) Then, the temperature was dropped t6
160°C to deposit the lower saturation temperature
impurity (No. 2) on the orifice. After an extended
period of precipitation, the temperature was raised
back to 207°C.
2 dissolved until the original flow was established
This be-

havior indicated that very little of impurity No. 1

The flow increased as impurity No.

at which point the dissolution stopped.

was deposited in this time span while the second
impurity was precipitating and dissolving.

To determine the saturation temperature of im-
purity No. 2, a constant tcmperature run similar to
the above was made at an orifice temperature of
175°C.

the saturation temperature in the program was varied

The curves were analyzed with PLUGIN, and

until the same rate constant was obtained for the
two constant temperature precipitation runs (160
and 175°C orifice temperatures). This technique
represents a useful procedure for analyzing plug-
ging indicator responses with multiple impurities.
The results are presented in Table 462-III and indi-
cate that the saturation temperature for impurity
No. 2 was about 186°C. The impurity assumed in
(NOTE:

another solubility curve such as that of NaH would

the calculation was oxygen. The use of
have changed the numerical results because of the
differing slopes of the curves; however, qualita-
tively the result would have been similar.)

Tablc 462-1I11

Mass Transfer Coefficient Variation with Chungcs
in the Estimated Saturation Tempcrature of the
Lower Temperature Impurity - Run 101369

Assumed

Saturation k(160°C k(175°C

Temperature precipitation) precipitation)
180 4.5 x 1073 7.75 x 107
185 3.25 x 10-3 3.58 x 1073
186 3.05 x 1073 3.13 x 1073
190 2.45 x 1073 2.15 x 10-3

Run 111369

The impurities in the loop were removed by
cold trapping to a saturation temperature of 105°C.
The plugging indicator worked satisfactorily during
the cleanup and indicated a final saturation temper-
ature in the 105-110°C range.

The flow through the cold trap was valved off
and the system flow was established through the
overflow line in the expansion tank to dissolve any
impurities present on the walls above the normal
gas/liquid interface level. After two days of
operation (with the sodium temperature at 150°C)
very little increase in the saturation temperature
was noted.

Run 111869

The plug was lost from the orifice during a
maintenance shutdown and several days were required
to re-establish the impurity on the orifice due to
the extremely low saturation temperature. On
November 18, 1969, a plug was established and a
saturation temperature of 120°C was indicated. The
sodium had been pumped through the expansion tank
overflow line for two days at over 300°C sodium
temperature. Thus, at 300°C the rate of dissolu-
tion of impurities from the walls of the gas space
was approximately equal to the deposition rate in
the cold trap.

The heat input was then increased to raise the
system temperature up to 450°C. The plugging indi-
cator operated in the automatic mode and indicated
the varying saturation temperatures of the system.
The concentration of the impurities increased over-
night to a level above the range of the plugging
indicator at the power settings used. By increasing
the heat input to the plugging indicator, a satura-

tion temperature of ~380°C was obtained. Table
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462-1V shows the buildup of impurity with time for
the system operated in an expansion tank overflow
configuration at 450°C. At this temperature the
cold trap was continuously in operation, and it
could not remove the impurities as fast as they were
being dissolved by the 450°C sodium from the walls
of the expansion tank.

This increase in concentration with liquid
overflow from the expansion tank is definite proof
of the cxistence of impurities on the walls of the
tank in the gas phase. The presence of such depos-
its can lead to ambiguous results when oxygen is
addcd to or removed from the system and an oxygen

balance is attcmpted.
Table 462-1V
Saturation Temperature Versus Time for PIL-2 with

System Temperature of 450°C and Sodium Overflowing
from the Expansion Tank

Saturation
Date Time Temperature - °C

11/18/69 1600 126
1700 117
1800 122
1900 . 126
2000 130
2100 126
2300 143
2400 149

11/19/69 1000 363
1900 355

11/20/69 0200 376-380

Run 121569

The system was cleaned up with the water-
covled cold trap, but the existing plug on thc plug-
ging indicator orifice was lost due to a momentary
stopping of the main system flow. By careful ad-
justment of the plugging indicator cooling and
heating rates, the bare orifice was run at ~100°C
for thrce days and a plug was finally formed. A
saturation temperaturc of 107°C was indicated.

‘This saturation temperature was maintained for two
weeks with no change. This was the first time at

LASL that it had been possible to form an impurity
plug on a barc orificc when the saturation tempera-

turc of thc impurity was below 120°C.

(2) Summary of Results of Plugging Indicator
Runs in PIL-2

During the report period, the plugging
indicator has again becn dcmonstrated to be an
effective instrument for following transients of im-
purity concentrations in sodium systems. Under
certain conditions, it can be uscd to detcct multl-
ple impurities, and stablc oscillatory behavior has
been demonstrated for saturation temperatures from
380 to 105°C.

bare orifice with a saturation tcmperature of 107°C.

Also, a new plug was formed on a

It has been shown that impurities can
deposif on the walls of the gas phase region of a
sodium system. These impurities can complicate the
interpretation of cold trap rate data and oxygen
addition studies. These impurities can be washed
from the walls with flowing sodium and subsequcntly
be removed from the system by cold trapping.
ITI. SAMPLING AND ANALYSIS

A. Development of a High Temperature Quadrupole
Mass Spectrometer for Cover Gas Analysis
(J. P. Brainard, C. R. Winkelman) '

1. General

The purpose of this research is to develop a
method for continuous on-line analysis of high tem-
perature (up to 650°C) cover gas in an LMFBR. The
analyzer must be capable of detecting impurities
such as nitrogen, oxygen, hydrogen, carbon dioxide,
methane, and fission products in the cover gas with
a sensitivity varying from the part-per-million
range to the percent range. A response time of
about 1 min is necessary if the analytical data are
to serve as an error signal for activating devices
for continuous control of cover gas composition.

- - A quadrupole mass spectrometer was obtained in
order to meet the above requirements. 1t is believ-
ed that reasonably represcntative sampling can be
accomplished by transporting the samplc gas in so-
dium loop containment matcrials and at sodium loop
temperatures until it has passed through the spec-
trometer for analysis.

2. Currcnt Results

The analyzer dcsign is complete and the fabri-
cation of parts is scheduled for completion in
Janmuary, 1970. A mechanical beam chopper has been
ordercd, and the manufacturer has verified that the
becam choppcr can meet thie high temperature and high
vacuum specifications. A layout drawing has been

complcted to show the volume available for locating



and mounting the beam chopper. A lock-in amplifier
for use with the signal generated by the chopped
bcam has been ordered. A paper on the gas analyzer
is being written; it will include information on
the response time and sensitivity which can be ex-
pected with this analyzer,

The machining of spherical dies needed for the
gas analyzer fabrication has produced a new produc-
tion tcchnique for generating surfaces with cylin-
drical symmetry. A draft of a paper on this work
has been completed.

B. Analysis Development
(K. S. Bergstresser)

1. General

The low temperature combustion technique for
analysis of total carbon of sodium is being refined.
By using a high sensitivity gas chromatograph for
quantitative measurement of the carbon dioxide pro-
duced, it is hoped that carbon concentrations in
the 1- to 10-ppm range can be determined.
2. Current Results

Recent investigation was concerned primarily
with separation of trace amounts of carbon dioxide
from the products of combustion of sodium in oxygen
A bubbler tube

was used to remove carbon dioxide from an acidified

at relatively low temperatures.>

solution of the sodium oxide by sweeping with a
stream of helium in the form of fine bubbles. This
gas was then partially dried over anhydrous
Mg(clol‘)2 and transferred to the gas chromatograph
for measurement. A valving system and auxiliary
chromatographic column were installed to complete
the removal of moisture from the helium carrier gas.
The entire system was put into operation, and vari-
ous methods for transfer of the oxidized sodium
samples to the bubbler tube were tested. Operating
experience indicated that the system was too com-
plex for routine analyses. For this reason, inves-
tigation was started of an alternate method in
which acid was added directly to the nickel chamber
used for combustion of the sodium, and aliquots of
only the gas phase were withdrawn for measurements
of carbon dioxide content.
1V. PROJECTS BEING PHASED OUT

Status of programs which are being phased out
because of funding cuts are discussed below. Results
obtained during the orderly conclusion of these

tasks will appear here until the work has terminated.

A. Study of Carbon Transport in Thermal Convection

Loops
(J. C. Biery, J. R, Phillips)

1. General

Studies have indicated that the use of carbon
beds may be useful in the gettering of 137¢s in
sodium systems., Carbon, however, is slightly solu-
ble in sodium and can carburize austenitic stain-
less steels and refractory metals. Therefore, the
purpose of this study is to determine the condi-
tions, if any, under which carbon mass transfer
rates are sufficiently low to allow the use of car-
bon beds in a sodium system.

The carbon transfer rates from carbon rods are
being studied in thermal convection loops. The
Type 304 stainless steel loop itself is serving as
the carbon sink.

2. Current Results
As of December 31, 1969, 7,324 h of run time

have been accumulated on the thermal harp.

A sum-
mary of the times at various temperatures is pre-
sented in Table 462-V.

Table 462-V

Temperature - Time Summary - Thermal Convection Harp

No. of Hours Temperature - °C
Hot Leg Cold Leg
336 485 455
1608 520 480
5020 510 450
360 330 130

This experiment will be continued until 8,000
h of run time are accumulated. The loop will be
destructively examined to determine the extent of
the carbon mass transfer.

B. Study of Gas Diffusion Through Metals
(J. P. Brainard)

1. General

Very little quantitative information is availa-
ble on the diffusion of gases in reactor system con-
tainment materials, although the phenomenon has
been observed in several high temperature, liquid-
metal-cooled systems. Diffusion of nitrogen through
stainless steel in such systems may be misinterpre-
ted as evidence of an air leak in the plumbing. If
quantitative information on diffusion were availa-
ble, the expected rate of nitrogen influx could be

estimated, and the existence of small hard-to-find
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leaks might be substantiated or dismissed by com-
paring the expected and observed rates of nitrogen
daccumulation in the system.

2. Current Results

Nitrogen permeation through stainless steel
experiments have been run with the temperatures at
278, 433, 545, 620, 715, and 780°C for periods of
about five days each. No significant nitrogen per-
meation has been observed; the effective sensitivi-
ty of the instrument is such that a flow of about
1078 Torr-cm3/sec-cm? could have been detected.
Using the permeation value of nitrogen through iron
at 780°C, a flow of 102 Torr-cm3/sec-cm? is calcu-
lated for the diffusion cell; the time to reach
cquilibrium is a few minutes. Either nitrogen per-
meation through stainless steel is much less than
through iron (by a factor greater than 10,000) or
the light oxide coating formed on the diffusion cell
when it was inadvertently exposed to air while at
temperature is a very good barrier to N2 diffusion.

A new diffusion cell has been installed in the
experiment. This cell is similar to the last cell;
i.e., stainless steel tubing 1/8-in. o.d., 4-mil
wall, and 40 in. long. The experiments will now be
repeated.

C. Study of Soluble Getters in Sodium
(D. N. Rodgers, J. C. Biery)

1. General

For large sodium-cooled reactor systems, it
may be desirable to use soluble getters for control
cf oxygen and other dissolved impurities in lieu of
thc more conventional hot and cold trapping tech-
niques. The soluble getters of interest occur in
the sodium coolant either naturally, as an impurity
(calcium), or are produced during reactor operation
(as with magnesium). The tcchniques for the con-
trolled additions of these getters, maintcnance of
fixed getter lcvels, and the selective removal of
deplcted gctter metals and other impurities from
dynamic sodium systcms must be devcloped if their
uscfulncss is to be cvaluated. The significant
chemical rcactions occurring in a sodium systcm
containing thesc soluble getters must be understood
and controlled, This mode of purity control has
the potential for effcctively controlling not only
oxygen, but also carbon, hydrogen, nitrogen, and

possible metallic impurities.

14

2. Current Results

All experimental work has been terminated, and
a final report is in preparation. A summary of the
results obtained from the project were presentcd in
the previous quarterly.?

D. Study of Sodium Leaks
(J. P. Brainard)

1. General

The correlation of sodium leak development
with measured helium leak rates observed during
acceptance testing provides information on the de-
gree of component integrity which must be attainecd
for safe, long-term sodium plant operation. No
firm criteria now exist that establish acceptablc
levels of leak-tightness for various situations.

This study uses fabricated stainless steel
leaks and leaks that occur naturally in stainless
steel bar stock. Selected samples having a range
of helium leak rates are incorporated into small
sodium systems (cells) which are held at a predeter-
mined temperature until sodium leakage occurs.

From these observations it may be possible to estab-
lish, for mass spectrometer acceptance tests on
sodium system components, the maximum tolerable he-
lium rate which is consistent with adequate long-
term containment of sodium by that component.

An interesting side effect from this work has
been observation of the elusiveness of what are
considered to be large leaks (10°° to 108 atm cmi/
sec). Normal fabrication contaminants such as
grease, water and some solvents can completecly mask
leaks of this size and invalidate a leak test, un-
less proper pretreatment of the componcnt is per-
formed; and in some cases this can involve firing
of the component in a hydrogen atmosphere. 1f
meaningful helium leak tests are to be performed on
IMFBR components, proccdurcs must be developed for
trcating and handling of the part prior to leak
test.

2. Current Results

Cells 1, 2, and 5 remain leak tight after
14,750 h at 400°C. Cell 4 (400°C) has about the
same lecak rate (2 x 1072 cm3 of sodium per day) as
reported last quarter; the rate is iucrecasing
slightly. The leak rate of Cell 8 (650°C) has de-
crcased by nearly a factor of 100, and there wis no
loss of nitrogen gas in the reaction chamber as

reported last quarter. It may be that a reaction



between the steel and nitrogen has formed a plug in
the lcak.
E. Development of a Remotely Operated Distillation

Sampler for EBR-11
(E. 0. Swickard, J. R. Phillips)

1. General

The original objective of the project was to
produce three remotely-operated distillation sam-
plers: one as a prototype, one for installation on
the EBR-1T primary loop, and one for installation
on the EBR-II secondary. Because of program funding
reductions, the objective has been curtailed to the
production of the prototype unit only.

The sampler is an engineering loop version of
a laboratory model in use on Sodium Analytical Loop
No. 1 and Plugging Indicator Loop No. 2 at LASL.
Samples are taken from a continuously flowing by-
pass stream. The sampler is fabricated from Type
304 stainless steel, and energy for sodium evapora-
tion is supplied by induction heating.

2. Current Results

Preparations are being made to test the inter-
nal RF coil in a mockup of the remote sampler on
Analytical Loop No. 1. The envelope around the
coil will contain a window to allow observation of
the sodium ionization and arcing that might occur
around the RF coil. The parts required for the
mockup are nearly completed.

F. Analysis of Dynamic Cold Trap Performance
(J. C. Biery, W. W. Schertz, D. N. Rodgers)

1. General

In sodium coolant systems for future IMFBR's
it will be necessary to use cold traps for removal
These
cold traps should be designed to handle adequately

and control of oxygen and other contaminants.

the impurity loads and to maintain the impurity
concentration level below some specified upper

limit. For economic reasons, cold traps must be as
small and simple as possible, while still satisfy-

ing the design requirements.

Knowledge of the mechanism of impurity deposi-
tion in cold traps is necessary to reach the opti-
mum design for a given sodium coolant system. The
rate of mass transfer of impurity species to cold
trap surfaces must be measured and the effect of
various flow patterns, surface conditions, and
temperature on the mass transfer rates must be
determined. The purpose of this study is to deter-

mine the effect of the above variables on the mass

transfer coefficient for removal of oxygen from so-
dium systems. Knowledge of the mechanisms involved
and the mass transfcr coefficients will allow cal-
culation of the rate of oxygen removal and the lo-
cation of deposited oxides in the cold trap for any
given system size and cold trap geometry. Proposed
cold trap designs could be evaluated in terms of
total oxide capacity and expected system cleanup
rates.,

Cold trap tests are being conducted with a 60-
gal sodium system which has analytical capabilities
including a vacuum distillation sampler, a plugging
The cold

trap tests consist of measurement of the rates of

indicator, and two UNC oxygen meters.
change of oxygen concentration in the system. Vari-
ous cold trapping conditions of temperature and

flow rates are tested to determine the effect of
When

the rate of change of oxygen concentration, the

these variables on the oxygen removal rates.

cold trap temperatures and the deposition surface
area is known an overall mass transfer coefficient
can be calculated.

2. Current Results

Cold trap research in the Cold Trap Loop was
terminated in October, 1969, after finishing a
series of runs with the packed trap; the data have
not been analyzed. An attempt to drain the trap
and pull the removable core was made. The attempt
failed because of sodium leakage through an isola-
tion valve. As a result, the impurity deposits on
the trap were dissolved off and lost. The loop is
now being used in the plugging indicator studies.

Flushing of the gas space in the loop produced
a large increase in impurity concentration in the
loop. These deposits represented an impurity source
that has not been taken into consideration in the
cold trap calculations. Steady state runs at low
cold trap temperatures have shown the influx of im-
purities from this source to be very small and
probably not significant in the calculations of
mass transfer coefficients., However, for similar
type research where impurity balances are made,
attempts should be made to remove deposits that
accumulate above the gas-liquid interface.
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PROJECT 463

CERAMIC PLUTONIUM FUEL MATERIALS

Person in Charge:

R.D. Baker

Principal Investigator: J.A. Leary

1. INTRODUCTION

The principal goals of this project are to prepare
pure, well characterized plutonium fuel materials, and
to determine their high temperature properties. Pro-
perties of interest are (1) thermal stability, (2) thermal
expansion, (3) thermal conductivity, (4) phase relation-
ships by differential thermal analysis, (5) structure
and phase relatlonships by X-ray diffraction, high
temperature X-ray diffraction, neutron diffraction and
high-temp erature neutron diffraction, (6) density, (7)
hardness and its temperature dependence, (8) compati-
bility, including electron microprobe analysis, (9)
compressive creep (deformation).

1. SYNTHESIS AND FABRICATION
(R. Honnell, S. McClanahan, H. Moore, R. Walker,
C. Baker)

To meet the material needs of the physical property
measurement program, a number of different carbide
compositions were synthesized and fabricated into use-
ful forms for testing. For E.M. F. measurements a
1.22 dia x 0.61 cm PuCy. y annuluses were sintered and
characterized. For hot hardness and heat capacity
determinations, cylinders of Pu;C; measuring 2. 45 dia
x 0.92 cm and 1,22 dia x 0.92 cm were sintered and
characterized. Compressive creep specimens mea-
suring 1,22 dia x 1. 10 cm were sintered from
(Ug. gPug. 2) Cy . powder.

The results from a cursory investigation on the

effectiveness of nickel as a sintering aid for (U, Pu)C
were reported previously, ¥ except for identifying the
chemistry of the metallic-appearing grain boundary
precipitate. Microprobe analysis of the precipitate in-
dicated that two phases were present containing pre-
dominantly plutonium and nickel with small amounts of
uranium and little, if any, carbon. Uncorrected X-ray
data indicated w/o compositions oi: 47 Pu-34 Ni- 12U
and 60 Pu- 21 Ni - 12 U for these phases.

I0. PROPERTIES

1. Differential Thermal Analysis
(J. G. Reavis, L. Reese)

Additional differential thermal analysis measure-
ments have been made on Pu-C compositions. Results
of Ta determination on Pu-C samples melted in car-
burized Ta containers are also reported. DTA observa-
tions of melting of UQ, and UO,-25% PuO, have been
made to obtain base-line data for comparison with
future observations of irradiated UOy-25% PuO,.

Observations of Pu-C Samples: Four Pu-C compo-

sitions in the range PuC,. 5 - PuC;,. o have been investi-
gated by DTA. All samples exhibited thermal arrests
at 1660 + 10°C. Liquidus temperatures were deter-

mined by heating the samples to selected temperatures,

*Quarterly Report on the Advanced Plutonium Fuel
Program, July 1 to Sept., 30, 1969, Report LA-4307-MS,
p 20,
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quenching and examining visually to determine the extent
of melting. Thc results are listed in Table 463-1. These
values are in fair agreement with the currently accepted

phase diagram of the Pu-C system.

Table 463-1
LIQUIDUS TEM PERATURES OF Pu-C SAMPLES

Composition Liquidus, oC
PuCy. g 2060 £ 10
Pu01 + 58 2065 £+ 10
PuC,. 44 2140+ 20
PuCs. 2305 + 20

The validity of liquidus temperatures determined in
this way is dependent on the degree of dissolution of the
carburized Ta containers. Results of analysis of some
Pu-C samples for Ta after melting are given in Table
463-11. 1t appears that the concentrations of Ta in these
samples are sufficiently low that liquidus temperatures
would not bc affected significantly, with the possible
exception of the PuC,. ¢ sample. A possible explana-
tion of this high Ta concentration is that a chip of Ta

could have inadvertently been included in the sample.

Table 463-11
Ta CONCENTRATIONS IN Pu-C SAMPLES
AFTER MELTING

Composition Ta Conc'n, w/o

PuC,. 5.5
PuC; .5 0.6
PuCy .52 < 0,02
PuCi.“ 0.6
PuCi.m 0.3

Mclting Behavior of Oxides: Samples of UO; and

U0O,-25% PuO, have been mclted in open W crucibles
under 0.5 atm Ar. Thcsc cxperiments gave base-line
data for comparison with similar experiments in the
Wing 9 hot cells in which DTA of irradiated UG,-25%
Pu0, is being donc, UO, was observod to huve a
solidus temperaturc of 28300 and a liquidus of 28450.
The solidus of UO,-25%, PuO, was 2675° and the liquidus
was 2775,

2, Room Tempceraturc X-ray Diffraction
(C.W. Bjorklund)

‘The characterization of plutonium ceriimics by X- ray

powder diffraction camera techniques has been included

in other sections of this report. Studies of self-

irradiation damage in plutonium compounds have bcen
c:mt.inued on a minimum-effort basis, i.e., samples
are examined at approximately 6 month intervals to
observe changes in lattice dimensions, quality of
diffraction patterns, etc., with the following observa-
tions.

Oxides: PuO, enriched with 3.75% Z®Pu showed no
deterioration in pattern quality over a 6-year period.
The lattice dimension has been constant (saturated) for
some time. Several reflections of unknown origin have
been observed on the films for several years. Similar
reflections have occasionally been observed on patterns
of routine samples of #8Pu0,. Efforts to identify the
source of the reflections have not been successful as
yet.

Carbides: The lattice dimensions of both the two-
phase PuC-Pu,Cy samples and the sample which was
originally single phase (with the composition PuCy. g¢)
have been constant for some time. A second phase has
grown into the latter sample characterized by weak,
diffuse reflections at positions corresponding to thosc
of Pu,C;. Additional rcflections of unknown origin have
appeared on films of this same material which could not
be attributed to either Pu metal or PuyC,. In particular.
one rcflection with an interplanar spacing of 3,02} has
increased in intensity significantly on films of both the
"single phase" (PuCy.g¢) and two-phase (PuC-Pu.C;)
samples in approximatcly two ycars. No further
decterioration in the quality of the patterns has been ob-
served.

In an carlier report, an cquation was developed to
express radiation damage in PuQ, as a fumetion of timme
and temperature. This equation. in turn, was used io
calculate thermal annciling curves for DaQ.. In these
cquations, the lattice cxpansion was the physieal
property by which radiation damnage was measured,
Good ugreement with experimental results was obscerved
over the temperature range studied (7 5—67501\') . This
indicated that the observed lattice expansion of Pu®,
could be attributed to two oppasing first order provesses,

the displacement of atoms to interstitind sites by self-



irradiation, and the thermal diffusion of defects (pro-
bably interstitial atoms) to randomly positioned sinks.
Extrapolation to highcr temperatures, however, was
not snccessful, presnmably because of the increased
complexity of the anncaling process. Attempts are
currently underway to extend the applicable temperature
range in order to more adequately describe the
annealing behavior of radiation damaged PuO,.

3. High Temperature X-ray Diffraction
(J.L. Green, K. Walters)

Investigation of the high temperature crystallograph-
ic properties of materials associated with the carbon-
rich fields of the U-Pu-C phase diagram is continuing.
Phase identification and thermal expansion data for the
carbon-rich plutonium carbides have been reported
previously, Studies of the mixed uranium-plutonium
carbldes were begun using material having an overall
composition of (Ug. gsPug.35) Cy. 1. For this particular
composition, thermal expansion data has been reported
for the bee sesquicarbide and for the fcc dicarbide.

The details of phase identification for this mixed car-
bide have proven to be somewhat more complex than
previous investigations have indicated; it is in this area
that present studies are being carried out.

Several extraneous, low intensity reflections have
been repeatedly observed at low angles throughout the
temperature range of stability of (Ug. gsPug.35)2Cs, i.€.,
at temperatures below 1740°C. Two and occasionally
three of these peaks have been present in almost every
room temperature pattern recorded. Further, these
lines were found to be stable toward annealing. It is
often difficult to identify a phase from such an abbrevia-
ted line list; however, it has been possible to demon-
strate that this pattern is due to the body centered
tetragonal modification of the dicarbide. It was found
that moderately rapid cooling from the fcc dicarbide
phase field allowed significant amounts of the bet di-
carbide to be quenched in, Patterns from these
samples were complete enough to positively identify the
quenched phase and to establish a correspondence
between the three unidentified lines and the three lowest
angle reflections in the bet pattern.

At higher temperatures, 1600°C < T < 1740°C, the
situation was somewhat different. Two unidentified,
low intensity reflections have been repeatedly observed
in this temperature region. The relative positions of
these peaks are clearly not consistent with the het
pattern. Instead, they lie rather prccisecly on rcflection
positions predicted by extrapolation of high temperaturc
lattice parameter data for the face centcred cubic modi-
fication of the dicarbide. In addition, ther"e is no ob-
served tendency for the sesquicarbide phase to decom-
pose or for the extraneous lines to increase in intensity,
i.e., both phases appear to be stable at these tempera-
tures.

In order to correlate these observations, the
positions of all the low intensity peaks were determined
as a function of temperature from 25°C to 1800°C. The
interplanar spacings corresponding to the bet reflec-
tions expanded smoothly as a function of temperature up
to 1500°C. At that temperature, the bet reflections
disappeared and the "fcc" reflections appeared. On
further heating, the interplanar spacings for these re-
flections joined smoothly with the high temperature data
for the fcc dicarbide. This is regarded as sufficient to
identify this phase as fcc dicarbide. Further study of
the bet-fee dicarbide transition at 1550°C indicates that
the transformation i{s reasonably rapid and that it is
reversible., Comparisons of peak heights for the fcc
phases immediately above and below 1740°C indicate
that approximately 8% of the dicarbide remains stable at
the lower temperature.

At present, the only reasonable interpretation of
these observations appears to be that two three-phase
fields exist at this composition which have not previously
been reported. Between 1740°C and 1550°C the phases
observed are the body centered cubic sesquicarbide,
graphite and a small amount of the face centered cubic
dicarbide. The field beginning at 1550°C and having an
undefined lower boundary contains the sesquicarbide,
graphite and a small amount of the body centered tet-
ragonal modification of the dicarbide.

4. Thermodynamic Properties of Plutonium Com-
pounds by Electromotive Force Technigques
(G.M. Campbell)
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The development of a galvanostatic method to mea-
sure equilibrium potentials has made it possible to use
isotype electrodes in fused LiCl-KCl eutectic. This has
had the unexpected result of extending the cell life of
Pu containing compounds almost indefinitely, The
reason for this unexpectod increase in stability is now
known to result from an equilibrium involving both P@*
(dissolved) and Put*(dissolved). Cells containing pure
Pu metal cannot reach a true equilibrium because Pu®*
is reduced at the pure Pu electrode and oxidized at the
Pu-compound electrode resulting in a net transfer of
Pu from cathode to anode. Initial studies involving a
PuN electrode and a pure Pu electrode were successful
because cell life times were limited to 200h or less, Ny
reacts with Pu to form PuN, and because the mixed po~-
tential involving lsu“ is not much different from the
potential expected with the single ion Pu®* present.
However Pu compounds which have stabilities differing
significantly from PuN result in large displacement
from the single ion potential.

In order to make thermodynamic calculations from
the rcst potentials it is necessary to have thermodyna-
mic information about the P *-Put* equilibrium. When
cquilibrated with a PuN clectrode this equilibrium is of
the form
PuN(s) *3 Pu“(xz, dissolved) -

4 Pu;“(xl , digsolved) t12 N, (1)
Since the thermodynamic properties of PuN are known,

the frce energy change involved in the reaction

Puu‘) +3 4P (11)

Puf sz, dissolved) - u? +(x1 , dissolved)
can be dctermined from the galvanostatically deter-
mincd emf of the cell containing isotype PuN electrodes.
The results of this reveal that PuCly and PuCl, form
idcal solutions in LiCl-KCl at molc fractions near 0,01
and at tempcraturcs between 910 and 1050°K. The rest

potentials of the cell

Pu lpuch(x1 , PuCly LiCl-KC1|Ny, PuN (Il

) %)’
and the calculated emf for the cell (where x; = x; + x,)

P L P , LiCl-K
u(“lPuCls(xt) luCl4(x°.5t) LiCl-KCl| W (1V)

Emfcen m!?

are given in Table 463-111. With a free energy of for-
mation for PuN at these temperatures of
o

AG(PuN) =-72,950 + 23,0 T cal/mole (V)

a point by point calculation of the free energy change in
reaction I results in
o

AG(II) = -341,250 + 137.2 T cal/mole (VI)

for the temperature range 910 to 1048°K. The initial
concentration of PuCly in this experiment was 0. 01061
mole fraction, By transpiration measurements Benz( b
found for this temperature range

AGT = 37,700 - 28.3 T cal/mole (VI1)

for the reaction

PuCly o\ + 1/2 Cly = PuCly ) (VIIL)

Assuming an ideal solution, by combining eq VI and VIl
the free energy of formation of PuCly (dissolved) is

Ac‘fr = -228, 150 + 52.3 T cal/mole (IX)

and for PuCl, (dissolved)
AG‘?r = -190, 450 + 24.0 T cal/mole (X)

Rand(z) estimates for pure PuCl;,(s)
Ac‘ir = -228,500 + 51.7 T cal/mole (XI1)

for this same temperature range. At a lower tempera-
3

ture (776-832°K) PuCl; (dissolved) was found !
AGOT = -224,000 + 46 T cal/mole (X11)

to be

These results indicate strongly that the activity
cocfficients of both PuCl; and PuCly in an equilibrium

Table 463-111
POTENTIALS FROM CELL Il AND CELL IV

Tgmp.. N, Pressure,  Emf Cell IV Calculated,
v K atm v
0.7443 918.4 0.7681 0.7939
0.7428 920.6 0.7679 0.7939
0.7359 910.8 0.7763 0.7837
0.7329 941.7 0.7716 0.7726
0.7299 953.3 0.7730 0.7730
0.7208 97G.8 0.7703 0.7620
0.7167 992.2 0.7726 0.7619
0.7083 1013.7 0.7748 0.7512
0.7091 1015.1 0.7708 0.7559
0.6992 1031,0 0.7741 0.7331
0.6924 1048.2 0.7755 0.7241
0.7017 1027.6 0.7774 0.7394
0.7104 1008.0 0.7734 0,7535
0.7158 997.6 0.7737 0.7643
0.7224 976.9 0.7784 0.7681
0.7215 $79.0 0.7707 0.7672
0.7292 959.7 0.7741 0,7772
0.7286 962.5 0.7679 0.7781
0.7336 946.7 0,7667 0.7813
0.7399 931.1 0.7639 0,7900
0.7493 908.5 0.7670 0.8037

(1) Corrected for thermal Emf




Table 463-IV
POTENTIALS FROM CELL XIII

Rest Potential, Tgmp. , Single Ion Potential,
_— K N
0.3368 1015.7 0.2168
0.3413 991.9 0.2186
0.3495 955.7 0.2232
0.3457 972.9 0.2212
0.3539 937.8 0.2259
0.3530 952.7 0.2273
0.3409 958, 6 0.2189
0.3498 949, 1 0.2224
0.3499 942.9 0.2215
0.3528 923.8 0.2220
0.3493 945.2 0.2211
0.3476 961.1 0.2216
0.3438 977.8 0.2195
0.3460 967.5 0.2206
0.3419 986. 9 0.2186
0.3442 976.6 0.2198
0.3406 996. 1 0.2185
0.3362 1008.3 0.2147
0. 3356 1003.5 0.2131
0.3398 986.9 0.2158
0.3465 970.6 0.2218
0.3417 969. 4 0.2152
0.3481 934, 9 0.2177
0.3542 917.3 0.2227

mixture at these temperatures in LiCl-KCl eutectic are
very nearly unity.
Studies of the cell
PuCl,
‘ u 3(x1

»PuCly ,LiCI-KCl| Pu,Cs+ C  (XI1l)
2

Pe) ) )
were also made over the temperature interval 917 -
1016°K. The results are given in Table 463-IV. The
initial concentration of PuCl; was 0.00279. A least
squares analysis of the rest potentials results in

E = 0.5349 - 0,0001960 TV . (XIV)

A point by point calculation taking into account the
change in concentrations due to disproportionation
results in

E = 0.30339 - 0,00008683
(PuyCy) 8 TV (XV)

where E( PuyCy) is the single ion potential. This gives

AG‘?F = -42,000 + 12.0 T cal/mole (XV1)

for the free energy of formation of Puy,G;. This is in

reasonable agreement with the extrapolated free energy
(4, 5) but

differs in slope of free energy versus temperature.

values found by vapor pressure measurements

A paper which presents the theoretical approach and

method of calculation for these systems has been

prepared for publication.

5. Mass Spectrometric Studies of the Vaporization
of Pu Compounds
(R.A. Kent)

A. Calibration of Magnetic Mass Spectrometer

The optical windows of the new RM6-K mag-
netic mass spectrometer have been calibrated for use
with an optical pyrometer. In addition, a series of
vaporization experiments have been performed with a
gold standard sample. The purpose of these experi-
ments was to calibrate the instrument for vaporization
experiments and to become familiar with the operation
of the unit. These experiments were performed with
the instrument in an "off the shelf" condition and the
results indicate that we can use this unit to satisfactorily
perform the types of experiments planned when the unit
was purchased. However, as a result of these cali-
bration experiments, certain modifications are planned
which will both extend the range and increase the
precision of the measurements.

A sample consisting of 0.5g Au wire (99, 999 per-
cent pure) obtained from the NBS was contained in a
graphite cup in a Mo Knudsen cell and effused over the
range 1329- 1698°K. The ion current of the 1¥Ay"
signal was monitored as a function of temperature in the
usual manner. The resultant least-squares equation is

logyo (1T) = (21.317) - 18041% 177/T K. (1)

At 1553°K, logyy Py (atm) = -5.876.'®) The value
obtained for logy, (IT) at the same temperature is
9.719, Thus, from the relationship P = K (1T), one
obtaing K = 3,75 x 107! atm/amp deg K. and eq (1)
becomes

logyo P, (atm) = 5.891 - 18041/TK. (2)

Equation (2) yields for the heat and entropy of
vaporization at 1533°K the values 82,55+ 0,81 kcal/mole
and 26,96 £ 0,53 eu, respectively. Published thermo-
(7) (8)

dynamic functions for Au(£) and Au(g) were
employed to reduce these values to 298°K. The second
law values obtained are AH‘:, 298 = 87.9 £ 0.8 kcal/mole
and As%m =31.9% 0.5 eu. The third law heat of
vaporization is calculated to be 87.7 £ 0.3 kcal/mole.

The values listed for the NBS standard gold reference
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Table 463-V
VAPOR PRESSURE DATA FOR GOLD
o
Temp. , P o 2tm) AH 258
Pt¥ °k (x 108 kcal/mole

Al 1567 2,29 87.87
A2 1623 6.11 87.65
A3 1592 3.94 87.47
A4 1588 3.40 87.73
AS 1350 0.0357 87.57
A6 1376 0.0661 87.48
A7 1504 0.652 88.30
A8 1526 1.00 88.22
A9 1553 1.72 88.02
A 10 1533 1.28 87.86
All 1520 0.918 88.15
A 12 1520 0.918 88.15
A 13 1513 0.809 88.15
A l4 1513 0.832 88.07
A 15 1507 0.738 88.10
A 16 1507 0.738 88.10
A 17 1506 0.667 88.35
A 18 1378 0.0698 87.45
Bl 1468 0.420 87.60
B2 1514 0.805 88.22
B3 1583 3.24 87.62
B4 1611 5.06 87.65
BS 1592 3.75 87.62
B6 1561 2.19 87.83
B7 1557 2.14 87.55
B8 1530 1.20 87.89
B9 1608 4,99 87.54
B 10 1616 5.28 87.76
B 11 1638 7.53 87.73
B 12 1638 7.50 87.75
B 13 1638 9. 14 87.10
B 14 1575 3.33 87.11
B 15 1641 9.53 87.12
B 16 1645 10.2 87.11
B 17 1665 11.3 87.75
B 18 1698 17.3 87.94
B 19 1692 14.4 88.27
B 20 1626 5.89 87.92
B 21 1582 3.35 87.46
B 22 1583 3.22 87.64
B 23 1526 1.21 87.65
c1l 1515 1.03 87.54
c2 1541 1.46 87.88
c3 1529 1.18 87.88
c4 1504 0.840 87.55
C5 1472 0.509 87.26
cé6 1472 0.496 87.34
c7 1501 0.820 87.45
c3 1457 0.342 87.58
c9 1421 0.137 88.12
c 10 1421 0.129 88.28
c 11 1389 0.0791 87.76
C 12 1329 0.0244 87.27

Av =87.74%0.34

*Data for runs B and C were normalized for changes in
multiplier gain from that for run A.

material are AH‘:, 298 = 87.7 kcal/mole and A'S?, 208 =
31.8 eu. The vapor pressure data for the reaction
Au(2) = Au(g), together with the third law heat values,
are listed in Table 463-V.

B. Planned Modifications

1. The 10-stage elcctron multiplier with a gain of
about 3 x 10* will be replaced with a recently
purchased 16-stage unit having a gain of about
108,

2. A new shutter slit will be installed to provide
for sharper peak profiles.

3. The ion source exit slit will be enlarged to
increase sensitivity.

4, The Hitachi ion gauges will be replaced with
standard Bayard-Alpert gauges.

5. The Giessler discharge tubes used during pre-
liminary pumping will be replaced with stan-
dard U.S. thermocouple gauges.

6. The ion source is being modified to allow RPD
measurements.

7. The enclosure assembly which will allow us
to operate with plutonium-containing samples,
is being designed.

C._Other
A series of Pu-C samples have been prepared.

These samples have the following stoichiometries:
PuCy.g PuCy.s, PuCy.ss PuCy.qg, and PuC,. g
Experiments using thcse samples will be performed in
the new mass spectrometer.

6. High Temperature Calorimetry
(A.E. Ogard)

The vacuum isoperibal drop calorimeter described
in the last report has been uscd for the determination of
the high temperature heat content of Al.O; and PuO,.

Figure 463-1 is a plot of the presenl results on

Al,0; along with the results of P, B, Kantor et al. .(9)

(10)

A.E. Ogard and J.A. Leary (i

, and A.C. Macloed.
The present results can bec expressed by the equation

H~Hagg < -10.26+2.600x 107>+ 1. 439 10767
+7.091x 102/T, keal/mole .

over the temperature range 1350 to 282001\', where 1 is
o__
in K. This cquation was obtained by a computer least

squares fitting of the data with the rcstrictions thut
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Figure 463-1. High Temperature Heat Content of Al,Gq

H_~Hyg = 0 at T = 298°K and that Cj (29g) = 18.44
cal/mole/deg. These new results are from 2-4% lower
than previous results in the range 1350-2265°K. In
both sets of experiments the sample and the calorimeter
were the same except Ar was used in the calorimeter
in the earlier set and vacuum in the last set of experi-
ments. This change in atmosphere in the calorimeter
greatly affects the method of heat leak of the calorim-
eter, the constancy of the cooling rate of the calorim-
eter and the calibration factor of the calorimeter. A
more detailed report of these results is in preparation.
These results point out that high temperature heat
contents are accurate to about + 1% and that heat
capacities obtained by differentiation of the heat content
equation are estimated to be no better than = 5% in
accuracy. These limits of accuracy must be kept in
mind when high temperature heat contents and heat
capacities are used in other calculations.

The heat of fusion of Al;0; of 24 kcal/mole mea-
sured from Fig. 463-1 is lower than the 28.3 kcal/mole
reported by P, B. Kantor et al,

The high temperature heat content of PuG, has been
determined (Jrom 1500 to 2715°K in the vacuum isoperibol

eter.

drop calori The results shown in Fig. 463-2

can be expregsed by the equation
H_~Hygg = 74. 947 +1. 531X 10°3T+2.644x 107 5T |
+43.61/T, kcal/mole
for the tempdrature range 1500-2400°K, Above 2400°K
defect formation or some other phenomena causes a

positive devizfﬁon from the equation. This equation was
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Figure 463-2. High Temperature Heat Content of PuO,

determined by a computer least squares fit of the data
with the restrictions that Hp-Hypg = 0 at T = 298°K and
Cp(298) = 16.4 cal/mole/deg. These results are lower

than expected from an extrapolation of the results of

2
- O.L. Kruger and H. Savage(1 ) but consistent with the

difference between results obtained in an inert gas
filled calorimeter versus a vacuum calorimeter.

The heat of fusion of PuQ, can be estimated from
the difference of heat content of molten PuO, and an
extrapolation of the heat content equation to the melting
point. A value of 18 kcal/mole is calculated for the
heat of fusion of PuO,. An X-ray radiograph of the
sample after heating to 27 15°K showed that the PuO,
had been molten.

7. Transport Properties
(K. W. R. Johnson and J. F. Kerrisk)

A. Electrical Resistivity

Wiring of the electrical equipment for electri-
cal resistivity measurements of samples outside a
glove box at room temperature is complete. Resistivity
measurements have been made on a number of standard
materials at room temperature (23° to 25°C) . The
samples were right circular cylinders varying from 1/4
inch to 1/2 inch in diameter and 1/2 inch to 2 inches
long. A jig for holding samples in this size range was
also constructed. The results of the resistivity mea-
surements are shown in Table 463-VI.

Table 463-V1
ROOM TEMPERATURE ELECTRICAL RESISTIVITY

Material Resistivity, 4 @ cm
Inconel 702 124

Alloy A-286 95

Armco Iron 10.6
Tungsten 5.7
Molybdenum 5.6
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The high temperature furnace for electrical
resistivity measurements has been delayed. Delivery
is not expected until March 1970,

B. Thermal Diffusivity

Preliminary tests on the Korad K-2 laser system
were carried out to examine the pulse shape and dura-
tion, and the energy output of the laser. The pulse
duration of approximately 1/2 m sec is short enough
to be considered instantaneous for most materials; thus
no correction for pulse duration will be required. The
energy output as a function of capacitance and voltage
was also determined. During these tests the energy
output (at constant capacitance and voltage) decreased
by approximately 40%. Subsequent disassembly of the
laser head indicated that the 2luminum flash lamp re-
flector was coated, reducing its reflectivity. Some
scale was also found in the laser head cooling water
system. A new pump and filter have been ordered for
the cooling water system.

Preliminary measurements of the thermal diffu-
sivity of Armco lron, alloy A-286, and type 304 stain-
less steel have been made at room temperature, The
results are shown in Table 463-VII. The measurements
were made with a temporary sample holder, and a ther-

mocouple was used to detect the temperature change.

Table 463-V1I
ROOM TEMPERATURE THERMAL DIFFUSIVITY
Material Thermal Diffusivity, cm?/sec

0.194 to 0.223
0.0385 to 0,0395
0.0322 to 0,0337

Armco lron(a)

304 Stainless Steel
Alloy A-286

(a) Data were taken on 4 samples of different
thickness and from different sources.

Performance tests were run on the Centorr high
temperature furnace in Suncook, N.H. At that time the
power supply AC ripple was slightly above specification,
but the manufacturer subsequently modified the power
supply to meet the specification. The unit has been
shipped.

C. Thermal Conductivity

Thermal conductivity values were calculated from
the thermal diffusivity measurements of ANL - 75%
dense and MLM - 91% dense Ug.gPug.,C. These values
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were compared with thermal conductivity values
calculated from the previously reported equation
based on LASL data:

Kp = (0.0394 +2.53 1075T) ( 1-P

1+ 4.01 P)

where KP = Thermal Conductivity of Porous Material
T = Temperature, °c
P = Pore Fraction
The correlation from ANL- 75% dense material was
extremely close, varying + 6% over the temperature
range 400—100000. Over the same temperature range
values caleulated from the MLM - 91% dense diffusivity
measurements were 20-42% lower than values calcu-
lated from the above equation. This decrease may be
attributed to the presence of significant quantities of
sesquicarbide and oxide which were present in the MLM
specimens.

8. Mechanical Properties
(M. Tokar, A. Gonzales}

Hot hardness tests were conducted on various
uranium-plutonium carbide compositions, using an
apparatus described previously. Hardness indenta-
tions were made with a diamond or sapphire indentor
at temperatures up to 1000°C in vacuum. The common
load was 200g. After the indentations had been made
and the specimen coolcd, it was transferred out of the
glovebox to a standard Leitz hardness tester where the
indentations were then measurcd.

Hot hardness curves for some of the carbide
compositions which have been tested to date are shown
in Figure 463-3. All of the curves are for sintercd
material. Curves 5 and 6 for UC and curve 7 for

1
Uyp. gsPug. 15C were taken from the literature( 3)

and
are shown for comparison. Each data point for curves
1-4 represents the mean value of a minimum of 5
readings.

Curve 1 shows the hot hardness behavior of a PuC
specimen containing about 10 v/o P13C;. As shown,
up to about 500°C, this material had a hardness com-
parable to the mixed carbides, and was in fact harder
than the literature values for UC or Ug. gsPug. 15C, but
above 500°C the hardness dropped rapidly.

The hot hardness behavior of a hypostoichiometrie
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specimen of PuC containing some PugC, has also been
This
material had a diamond pyramid hardness of about 270

determined but is not shown in this figure.

at room temperature, dropping to 36 at 550°C.

That some solid solution strengthening is obtained
from the addition of PuC to UC is evident from a com-
parison of the curves for UC with those of the mixed
carbides. The highest hardness values at high tempera-
tures were obtained for specimen 2 which contained
about a 1:1 mole ratio of Pu to U.

The hot hardness behavior of PuN, UN,(M) and
U0.1Pu°.3N( 13) are shown in Fig. 463-4. At low
temperatures the nitrides are considerably softer than
the carbides. Comparing PuN with PuC, however, at
temperatures above 800°C PuN is harder than PuC. It
can be seen from this figure that a strengthening or
hardening effect is obtained from alloying UN with PuN,
since the PuN-UN solid solution is harder than either
component alone. Future work will include the further

investigation of the effects of stoichiometry and U/Pu
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ratio on the hot hardness of the monocarbides as well
as measurements of the hot hardness of compounds
which have not been tested heretofore such as the ses-
quicarbides.

IV. ANALYTICAL CHEMISTRY

1. Determination of O, in Refractory Oxides,
Carbides, and Nitrides
(M.E. Smith and J. E. Wilson)

Modifications are being investigated to improve
the analyses of ceramic-type materials for O, because
of the great effects caused by this element on the
properties of refractory oxides, carbides, and nitrides.
One modification is the use of a microwave excited
emissive detector system to measure the Op evolved as
CO from the sample as it is inductively heated to 2000°C
in a graphite crucible. A known fraction of the CO is
swept by Ar through a microwave-excited discharge
cell which is monitored photometrically, and the O,
concentration is calculated from the time-integrated
signal from the photometer. Fifteen analyses each of
U3Og and ZrO,, used as stand-in materials for oxide
fuels, showed that the relative standard deviation (1o)
of the method was 1.8%, and the average bias was less
than 0.25 relative percent. This precision is better
than the 10 relative percent of the capillary trap-micro-

(15)

manometric measurement of O,, but not as good as

the 0.2 relative percent of the inert gas fusion-
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gravimetric method.( 16)

Small changes in several operating conditions were
tried to improve the precision of the analyses, Varia-
tions in the fraction of CO passed through the excitation
cell, and in the wall temperature, discharge background,
and exit gas pressure of the excitation cell did not
improve the reproducibility of the measurements
significantly. Addition of graphite powder to the sample
crucible offered promise of improving the precision,
and additional tests of this change were started.

A second modification being investigated was sub-
stitution of imipulse heating for induction heating of the
sample, In the impulse heater fabricated at LASL, the
sample in a covered graphite crucible was rapidly
heated to a temperature between 3000°C and 3400°C by
a large direct current of short duration. The O, in the
sample was evolved as CO, trapped on SiO, gel cooled
with liquid N,, and then measured on a gas chromato~
graph. The gas chromatographic measurements were
reproducible within 4 relative percent. Initial tests of
the complete apparatus by analyzing four prepared
Uy Og- TaC mixtures, each weighing about 5 mg, indi-
cated that the estimated relative standard deviation of
the method was about 10 perccnt. Refinements in the
operations, especially in transferring the collected CO
to the gas chromatograph, were being tested to improve
the precision.
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PROJECT 464

STUDIES OF Na-BONDED (U,Pu)C LMFBR FUELS

Person in Charge:

D. B. Hall

Principal Investigator: R. H. Perkins

1. INTRODUCT1ON

The use of a sodium bond between (U,Pu)C fuel
and the clad in an LMFBR fuel element is being in-
vestigated at LASL. The high thermal conductivi-
ties of both the fuel and the sodium bond should
permit the fuel elements to operate at high linear
heat ratings. Space originally occupied by the so-
dium bond is available to accommodate fuel swelling
during burnup.

An object of concern in the utilization of
carbide fuel is its compatibility with cladding ma-
terials. The mechanism and kinetics of carbon .
transfer through a sodium bond to Type 316 stain-
less steel and to refractory metal claddings are
being investigated. The effects of significant
fuel and sodium variables (such as oxygen content)
on this carbon transfer are being studied.

The performance limitations of the sodium bond
under high-heat-flux conditions are being deter-
mined both in-pile and out-of-pile. The effects of
defects in the sodium bond, and the resultant per-
turbation in heat transfer, are being studied uti-
lizing a central high-heat-flux heater.

Another part of the program is concerned with
the behavior of defected fuel elements in high ve-
locity sodium. These studies are concerned princi-
pally with the "washout" of fuel from the defected
element and the movement of this fuel in the sodium
system. The determination of the solubility of u-
ranium and plutonium in sodium is necessary to set
upper limits on the loss of fuel to the sodium
coolant.

High purity single-phase (UO.SPuO.Z)C is the

principal fuel used in these investigations. Fuel

loading and testing are done under carefully con-
trolled conditions. Information obtained in this
program, together with irradiation performance data
(Project 467), will be used to evaluate sodium-
bonded (U,Pu)C fuel for LMFBR application.

II. SYNTHESIS AND FABRICATION OF FUEL PELLETS
(R. Honnell, S. McClanaghan, R. Walker,
G. Moore, C, Baker)

A.  General

Standardized procedures for producing single-
phase monocarbide pellets of known composition and
dimensions have been developed. These pellets will
be utilized in EBR-II irradiation experiments and
compatibility testing. Basic process steps are:

1. Multiple arc melting of a 60-g mixture of
235U, Pu, and C using a graphite electrode.

2. Solution treatment of the arc melted ingot
for 24°h at 1600°C.

3. Crushing and grinding of the ingot in a NWC
vibratory mill, followed by screening of
the resulting powder to a particle size
range < 62 u.

4. Elimination of higher carbides by reaction
with H, at 850°C.

5. Cold compaction at 10 tsi into pellets
without the use of binders or sintering
aids.

6. Sintering the pellets in Ar at 1800°C for
8 h followed by heat treatment for 2 h at
1400°C.

7. Characterization of the pellets by linear
dimensioning, weighing, x-ray diffraction
analysis, chemical analysis for U, Pu, C,

N, O, and trace impurities, radiography for
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determination of possible internal cracks,
and isotopic analysis of uranium and plu-
tonium,

B. Current Results

Characterization results from randomly sampled
pellets representing nine (U,Pu)C lots prepared
using the above process are listed in Tables 464-1
to 464-1V. Metallographic results indicate that
all of the pellets are single phase except those
from lot HNL 8-62-1 which contain a grain boundary
The chemis-

try of this minor phase was not established, but

phase estimated at less than 0.5 v/o.

in appearance it is identical to a plutonium-rich
phase containing varying amounts of silicon, iron,
and tungsten identified in similar (U,Pu)C pellets.
Approximately 75 pellets with a nominal com-
position of (UO.SpuO.Z)Cl.O have been fabricated
Me-
tallographic results show that these pellets con-

from uranium-233 and are being characterized.

tain a grain boundary phase of 0.5 v/o or less.

Again, this grain boundary phase is similar in ap-
pearance to that seen previously in other (U,Pu)C
pellets. This is probably a plutonium-silicon com-
bination, since the silicon content of the U-233
metal used in alloying was three to four times that
of the U-235 normally used. Microprobe analysis is
pending.

To minimize chipping during fuel pin loading,
pellets are being pressed with top and bottom die
punches machined to leave a 45° chamfer on the pel-
let ends. Altﬁough this technique readily préduces
a chamfer on the sintered pellets, it also appar-
ently increases the probability of end capping,
i.e., a concave microcrack across the pellet edge
of

the 60 chamfered pellets prepared, 24 have failed

penetrating to a depth of 200 to 400 microns.
to pass inspection because of end caps. This is a
higher number of rejections than would be expected

from the same number of nonchamfered pellets.

Table 464-1
CHEMICAL COMPOSITION AND PROPERTIES OF (U,Pu)C -LOTS

Nominal, w/o

Analyzed, w/o

Immersion Density

Lot Number U Py C _u _Pu_ C (g/cms)

HNL 8-8-1 75.9 19.25 4.84 76.4 18.39 4.72 12.95

HNL 8-8-2 75.9 19.28 4.84 76.6 18.36 4.66 12.72

HNL 8-10-1 75.8 19.31 4.84 76.3 18,74 4.71 12,95

HNL 8-10-2 75.9 19,27 4.84 76.4 18.21 4.71 13,11

HNL 8-16-1 76.1 19.13 4.79 76.9 18.26 4.64 13.13

HNL 8-16-2 75.8 19.30 4.84 75.6 '18.73  4.72 ' 12,94

HNL 8-18-1 75.8 19.30 4.84 76.5 18,75 4.73 12,78

HNL 8-18-2 75.9 19.29 4.84 76.4 18.47 4.63 12,98

HNL 8-62-1 74.9 20.2 4,84 75.3 19.67 4.65 12.76

Table 464-11
IMPURITY CONTENTS OF PELLETS (ppm BY WEIGHT)

Lot Number O N zu Na Si Ca V Cr Fe Cu Mo W Ni
HNL 8-8-1 240,510,460** 310 * * 40 * ) * 35 * * 25 *
HNL 8-8-2 760,510,360 330 * * 45 5 S, 15 110 10 * 10 *
HNL-8-10-1 290,870,1100 280 * * 25 * S  * 70 10 * * *
HNL 8-10-2 410,360,510 720 * * 35 * 5. % 45 ) 10 * *
HNL 8-16-1 280,430,660 270 * * 70 * 5 * 65 10 10 * 10
HNL 8-16-2 590,830 270 * 35 * S. 20 95 15 10 * 10
HNL 8-18-1 370,380,400 305 * * 45  * ) 15 90 20 10 * 10
HNL 8-18-2 320,350,640 340 * * S0 * s 25 110 20 * 10 10
HNL 8-62-1 420,340,360 225 20 o~ * * * * 15 * 25 10 *

*
Below detectable limits.

* %
Thrce values for each lot.
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Table 464-111
1SOTOPIC ANALYSES OF (U,Pu)C PELLETS

Pu, w/o U, w/o
Lot Number 238 239 240 241 242 244 233 234 235 236 238
HINL 8-8-1 < 0.022 94,45 5.25 0,281 0.015 < 0.0005 < 0.0005 0.940 92.75 0.241 6.07
HNL 8-8-2 < 0.022 94.44 5.26 0.282 0.014 " " 0.926 91,22 0.236 7.62
HNL 8-10-1 < 0.4 94,46 5.24 0.281 0.015 » " 0.942 92.42 0.240 5.88
HNL 8-10-2 < 0.06 94.42 5.28 0.286 0.015 " " 0.944 93.0 0.241 5.81
HNL 8-16-1 < 0,07 94.44 5.26 0.283 0.015 " " 0.860 85.07 0.221 13.85
HNL 8-16-2 < 0.010 94.45 5.25 0.281 0.015 " " 0.930 91.80 0.240 7.03
HNL 8-18-1 < 0.08 94,43 5.26 0.283 0.024 " " 0.940 92.77 0.241 6.05
HNL 8-18-2 < 0.018 94.44 5.26 0.282 0.016 " " 0.945 92,98 0.240 5.83
HNL 8-62-1 < 2.0 94.27 5.38 0.331 0.017 " " 0.936 92.07 0.237 6.76
Table 464-1V modified bonding procedure appears to be satisfac-
LATTICE PARAMETERS OF (U,Pu)C LOTS (d) tory; problems with sodium bonding and pellet chip-
Lot Number a, ping in previous EBR-II irradiation test capsules
HNL 8-8-1 4.9617 were not encountered in these capsules. This new
HNL 8-8-2 4.9622 bonding procedure, which will be used on all future
HNL 8-10-1 4.9633 irradiation test capsules, is:
HNL 8-10-2 4.9631 1. Place the loaded and sealed capsule in the
HNL 8-16-1 4.9634 centrifuge and heat, impressing an axial
HNL 8-16-2 4.9642 temperature gradient along the 14-1/2-in.
HNL 8-18-1 4.9636 fuel stack (150°C at the bottom and 280°C at
HNL 8-18-2 4.9634 the top).
HNL 8-62-1 4.9626 2. Cool to room temperature while spinning at
150 rpm.
LI %géné§cniﬁgikéfydfog.Tgizngi?sg%si. Bridge) 3. Heat the capsule to 600°C for 1 h and then
A.  General cool to room temperature. Maintain a tem-

A prerequisite to a compatibility program in-

volving (U,Pu)C and sodium is a satisfactory capsule

loading and bonding facility.

There is little point

to obtaining well-characterized materials for test-
ing if these materials are subject to contamination
So-

dium and (U,Pu)C are sufficiently reactive that all

by impurities before they are placed in test.

operations must be performed either in vacuum or in
a high quality inert atmosphere., The loading fa-
cility for handling these materials has been con-
structed and is operational. The facility consists
of inert-atmosphere gloveboxes equipped with inert-
gas cleanup systems to provide an environment for
handling fuel pellets and bonding sodium with a
minimum of contamination.

B. Current Results

During this reporting period, EBR-II irradia-
tion test capsules K-43 and K-44 containing 95%
dense (U,Pu)C pellets were loaded and bonded. A

perature gradient during heating and cooling
so that the sodium melts from the top down
and freezes from the bottom up.

4. Repeat Steps 1 and 2.

The sensitivity of the eddy-current tests for
sodium bond defects is such that a 0.020-in. defect
Capsules K-43 and K-44 had no de-
tectable defects in the sodium bonds in either the

can be detected.
inner fuel pins or the outer capsules., These cap-
sules are now ready for shipment to EBR-II.
Approximately 75 capsules for out-of-pile com-
patibility testing and OWR (Omega West Reactor) ex-

periments were loaded and bonded during this quar-
ter.

IV, CARBIDE FUEL COMPATIBILITY STUDIES
(F. B, Litton, H. A. O'Brien, L. A. Geoffrion)
A, General

The objectives of this program are to study the

interactions among single-phase mixed uranium-plu-
tonium carbide, a sodium bond, and potential
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cladding materials, i.e., to investigate the tech-
nology related to sodium-bonded fuel elements,

There are two approaches to the experimental work.
The primary approach is to determine the reactions

occurring between single-phase (U Z)C and po-

0.8,
tential cladding materials, using Type 316 stain-
less steel and a high strength vanadium-base alloy
as the first and second choices of cladding mate-
rial, respcctively. (The experimental work on high
strength vanadium-base alloys is being de-empha-
sized.) The secondary approach is to study the
mechanism of carbon transport through sodium, the
effect of impurities such as oxygen, and the car-
burizing potential of fuel in contact with sodium
and cladding materials.

Capsules containing sodium-bonded, single-

phase (U,Pu)C are tested in sodium loops at tem-

peratures from 450 to 750°C for periods up to 10,000

h. High purity, thoroughly-characterized sodium is
uscd for the studies. Fuels of known composition
are used in the tests. Most of the testing is per-
formed on single-phase (U,Pu)C fuel in which the
Pu/U ratio is maintained at 0.20, but some experi-
ments are being carried out on material containing
a second phase (either metallic or carbon-rich).

Of particular interest is mixed carbide fuel con-
taining ~ 10 v/o sesquicarbide, Other experiments
cmploy stoichiometric and hyperstoichiometric UC to
determine the effect of plutonium addition on the
behavior of carbide fuel.

B. Current Results

1. Compatibility Studies with Mixed Carbide Fuels

Experiments are in progress to study the com-
patibility of sodium-bonded (a) single-phase mixed
carbide fuel and (b) monocarbide plus ~ 10 v/o ses-
quicarbide fuel with Type 316 stainless steel and
V-15Cr-5Ti alloy capsules. A 4000-h, 750°C-test of
thesc two fuel types in Type 316 stainless steel
cupsules has been completed and preliminary infor-
mation has been obtained from the examination of
one capsule of thc three that were tested with each
fuel.

The LASL-prepared single-phase monocarbide
fuel has a nominal composition of

(U0.796$0.001pu0.20410.001)C0.9750.01

00.006:0.003N0.005t0.001H<0.001’

corresponding to 75.3 * 0.4 w/o U, 19.57 * 0.18 w/o
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Pu, and 4.70 ¢ 0.06 w/o C. The average chemical
composition is based upon the analyses of 39 samples
selected on a statistical basis, The average a-
mounts of trace impurities are shown in Table 464-V.
All pellets were x-ray radiographed and found to be
free of any detectable cracks and chips. By x-ray
analysis the material was found to be single-phase
monocarbide with a lattice dimension of 4.965 #
0.001 A. The density is 89.8 * 1.5% as determined
by immersion and 89.0 * 1.5% as determined by di-
mensional measurement. Metallographic examination
showed a single-phase monocarbide microstructure.
The grain size is generally < 55 and > 2 microns. A
few inclusions were observed in some specimens;
these are present to < 0.5 v/o as determined by
point counting methods., The inclusions typically
contain one or more of the following elements: Si,
Fe, Ni, Cu, or W. In approximately 50% of the
metallographic specimens examined, microcracks ~ 20
um wide were observed. These microcracks appear as
a necklace of interconnected porosity of short
length, and are below the limit of detectability by
radiographic examination. Although electron micro-
probe examination showed the pellets to be homo-
geneous on a macro- and intergranular scale, some
heterogeneity in uranium and plutonium was observed
Table 464-V

SPECTROCHEMICAL ANALYSIS OF Uo.spuo.zc PELLETS
Element ppm Element ppm
Li < 1 Ni 19 * 17
Be < 1 Cu 40 * 21
B < 1 Zn < 10
Na < 2 Sr < 5
Mg < 5 Zr < 100
Al < 10 Nb < 50
Si 57 + 43 Mo < 12
P < 50 Cd < 10
Ca < 5 Sr < 2
Ti < 50 Ba < 10
\'} < 5 Ta <1000
Cr < 10 W 19 ¢ 18
Mn 3 Pb < 2
Fe 55 * 32 Bi < 2
Co < 5

Note: Concentration of tantalum on a spot-check
basis was < 25 ppm.



Table 464-VI

CHARACTERIZATION OF FUEL PELLETS RECEIVED
FROM UNITED NUCLEAR CORPORATION

Carbon, w/o 4,79 + 0,05*
Oxygen, ppm 3710 £ 50
Nitrogen, ppm 240 £ 20
Equivalent carbon content**, w/o 5.09
Plutonium, w/o 14,09 ¢ 0.06

Lattice diménsions, as determined

+
by x-ray diffraction, 8.108 + 0.002

Amount of (U,Pu)zcs, as determined

by metallography, v/o*** 10
Average pellet density, g/cm3 13.15 ¢ 0.04
Average pellet diameter, in. 0.231 = 0.001

*The variability shown was calculated at one
standard deviation.

**The sum of C + 12/16 O + 12/14 N.
***The amount of phases was determined by point
count and x-ray diffraction methods.

on an intragranular scale, No quantitative cor-
relation between x-ray intensities and element con-
centration could be made, but the intensities var-
ied by 10 to 20% for plutonium and by 20 to 30% for
uranium,

The fuel pellets containing (U,Pu)C plus ~ 10
v/o (U,Pu)zc3 were processed by United Nuclear Cor-
poration to its specification No. 16325 (issued
Sept. 29, 1965, Rev. 3, Aug. 21, 1967). A charac-
terization of the pellets is shown in Table 464-VI.

Fig. 464-1., A view of the surface of a UNC fuel
pellet showing localized precipitate.
Etched, 300X.

Autoradiography (United Nuclear Corporation)
and electron microprobe analyses (LASL) both indi-
cated homogeneity of microstructure. However, me-
tallographic examination of a randomly selected pel-
let showed that the material consists of three
phases; a monocarbide matrix, the sesquicarbide as
the principal second phase, and trace amounts of an
acicular phase (tentatively identified as the di-
carbide). It should be pointed out that trace a-
mounts of dicarbide are permitted under specifica-
tion No. 16325. The localized acicular precipitate
is shown in Fig. 464-1. The pellets had been sur-
face ground at UNC to remove 0.006 in. from their
diameter. They were degreased, degassed, and pack-
aged under helium in stainless steel tubes with
welded end-closure plugs. At the LASL, shipping
tubes were opened, and the pellets were stored until
encapsulation under purified heliunm.

For compatibility tests, three pellets and
~ 1 g of high purity sodium (< 10 ppm oxygen, < 10
ppm carbon) were loaded in 0.3-in.-o.d. by 0.280-
in.-i.d. by 3-in.-long Type 316 stainless steel and
V-15Cr-5Ti alloy capsules. Capsules were tested in
triplicate by heating at 750°C in forced-convection,
zirconium-gettered, Type 321 stainless steel sodium
loops. After compatibility testing, the sodium
bond was vacuum-distilled from the capsules at
500°C.

The examination of capsules heated for 4000 h
at 750°C is in process. The metallographic study
of one of the Type 316 stainless steel capsules
containing each carbide type has been completed and
results indicate that small amounts of carhon were
transferred from both single-phase pellets and from
those containing ~ 10 v/o of sesquicarbide. Rela-
tively more carbon was absorbed by the Type 316
stainless steel cladding from the UNC pellets (~ 10
v/o sesquicarbide) than from the single-phase pel-
lets. However, it is unlikely that the amount of
carbon absorbed from either of the two pellet types
was sufficient to affect drastically the physical
properties of the cladding material,

The metallographic structure of the Type 316
stainless steel capsule containing UNC pellets
showed sigma phase precipitation in areas not af-
fected by carbon pickup. (The absorption of carbon
and the subsequent precipitation of Cr,;C.-type

carbides removes chromium from the matrix, thus
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rcducing the tendency for sigma formation,) Fig-
ure 464-2 shows this sigma formation near the bot-
tom closure weld. Negligible carbide precipitation
occurred in this region. The typical structure
along the capsule wall is shown in Fig. 464-3. 1In
this region, carbide precipitation throughout the
wall was observed. Some sigma phase was also pres-
ent; the amount increased toward the outside wall
of the capsule. A localized surface film, shown in
Fig. 464-4, was observed only at the bottom of the
capsule where the pellet was in contact with the
stainless steel. This region showed general car-
bide precipitation and an insignificant amount of
sigma formation.

Carburization of the Type 316 stainless steel
capsule containing single-phase pellets occurred
only in localized regions along the wall at the
junction between pellets. Two carburized regions,
approximately 1/4 in. from the bottom and from each
other (corresponding to pellet height), were ob-
served. One carburized region is shown in Fig.
464-5. The region showed general carbide precipi-
tation accompanied by a reduction of sigma forma-
tion. A typical structure of the capsule wall away
from the localized carburized regions is shown in
Fig. 464-6. Sigma phase was uniformly distributed
in the grain boundaries. Carbide precipitation oc-
curred intragranularily in this region.

Examination of the single-phase fuel pellets
revealed some intergranular attack; this is shown
in Fig. 464-7. The pellets containing ~ 10 v/o
(U,Pu)zc3 were attacked more extensively in regions
generally associated with the presence of trace a-
mounts of the acicular phase. This attack is shown
in Fig. 464-8.
attack on the sesquicarbide phase in these pellcts

It is significant that no sodium

was observed. Figure 464-9 shows this unattacked
sesquicarbide phase at the surface of a UNC pellet.

These preliminary data indicate that carbon
absorption by the clad occurs from both types of
fucl. Examination of the four additional capsules
is in progress to test further the validity of
thcse preliminary results. Previous tests (4000 h
at 750°C) had indicated that no reaction occurred
betwcen sodium-bonded, single-phase, mixed-carbide
fucl and Typc 316 stainlcss steel capsules (LA-
4073-MS, Jan. 9, 1969).

To determine the cffect of oxygen content on
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compatibility of fuel containing sesquicarbide with
cladding alloys, material containing ~ 10 v/o
(U,Pu)ZC3 was prepared at LASL., The LASL material
contains 5.32-5,58 w/o C, 87-650 ppm N, and 350-
850 ppm 0. (Material prepared by UNC contains 4.8
w/o C, 240 ppm N, and 3700 ppm O.) These pellets
were loaded into Type 316 stainless steel and vana-
dium alloy capsules, and the capsules have been
placed in test at 750°C.

2. Compatibility Tests with Uranium Carbide Fuels

The experimental program to study the reaction

of sodium-bonded UC1.07

steel was continued during this period. The struc-

with Type 316 stainless

ture of the carbide source consisted of a matrix of
uranium monocarbide containing excess carbon as the
sesquicarbide phase and trace amounts of the di-
carbide phase. The program entails heating the
carbide in Type 316 stainless steel capsules with
sodium (~ 5 g) and a Type 316L stainless steel tab
for 500 and 1000 h at 450, 550, 650, and 750°C,

The data obtained to date are summarized in
Table 464-V1I. Localized carburization of the cap-
sule wall was observed metallographically only in
the 1000-h, 550°C-test. This was in a region ad-

joining the UC carbon source. Although metal-

lographic examiﬁgZion did not show carburization of
the other Type 316 stainless steel capsules, chem-
ical analyses of the Type 316L test tabs indicated
minor amounts of carbon pickup occurred in several
cases. All the UC1.07 carbon sources showed de-
pletion of the dicarbide phase at the surface ex-
cept in the capsule heated for 500 h at 450°C.

The dicarbide phase at the sodium contact sur-
face appears to be the primary source of carbon for
transport to the stainless steel. However, it is
known that oxygen in sodium may result in carbon
transport from single-phase monocarbide material.
Although care is taken in the experimental proce-
dure to minimize oxygen contamination, significant
amounts of oxygen may have been present in some
of the capsules, leading to transport of carbon
from the fuel; but, neither the monocarbide nor the
sesquicarbide phasc was attacked to a significant
extent under thesc cxperimental conditions.

The compatibility of sodium-bonded UC1.43 with
Type 316 stainless steel and V-15Cr-5Ti alloy cap-
sules is being determined at 750°C in 1000- and

4000-h tests., The as-recceived ingots were crushed



Fig. 464-2. Sigma formation near the bottom closure weld of capsule

containing pellets from UNC. Etchant: 20% KOH, 20%
K3Fe(CN)6, HZO' 300X.
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Typical carbide precipitation and sigma formation along
the wall of the capsule containing UNC pellets.
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Fig. 464-4.

Localized carburized film along the bottom of the capsule
that was in contact with UNC pellet.
acid, electrolytic.

Etchant: 10% oxalic
300X.
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Fig. 464-5. Carburized zone on the wall of a Type 316 stainless steel

capsule at junction of two single-phase carbide pellets.
Etchant: 10% oxalic acid, electrolytic. 300X.
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Fig. 464-6. Typical structure of the capsule wall away from the car-
burized zone shown in Fig. 464-5. Etchant: 10% oxalic
acid, electrolytic. 300X.

Fig. 464-7. Intergranular attack at the surface of single-phase
(U,Pu)C pellet. Etched, 300X.
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Fig. 464-8. Attack at the surface of a pellet containing ~ 10 v/o
(U,Pu).C, near a region containing acicular phase. Etched,
300x. 23
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Fig. 464-9. Sesquicarbide phase on the surface of a UNC pellet; this

phase was unattacked by sodium during the 4000-h compati-
bility test at 750°C. Etched, 300X.




Table 464-V11
DATA ON THE REACTION OF SOD1UM-BONDED UC

WITH TYPE 316 STAINLESS STEeL  1°07
. Source
Carb
. Typ:rsﬁchontent t2ps) bepth of Area
Uapsule Test Time Temp (1) 2) Decarburization 2
No. (h) (°c Tab Sodium (microns) (em”)
1679 500 450 225 100 nil 0.98
1nse (3} 500 550 - - N .
1857 500 650 140 50 218 1.36
1854 500 750 90 40 385 1.33
1855¢4) 1000 450 - - . 1.59
1858 1000 550 240 60 720 1.40
1859 1000 650 350 110 283 1.08
1856 1000 750 570 120 867 1.67
(0

Original carbon content of test tab 175 ppm.
)

Carbon content of as-received sodium ~ 15 ppm.

(3)Capsu1e leaked during test,
(4)Test in progress,

to -1/4 in, + 10 mesh under an argon atmosphere and
vacuum heat-treated for 100 h at 1350°C., The heat-
treated microstructure consisted of a matrix of u-
ranium sesquicarbide containing monocarbide as the
second phase. The capsules were loaded and compat-
ibility tests were started during this period.

3. Studies of Carbon Transport in Sodium

The experimental program on the carburization
of Type 316L stainless steel in static sodium by an
iron-0.87% carbon alloy source was concluded. The
rate-controlling step in the carburizing process
was the diffusion of carbon in ferrite in the
source. A report covering these studies is being
written,

4, Solubility of Uranium, Plutonium, and Mixed
Carbides in Sodium

A delayed neutron counting procedure is to be

used to determine the solubility of 235U, 239Pu

’
and uranium and plutonium from mixed carbides in
sodium as a function of temperature. In these
tests, it is planned to heat pellets of the three
materials with ~ 100 g sodium for 100 to 1000 h in
Ta-10W alloy crucibles. The 2°°U and the mixed
carbide pellets will be tested at 450, 600, and
750°C, while the 2%°

two lower temperatures. After heating, ~ 2-g sam-

Pu will be tested at only the

ples of sodium will be trepanned in triplicate from
the crucible, and the uranium and/or plutonium will

be chemically separated and irradiated at ORNL.

The test is designed to measure uranium and pluto-
nium solubility in the parts-per-billion range.

Experiments were run with the test apparatus
to determine the time required to cool and freeze
the sodium after test. These measurements showed
that 20.5 min were required to cool the sodium from
750 to 100°C, and that 6.25 min were required to
freeze the sodium, Experiments are in progress to
improve the apparatus and techniques so the sodium
can be chilled at a more rapid rate.

V. SODIUM-BOND HEAT TRANSFER STUDIES
(K. L. Meier)

A, General

The purpose of this project is to evaluate the
effects of fuel-pin defects on heat transfer prop-
erties of the sodium bond. Such defects could a-
rise in a number of ways. For example, a void in
the sodium bond could:

1. Be present before insertion in the reac-

tor.

2. Come from dewetting of the pellet due to
change in composition as fission products
are formed.

3. Form from a hot spot on the pellet and
consequent local vaporization of the so-
dium, and/or

4. Be produced from desorbed or fission-prod-
uct gases.

Of these, probably the most serious defect
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would bc presence of fission gas bubbles in the
bond region.

One method of obtaining the high heat fluxes
necessary for ''defect analysis" consists of uti-
lizing a central, high-heat-flux heater. This meth-
od is being utilized at LASL in sodium-bond heat
transfer studies.

B, Current Results

Much of the apparatus for out-of-pile testing
of sodium bonds utilizing a central, high-heat-flux
hcater has been fabricated and tested. The com-
pleted portions include:

1. Graphite rod heater with boron nitride in-

sulation.

2. UC cylinder.

3. Sodium test loop.

‘The outer structure of the thermal scanner,
which measures the temperature of the '"fuel pin"
with 40 rotating thermocouples, consists of three
subasscmblies. Subassemblies 200 (thermocouple
rotor) and 300 (inside gas seal and sodium tube)
have becn fabricated. Construction of subassembly
500 (outer shell and outside gas seal) is 90% com-
plete. The completed parts, including slip rings,
motor, mounts, and gcars, were assembled. A preset
indexer to drive the motor was obtained and con-
nected to the motor. Satisfactory operation was ob-
tained; however, the torque of the motor was barely
adequate to drive its assembly. The chief source
of friction is the O-rings in the gas seal. Rather
than modify the gas seal, it was decided to install
a motor with greater torque. The mount was modi-
fied to accommodate the new motor.

The mounts which hold the 40 thermocouples
were attached to the rotor, and onc of the thermo-
couples was connected to a mount. Operation was
satisfactory. The connector plate was attached to
the rotor and 80 slip-ring wires were attached.
Wiring for the 40 thermocouples was completed from
the analog to digital converter through the cable
to the conncctor at the thiermal scanner end.

A gas distribution panel was dcsigned and
fabrication is 50% complete. ‘this panel distri-
butes nitrogcn to the three coolant passages and
helium to the hcater and thermal scanner, The
pancl also contains a vacuum circuit to evacuate
the thermal scanncr. Fabrication of the stand for

the thcrmal scanner was completed, and setup of in-
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strumentation and recorders was begun. Assembly of
the heater, cladding, UC cylinder, and the sodium

bond has started. This complete assembly will be

tested with a heat flux of 106 Btu/hrftz prior to
use in the thermal scanner.

VI. ANALYTICAL CHEMISTRY
(0. R. Simi, R. T. Phelps)

A. General

Specific analytical techniques have been de-
veloped and evaluated to cope with the problems en-
countered in the investigation of fuel/clad com-
patibility. The results of many of these special
analyses are given in several sections of the re-
port in Project 464. A brief summary of some of
the techniques, and the problems to which they were
applied, is given below.

B. Current Results

Spectroanalysis of Sodium

An increase in the contaminant concentration
levels in the bonding sodium of fuel elements is
one important indication of interaction or corro-
sion. A reliable spectrochemical method, developed
previously for measuring contaminants in nonradio-
active sodium, was found to be less reliable for
analyses of sodium from irradiated fuel elements
because of impurities introduced inadvertently dur-
ing the remote manipulation operations. Further
tests of this method were made to determine condi-
tions that would minimize contamination from the hot
cell equipment, Before starting the tests, the
Solution Processing Cell, which was suspected as the
most likely source of contaminants because of cor-
roded metal parts, was carefully cleaned twice, and
stainless steel_equipment that contacted samples
directly was replaced by tantalum or lucite pieces.
Readily available pure NaCl, rather than less pure
elemental sodium, served as the test material. The
samples were dissolved in DOWANOL EB and HCl, and
the solutions evaporated to dryness in a closed .
system with provision for absorption of acid fumes.,
In the Weighing Cell and the Spectrochemical Anal-
ysis Cell, the NaC; residue was mixed with an e¢qual
weight of'graphite containing 100 ppm of germanium
for an internal standard, and a 10-mg electrode
portion was arced. Spectra for samples and stan-
dards were recorded on S.A.-3 photographic plﬁtcs
by use of a 3.4-meter Ebert-mounting spectrograpl,

and results were evaluated by visual comparison or



by photometry.

Aunalyscs of five separate samples of NaCl
showed that Al, Cr, Cu, Fe, and Si impurities were
still obscrved but at much lower concentration than
in the initial tests. The impurities appeared ran-
domly in perhaps one out of four spectra, A series
of tests made out-of-cell indicated that the major
source was spot impurities in the electrodes which
were enhanced by the NaCl. Steps planned to reduce
the effect of spot impurities include increasing
the sample size and electrode crater depth, pre-
burning the electrodes, and using a denser grade of
graphite,

V1l. PUBLICATIONS

F. B. Litton and A, E. Morris, "Carburization
of Tvpe 316L Stainless Steel in Static So-
dium," submitted for publication in J. Nucl.
Mater,
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PROJECT 465

REACTOR PHYSICS

Person in Charge: D. B. Hall
Principal Investigator: G. H. Best

1. INTRODUCTION

Bagic to the evaluation of various fast breeder
concepts and proposals are the analytical tech-
niques and physical data used in the analyses. Va-
lid comparisons between different concepts and pro-
posals depend on minimization of differences in
results due to methods of analyses. To this end,
the Los Alamos Scientific Laboratory is cooperating
with other AEC laboratories and contractors in the
development of evaluated cross-section data and
associated processing codes. In addition, the
Laboratory is working on the development and main-
tenance of digital computer programs pertinent to
the nuclear analysis of fast breeder concepts. The
Laboratory is also adapting, modifying, and evalu-
ating modular programming systems for comprehensive
nuclear analysis. Finally, the Laboratory is eval-
uating the performance characteristics of various
fast breeder reactor concepts.

II. CROSS-SECTION PROCUREMENT, EVALUATION, AND
TESTING (M. E. Battat, D. J. Dudziak, R. J.
LaBauve, R. E. Seamon)

A. CGeneral

Accurate predictions of reactor design param-
eters, such as critical mass, material worths, and
spectral response, require the development and
maintenance of up-to-date basic microscopic nuclear
data files. To meet this end, a national coopera-
tive program is in progress to prepare an evaluated
nuclear data file (ENDF/B). The large amount of
experimental data which is becoming available, to-
gether with theoretical data, makes the maintenance
of ENDF/B a continuing task. In addition, a large
effort is needed in evaluating and testing the
microscopic data prior to use in reactor

calculations.
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B. Data Testing

At its September 1969 meeting, the Codes and
Formats Subcommittee of the Cross Section Evalua-
tion Working Group (CSEWG) tentatively adopted a
new format for storage of photon production data.
The acceptance of the new format was contingent
upon the submission of a detailed format and proce-
dures document to sSupersede LA-3801, as well as on
commitments by other laboratories to revise the
CHECKER and PLOTFB codes. The Los Alamos Scienti-
fic Laboratory undertook the task of retranslating
photon production data for sodium, magnesium, chlo-
rine, potassium, and calcium into the new format,
as well as rewriting of the LAPH and PHOX codes.

A new version of LA-3801 has been drafted to
define the new format and procedures in detail.

The new format is logically equivalent to the old
but is restructured into new file numbers; it had
not yet been carefully documented at the time of
the Codes and Formats Subcommittee meeting. The
revision of LA-3801 contains the equivalent of a
Procedures Manual, with a section for procedures
being included in each ENDF/B photon production
data file, as well as in each photon interaction
data file. The draft is presently being reviewed
within LASL. The document will next be sent to
contributors at other laboratories for review prior
to issuance as a format report. The sodium data1
presently in the ENDF/B Data File in the original
photon production data format has been translated
to the revised format. These translated data will
be included in an appendix of the report as a

sample case.



All of the plioton production cross-section data
that have been translated into the original ENDF/B
format (viz., sodium, magnesium, chlorine, potas-
sium, and calcium) bave been received from the Uni-
versity of Virginia (UVa) and checked for complete-

ness. Also, listings of PHOX runs1

on the data are
being reviewed. These 'physics' checks on the pho-
ton data will be used to correct the data files,
where necessary, although a preliminary examination
shows no serious errors. All of the data have been
checked for format syntax errors with the CHECKER
code.

The final draft of a UVa report describing the
data review and a ‘'physics" testing code for ENDF/B
photon production data has been reviewed and sub-
mitted to the Defense Atomic Support Agency (DASA),
the funding agency, for publication approval.

C. Processing Codes

1. FLANGEII and GLEN.
ate multigroup-multitable (MULTAB) cross sections
The GLEN
code has been linked to the FLANGEII code, and

ENDF/B thermal data for H, bound in H,O is being

Work on a code to gener-

from ENDF/B thermal data is continuing.

2 2

The FLANGEII code is

used for generating fine-group cross sections, in-

used for checking of results.

cluding an inelastic scattering kernel for the
ENDF/B material being processed. GLEN is used for
generating an infinite-medium spectrum used in col-
lapsing to broad-group cross sections, which the
code outputs in the DTF-1V format.

FLANGEII also makes a very accurate calculation
of the total inelastic cross sections directly from
the S(a,B) data on the ENDF/B tape. As an option
in the code, these total cross sections can be used
to normalize the scattering kernels output by the
code.

In GLEN, the total cross sections are obtained
by integration of the scattering kernels provided
by FLANGEII. As a check, these are compared with
the results from FLANGEII in Figs. 465-1 and 465-2
for the Po and P1 scattering components, respec-
tively. These figures indicate the following:

a. Unnormalized kernels cannot be used in GLEN.
(This is unfortunate in that considerable
machine time is required for the FLANGEIIL
integrations.)
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Fig. 465-1.

Hzo total inelastic

cross section, P0 component.
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b - GLEN integration, normalized kermel
50— ¢ - FLANGEIL integration, S(a,8)

Crass section in b

a - GLEN integration, unnormalizcd kernel

Energy in eV

Fig. 465-2.

b. End-point integrations in GLEN seem to be
inaccurate.

¢. Low-energy values for the scattering ker-
nels seem to be in error.

1t is felt that a finer-energy mesh could be used
to improve b and c.
Further tests of these cross sections will be
made by using them in the DTF-1V code to calculate
235

a Hzo- U (300:1) system.

2. PHOX. A preliminary review of the PHOX
code has been made to estimate the effort required
to revise it, in order to accept the revised photon
production data format.

3. Utility Codes. LASSO and other utility

codes written for translating data to the revised
format have been placed on an UPDATE tape for the
CDC-6600 computer. The utility codes do simple
tasks, such as sequence number checking and
resequencing.

The CHECKER, LUTE, LATEX, FIXLUTE, and FIXUKTP
codes bave been received on tape from UVa and have
been placed on an UPDATE tape. The CHECKER code

was compiled from the UPDATE tape and debugged on
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Hy0 total inelastic cross section, Pj component.

the CDC 6600. It has been used to check the format
This version of CHECKER
had been extended at Brookhaven National Laboratory

(BNL) and Oak Ridge National Laboratory (ORNL) to

syntax of the sodium data.

check the photon production data and was further
modified at UVa to accept MT = 110. Both LUTE and
LATEX have now been documented in UVa Report No.
NE-3383-102-694, which will be distributed by BNL

to the ENDF/B distribution list under the document
number ENDF-128. FIXLUTE is a code written at UVa
to check normalization of photon secondary angular
and energy distributions, renormalize to unity, and
F1XUKTP is a code,

also written at UVa, to correct data which is in

produce a corrected ENDF/B tape.

the United Kingdom Atomic Energy Authority (URAEA)
format. [t is analogous to the ENDF/B code CRECT.

D. Shielding Methods

Revisions have been made in the LAPH code tw in-
corporate DTF-1V input routines and new subroutines
that combine the photon production matrices in each
zone with the appropriate densities, as specificd
by the zone composition in DIF-1V format. Photon

production and photon energy production matrices



and source vectors are now calculated within the
same pass through the code. The numerical integra-
tions over the neutron fine groups are performed
with the trapezoidal rule, using the same energy
mesh as that used in specifying the cross-section
data in File 3 of the ENDF/B tape. The subroutine
that reconstructs the photon cascades from transi-
tion probability arrays has been rewritten to save
core and to eliminate the calculation of those quan-
tities that are energy independent at each energy

of the neutron integration mesh. The code checks
that the values of Eg, the effective average energy
for each gamma group, are such that Eg 5-Eg < Eg+l’
where Eg and Eg+1 are the boudaries of a particu-
lar gamma group. If this condition is not met, an
input error warning is printed, and the incorrect
value is replaced by the value of the energy at the
midpoint of the interval. The code has been re-
structured in an overlay arrangement to incorporate
these changes. In OVERLAY (1,0), the input is read
in DTF-1IV format, and a binary tape for use as in-
put to OVERLAY (2,0) is prepared; in OVERLAY (2,0),
the photon production and photon energy production
matrices for each material in each zone are calcu-
lated; in OVERLAY (3,0), the matrices are combined,
and the photon source and energy source vectors

are calculated for each mesh interval. The output
options are being modified to agree with those spec-
ified in a recent revision of the LAPH Input In-
structions. An LA reportz documenting the code
will be published within the next two months, and
an abstract of the code has been submitted to Nu-

clear Science and Engineering. A problem similar

to the sample problem to be used for the code docu-
mentation has been run; it required about 5.6 min
of central processor time, 8.4 min of peripheral

processor time, and about 140,000, core locations.

8
III. REACTOR ANALYSIS METHODS AND CONCEPT
EVALUATION

A. General

A continuing task in fast reactor analysis and
evaluation is the improvement of computer programs
and the development of new computational methods.
In addition to new methods, advances are constantly
being made in computer technology which make pos-
sible the extension of existing calculational

techniques.

B. Preparation and Maintenance of Code Packages

1. Computer Code Coordination (B. M. Carmichael,

The DACl code3 and

T. J. Hirons, G. C. Hopkins).

a two-dimensional version of the same code, DAC2,
are included in the set of codes adopted by the de
facto Committee on Computer Code Coordination.
This committee consists of representatives from
seyeral laboratories selected by the AEC to study
the problems of adapting reactor codes to various
types of computers and the problems of interfacing
reactor codes from different organizations in linked
calculations. A tentative schedule covering the
current and next fiscal years has been prepared for
adapting DACl and DAC2 to the standard specifica-
tions to be formulated by the committee.

2. Modular Programming Systems (F, McGirt).

The modification of the Knolls Atomic Power Labora-
tory (KAPL) DATATRAN System“ for use at LASL is
nearly complete. This has resulted in a modular
programming systemS (LAMPS) that provides the basic
features of DATATRAN on our machines.

Since most of the work with LAMPS has been
directed toward making the system operational at
LASL, only a few of the many features of LAMPS have
been employed. Free-standing codes have been linked
using LAMPS with very little modification of these
codes.6 Geometry-processing modules from the KAPL
iterative transport package have been compiled and
added to the system. Modules that generate cross-
section sets from ENDF/B data tapes are being ob-
tained from KAPL.

A reduced field length version of LAMPS is
available to users of the LASL remote terminal
systems. Due to a shortage of permanent disk files,
a magnetic tape containing absolute overlays of the
system programs must be assigned for each LAMPS job.

The feasibility of using components of the
Argonne modular system7 (ARC) on LASL computers is
being investigated. Instead of trying to load the
complete modular system as with DATATRAN, the one-
dimensional transport theory standard path PTRID is
being used. One of two possible approaches in
loading PTRID will be tried. The first possibility
is to use the PTRID standard path as a structured
overlay system. The second is to use only the com-
putational module NUCOO3 of PTRID and supply the

input and output requirements, using LAMPS data
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lists. A choice of method will be made after con-
sultation with Argonne and after more extensive
examination of the ARC system.

Free-standing codes, written in FORTRAN 1V
either at LASL or other installations, may now be
run, using LAMPS data lists to handle input and
output. In addition, most DATATRAN modules can be
used directly in the system. These provide the
basis for a powerful computational capability for
reactor developmental work. If it proves possible
to include ARC modules without extensive reprogram-
ming, the computational capability can be easily
further enhanced.

3. Burnup Code (T. J. Hirons). The burnup-
refueling code,8 PHENIX, is being modified to allow

the option of performing an entire fuel-cycle anal-
ysis in one run. This complete analysis begins
with the clean reactor and proceeds through the
approach to equilibrium. The number of burnup in-
tervals required to reach equilibrium is a direct
function of the particular fractional-batch
refueling scheme.

An abstract of PHENIX has been accepted for
publication in Nuclear Science and Engineering.

4. Diffusion Code Development (J. C. Vigil).
Programming, compiling, and testing of the 3-

Dimensional Diffusion Theory code (3DDT) have been
completed. This code is an extension to three

All of the 2DB
features were retained in 3DDT, except that the

space dimensions of the 2DB code.9

geometry options are X-Y-Z and R-0-Z. Briefly,
some of the features are:

- Multigroup calculations of keff Or criti-

cality searches on reactor composition, reac-

tor dimensions, or time absorption (@) by
means of either the regular or the adjoint
flux equations,

+ Computation of material burnup,

* Restriction to downscattering,

» Variable dimensioning for maximum use of
available fast memory,

* Group rebalancing and successive overrelaxa-
tion with line inversion,

Searches on compositions or dimensions with
values of @ or ko¢f as parametric eigen-
values (i.e., user selected), and

* DTF-1IV input format.10
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Both Extended Core Storage (ECS) and disk stor-
age are utilized in 3DDT. 1In general, four-
dimensional arrays [e.g., ¢(x,y,z,E)] are stored on
disk; three-dimensional arrays [e.g., ¢(x,y,z) for
a particular energy group] are stored in ECS; and
two-dimensional arrays [e.g., ¢(x,y) for a particu-
lar group and axial mesh point] are stored in the
fast central memory. Thus, central memory storage
requirements are insensitive to the number of ener-
gy groups and the number of axial mesh pointa.

The variable dimensioned arrays in central

memory require Ncm core storage locations where
Ncm = 17xIMxJM + ITLxMT + 15xML + 2xJMxKM + 4xMOl

+ 3xIGM + 4xIZM + 2x(IP+JP+KP)

+ 2X(IM+IM+HKM) + 4xMLXIZM + 2xMAX(IM,JM)

+ TO6x (IM+IMAKM+IZH+IZ+KZ) (@)
ECS (Necs) and disk (Ndk) storage requirements are

Necs = 10xIMxJMxKM + IMxJMxMO6

+ 1GMax (JMxKM+IMxKM+IMxJIM) 2)

Ny = 6x IMxJMxKMx1GM + ITLxMTxIGM . (3)

In Eqs. 1 through 3,

IM = number of radial (or X) mesh points,
number of rotational (or Y) mesh points,
number of axial (Z) mesh points,
cross section table length,
total number of materials including mixes,
number of material cross sections read

from cards,
MOl = number of mixture sgpecifications,

IGM = number of energy groups,

IP = IM + 1,

Jp = JM + 1,

KP = KM + 1,

IZM = number of material zones,

IZ = number of radial (X) zones to be modified

(delta option),
JZ = number of rotational (Y) zones to be modi-
fied (delta option),

MO6 = number of R-8 (or X-Y) planes with unique

zone numbers, and
1 for delta calculations, = 0 otherwise.

—
&)
[and

[ I I ]

TO6

For a fairly large problem in which IM=JM=KM=MOb=
12=JZ2=KZ=30, IGM=16, ITL=12, MT=100, ML=20, MO1=200,
1ZM=80, and TO6=1, the storage requirements for the

variable arrays are:



N = 28,574
cm

N 340,200

ecs

Ny, = 2,611,200.

These requirements are well within the capacities
of our CDC-6600 computing equipment.

Calculations with 3DDT in R-6-Z and X-Y-Z geom-
etries were compared with corresponding two-
dimensional calculations with the 2DB code. The
results of various test problems are described
below.

a. Two-Group, R-6-Z Test Problems. The

first series of 3DDT calculations consisted of two-
group keff (both regular and adjoint), alpha, con-
centration, and delta computations of a two-region
cylindrical reactor in R-6-Z geometry. For these
test problems, material compositions were constant
in the 6 direction, and, thus, the reactor could be
represented exactly in an R-Z calculation. The
core region was a solid vertical cylinder with ra-
diug = 85.88 cm and height = 99.06 cm. A reflector
medium surrounded the core axially (27.4-cm-thick
top and bottom) and radially (20.8-cm thick). Com-
positions of the core and reflector regions are
given in Table 465-I.

TABLE 465-1
COMPOSITIONS OF CORE AND REFLECTOR REGIONS
R-8-Z Test Problems

Atom Density
Units of 1024/cm3

Nuclide . Core Reflector
AL 1.22 x 107 1.3 x 1075
B 0.92 x 107, 1.29 x 107,
c 7.87 x 107, 7.97 x 107
Fe 3.91 x 10_8 4.50 x 10
234y 7.05 x 10_
235y 7.41 x 10°
238y 4.58 x 1077

Because of symmetry, only the upper half of the
reactor was represented in both the 2DB and 3DDT
calculations, and a reflective boundary condition
was applied to the bottom boundary. In addition,
only a 15° sector of the 6 dimension was repre-
sented in the R-8-Z calculation. Periodic and re-
flective boundary conditions on the 8 boundaries
are equivalent in thisg configuration and, thus,
should give the same results. This was indeed

found to be the case.

All common input data (mesh intervals, cross
sections, convergence parameters, initial flux
guess, etc.) for the R-Z and R-6-Z calculations
were identical. The meshes contained 21 intervals
radially, 15 axially, and 5 in the 0 direction.
Thus, the R-6-Z problem contained five times more
mesh points than the R-Z problem. Initial flux
guesses were computed internally in the codes from
cosine distributions in the radial and axial direc-
tions and a flat distribution in the 6 direction.
Convergence criteria typical of actual production
runs were used in all the calculations. These cri-
teria were: lambda or total fission source conver-
gence criterion = 0.0001, pointwise flux conver-
gence criterion = 0.001, and eigenvalue search
convergence criterion = 0.001.

The first calculation for the two-group R-6-2
test configuration was a regular keff computation,
followed automatically by a burnup interval of
30 days at 3 MWT total power and a computation of
the keff for the depleted inventory. Results of
the two- and three-dimensional calculations are

shown in Table 465-II1. In absolute magnitude, the

TABLE 465-11

REGULAR kog¢ CALCULATIONS
WITH 30-DAY BURNUP AT 3 MWT

Two-Group, R-6-Z Problem

2DB 3DDT 3DDT/2DB
Initial keeg 1.0557 1.0553 0.9996
Final kegg 1.0502 1.0499 0.9997
Reactivity change
Ak /) -0.0052 -0.0051 0.98
depletion (g) 112.8 112.8 1.000
Breeding ratio 0.0045 0.0045 1.000
Computation time
(sec) 15.3 83.2 5.4

initial and final keff's both agreed within 0.0004,
and the reactivity changes due to burnup agreed
within 0.0001. The amounts of 235U depleted were

in complete agreement, as were the breeding ratios

234U and 238U).

Both before and after depletion, group fluxes from

(the core contained small amounts of

2DB and 3DDT were in agreement within 0.2% at all
mesh points. (At most mesh points, the disagree-
ment was only 0.1%.) The computing time, defined
as central processor (CP) time exclusive of compila-
tion time, was 5.4 times longer for the 3DDT calcu-

lation than for the 2DB calculation.

43



The 3DDT calculation of Table 465-1I1 was per-
formed with reflective boundary conditions at the
8 boundaries. With periodic boundary conditions,
exactly the same results were obtained, except that
the computing time was 95 sec instead of 83 sec.
This result was expected, since the algorithm for
performing line inversion* is more complicated for
periodic than for reflective boundary conditions.

The next calculation for the two-group R-6-Z
configuration was an adjoint keff calculation. Re-
sults, which are shown in Table 465-1II, were simi-

lar to those obtained for the regular problem

TABLE 465-111
TWO-GROUP, R-8-Z CALCULATIONS

2DB 3DDT 300’1‘[208

Adjoint kegf
Keff 1.0557 1.0553 . 0.9996
Computing time (sec) 13.9 78.3 5.6
Alpha Search
Alpha (sec™l) 116.3 115.7 0.995
Prompt neutron _4 -4

generation time (sec) 4,79 x 10 4.78 x 10 0.998
Computing time (sec) 17.6 113 6.4
Concentration Searc -
Eigenvalue 0.8461 0.8475 1.002
Computing time (sec) 16.8 98.7 5.9

(Table 465-1I1). £f
computed in the adjoint problem agreed with the
Note that

For both 3DDT and 2DB, the ke

keff computed in the regular problem.
the computing time for 3DDT was 5.6 times longer
than that for 2DB.

and 2DB typically agreed within 0.1%, and the

Adjoint group fluxes from 3DDT

maximum disagreement was 0.3%.

Eigenvalue searches on time absorption (alpha),
critical uranium composition (concentration), and
critical core dimensions (delta) were also per-
formed for the two-group R-0-Z configuration. Re-
sults of the alpha calculations are also shown in
Table 465-I11, where it is seen that the 2DB and
3DDT values for alpha agreed within 0.5%. Since
o= (keff - 1)/2, where £ is the prompt neutron gen-
eration time, the disagreement in o is consistent
with the disagreement in keff' That is, the ratio
a(3DDT/a(2DB) differs by only 0.2% from the ratio

[keff(BDDT) - 1]/[keff(2DB) - 1].

*Simultaneous solution of fluxes for mesh points
lying on the same line by Gaussian elimination and
back-substitution.
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Since keff and o were obtained from separate
calculations, the prompt neutron generation time
could be derived from £ = (keff - 1)/a. As seen in
Table 465-I11, values of £ derived from 2DB and
3DDT calculations agree within 0.2%. For the alpha
talculation, the computing time with 3DDT was 6.4
times longer thian with 2DB, and group fluxes typi-
cally agreed within 0.1%.
was 0.2%.)

(Maximum disagreement

Results of the concentration search calcula-
tions are shown in Table 465-I111. The eigenvalue
in this case is the factor by which all the uranium
atom densities in the core must be multiplied to
As seen in Table 465-III,

2DB and 3DDT disagree by 0.2X and the disagreement

yleld a critical system.

is in a direction consistent with the disagreement
in keff’ The computing time with 3DDT was 5.9
times longer than with 2DB. Group fluxes typically
agreed within 0.1%, and the maximum disagreement
was 0.4%.

. Results of the delta calculations are summa-
rized in Table 465-1V. Three-separate calculations

were made. In the first, the core height was held

TABLE 465-1IV
CRITICAL DIMENSIONS SEARCH CALCULATIONS
Two-Group, R-8-Z Problem

2DB 3pDT 3DDT/2DB

Search on:

Core radius (core height held constant at 99.06 cm)

Eigenvalue - 0.1137 - 0.1139 1.002
Critical radius (cm) 76.12 76.10 0.9997
Computing time (sec) 17.8 110 6.2

Core height (core radius held constant at 85.88 cm)

Eigenvalue - 0.1519 - 0.1508 0.993
Critical height (cm) 84,02 84.12 1.001
Computing time (sec) 17.2 138 8.0
Both height and radius

Eigenvalue - 0.0703 - 0.0707 1.006
Critical height (cm) 92.10 92.06 0.9996
Critical radius (cm) 79.85 79.81 0.9995
Computing time (sec) 18.1 118 6.5

constant, and a search was made on the core radius.
In the second, the core radius was held constant,
and the core height was varied to achieve a criti-
cal system. Finally, both the core radius and
height were varied by the same factor to achieve
criticality in the third calculation. In the delta

calculations, the adjusted dimension, say L,'is



given in terms of thc initial dimension, Lo, by

L = Lo(l - EV) where EV is the eigenvalue given in
Table 465-1V.
with the 2DB and 3DDT codes agree within 0.1% or
better.

Critical core dimensions computed

Group fluxes typically agreed within 0.27%
with a maximum disagreement of 0.4%. Computing
times with 3DDT ranged from 6.2 to 8.0 times
longer than with 2DB.

b. X-Y-Z Test Problems. The second series

of 3DDT calculations consisted of two- and three-
group regular keff computationsg of a two-region par-
allelepiped in X-Y-Z geometry. For these calcula-
tions, material compositions were homogeneous in
the Z direction. Furthermore, the top and bottom
boundaries in the X-Y-Z calculation were reflected
to simulate an infinite height. Thus, the configu-
ration could be represented exactly in an X-Y calcu-
lation with 2DB. In the X-Y plane, the reactor con-
sisted of a square (150 x 150 cm) core region, sur-
rounded by 25 cm of reflector on all four sides. A
height of 20 cm was used in the X-Y-Z problem. Com-
positions of the core and reflector regions were
the same as those in Table 465-1, except that the
uranium atom densities were reduced to 0.4 of those
in Table 465-1.

Because of symmetry, only one quadrant of the
X-Y cross section was represented in the calcula-
tions, and reflective boundary conditions were ap-
plied to the left and front boundaries. As in the
previous calculations, all common input data for
the X-Y and X-Y-Z calculations were identical. The
meshes contained 21 intervals in the X direction,
20 in the Y direction, and 5 in the Z direction.
Thus, the X-Y-Z problem contained five times more
mesh points than the X-Y problem. Convergence cri-
teria were the same as those specified for the
R-6-Z problems.

Results of the X-Y-Z calculations are summa-
rized in Table 465-V. For the two-group calcula-

tions, the ke 's computed with 3DDT and 2DB agreed

within 0.09Z,f£roup fluxes typically were in agree-
ment within 0.3% with a maximum disagreement of
0.6%, and the computing time was 6.1 times longer
with 3DDT. Since a two-group calculation does not
test completely that portion of the code that com-
putes downscatter sources, a three-group computa-

tion was performed. For this case, the keff’s

TABLE 465-V
REGULAR kq¢¢ CALCULATIONS
X-Y-Z Problem

2DB 3DDT 3DDT/2DB
Two-Energy Groups
kags 1.0084 1.0075 0.9991
Computing time (sec) 15.1 91.4 6.1

Three-Energy Groups

keff 1.0138 1.0126 0.9988
Computing time (sec) 17.5 124 7.1

computed with 3DDT and 2DB agreed within 0.12%,
group fluxes typically agreed within 0.47% (maximum
disagreement was 1%), and the 3DDT computing time
was 7.1 times longer.

Results of all the test calculations indicate
that the 3DDT code is performing satisfactorily.

In general, the ratio of 3DDT to 2DB computing time
was approximately the same as the mesh point ratio.
Extrapolating from the test problems, it is esti-
mated that a six-group 3DDT problem, containing

30 x 30 x 30 mesh points, would require about 60
min of computing time on the CDC-6600 computer.
This time is about the same as that required for a
six-group SA problem containing 30 x 30 mesh points.
On the CDC-7600 computer, which is purported to be
four times faster than the CDC-6600, even larger
problems should be practicable.

Future work on 3DDT is contemplated in the fol-
lowing areas (not necessarily listed in order of
priority):

1. Incorporation of internal boundary conditions

(principally for control-rod problems),

2. 1Incorporation of a spherical (R-8-¢) geometry
option (present version has X-Y-Z and R-6-2
optionsg),

3. Incorporation of a subroutine to compute neu-
tron balance by zone (present version computes
only the overall neutron balance),

4, Incorporation of a subroutine to compute neu-
tron currents for use in a three-dimensional
perturbation code,

5. 1Incorporation of a subroutine to compute acti-
vities by zone and material,

6. Incorporation of a subroutine to compute poison-
ing by xenon and samarium, and

7. Extension of the code to allow upscattering

(present version is restricted to downscat-
tering).
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C. Fast Reactor Design Analysis
1. Fuel-Cycle Analysis (T. J. Hirons). A com-

plete fuel-cycle analysis has been performed on a
recent advanced LMFBR design. This reactor has a
core H/D of 0.44, an increase of a factor of 2.5
over the pancake designlz analyzed previously. The
two-dimensional diffusion-burnup-refueling code8
PHENIX was used for the analysis. Several reactor
characteristics at the midpoint of the equilibrium
cycle were tabulated and compared with those given
in the design report. Values for the core fissile
loading, breeding ratio, and core conversion ratio
agreed very closely with the design values, while
the burnups were 15 to 20% higher than the speci-

fied 112,200 MWd/Te.
‘The mass balances from the above-mentioned anal-

ysis were processed through LAFF and the Los Alamos
Reactor Economics Code (LAREC). LAFF takes the
charges and discharges from the fuel-cycle analysis,
along with the appropriate load history, and pre-
pares a set of mass balances for input to LAREC.
LAREC then performs the complete economic analysis
for the given reactor system and calculates a

power cost in mills/kwh.

Additional parametric studies will be performed
on this reactor; quantities to be varied include
the length of the burnup time step, the load
history, and the capital costs. )

2. Space-Energy Collapsing Scheme Applicable

to Fast Reactor Fuel-Cycle Analysis (R. E. Alcouffe,

T. J. Hirons). The space-energy collapsing scheme
applicable to fast reactor fuel-cycle analysis de-

scribed in the previous quarterly report is being

prepared as an article for Nuclear Science and

Engineering.
the previous section was performed using eight-

The fuel-cycle analysis discussed in

group cross sections obtained from a 49-group
fundamental-mode collapsing spectrum, i.e., ENDF/B
data processed directly from MC2 into broad-group
constants. 1ln this fuel-cycle analysis, separate
cross-section sets for the core and blanket regions
were used. To compare the effects of two-
dimensional versus fundamental-mode collapsing
spectra on this advanced system, a 49-fine-group
reference calculation was performed using ENDF/B
crosg-section data processed by MCZ but with no

broad-group collapsing. For the clean reactor,
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errors in the eight-group calculation for keff and
breeding ratio were +0.6 and -1.5%, respectively.
These errors are slightly less than those obtained
from the analysis of the pancake mixed-oxide
design,lz which has an overall softer spectrum.

The 49*group two-dimensional spectrum will be used
to collapse the cross sections and leakage coeffi-
cients to eight- and four-broad-group structures;
complete fuel-cycle analyses will then be performed
using these structures.

D. Computational Techniques for Repetitively

Pulsed Reactors (G. C. Hopkins)
Work has been completed on the calculational

methods for repetitively pulsed reactor systems.
Both linear and nonlinear forms of reactivity were
included in the study that will be detailed in an
LA report.

IV. CURRENT PUBLICATIONS

1. Thomas J. Hirons and R. Douglas O'Dell, "Cal-
culational Models for Fast Reactor Fuel-Cycle
Analysis," submitted to Nuclear Applications.

2. Morris E. Battat, Robert J. Seamon, and Raphael
J. LaBauve, "Comparison of Several Versions of
the MCc2 Code," presented at "Multigroup Cross
Section Preparations Seminar, Oak Ridge,
Tennessee, October 1 and 2, 1969. Published in
Proceedings.

3. R. Douglas 0'Dell and Thomas J. Hirons, 'PHENIX,
Burnup-Refueling Code," submitted to Nuclear
Science and Engineering.

4. Thomas J. Hirons, R. Douglas O'Dell, and Ray-
mond E. Alcouffe, "Spectral Effects on Calcu-
lated Fuel-Cycle Parameters in Large Fast
Breeders," presented at ANS 1969 Winter Meeting,
November 30 to December &4, 1969, San Francisco,
California. Published in Proceedings.

5. George C. Hopkins, "Calculational Methods for
Repetitively Pulsed Reactors," presented at
ANS 1969 Winter Meeting, November 30 to
December 4, 1969, San Francisco, California.
Published in Proceedings.

6. Barry K. Barnes, W. Mort Sanders, and Dale M.
Holm, "Analysis of Fuel-Element Sections by
Two-Dimensional Gamma Scanning,' presented at
ANS 1969 Winter Meeting, November 30 to
December 4, 1969, San Francisco, California.
Published in Proceedings.
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PROJECT 467

FUEL IRRADIATION EXPERIMENTS

Person in Charge:

D. B. Hall

Principal Investigators: R. H. Perkins

J. C. Clifford

I. INTRODUCTION
The goal of this program is to examine the ir-
radiation behavior of advanced fuels for LMFBRs.
At present, the fuel concepts under study are so-
dium-bonded mixed carbides and metals. However,
because of the decrcasing interest in metals as
LMFBR fuels, metal fuel work has been reduced and
will be terminated by the end of the fiscal year.
Carbide investigations center around the ir-
radiation performance of high purity, single-phase

(UO 8
Alamos Scientific Laboratory (Project 463). So-

Puo Z)C produced and characterized at the Los

dium-bonded, mixed-carbide pins are being irradi-
ated in the EBR-I1 reactor at heat ratings of in-
terest for fast reactor application. The experi-
ments are designcd to examine the degree of fuel
swelling, gas release, fuel-sodium-clad interac-
tion, and the migration of fissionable material and
fission products as a function of burnup and fuel
density. Thermal flux irradiations of LASL-pro-
duced carbides also are included to augment deter-
mination of the effects of high burnup on fuel-
bond-clad compatibility.

1. EBR-11 IRRADIATION TESTING
iJ. 0. Barner)

A.  Gencral '

The purpose of the EBR-Ii irradiations is to
evaluatce candidate fuel/sodium/clad fuel element
systcms for the LMFBR program. In the reference
dcsign, fuel pellets of single-phase (U,Pu)C are
separatcd by a sodium bond from a cladding of Type
316 stainless steel. Three series of experiments

arc planned and approval-in-principle has been re-
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ceived from the AEC.
The capsules are to be irradiated under the

following conditions:

Condition Series 1 Series 2 Series 3
1. Lineal power, kW/ft ~ 30 ~ 45 ~ 30
2. Fuel composition (UO.SPuO.Z)C, single-phase, sintered
3. Fuel uranium 235y 233 235y
4. Fuel density 90% 95% 95%
5. Smear density 80% 80% 80%
6. Clad size 0.300-in. i.d. x 0.010-in. wall
7. Clad type 316 SS 316 SS 316 SS
8. Max clad temp, °F 1250 1275 1250
9. Max fuel center- 2130 2550 2100

line temp, °F

10. Burnup 3 a/o to 8 a/o

The capsules are doubly contained.

B. Current Results

Two capsules from Series 1, designated K-42B
and K-36B are assembled in EBR-II subassembly X070.
They will be inserted in the reactor for Run 39B in
mid-January 1970.

Three capsules from Series 1, designated K-37B,
K-38B, and K-39B, and two capsules from Series 3,
designated K-43 and K-44, are available for irradi-
ation, They will be inserted when EBR-II! project
personnel have reviewed the 'data package."

The data package for the Series 1 and 3 irra-
diations is almost complete. The results of tem-
perature calculations for capsules with assumed so-
dium bond discontinuities must be obtained to com-

plete the data package.



111, THERMAL 1RRADIAT1ONS OF SOD1UM-BONDED MI1XED
CARBIDES

(J. C. Clifford, R. L, Cubitt, D, C. Kirk-
patrick)

A.  General

Mixed carbides, sodium-bonded to Type 316
stainless steel cladding, are being irradiated in
the LASL Omega West Reactor (OWR), a 6 MW MTR-type
facility. The purpose of the experiments is to de-
termine whether fuel, clad, and sodium remain mutu-
ally compatibile as burnups of interest in the
LMFBR program are approached. While fast-spectrum
irradiations are preferred in order to produce the
power densities and radial temperature gradients
anticipated in LMFBRs, thermal irradiations appear
acceptable in this instance because the fuel re-
gions of prime interest (those in contact with so-
dium) for compatibility studies can be maintained
at realistic temperatures.

Experiments are conducted in instrumented en-
vironmental cells installed semi-permanently in the
OWR. The principal features of these cells are:
(1) a heat removal and temperature control system
consisting of a natural convection sodium loop,
electrical heaters, and a variable conductivity
heat leak, and (2) a sweep gas system for the rapid
detection of leaking fuel capsules.

B. Current Results

A second environmental cell, fabricated during
the previous quarter, was installed in the OWR.
A dummy experiment, containing stainless steel in
lieu of fuel, was operated in the cell for two
weeks to ensure that control and alarm circuitry
were functioning and to measure the heat generated
by gamma photon absorption in cell components.

OWREX-14, a sodium-bonded (U )C experi-

0.8".2
ment, was inserted in the new cell early in Decem-
ber and has operated satisfactorily since that
time. The experiment consists of two Type 316
stainless steel capsules, each 2.5-in. long and
0.300-in. diam with 0.010-in.-thick walls. Each
capsule contains three pellets of 95% theoretical
density, single-phase mixed carbide, a stainless
steel insulator pellet to separate the fuel from
the lower closure weld, and approximately 1/3 g Ns.
The uranium in the fuel is fully enriched in 235U.
The capsules are stacked end on end at the
axial center of a 0.600-in.-diam stainless steel

secondary container. The annular volume between

capsules and secondary is filled with sodium, and
capsules are centered in the secondary by thin stain-
less steel disks at the top and base of each capsule.
The experiment contains eight thermocouples for mon-
itoring temperatures of the fuel capsules and sec-
ondary sodium.

Based on measurements of the electrical power
required to maintain the experiment at a fixed tem-
perature with and without nuclear heat, the fuel
capsules are estimated to generate 3 kW of fission
heat at reactor operating power. Using computed
integral power and radial power distribution, and
normalizing the former to the measured power gener-
ation, the resulting specific power at the fuel
surface is 670 W/g of fuel and the average is 168
W/g. Fuel pellet surfaces are operating in the
range 600-700°C. At the end of December, the exper-
iment had reached ~ 20% of a planned skin burnup
of 4 a/o.

Assembly of OWREX-15, a duplicate of the car-
bide experiment just described, has been completed
and the experiment will be inserted in the OWR in
mid-January. This experiment will occupy the cell
vacated recently after the termination of a U-Pu-Zr
experiment (Section IV). OWREX-15 is planned for
operation to 8 a/o skin burnup, requiring ~ 110 days
of reactor operation.

IV. THERMAL IRRADIATIONS OF SODIUM-BONDED U-Pu-Zr
(J. C. Clifford, R, L. Cubitt, D. C. Kirk-
patrick)

A.  General

Thermal irradiations are conducted to evaluate
the behavior of U-Pu-Zr alloys produced by LASL.
lrradiations are conducted at the Omega West Reactor
in an environmental cell in which temperature
changes accompanying reactor power level changes
are minimized with electrical heat and with a var-
iable conductivity heat leak. Using this cell, it
is possible to minimize thermal cycling of the fuel
through phase transformations that affect its swell-
ing behavior.

Complementary to the irradiations is an out-of-
pile investigation of the compatibility of LASL-
produced U-Pu-Zr alloys with Type 316 stainless
steel and with a vanadium alloy. Of prime interest
is the effect of zirconium and oxygen content of
the fuel on reactions between fuel and stainless

steel in the temperature range 600-750°C.
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B. Current Results

1. Irradiation Experiments

The most recent metal fuel experiment, OWREX-
13, failed prematurely and has been removed from
the reactor. The experiment has been radiographed
and shows evidence of significant fuel relocation
in all three fuel capsules. Destructive examina-
tion of this experiment and of the previous U-Pu-Zr
failure will be accomplished as the hot cell sched-
ule permits. In view of the rapidity of the fail-
ures, the decline of interest in metals as LMFBR
fuels, and the recent decrease in OWR power level,
additional metal fuel experiments are unlikely.
The environmental cell used for the metal fuel ir-
radiations will be used for irradiation of mixed
carbides (Section 111) beginning in mid-January.
2. Compatibility Experiments

Procedures have been established, equipment is
available, and materials are on hand for a limited
number of compatibility tests employing LASL-pro-
duced U-Pu-Zr alloys and stainless steel, Assembly
of fuel and stainless steel specimens into presses
has been started. Testing will be completed by the
end of the fiscal year.

50



PROJECT 501

STANDARDS, QUALITY CONTROL, AND INSPECTION OF PRODUCTS

Person in Charge:

R. D. Baker

Principal Investigator: C. F. Metz

1, INTRODUCTION

A major factor in the development of a successful
reactor fuel is a high degree of technical competence for
doing the required chemical analysis and related measure-
ments necessary to characterize thoroughly the raw ma-
terials, the manufactured fuel, and the irradiated fuel.
This project is identified with the mixed oxide fuel de-
velopment phase of the LMFBR/FFTF Program.

This project is directed toward (1) developing an
analytical chemistry and measurements program, there-
by ensuring high quality and uniformity of raw materials,
(2) establishing and conducting a statistically designed
quality control program of chemical analyses and other
measurements that can be used to assure continuing ade-
quate analytical competence of the fuel producers during
the fuel fabrication stage, and (3) doing correlated chem-
ical analyses and related measurements on irradiated
fuel as a means of studying fuel behavior during core life;
specifically involved will be burnup studies correlated
with microprobe and metallography studies, gas release
studies as related to cladding corrosion, and gas retention
studies as related to porosity, particle size, and other
properties of the fuel.

11, FFTF ANALYTICAL CHEMISTRY PROGRAM

The remainder of the data for Phase II of the ana-
lytical program, as outlined in LASL Document CMB-1-
870, was received from some participants who had not
finished their work previously due to operational prob-
lems. Statistical analyses are being completed, and a

final report describing Phase II results is in preparation.

. INVESTIGATION OF METHODS

An important part of the analytical chemistry pro-
gram is the investigation and improvement of analytical
methods, or development of new methods, The follow-

ing were investigated:

1. Determination of F in Sintered (U,P;u)o2
(T. K. Marshall)

Trace concentrations of F, which may signifi-
cantly affect corrosion rates of stainless steel cladding
materials, are measured reliably with a fluoride ion
specific electrode following pyrohydrolytic separation
Results obtained for 1 to 10 ug
of F added to 1-g portions of USOS’ used as a stand-in

from the sintered oxides.

for (U,Pu)Oz, show that recovery of fluorlde is 97 per-
cent and the relative precision (10) is 4 percent for a
single determination.

Testing of the method was completed by making
repeated measurements of 1 to 9 ug of F added as a so-
lution of KF to 1-g portions of (U,Pu)Oz. The (U,Pu)O2
used in preparing these samples was freed of traces of
fluoride by a pyrohydrolysis treatment before addition of
the KF. Results for the repeated analyses showed an
average recovery of 104 percent of the F~ and relative
standard deviations (10) of 5 percent for a single mea-
surement of 2 to 9 ug of ¥ and 6 percent for 1pg of F .
The reliability of the method was considered adequate for
the small quantities determined.

2. O/M Ratios in Sintered (U, Pu)O
(G. C. Swanson, T. K. Marsh
Waterbury)

, G. R.

The O/M atom ratio 1s an important chemical
property that is included in the tentative FFTF fuel
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speciflcations., Quantitative measurement of this pro-

perty by thermogravimetric methods is under investiga-

@

tion. In one proposed method,

in air at 750°C and then reduced in He-6% H, at 700°C

the sample is oxldized
to the stoichiometric dioxide. The O/M ratio is calcu-
lated from the initial and final weights. Previous work
showed that a reduction temperature of 1000°C was re-
quired to obtain an oxide product that was essentially
stoichiometric (O/M of 2. 001). The effects of various
reduction temperatures on the compositions of the final
oxides were determined by repeatedly analyzing 3:1
mixtures of UO, and PuO,, prepared from very high
purity metals (>- 99. 99% p—ure ). The O/M ratios of the

vxides produced were:

Reduction O/M Ratio
Temperature, C of Product
700 2.016
300 2.011
900 2.005
1000 2,001

kixtrapolation of a plot of these data indicated that
stoichiometry should be attained at 1015°C.

The effects of other procedural changes also were
determined. In each case oxides prepared from pure
metals were uscd as samples. In the original proposed
nicthod, oxidation of thc sample was accomplished by re-
moving the furnace end cap to allow air to back diffuse
onto the sample heated to 750°C. 1t was found that sam-
ples were oxidized adequately and easily by leaving the
turnace cnd cap off as the furnace was being heated from
room temperature up to the 1000°C reduction temperature.

The length of the reduction period at 1000°C was
found to bec critical.
in He-6% H,, at 1000°C for 2, 4, 5, and 6 hours had O/M
ratios of 2. 006, 2,002, 2,002, and 2,000 respectively.

Hypcrstoichiometric oxides reduced

Prcvious work showed that additional time, up to 18 h,
at 1000°C did not cause further rcduction of the oxide.
A rcduction period of 6 h was selected as optimum,
Deercasing the flow of reducing gas from 2 £/min
to 1 £/min did not affcct the results, The final O/M
ratios of 12 preparced mixed oxides averaged 2, 001 with a

standard deviation (10) of 0,002 when the flow rate was

1 £/min curing the 6 h reduction at 1000°C.

The effects on the method of several added impuri-
ties, including, C, Fe, A1203, Al, Ca0O, and N8.2304,
are being investigated.

Plots of sample weight versus temperature obtaincd
for small UO2 samples by an automatic microthermo-
gravimetric analysis apparatus showed also that 0/M
ratios near 2,000 were obtalned at 1000°C in dry He-6%
H2. Some scatter in the data was attributed to differ-
ences in the compositions of the initial small UO, samples.
Cycling of one UO2 sample through oxidations an?l reduc-
tions to produce several thermograms was started to
determine the cause of the poor reproducibility.

In another proposed thermogravimetric method,(z)
the sample is reacted at 800°C with Ar-8% Hy containing
4 mm partial pressure of H20 to form the stoichiometric
dioxide. These conditions produced hyperstoichiometric
oxides from unsintered U02, Puoz, or a U02-Pu02
mixture, prepared from the pure metals; the O/M ratios
were between 2,016 and 2.019. At a reaction temperature

of 1000°C, the O/M ratio of the 3:1 UO ,PuO, mixture

was reduced to 2,008, and cooling the samplze in dry Ar
from reaction temperature (IOOOOC) to room temperature
for weighing reduced the average O/M ratio to 2.006. At
the present time an induction heater is being used to study
the effects on the O/M ratio of reduction temperatures be-
tween 1000°C and 1250°C.

3. Gas evolution from Sintered (U,Pu)O
(D. E. Vance and M. E. Smith) -

The internal pressures developed in sealed re-
actor fuel capsules are dependent to a significant extent
on the quantities of gases, including H20 vapor, evolved
from the fuel at operating temperaturres. To determine
the amount of gases obtained from sintered mixed-oxide
pellets, the H O released at 800°C was measured sepa-
rately from th—e other gases evolved at 1600°C. Iu the
method for measuring H 2O , the sintered mixed-oxide
pellet was heated in a fused-silica furnace tube at $00°C ’
and the evolved H 2O was swept by Ar to a moisture moni-
tor. Integration of the monitor signal guve a quantitative
measure of the Hzo. Reliable determinations of H20

wcere made on several pellets and the apparatus functioned



reliably. Investigation was continued with the goal of
making minor improvements in the operations and equip-
ment.

1t was found during periodic calibrations of the
apparatus that the useful life of the sensor cell in the
moisture monitor was extended by maintaining a small
positive gas pressure in the cell. As the positive pres-
sure did not adversely affect the measurements, this
change in operation has been followed.

A new calibration method is being tried to
avoid the adsorption difficulties associated with injec-
tions of water. A stainless steel tube filled with CuO and
heated to 550°C was installed between the fused-silica
furnace and the moisture monitor. Measured quantities
of H2 injected into the apparatus are oxidized to water by
the CuO and measured by the moisture monitor. The

method is promising, and a series of H_ injections are in

2
progress to test this calibration of the apparatus.

Determination of gases other than H 2O is accom-

plished by a vacuum extraction technique in which a fuel
pellet is heated inductively in a W crucible to 1600°C.
The gases evolved are pumped from the furnace through

a Mg(ClO4)2 desiccant and collected by a Toeppler pump.
The total volume of gas under standard conditions is cal-
culated from the measured volume, temperature, and
pressure of the gas. Initial tests of the method were
satisfactory, but changes in the construction of the first
analysis apparatus seemed advisable to ensure trouble-
free operation. A new type of induction furnace was de-
signed and fabricated to eliminate diffusion leaks and pro-
vide higher temperatures. An all-stainless-steel vacuum
manifold, which was nearly impervious to Hg vapor, was
being constructed. When these components are completed
and tested, work will be resumed on the determination of
evolved gases.

4. Spectrochemical Analysis of UO_ and PuQ
(W. M. Myers, C. J. Martell, ¢, B. Collier,
and R. T. Phelps)

Control of the impurity elements in sintered
(U,Pu)O2 depends on the purity of the starting UO2 and
PuO 9 and requires reliable spectrochemical analyses of

these raw materials. lmpurity analysis of Pu()2 was

started by preparing PuO 2 standards containing the cle-
ments whose maximum concentration levels have been
specified in the fuel. Two sets of the standards were
required because two methods of analysis were needed
in order to have adequate detection sensitivity fo all
specified impurities.

In one method, 22 impurity elements (Ag, Al,
B, Ba, Be, Bi, Ca, Cd, Cr, Cu, Fe, Li, Mg, Mn, Na,
Ni, P, Pb, Si, Sn, Sr and Zn) are determined by a car-
rier-distillation technique. The electrode charge con-
tains 4% Gazo3 to serve as the carrier and 500 ppm of
Co as an internal standard, Although this method is
used for routine analysis of Pu for 12 elements, further
investigation is required to evaluate its use for determi
ning 22 elements,

In the second method, Nb, Mo, Ti, V, W plus Co

are determined, also by a carrier-distillation technique
but with 50% AgCl added to the electrode charge to serve
as the carrier. The AgCl contains some PdCl2 to serve
as an internal standard. The 50-mg electrode charge is
arced in an O2 atmosphere, and the characteristic spectra
obtained using a high-dispersion spectrograph are photo-
graphed. The relative precision (1 0) is 20% in determining
the six elements in the nominal concentration range of 10
to 500 ppm. The detection limits are Co-2 ppm, Mo-3,
Nb-10, Ti-5, V-1 and W-5. These data show that the
method is satisfactory for the determination of these ele-
ments in Pu02.

Further evaluation of the method for analysis
of 22 elements in PuO2 and studies of methods to analyze
uo o are planned.

5. Measurement of N_ in (U,Pu)O2
(G. C. Swanson)

One of the impurity elements in FFTF fuels for

which a specification exists is N_. Analysis for this im-

purity generally involves a tediois dissolution of the sam-
ple under conditions that allow neither loss nor pick-up of
N. One advantage of a LECO Nitrox-6 Analyzer is that
solid samples are analyzed. The sample is heated induc-
tively in a C crucible to 1900 to 2100°C to liberate N,
which is measured in a simple gas chromatograph system.

Under these conditions, the O in the oxide sample forms
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large quantities of Co which interfere in the measure-
ment of N_. A heated tube containing CuO to oxidize the
CO and an—Ascaribe trap for CO_ were installed immedi-
ately before the gas chromatogr;phic column. This
system rcmoves essentially all of the CO and permits
sensitive determinations of N2.

Calibration of the apparatus using prepared
samples of UO2 containing known amounts of added U2N3
was started. Some difficulties in obtaining reproducible
recoverics of N from these standards were traced to the
heating cycle. A slower initial heating rate proved bene-
ficial, and calibration was resumed.
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