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ABSTRACT

This is the 25th quarterly report on the Advanced Plutonium Fuels Program at
the Los Alamos Scientific Laboratory.

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:

R. D. Baker

J. W. Schulte

K. A. Johnson
G. R. Waterbury

I. INTRODUCTION

This project is directed toward the examination and
comparison of the effects of neutron irradiation on
LMFBR Program fuel materials. Unirradiated and irra-
diated materials will be examined as requested by the
Fuels and Materials Branch of DRDT. Capabilities are
established and are being expanded for providing conven-
tional preirradiation and postirradiation examinations.
Nondestructive tests will be conducted in a hot cell facili-
ty specifically modified for examining irradiated proto-
type fuel pins at a rate commensurate with schedules es-
tablished by DRDT.

Characterization of unirradiated and irradiated
fuels by analytical chemistry methods will continue, and
additional methods will be modified and mechanized for
hot cell application. Macro- and micro-examinations will
be made on fuel and cladding using the shielded electron
microprobe, emission spectrograph, radiochemistry,
gamma scanner, mass spectrometers, and other analyti-
cal facilities. New capabilities will be developed in:
gamma scanning, analyses to assess spatial distributions
of fuel and fission products, mass spectrometric mea-
surements of burnup and {ission gas constituents, chemi-
cal analyses, and measurement of carbon in irradiated
fuels.

Microstructural analyses of unirradiated and irra-
diated materials will continue using optical and electron
microscopy, and autoradiographic and x-ray techniques.
Special emphasis will be placed on numerical representa-

tion of microstructures and its relationship to fabrication

and irradiation parameters. New etching and mounting

techniques will be developed for high burnup materials.

o. EQUIPMENT DEVELOPMENT

A, Inert Atmosphere Systems .
(P. A. Mason, D. C. Maestas, E. O. Quintana,
M. E. Lazarus)

Replacement shaft seals for the recirculating pump
of the Disassembly Cell purifier were installed during the
report period. Subsequent operation of the purifier indi-
cated that sufficient oil from the recirculating pump had
been adsorbed by the purifier chemical beds to significant-
ly reduce their absorption capacity. Procurement of re-
placement chemicals has been initiated with delivery sched-
uled for January 1973. The Disassembly Cell has been
maintained by a once-through argon purge in the interim.

The boost pump for the Disassembly Cell atmosphere
sampling line also failed during the report period. A vac-
uum pump has been installed temporarily while a new boost
pump is procured.

The Butyl Acetate Removal System for the Metallog-
raphy Cells is presently being fabricated. Installation is
anticipated about February 1, 1973. The Metallography
Cells continue on a once-through argon purge pending suc-
cessful operationTof the removal system.

B. Manipulator Maintenance
(P. A. Mason, E. L. Mills, D. C. Maestas)

Frequent breakdowns have continued with the CRL
Model "L'" manipulators. Four manipulators have been

converted to heavier tapes to increase the capacity, and



these have experienced a lower, but still unsatisfactory,
breakdown rate. Central Research Laboratories has been

consulted regarding the problems and are presently con-

ducting tests to determine any recommended modifications.

A decision was made to re-install the AMF Model ''8"
Manipulators whenever manipulator replacement was re-
quired. This should minimize downtime and delay to the
metallography examination program.
The CRL Model "8'" manipulators installed at DP-
West have been giving symptoms of lack of lubrication in
the bearings. This is believed to be due to the long stor-
age period (since 1959) which permitted the evaporation of
most of the bearing lubricant. Overhaul of these manipu-
lators for relubrication of bearings is presently being per-
formed. The slave hand assemblies are also being con-
. verted from the RCD to SRL type to provide a more secure
grip.

C. Manipulator Boot Devel opment
(P. A. Mason)

Development work on a polyurethane boot by the
Plastics Section at LASL was terminated during the pre-
vious quarter. A boot design was submitted to Central Re-
search Laboratories with an order for three boots for e-
valuation. The boots are similar in construction to the
boots formerly procured for CRL Model "L" Manipulators
but with some dimensional changes to make them compat-
ible with both the Model "L" and AMF Standard Duty Man-
ipulators and also to incorporate molded-in finger adapt-
ers. Two of the boots have been installed in the Metallog-
raphy Cells for evaluation.

D. Alpha Containment Boxes
(P. A, Mason, C. D. Montgomery)

Two newly procured alpha boxes were received dur-
ing the quarter. Several deviations from specifications
were noted upon receipt. Correction of these discrepan-
cies is to be performed by LASL personnel. An estimate
of cost to perform the corrections was submitted to the
vendor who has agrecd to a reduction in contract cost for
these boxes.

Minor redesign work was performed on the 7-in.
and 18-in. Alpha Transfer Systems. Work Requests were

prepared for fabrication of four units of each system and

also for fabrication of other accessory equipment requlred
for the alpha boxes.

E. Microsampling System
(P. A, Mason, C. D. Montgomery)

Development work was resumed during the report
period with the design of a special mold for the metallog-
raphy mount being completed. Fabrication of the mounting
frame for the ultrasonic grinder and cross-feed indexing
table was also completed. Procurement of the indexing
table remote control unit remains to be completed. Pre-
liminary testing of the assembly will commence after fab-
rication of the mold. Special drive gears for coupling the
Slo-Syn motor to the stage drive were received.

F. Bulk Storage Alpha Seal Container
(C. D. Montgomery, P. P. Osvath, J. R. Trujillo)

A special alpha seal container was designed for re-
mote use at DP-West. This container provides the max-
imum length and inside diameter available for bulk stor-
age of such items as capsule cladding. One unit is being
fabricated and should be ready for use by February 1.

G. Fuel Pin Handling System for Betatron Radiography
(C. D. Montgomery, J. C. Jaramillo, J. B. Deal,
J. R. Trujillo)

The special radiography cask to accommodate 61-in.
fuel pins was completed and delivered during November.

A special mechanism for orienting and guiding of the fuel
pin was installed in the cask.

Several improvements were made as a result of
checking combined operations of the fuel pin handling cart
with the radiography cask. However, the Slo-Syn drive
with power supply and indexer did not give the desired re-
liability of performance and travel rate. The system has
been changed to provide a simple, manually switched,
motor drive with position detents actuating a microswitch.
It is anticipated that these modifications will be completed
and checked out, and that the system will be available for
use during January 1973.

H. Trunnion Stand and Radiography Cask
(C. D. Montgomery, T. Romanik, J. R. Trujillo)

A special, ball-bearing, off-center trunnion stand
was designed and built for handling the new radiography
cask (Item G, above) in the hot cell corridor at DP-West.
The cask will be transported with this stand by means of



a forklift. The stand will be sandblasted, painted, and
ready for use by about February 15, 1973.

I Alpha Tube for Betatron Pin Radiography
(C. D. Montgomery, J. R. Trujillo)

A new alpha seal tube for Betatron pin radiography
was designed, fabricated, and tested. This container con-
solidates small imbedded rods of tungsten to act as fidu-
cial markers for accurate referencing on the radiographs.
It also has special machining for indexing with the radiog-
raphy cask and handling mechanism.

dJ. Electric Shutter Adapter for Leitz Metallograph
C. D. Montgomery, J. H. Bender)

A special adapter system was designed and fabrica-
ted to permit replacement of the manual shutter on the
Leitz metallograph with an Ilex Synchro-Electronic shut-
ter to increase the output of the metallograph.

K. In-Cell Equipment
(M. E. Lazarus, T. Romanik, P. P. Osvath)

1. Mechanijcal Profilometer. Construction is

now complete on the new Mechanical Profilometer unit.
Checkout and installation should be completed in early
February 1973.

2. Electro-Optical Profilometer.
(M. E. Lazarus, T. R. Wilson)

The new Electro-Optical unit (Optron) has arrived
and is now being installed and checked out at DP-West,
The Data Acquisition Computer Program has been modi-
fied and developed to accept data from the Optron system;
sufficient data should be available in January to provide a
basis for either accepting or rejecting the new system.

This option had been provided in the purchase order.

1I0. MICROSTRUCTURAL ANALYSIS
(J. H. Bender, D. D. Jeffries. K. A. Johnson,
J. L. Lehmann, H. D. Lewis, K. L. Walters)

A,  Etching

A model of an ion gun etcher suitable for hot cell
application has been designed, fabricated, and tested.
Specific operating conditions are still being investigated.

B. Image Analyses

Image Analysis using the Quantimet 720 and the data
reduction code IMAGE is now a routinely available exami-
nation capability for both irradiated and unirradiated ma-

terials.

Programming for a more generalized particle size
distribution analysis has begun.

IV. ANALYTICAL CHEMISTRY

1. Gamma Scanning
(J. R. Phillips, T. K. Marshall, G. Mottaz,
J. Netuschil, J. Quintana)

The two gamma scanning mechanisms were cali-
brated using a certified length standard as specified in the
quality assurance program. The experimental length val-
ues and the certified length values for the Z-motion are

compared in Table 401-1.

TABLE 401-1

EXPERIMENTAL AND CERTIFIED
LENGTH MEASUREMENTS*

Scanning Scanning .
Mechanism-1 Mechanism-2 Certified
#1 6000 0.750 in, 0. 750 in. 0. 7482 in.
#2 60Co 0.775 in. 0. 765 in. 0.7707 in.
Al Rod 9.542 in. . 9.553 in. 9.5460 in.
Total 11,067 in. 11.068 in. 11. 0649 in.

*The length standard consists of two precisely measured
60Co rods separated by an aluminum rod of accurate
length.

These data indicate that the error in length measure-
ments is much less than the + 0, 010 in. that we claim.

The principal computer code, SURVEY, for process-
ing the data stored on magnetic tapes has been expanded
to permit the plotting of selected isotopic distributions.
This improvement eliminates the need for separate plot-
ting routines by incorporating all the data processing rou-
tines into one code. The new subroutine includes an op-
tion of self-scaling on the linear and logarithmic plots so
that the magnitude of the data does not have to be an input
parameter. This option eliminates one of the data pro-
cessing steps and saves both computing and personnel
time.

During this report period, 117 gross gamma and 24
multispectral scans were obtained on 27 irradiated fuel
pins. This large volume of routine work severely limited
the effort in development and improving gamma scanning

methods.



2. Determination of Nitrogen in (U, Pu)O_
(T. K. Marshall and C. H. Ward)

Nitrogen in (U, Pu)O2 is determined in a LECO
Nitrrox-6 nitrogen analyzer by heating the sample induct-
ively in a carbon crucible to a temperature of 2000° to
2500°C. removing O2 by trapping as 002, and measuring
the N2 chromatographically. Replacement of the induc -
tion heater on the LECO unit with a Lepel heater was nec-
esgary because of the power loss caused by extending
the leads of the analyzer into a gloved box. The power
loss limited the attainable temperature to approximately
1700°C. With the new induction heater, temperatures in
excess of 25 00°c were attained. Blank determinations
with the furnace temperature at 2300 to 2400°C averaged
20 + 2 ug of nitrogen. This average was obtained over
several days from 23 blank determinations taken randomly
before and after sample analyses. For nine nitrogen stan-
dards each containing 57.2 ug of N2, an average of 5.02
+ 0.31 counts per ug of N2 was obtained. Analyses of a
standard containing 13.1 ug of N2 showed that the standard
was contaminated, and new standards containing three dif-
ferent N, levels have been ordered.

Plans are being completed to adapt the Nitrox-6
analyzer for hot cell operation, and to test the method for
analyzing N2 in irradiated oxide samples.

V. REQUESTS FROM DRDT

A Examination of Irradiated Materials
(R. N. Abernathey, K. A. Johnson, M. E. Lazarus,
R. A. Morris, J. R. Phillips, J. W. Schulte,
G. R. Waterbury, W. F. Zelezny)

Battelle Memorial Institute: Examinations made

on material from BMI are being followed by representa-
" tives from LASL. Examinations performed on four ir-
radiated fuel assemblies received on October 11, 1972
are tabulated in Table 401-II.

Gamma scanning was applied to the nondestructive
examination of the four fuel pins listed in Table 401-I11.

General Electric Company; Examinations per -

formed on irradiated fuel assemblies received on October
11 and 12, 1972 are tabulated in Tables 401-1V and 401-V.
The nondestructive examination of each of three GE

fuel pins (FOA, FOC, and E2R) included 4 gross and 1

TABLE 401-II

POSTIRRADIATION EXAMINATIONS
OF CAPSULES FROM BMI

Examination Capsule Identity, BMI
1. Visual Inspection 3-2, 3-3, 3-4, 3-5
2. Preliminary Measurements Same as Item 1
3. Profilometry-Optical Same as Item 1
4. Photography, Full Length Same as Item 1
5. Photography, Incremental Same as Item 1
6. Radiography Same as Item 1
7. Gamma Scanning Same as Item 1
8. Eddy Current Same as Item 1
TABLE 401-I
GAMMA SCANNING OF BMI FUEL PINS
No. of Isotopio
No. of Gamma Scans Distributions
Fuel Pin No. Gross Multispectral Calculated
BMI-3-2 4 2 11
BMI-3-3 4 1 13
BMI-34 4 0 0
BMI-3-5 4 0 0
TABLE 401-1V
POSTIRRADIATION EXAMINATIONS
OF CAPSULES FROM GE
Examination Capsule Identity
1. Visual Inspection E2R, FOA, FOC
2. Preliminary Measurements E2R, FOA, FOC
3. Profilometry, Optical FOA, FOC
4. Photography, Full Length E2R, FOA, FOC
5. Photography, Incremental E2R, FOA, FOC
6. Radiography FOA, FOC
7. Gamma Scanning FOA, FOC
8. Cover Gas Sumpling FOA, FOC
9. Na and NaK Removal E2R, FOA, FOC
10. Clad Removal E2R, FOA, FOC
11. Profilometry (on capsule FOA, FOC
cladding)
12. Temperature Measurements FOA, FOC
(on capsule cladding)
13. Sectioning (on capsule cladding) FOA,FOC
a. 2-1/2 in. Samples for FOA,FOC

Density Mcasurements



TABLE 401-V

POSTIRRADIATION EXAMINATIONS
OF PINS FROM GE

TABLE 401-VI
MICROSTRUCT URAL ANALYSIS OF GE MATERIALS
Special Analyses

Examination Pin Identity GE Pin No. No. Samples EMX IMAGE ANALYSIS
1. Visual Inspection E2R, FOA, FOC GE-F12P 3 1 1
2. Preliminary Measurements E2R, FOA, FOC GE-F12Q 3 1
3. Praofilometry, Optical E2R, FOA, FOC GE-FOA 2 2
4. Radjography E2R GE-FOC 2 2
5. Gamma Scanning E2R
TABLE 401-VII
6. Photography (full length)w/wire FOA, FOC
POSTIRRADIATION EXAMINATIONS
7. Photography (incremental) w/wire FOA, FOC OF GU CAPSULES
8. Photography (full length) w/o wire E2R, FOA, FOC Examination Capsule Identit
9. Photography (incremental)w/b wire E2R, FOA, FOC 1. Visual Inspection UNC-88, -93, -94, -97,
10. Wire Wrap Removal FOA, FOC -98, -105, -106, -110,
-113, -114, -185, -186,
11. Length Measurement E2R, FOA, FOC -202. -203. -204, -205
12. Fission Gas Sampling FOA, FOC 2. Preliminary Measurements Same as Item 1
13. Sectioning E2R, FOA, FOC Profilometry, Optical Same as Item 1
14, Photography (sectioned faces) E2R, FOA, FOC 4. Photography, Full Length UNC-88, -93, -94, -97,
15. Fuel Removal FOA, FOC -98, -105, -106, -110,

16. Density Measurements E2R, FOA, FOC

complete spectral gamma scans. The distributions of 6
and 14 isotopes in the pins were also determined.

Cross-section samples of fuel and clad were dis-

solved and analyzed for burnup on GE-F12Q and GE-F12P.

The cover gas and pin gas in GE-FOA and GE-FOC
were analyzed mass spectrometrically.

Three clad samples from fuel pin GE-FOA and from
fuel pin GE-FOC were cleaned and prepared for density
measurement,

Microstructural examinations consisting of macro-
photography, alpha and beta-gamma autoradiography, op-
tical microscopy (including mosaics), and image analysis
were carried out in an Ar atmosphere on specimens as
listed in Table 401-VI. A sample was prepared for EMX
examination.

Gulf United Nuclear Fuels Corporation: Examina-

tions made on material from GUNC are being followed by
representatives from LASL. Sixteen capsules were rc-
ceived on November 6, 1972 following irradiation in EBR-
II. The examinations performed are tabulated in Tables

401-VII and 401-VIII.

-113

5. Photography, Incremental Same as Item 1

6. Radiography Same as Item 1

UNC-88, -93, -94, -97,

-98, -105, -106, -110,
-113, -114, -185, -186

7. Gamma Scanning

8. Eddy Current UNC-88, -93, -94, -97,
-98, -105, -106, -110,
-114, -185

9. Cover Gas Sampling UNC-93, -94, -97,
-105, -110

TABLE 401-vII

POSTIRRADIATION EXAMINATIONS
OF GU PINS
Examination Pin Identity

UNC-187, -189, -194,

1. Sectioning

-206

2. Fuel Removal UNC-187, -189, -194,
-206

3. Na Distillation UNC-194

4. Na Melting and Pressurizing UNC-194

The fuel pins listed in Table 401-IX were examined
using gamma scanning.
The shielded electron microprobe was used for ex-

amining cross-section sample (B) of UNC-194.



TABLE 401-IX
GAMMA SCANNING OF GU PINS

No. of Isotopic

No. of Gamma Scans Distributions
Fuel Pin No. Gross Multispectral Calculated
UNC-88 4 0 0
UNC-93 4 0 0
UNC-94 4 1 9
UNC-97 4 0 0
UNC-98 4 1 4
UNC-105 4 1 4
UNC-106 4 1 4
UNC-110 4 1 4
UNC-113 4 1 4
UNC-114 4 1 4
UNC-185 4 0 0
UNC-186 4 0 0

A clad sample from UNC-194 was cleaned and pre-
pared for density measurement.

Microstructural examinations consisting of macro-
photography, alpha and beta-gamma autoradiography, and
optical microscopy (including mosaics) were carried out
in an Ar atmosphere on two samples from UNC-194.

Hapford Engineering Development Laboratory:
Eaminations performed on HEDL irradiatcd fuel assem-
blies received on February 22, 1972 include the following:
sectioning of pins P-17A-5, -29, -31, and -33; and de-
termining atom percent burnup on pins P-17A-17 and -19.

Microstructural examinations consisting of macro-
photography, alpha and beta-gamma autoradiography, and
optical microscopy (including mosaics) were carried out
in an Ar atmosphere on specimens as listed in Tahle 401~
X.

Los Alamos Scientific Laboratory: Examinations

performed on irradiated fuel assemblies on October 11
and November 6, 1972 arc shown in Table 401-XI.

On November 1, 1972 two cladding sections from
the fuel area of K~42B were shipped to ANL for examina-
tion on an image analyzer.

Six fuel pins were nondestructively examined by

obtaining the gamma scans as shown in Table 401-XII.

TABLE 401-X

MICROSTRUCTURAL ANALYSIS
OF HEDL MATERIALS

No. Samples
HEDL Pin No. Fuel and Clad Clad

P-17A-5 3 2
P-17A-16
P-17A-17
P-17A-19
P-17A-20
P-17A-29
P-17A-31
P-17A-33

EMX Prep.

W W W W oo oo W
-

TABLE 401-XI
EXAMINATION OF LASL FUEL PINS
Pin Identity

K45, K-46, K~49,
K-50, K-51, K-36-B

Examination

1. Visual Inspection

2. Preliminary Mcasurements Same as Item 1
3. Profilometry - Optical Same as Item 1
4. Photography (Full Length) Same as Item 1
5. Photography (Incremental) Same as Item 1
6. Radiography Same as Item 1
7. Gamma Scanning Same as Item 1
8. Eddy Current Same as Item 1
TABLE 401-XI
GAMMA SCANS OF LASL FUEL PINS
No. of Isotopic
No. of Gamma Scans Distributions
Fuel Pin No, Gross Multispectral Calculated
LASL-K-45 5 2 17
LASL-K-46 7 1 12
LASL-K-49 3 2 16
LASL-K-50 6 1 1
LASL-K-51 3 0 0
LASL-K-36B 4 0 0

Two cladding samples from LASL K-42-B were
mounted and polished in preparation for ion probe work
at ANL.

Oak Ridge National Laboratory: Examinations

made on material from ORNL are being followed by rep-
resentatives from LASL. Capsules ORNL-43-N1 and




43-120 were received on October 11, 1872, and the ex-
aminations performed are shown in Table 401-XIII.

It was agreed that the destructive examination of
ORNL 43-120 would be done at ANL. Arrangements for
shipping would be made during January 1973.

Eight gross and five complete spectral gamma
scans, along with the calculation of the distributions of
20 isotopes, were obtained in the examination of ORNL-
43-120, and 5 gross gamma scans were done on ORNL~
43-N1.

Shipments of Materials from Experimenters.

Ten mixed-oxide fuel pins from HEDL are sched-
uled to arrive at LASL in late January 1973.

Nine mixed-oxide fuel pins (F-8 series) from GE
will arrive at LASL about February 15, 1973 for the
scheduled examinations.

Approximately nine pins of the advanced fuel type
(mixed carbides and nitrides) are scheduled for shipment

to LASL in February 1973.

VI. PUBLICATIONS AND T ALKS

1. J. W. Dahlby, R. M. Abernathey, M. E. Smith,
J. E. Rein, and A. Zerwekh, "Analyses of Irrad-
iated Fuels and Measurements of Interstitials, "
presented at the 16th Conference on Analytical
Chemistry in Nuclear Technology, Gatlinburg, TN,
October 24-26, 1972,

2. C. S. MacDougall, M. E. Smith, and
G. R. Waterbury, '"Remotized Apparatus for De-
termining Oxygen in Irradiated Reactor Fuels and
Cladding Materials," Proc. 20th Conference on
Remote Systems Technology, 137-142 (1972).

3. J. R. Phillips, E. A. Hakkila, G. M. Matlack
and J. Bubernak, '"Special Instrumental Methods
of Analysis," presented at the 16th Conference
on Analytical Chemistry in Nuclear Technology,
Gatlinburg, TN, October 24-26, 1972,

TABLE 401-X10
POSTIRRADIATION EXAMINATIONS
OF ORNL MATERIAL

Examination

Capsule Identi

G U b W N

Visual Inspection 43-N1, 43-120
43-N1, 43-120
43-N1, 43-120
43-N1

43-N1, 43-120
43-N1, 43-120*

Preliminary Measurements
Photography (Full Length)
Photography (Incremental)
Gamma Scanning

Radiography

*In reviewing the radiographs, it was discovered that
fuel pin numbered 43-120 is apparently breached.
The experimenter and DRDT were notified.



PROJECT 463

HIGH PERFORMANCE LMFBR FUEL MATERIALS

Person in Charge: R. D. Baker
Principal Investigator: J. L. Green

I. INTRODUCTION

The primary objective of this program is the over-
all evaluation of the most promising of the candidate fuel
systems for advanced LMFBR application. Emphasis
currently is placed on the study of the relative merits of
stainless steel clad nitride and carbide fuels under con-
ditions that appropriately exploit the potential of these
materials to operate to high burnup at high power densi-
ties. The major portion of the program is the evaluation
of the irradiation performance of these fuel element sys-
tems. A continuing series of irradiation experiments is
being carried out under steady state conditions in fast re-
actor environments to assess the effects of damage and
burnup on stainless steel clad, carbide and nitride fuel
elements. These experiments are designed to investigate
fuel swelling, interactions between the fuel and clad and
thermal bonding medium, fission gas release, and the
migration of fuel material and fission products as a func-
tion of burnup and irradiation conditions.
periments are being designed to allow the study of the
effects of rapid, overpower, reactor transients on car-
bide and nitride fuel assemblies. Contiguous efforts are
necessary in the development of fuel material preparation
and fabrication procedures as well as the techniques re-
quired for the characterization of fuel materials both be-
fore and after irradiation.

A second objective in the program is the determin-
ation of thermophysical, mechanical and chemical prop-
erties and characteristics of plutonium-containing ceram-
ics that are required for their evaluation and use as fuel

materials. A broad range of capabilities in this area has

In addition, ex-

been developed, including the study of (1) phase relation-
ships using differential thermal analysis, (2) thermal
transport, (3) thermal stability and compatibility, (4)

hot hardness and its temperature dependence, (5) struc-
ture and phase relationships using high temperature x-ray
and neutron diffraction, (6) thermal expansion, and (7)
compressive creep rates as a function of temperature and
Several of these techniques are available for use

stress.

with irradiated fuels.

IL. IRRADIATION TESTING

The objective of the irradiation testing program is
the overall evaluation of the most promising of the candi-
date fuel systems for advanced LMFBR application. The
irradiation experiments are carried out under conditions
that take advantage of the potential of these materials to
operate to high burnup at high power densities.

A, Synthesis and Fabrication
(K. W. R. Johnson, J. G. Reavis, H. Moore,
R. Walker, and C. Baker)

1. Process Development. In anticipation of pro-

ducing carbide for a new 19-pin subassembly, efforts were
directed toward refining existing procedures and the de-
velopment of new processes. The sintering conditions
previously used called for 8 h at 1800°C followed by2h
at 1400°C in a flowing Ar atmosphere. Most batches pre-
pared under these conditions met a specification for theo-
retical density of 95 1 2,however, a few batches were of
low density. These batches have been resintered for 8 h
at 1850°C and 2 h at 1400° and showed a marked increase

in density. Data pertaining to the resintering of these

batches are shown in Table 463-I1.




TABLE 463-1

CHANGE IN DENSITY OF U, _Pu_ _C PELLETS
PRODUCED BY RESINTERING

Percent of Theoretical Density

Lot No. Sintered Resintered
2-10-1 91.9 93.1
2-11-1 92.9 94.0
2-12-1 92.4 93.9
2-16-1 91.5 92.6
2-17-1 91.8 93.5
2-37 92.9 95.3
2-38 92.5 94.0

It can be seen that with but one exception the resintered
material met the previously mentioned density specifica-
tion. Metallographic examination of resintered pellets
showed an increased grain size, and no indication of

sesquicarbide formation or impurity contamination was

observed, Chemical analyses verified these observations.

Routine spectrochemical analyses are capable of
reporting Ta in quantities > 1000 ppm. To obtain higher
sensitivities much larger samples are required. Two
previously prepared batches of mixed carbide were se-
lected at random and sampled for Ta. The reported
analyses for each batch was < 100 ppm.

Developmental work was previously reportedl' 2
on a carbothermic process for the preparation of high
purity, single phase U . _Pu

0.8 0.
tion-size batch are incomplete, but the material was

2C. Analyses of a produc-

found to be single phase and contaired only 160 ppm 02.
Pellets produced by the carbothermic process were
generally not as dense as pellets previously prepared
from arc melted material. To assure that this was a
function of the material rather than processing variables,
equal masses of an arc melted ingot and a carbothermic
reduction biscuit were processed in parallel through the
grinding, hydrogen treatment, pressing and sintering
procedures. The density of pellets from arc cast mate-
rial was 94. 5% TD as compared to 93. 7% TD for pellets
from carbothermically reduced material. On repeating
the parallel preparation but pressing at a lower pressure,

the densities were 92.8 and 91.4% TD respectively. All

of the pellets from these preparations were found to be

single phase. Additional experiments are needed to de-
termine the effects of varying comminution, pressing and
sintering conditions in the carbothermic production pro-
cess.

2. Equipment Development. A new hydrogen

treatment facility was previously described2 which pro-
duced excessive heating of the atmosphere within the re-
circulating inert atmosphere glovebox. Incorporation of
additional furnace insulation and a heat exchanger on the
recirculator reduced the temperature within the enclosure
but not to an acceptable level. The reaction tube was
scaled down to permit using a smaller diameter furnace
with less power output. This new equipment has been in-
stalled and will be tested in the near future. A similar
facility was installed in the nitride preparation glovebox.

A new analytical balance was modified for immersion
density measurements. This was installed in a glovebox
which will be used exclusively for these measurements.
The balance and weights have been calibrated to conform
to Quality Assurance standards.

The tungsten mesh nitride sintering furnace was
heated to 2000°C at 2 x 10~ Torr using either manual
controls or a programmed controller. Sintering crucibles
were ordered and received and a new crucible support
was fabricated and installed.

3. Quality Assurance Calibrations. A list was

compiled of the various measuring devices associated
with fuel preparation and fuel pin fabrication which may
need calibration to conform to Quality Assurance stan-
dards. In cooperation with the Director of Surveys and
Audits for the Measurement Standards Department of the
Quality Assurance Department of Sandia Laboratories,
Albuquerque, New Mexico, a program was initiated to
bring the measuring and test equipment into compliance
with the CMB-RDT Quality Assurance Program and RDT
Standard ¥3-2T. The calibration program will involve
three phases:

a. Calibrated measuring and test equipment will
be obtained either as new items certified to
recommended standards, as items calibrated
against standards traceable to the U.S. Bureau

of Standards in the Standards Laboratories



of LASL or Sandia, or as items calibrated

within the project by Quality Assurance Approved
procedures. These items will be either used
directly or used to calibrate similar measuring
and test equipment.

b. Certain pieces of measuring and test equipment
require the development of new calibration pro-
cedures because of radioactive contamination
considerations. These devices will be calibra-
ted in situ with previously calibrated standards
and test equipment.

c. Each item of calibrated measuring and test
equipment will become a part of the master
inventory recall and recalibration Quality
Assurance system. Some 215 pieces of mea-
suring and test equipment involving 33 types
of calibrations are currently incorporated in
the calibration program. Many calibrations
are now complete and as standards and approv-
ed procedures become available the remaining
devices will be calibrated.

B. EBR-II Irradiation Testing
(J. O. Barner, K. W. Johnson, J. F. Kerrisk,
T. W. Latimer, L. L. Marriott, H. E. Strohm)

The purpose of the EBR-II testing program is the
evaluation of the steady-state irradiation behavior of high
performance fuel element systems for application in ad-
vanced LMFBR reactors. Several series of carbide- and
nitride-fueled experiments have been initiated in the past
several years. The main objectives of the irradiations
are: (1) the development of fuel element designs for use
with each fuel type; (2) the determination of the irradia-
tion behavior of the fuel materials; (3) a comparison of
sodium and helium bonding; (4) a comparison of different
cladding alloys; and (5) the evaluation of the overall ir-
radiation performance of the fuel element systems. The
majority of the experiments under test or that have been
completed have been encapsulated. Most of the experi-
ments that are currently available for irradiation or that
are being designed are singly clad.

Fourteen series of experiments have been origina-
ted. The description and status of these series are sum-
marized in Tables 463-II to 463-XI. In order to better

define the status of those experiments which are
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undergoing post-irradiation examination, the following
steps are referenced in the tables:

1. Capsule Examination

1.1 Visual examination

1.2 Preliminary Measurements
(radiation measurements, ete.)

1.3 Profilometry

1.4 Photography

1.5 Radiography

1.6 Eddy Current Test
1.7 Gamma Scan

1.8 Cover Gas Analysis

1.9 Deencapsulation

2. Element Examination

.1 Visual Examination
Profilometry
Photography

Eddy Current Test
Profilometry
Fission Gas Analysis
Sectioning

Autoradiography
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2.14 Report Preparation

Table 463-11 describes the K1, K2, and K3 series
tests. In these experiments single-phase, high-purity,
uranium-plutonium monocarbide pellets are sodium
bonded to Type 316 stainless steel cladding. In general,
the operating linear power ratings of the capsules are
relatively high (approximately 30 Kw/ft). Three tests at
very high power (> 45 Kw/ft) were included to determine
the effect of high thermal stresses and high fuel tempera-
tures on fuel element behavior. Indications of element
failure were tound at EBR-II in several experiments
from this group, five in subassembly X119B and one from
X142, and two from X152, using r-scanning for 1:?':?')(e.
Preliminary examinations of these experiments in the
LASL hot cells indicate that the capsules are bowed as

much as 3/8 in. Further nondestructive examination




TABLE 463-00
SERIES K1, K2, AND K3 CARBIDE EXPERIMENTS®

Fuel Max, Fuel Current
Experiment Series Density, Diametral Temp. at Max. Linear Burnup
No. No. Fuel Type % T.D. Gap, in. Startup,oc Power, Kw/ft _ at.% Status

K-36B 1 (UO.SPu0.2)C 90 0.015 1165 30 6.8 ND’I‘—1.7f
K-37B 1 Uy gPY, 5)C 90 0.015 1165 30 3.2  NDT-1.7° o
K-38B 1 (Uo. 8Puo. 2)C 90 0.015 1165 30 6.4 NDT(EBR-I)
K-39B 1 (UO. SPu0.2)C 90 0.015 1165 30 6.4 NDT(EBR-II)
K-40B 1 (Uo. 8Puo. 2)C 95 0.020 1150 30 -—= To be built
K-41B 1 (Uo. 8Pu0. 2)C 95 0.020 1150 30 -—= To be built
K-42B 1 (UO. 8Puo. 2)C 90 0.015 1165 30 5.0 Completede ;
K-43 3 (UO. 8Puo. 2)C 95 0.020 1150 30 6.1 NDT(EBR-II)
K-44 3 (UO. 8Puo. 2)C 95 0.020 1150 30 6.1 NDT(EBI}—H)
K-45 3 (UO. 8Puo. 2)C 95 0.020 1150 30 3.0 NDT-1. 7f
K-46 3 (Uo. SPuO. 2)0 95 0.020 1150 30 2.9 NDT-1.7
K47 3 (UO. SPuo. 2)C 95 0.020 1150 30 - To be built
K-48 3 (Uo. 8Puo. 2)C 85 0. 020 1150 30 —— To be buiflt
K-49 2 (Uo. 8Pu0. 2)C 95 0. 020 1400 45 - 50 4.0 NDT-1. 7f
K-50 2 (UO. 8Puo. 2)C 95 0.020 1400 45 - 50 4.0 NDT-1. 7f
K-51 2 (UO. 8Puo. 2)C 95 0.020 1400 45 - 50 3.9 NDT-1.17

2Al1 elements are clad in 0.300 in o.d. x 0.280 in. i.d. Type 316SS. All are sodium bonded elements.

bThe series 1 and 3 experiments are fully enriched in 2%U. The series 2 experiments contain 97% 2:?':?'U. All fuel

is single phase.

c
Capsule K-37B was damaged during reconstitution of X152 to such an extent that it cannot be irradiated further.

Failure indicated by v-scan.

d
Capsule K-38B was damaged during reconstitution of X152 at EBR-II.

after damage.
®Reported in LA-4669-MS.
Failure indicated by v-scan at EBR-II.

of the failed experiments is currently under way and de-
structive examination of several is planned for the next
quarter.

Table 463-10 describes the Series U1300 experi-
ments. These experimeuts contain two-phase, uranium-
plutonium carbide fuel pellets which are helium bonded
to either Type 316 stainless steel or Incoloy 800 cladding.
Two methods for the accommodation of fuel swelling were
investigated in this series, i.e., the introduction of inter-
nal porosity by the use of either low-density solid fuel
pellets or high-density cored pellets. These experiments

reached their goal burnup of 10 at.% in subassembly

X-142 after operation at moderate linear power ratings

Additional irradiation was completed

(approximately 20 Kw/ft). Inqications of element failure
for three experiments were found at EBR~II using v-scan-

133Xe.

ning for These element failures have been con-
firmed by 7¥-scanning for 137Cs at LASL. All of the
capsules in the series are currently undergoing nonde-
structive or destructive examination in the LASL hot cells.
The Series U1950 experiments are described in
Table 463-1V. In these experiments, either two-phase or
single-phase carbide fuel is helium bonded to Type 304 or
316 stainless steel or to Incoloy 800 cladding. Fuel den-
sities range from 75 to 99Y%. of theoretical. These exper-
iments are currently at about three-fourths of their goal
burnup after operation at low linear power (10 to 15 Kw/{t).

1



TABLE 463-II

SERIES Ul1300 CARBIDE EXPERIMENTS

Fuel - Max.
Fuel Clad to- Max. Fuel Linear Current
Exper{ment a Density Clad  Thickness, Diametral Clad Temp. at  Power  Burnup
No. Fuel Type % T.D. Material in. Gap, in. Bond Startup, °c  Kw/ft at. % Status
U93 MC + 5 v/o M,C, 84 316SS 0.030 0. 004 He 1750 18.0 11.1 Des.Exam-1.8
U94 MC + 5 v/o M,Cy 84 316SS 0. 015 0.007 He 1680 21.9 10,7 Des.Exam-1.8
Us? MC+5v/o M,C, 84 INC-800 0.030 0. 004 He 1750 18.0 11.0 Des.Exam-1.8
uUss MC+5v/o M,C, 84 INC-800 0.015 0. 007 He 1680 21.9 10.6 Des.Exam-~1.8°
U165 MC+5v/o M,C, 84 INC-800 0.030 0.008 He 1900 15.1 11.5 Des.Exam-1.8
U106 MC + 5 v/o M,C, 84 INC-800 0. 015 0. 009 He 1825 19.8 10.8 NDT -1.7°
b
U0 MC+ 10 v/o M,C, 99 INC-800 0.015 0.014 He 1960 21.9 10,1 NDT -1.7
b
U113 MC + 10 v/o M,C, 99 INC-800 0.030 0.010 He 1880 16.9 11.4 NDT - 1.7
Ull4 MC+ 10 v/o M,C, 99®  meC-800 0. 015 0.007 He 1575 22,1 10.4 NDT-1.7°
a
M = P
(Up. 8574, 15)

b
Cored pellet with nominal 0. 080-in. diameter axial hole.
CPailure indicated by y-scan at EBR-II.

During interim examination at EBR-II after run 58, 13'&5
was detected by Y-scanning in the sodium reservoir of
capsule U-136. Release of fission gas from a breached
helium-bonded element would be expected. However,

no 1:Z':?'Xe was detected in the capsule plenum. The lack

of fission gas in the capsule and the presence of 13708
In the capsule sodium present a contradictory picture
and the failure of the element in capsule 136 can only be
consldered tentative and of a low degree. None of the
other capsules indicated fuel element failure during the
examinations at EBR-II. Reinsertion of all nineteen cap-
sules is planned for EBR-II Run 61 so that they can be
irradiated to their goal burnups of 10 at.%.

The Series U1930 and U1960 experiments are de-
scribed in Table 463-V. Experimental parameters in-
clude fuel type, fuel density, bond type, and cladding
type. The operating linear power ratings for the experi-
ment are relatively high (30-35 Kw/ft). Nondestructive
examination of the experiments listed in part A of Table
463~V was completed several months ago. The results
of these examinations showed that fuel elements U194

and U200 had failed.
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Destructive examination of U-187, -189, -192,
-194, -195, -197, and -206 has started. Further examina-
tion of the remainder of these experiments is planned.

The experiments listed in part B of Table 463-V
are awaiting further irradiation. U-188, -190, -193,
and -196 were recently removed from subassembly X152,

133Xe ,

Interim examination, including v -scanning for
indicate that the elements in these experiments have not
failed. Further irradiation of the experiments is pending
selection of companion capsules from the other high per-
formance experiments to complete a subassembly.

The experiments listed in part C of Table 463-V
were used as replacement capsules in order to allow the
irradiation to be. continued to the desired burnup In lead
experiments from other series. Only a cursory post-ir-
radiation examination is planned for these elements. Non-
destructive examination of the experiments is currently
under way. The experiments listed in part D of Table
463-V are awaiting insertion into the reactor. Capsule
U261 will be returned to LASL for rework of an apparent

sodium bond defect in the capsule-element annulus.




TABLE 463-IV

SERIES U1950 CARBIDE EXPERIMENTS

Fuel- Max,
Experiment Df:sellty Clad Thi?k:iess Diametral CTl?x; B’/[I‘a.>~ Fu I;mea!‘ parrent
No. Fuel ’I‘vpeal % T.D. Material in. ' Gap, i:x Bond Sta?t‘;;‘, gz: K:v“/lz:r B::l ‘;p Status

U129 MC + 5 v/o M,C, 8 316SS 0.022 0.016 He 1755 2.8 8.3  X055B (interim)
U130 MC+ 5v/o M,C, 75 31688 0. 022 0. 010 He 1500 13.1 8.3 X055B (Interim)
U131 MC+ 5 v/o M,C, 84 316SS 0.022 0.010 He 1495 13.1 8.2  X055B (interim)
U132 MC+5v/o M,C, 84 316SS 0. 022 0.010 He 1495 12.8 8.1 X055B (Interim)
U133 MC+5v/oM,C, 84 316SS 0.022 0.010 He 1495 2.8 7.9  XO055B (interim)
U134 MC + 3 v/o M,C, 8 316SS 0. 022 0.010 He 1495 2.8 7.9 X055B (Interim)
U135d MC+ 5 v/o M,C, 84 INC-800 0,022 0.010 He 1475 12.8 8.2  X035B (interim)
U136 MC+ 5 v/o M, C, 84 INC-500 0. 022 0.010 He 1475 13.3 7.8  4055B.{infterim)
U137 MC+10v/o M,C, 99 316SS 0.022 0.010 He 1440 13.4 6.9  X055B (interim)
v13sa® MC + 10 v/o M,C, 99 31688 0. 022 0.010 He 1440 14.8 3.3 X055B (Interim)
U139 MC+ 10v/o M,C, 99 INC-800 0. 022 0.010 He 1440 14.8 7.0  X055B (interim)
U140 AIC 93 INC-800 0.022 0.010 He 1460 13.9 7.5  X055B (interim)
U141 MC 93 31688 0.022 0.010 He 1460 14.3 7.4  XO055B (Interim)
U142 MC 93 3168S 0.022 0.010 He 1460 4.5 7.5  X055B (interim)
U143 MC+ 10 v/o M,C, 99° INC-500 0.022 0.010 He 1395 12.8 7.7  X055B (interim)
U144 MC + 10 v/o M,C, 99° 316SS 0.022 0.010 He 1395 13.1 7.8  XO055B (interim)
U145 MC 93 30488 0.015 0.030 Na 820 13.4 7.3  X055B (interim)
v1:6a2 MC +10v/0 M, C, 99 304SS 0.015 0.030 Na 810 13.7 3.3  X053B (interim)
U147 MC+ 10 v/o MyCq 99 IN C-800 0.015 0.030 Na 810 4.2 7.4  X055B (interim)
a

M=(Uj g5Pup,19

Capsules 136 and 146 were removed at 45,000 MWD/MT for TREAT testing. Duplicates replaced the originals.

c
d Pellets cored with nominal 0.080-in. diameter axial hole.
Possible failure indicated from Y -scanning at EBR-II

Table 463-VI describes the Series B-1 and B-2 ex-
periments. These capsules are fueled with single-phase,
uranium-plutonium mononitride. All the elements in this
series are sodium-bonded and clad with either Type 304
or 316 welded stainless steel tubing. Operating linear
power ratings for the experiments are relatively high (25~
35 Kw/ft). Capsules B-1-4 and B-2-5 have been exami-

ned using y-scanning techniques for the detection of

1
3 Destruc-

Cs, and both elements are apparently intact.
tive examination of capsule B-2-8 gave no indication of
element failure after 3.6 at.? burnup. The results of

the latter examination are reported in BMI-1925. 3

Fur-
ther irradiation of B-1-4 and B-2-5 is planned. The re-
maining experiments from this series were recently re-
moved from subassembly X152. During the interim ex-
amination, capsules B-1-1, -1-2, -2-2, -2-6, and -2-7

were found to have failed as indicated by y- scanning for

1
33Xe at EBR-II.

Elements in capsules B-2-1 and B-2-
3 were found to have not failed. The failed experiments
will be shipped to LASL for destructive examination.

‘The B-3 series of experiments are described
in Table 463-VII. This nitride-fueled series is similar
to the B-1 and B-2 series except that three helium bonded
experiments are included and the average operating linear
power ratings are slightly higher. Gamma-scans made
at EBR-II for 133Xe indicated that the four sodium-
bonded elements have failed, while the three helium-
bonded elements have not failed. Preliminary visual ex-
amination at LASL indicates that the four failed elements
are bowed as much as 3/8 in. Nondestructive examination
of the failed elements is currently under way.

The Series U5100 singly-clad experiments are
described in Table 463-VII. In this group, either single-

phase or two-phase carbide fuel is sodium bonded to Type
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TABLE

463-V

SERIES U1930 AND U1S60 CARBIDE EXPERIMENTS

Fucl- Max.
Fuel Clad To-  Max. Fucl Lincar Current
Experiment a Density Clad Thickness, Dlamctral Clad Temp, 8" Pouwer  Buarnup
— No. ~ _ FuelType, = %T.D, Materfal In, Gap, In.. Bond Startnp, C Kw/ft, _at.% Status
U187 MC+ 5 v/u M2CS 84 31G6SS 0.020 ’;) 007 Ita 1935 30.0 4.5 Dostractive Exam=-2.9
U189 MC+5 v/o M,Cq 84 INC-800 0.020 0.007 lle 1435 30.0 4.5  Destructlvo Exam-3.9
U191 MC 93 304SS 0.015 0. 030 Na 1148 31.7 4.7  Destructlvo Exam=-2.0
v192 MC 93 304SS 0.015 0.030 Na 1148 31.7 4.7  Destructlve Exsnr2.9
U184 MC+10v/o M,C, 97 304SS 0.015 0. 030 Na 1132 33.1 5.0  Destructive Exam-2,9°
ules MC+ 10 v/o M203 97 304SS 0.015 0.030 Na 11312 33.1 5.0 Destructive Exam-2.9
u1sT MC+10v/oM,Co 97 INC-800 0.015 0.030 Na 1132 33.4 5.0  Destructive Exam-2.9
U198 MC+ 10 v/o M203 97 INC-800 0.015 0.030 Na 1132 33.4 5.0 Destructive Cxsin-2. 6
U200 MC+ 6 v/o M2C3 84 304SS 0,016 0,008 BBe 2042 30.8 4.6 Destructive Exam-2,6°
U206 MC+ 5 v/o M,Cy 90 31658 0.020 0.008 He 2084 31.5 4.7  Destructlve Exam-2,9
u208 MC+ 10 v/o M,C, 97° 3168 0.020 0.009 He 1912 31.9 4.8 Destructive Exam-2.6
u1s8 MC+5v/o M,Cy 84 316SS 0.020 Bo. 007 Ho 1935 30.0 8.7  NDT (Interim)
ulso MC+56v/oM,C, 84  INC-800  0.020 0.007 He 1935 30.0 8.8  NDT (Inlerlm)
u1s3 MC 93 304SS 0. 015 0.030 Na 1148 31.7 8.7  NDT (Interim)
U6 MC+10v/oM,C, 97 304SS 0.015 0.030 Na 1132 32.6 8.6 NDT (Intcrim)
U199 MC+ 10 v/oM,C, 97 INC-800 0.015 0.030 Na 1132 33.5 5.0  Interint
uzo1 MC+5v/oM,C, 8  304SS 0.015 0. 008 He 2042 30,0 4.5 Dterim
U207 MC+5v/o M,C, 90 316SS 0.020 0.008 lle 2088 31.7 4.7  Interim
U203 MC+ 10 v/o M,C, 97t 31688 0.020 0,009 llo 1903 30.9 4.6 Interlm
U185 MC+10v/o M,C, 96 316SS 0, 020 co. 011 lie 2195 30.0 3.0  NDT-1.7
U186 MC+ 10 v/o M,C, 96 3168S 0.020 0. 011 He 2195 30,0 3.0  NDT-L.7
u202 MC+ 5 v/o M,C, 84 316SS 0.010 zero He 1270 31.7 2,8 NDI-1.7
U203 MC+ 5v/o M,Cy 84 316SS 0.020 zero lle 1260 31.4 2.8 NDT-1.7
u204 MC + 10 v/o M,C, 97®  31css 0.010 zere te 1131 32.2 2,9  NPT-L7
U205 MC+10v/o M,C, 97 31658 0.020 zero lle 1124 31.9 2.9 RYU-1.7
U260 MC+ 10v/oM,C, 98 316889 0.015 Do. 015 He 2590 34.1 ——
U261 MC+10v/oM,C, 98  31ess® 0.015 0.015 He 2590 34,1 —-- | AtEBR-
U262 MC+ 10 v/o M,_C 98 INC-800 0.015 0,015 lie 2590 34,1 -

2"3

a
M= (U g5P0.19

b
Cored pellets with nominal 0. 080-In. dlameter axlal bole,
©Llontenls 194 and 200 have failed.

d2 0% cold-worked.

[
Eddy current test at EBR-II Indicales capsule bond discontinulty.

304 or 316 stainless steel or to Incoloy 800. In seven of
the elements, a shroud is incorporated primarily to test
the retention of fuel fragments by close fitting tubes. A

secondary objective of the shroud is to study the effective-
ness of the shroud alloy as a carbon getter. Experiment
U255 has been rejected due to a tungsten inclusion in the
bottom weld. That experiment will be replaced with a

stainless steel dummy element. Insertion of the experi-

ments into the reactor is pending completion of the quality
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assurance data package by the Gulf United Nuclear Fuels
Corporation, the original experimenter.

The C-5 series of singly-clad experiments is de-
scribed in Table 463-1X. Single-phase nitride fuel is
sodium bonded to 20% cold-worked Type 316 stainless
steel cladding in all of the fuel elements in this group.
Profilometry measurements of the C-5 series elements
have been made using the same equipment that will be

used for the postirradiation examination. Shipment




TABLE 463-VI

SERIES B-1 AND B-2 EBR-II NITRIDE EXPERIMENTS®

Experiment  Fuel Density, Smear Density, Cladding Wall Max. Linear Current Burnup

No. % T.D. T.D. Thickness, in. Power, Kw/ft at. % Status
B-1-1 94.1 80.2 0.020 27.9 6.5 NDT (EBR-II)
B-1-2 93.9 80.5 0.020 27.1 6.3 NDT (EBR-II)
B-1-4 93.8 84.9 0.020 28.6 3.0 NDT-1.7
B-2-1 94.7 81.5 0.020 32.7 6.3 NDT (Interim)
B-2-2 94.4 81.5 0.020 32,5 6.2 NDT (EBR—II)b
B-2-3 94,0 81.0 0.020 32.4 6.3 NDT (Interim)
B-2-5 94,2 75.5 0.015 32.4 3.0 NDT-1.7
B-2-6 94,0 . 81.8 0.010 36.6 6.2 NDT (l':‘.l?.l?.—II)b
B-2-7 93.9 81.7 0.010 36.7 6.1 NDT (l':‘.EJR.—I'I)b
B-2-8 93.8 81.6 0.010 36.5 3.6 Complete

aAll capsules are sodium bonded. Capsule cladding is 0.375 in. o.d. x 0,335 in, i.d. Type 304 stainless steel.
Element cladding for the B-1 experiments is welded 0,290 in. o.d. Type 304 stainless steel.

Element cladding for the Series B-2 experiments is welded 0,315 in. o.d. Type 316 stainless steel.

The fuel is (U0 8Puo 2)N.

bFailure indicated by 133Xe y-scan at EBR-II.

TABLE 463-VII

SERIES B-3 EBR-II NITRIDE EXPERIMENTS?

Experiment Fuel Density, Bond Smear Density, Cladding Wall Max. Linear

Current Burnup

No. % T.D. Type % T.D. Thickness, in. Power, Kw/ft at.% Status
B-3-2 88.4 Na 82.6 0.015 37.7 3.1 NDT-1,7°
B-3-3 91.3 Na 85.2 0.015 38.9 3.1 NDT-1.7°
B-3-4 93.9 Na 85.4 0.015 38.9 3.1 NDT-1.7°
B-3-5 90.4 Na 84.8 0.010 41.5 3.1 NDT-1.7°
B-3-6 94.8 He® 85.5 0. 020 34.2 3.0 NDT (Interim)
B-3-7 88.5 He 87.9 0.020 34.2 3.0 NDT (Interim)
B-3-8 89.8 He 85.5 0.020 32.4 2.9 NDT (Interim)

aCapsule claddings are type 304 stainless steel, 0.375 in. o.d. x 0.335 in. i.d. Element claddings are 0. 315 in. o.d.

bPellef.s are annular with a 0. 070-in. diameter hole.
Failed.
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TABLE 463-VII

Fuel

Experfinent a Density, Ciad .

_ _No, _ Fuel Typo % T.D.  Materin)’ Shiroud
U241 MC 93 3041SS None
U242 MC 93 30458 None
U243 MC 93 30458 Nono
U244 MC 93 304SS None
U245 MC 93 304SS None
U246 MC 93 316SS Noge
U247 MC 93 316Ss None
U248 MC 93 316SS None
U249 MNC 93 INC-R00 None
U260 MC 93 INC-800 None
U261 MC 93 30488 None
u262 MC 93 304SS Vanadium-slots
U263 MC 93 304sS Iron-slots
U254 MC 93 30458 304SS-slots
U266 MC 93 304S$ 304SS-holcs
U256 MC+10v/o M, C, 98 304SS Vanadium-slots
U257 MC+ 10 v/o M203 98 INC-800 Tantalum-slots
u2s8 MC+ 10 v/o M,C, 98 304SS 304SS-s10ls
U259 MC+ 10 v/o M,C, 98 INC-800  304SS-slots

of selected elements to EBR-II is pending receipt of these
documents and a LASL review of the experiments from a
quality assurance standpoint.

The O-Nlseries of singly-clad experiments is de-
scribed in Table 463-X. These experiments are similar
to the C-5 series. The elements are fueled with
(Uo. SPuO. 2)N which is sodium bonded to 20% cold-worked
Type 316 stainless steel cladding. Three elements have
been rejected because of large fuel chips in the sodium
annulus. The diameters of the elements have been mea-
sured on the same profilometer that will be used after

irradiation. The status of shipment of these experiments
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SERIES U5100 CARBIDE EXPERIMENTS

Max. ¥ncl
Diamctral “femp. at Max. Linear

Gap, in. Startup, °C  Poner, Kw/it Status

0,015 1175 85.8 At EBR-II Awalting
inscriion Into X156 ¢
0, 015 1175 35.8 At EBR-II Awniting
insertion into X156
0.030 1150 33.8 At EBR-IT Awalting
inscrtion into X166
0, 015 1175 35.8 AL EBR-TI Awalting
inscrtion Into X156
0. 030 1150 33.8 At EBR-II Awsiting
inscrtion into X156
0,015 1190 36.4 At EBR-IT Awaiting
fnsertion into X166
0.030 1150 33.8 At EBR-TI Awalting
insortion Into X156
0, 030 1140 36.4 At EBR-II Awalting
inscition Into X156
0.015 1210 36.4 At EBR-IT Awaiting
insertion hito X156
0.030 1145 36.4 At EBR-II Awalting
inscrtion into X156
0.030 1145 36.4 At EBR-II Awalting
Insertion into X150
0,030 1140 36.4 At EBR-TI Awaiting
{nsortion into X160
0.030 1145 33.8 At EBR-IT Awalting
insertion into X156
0,030 1140 33.8 At JIBR-II Awaiting
{nscrtlon inte X156
0,030 At EBR-TI - Rejceted
W Incluslon In
bottom weld
0.030 1140 34.0 At EBR-TI Awalting
inscrtion into X156
0,030 1135 33.5 At ERR-II Awalting
inscition Into X156
0.030 1145 33.5 At EBR-I Awalting
insertion into X166
0.030 1150 34.6 At EBR-TT Awaiting

insertion into X150

to EBR-II is the same as for the C-5 series. Four of the

fuel pins from Series O-N1 will be irradiated with fifteen
pins from Series C-5.

The tentative description of the K4 series of experi-
ments is shown in Table 463-XI. One of the primary pur-
poses of the K4 Series is to provide data for a critical
comparison of the overall irradiation behavior of carbide

and nitride fuel elements which have been irradiated un-

der conditions that are, as nearly as possible, identical. ’
The test parameters include fuel type, cladding cold-work,
smear density, linear power rate, operating temperature,

fuel restraint, and burnup. The fuel used in the



Experiment
No.
C-5-1
C-5-2
C-5-3
C-5-4
C-5-5
C-5-6
C-5-7
C-5-8
C-5-9
C-5-10
C-5-11
C-5-12
C~5-13
C-5-14
C-5-15
C-3-16
C-5-17
C-5-18
C-5-19
C-5-20

TABLE 463-IX

SERIES C-5 EBR-II NITRIDE EJ'EPI'ZRI’M'I-:NTSa

Max. Fuel
Fuel Density,  Smear Denslty. Temp, at Max. Clad Max. Lineap
— %T.D. % T.D. startup, °F (°C) Temp., °F (°C) Power, Kw/it

92.6 79.4 - - -
93.3 79.4 - - -
94.0 79.9 - - -
95,1 80.9 2112 (1156) 1326 (719) 33.2
95.4 81.6 SPARE

93.3 79.3 2116 (1158) 1328 (720) 33.3
94.4 80.5 2164 (1184) 1336 (724) 33.7
94,3 4.4 2061 (1127) 1154 (623) 32,7
94.2 80.2 2071 (1133) 1203 (651) 33,5
94.1 0.2 2021 (1105) 1157 (625) 32,6
93.9 80.6 2050 (1121) 1165 (629) 33.4
94.2 74.1 2050 (1121) 1191 (644) 32,5
95.5 5.2 2036 (1113) 1134 (623) 32,1
95.7 75.4 2087 (1142) 1312 (711) 32,0
95.2 75.4 2036 (1113) 1188 (642) 32,1
95.6 75.4 -SPARE

95.7 75.5 - - —
93.9 79.6 2039 (1115) 1193 (645) 32,6
93.6 78.9 2054 (1123) 1200 (649) 33,0
94,7 80.6 2024 (1107) 1155 (624) 32,4

#All elements are sodium bonded. The fuel s (Ug, gPug,_ o)X pellets.
The cladding {s 20% cold-worked Type 316 stainless stecl, 0.310 in. o.d. by 0.280 In. 1.d.

TABLE 463-X
SERIES O-N1 EBR-II NITRIDE EXPERIMENTS 2

Status

Reject; chips, air in plenum
Reject: chips, air in plenum
Reject: chips. air In plcaum
At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

At LASL for NDT

Reject: leaked, air in plenum
At LASL for NDT

At LASL for NDT

At LASL for NDT

Experiment Fuel Density, Smear Density Temp. at Max. Clad Max. Linear
No. %T.D. % T.D. startup, °F (°c) Temp., °F (°C) Power, Kw/ft Status
O-N1-1 89.9 7.7 2085 (1140) 1200 (649) 32.9 At LASL for NDT
O-N1-2 90.3 78.0 2043 (1117) 1325 (718) 33.1 At LASL for NDTb
O-N1-3 90.0 77.8 2128 (1164) 1323 (717) 32.6 At LASL for NDT
O-Ni-4 89.6 77.4 2133 (1167) 1323 (717) 32.8 At LASL for NDT
O-Ni-5 90.4 78.1 2068 (1131) 1160 (627) 32.9 At LASL for NDTb
O-N1-6 89.3 7M.2 e - SPARE- - = = = = = = = = At LASL for NDTb
O-N1-8 89.6 77.4 @ memmemmme--- SPARE=- - = = = = = = = = At LASL for NDT

3A1l elements are sodium bonded, The fuel is (U, ,Pu, )N pellets.
The cladding is 20% cold-worked. Type 316 stainless sféel, 0.310 in. o.d. by 0.280 in. i.d.

bElemenl:s O-N1-2, -5, and -6 have large fuel chips in the pellet-cladding annulus.
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TABLE 463-XI
SERIES K4 CARBIDE EXPERIMENTS®

Approximate Peak

Experiment Fue]b Smear e Peak Clgdding Cenbegling Temp. , Goal Burnup,
No. Type Density,% Cladding Shroud Temp., F()C) F (C) at. %)
52 C 82 SA Yes 1060 (570) 1900 (1040) 7
53 c 82 SA Yes 1170 (630) 2000 (1100) 11
54 c 82 SA No 1170 (630) 2000 (1100) 11
55 c 82 SA No 1060 (570) 1500 (1040) 7
56 C 82 SA Yes 1160 (625) 2000 (1100) 11
57 C 82 Ccw Yes 1050 (565) 1900 (1040) 11
58 C 82 Ccw Yes 1160 (625) 2000 (1100) 11
59 C 82 cw No 1050 (565) 1900 (1040) 11
60 C 85 SA No 1050 (565) 1900 (1040) 7
61 C 85 cw No 1060 (570) 1900 (1040) 11
62 N 82 SA No 1050 (565) 2400 (1315) 7
63 N 82 cw No 1170 (630) 2500 (1375) 11
64 N 82 SA Yes 1170 (630) 2500 (1375) 11
65 N 82 Ccw Yes 1180 (640) 2500 (1375) 7
66 N 82 cw Yes 1070 (575) 2400 (1315) 11
67 N 82 SA Yes 1080 (580) 2400 (1315) 11
68 N 82 SA Yes 1050 (565) 2400 (1315) 1
69 N 85 SA No 1070 (570) 2400 (1315) 11
70 N 85 cw No 1050 (565) 2400 (1315) 7

aHeatlng rates will be in the range 38 to 40 Kw/ft. All elements sodium bonded.

bC = 95% dense (U0 8Pu0 2)C, 93% enriched 235U.

N = 95% dense (U0 8Pu0 2)N, 93% enriched 235U.

®SA = solution annealed Type 316 stainless steel. CW = 20% cold worked Type 316 stainless steel.

Both types are 0.310 in. o.d. by 0.286 in. i.d.

fabrication of these elements will be 95% dense, single-
phase (Uo. 8Puo. 2)C or (Uo. 8Puo. 2)N. The carbide fuel
will be fabricated at LASL from material synthesized
using the arc-melting process. Material prepared by the
carbothermic reduction process may also be used. The
nitride fuel for the initial loadings will be supplied by
Battelle Memorial Institute and will be prepared using the
hydride-nitride process. BMI has produced 15 batches
of fuel of which 4 batches have been received. The clad-
ding tubing will be Type 316 stainless steel 0.310 in. o.d.
with a wall thickness of 0,012 in. The cladding was pur-
chased through HEDL from Superior Tube Co. Both
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solution annealed and 20% cold worked tubing were pur-
chased. The tubing complies, as nearly as possible, to
the fuel element cladding specification RDT-E13-8, End
plug material has been received from HEDL. The 20%
cold-worked, Type 316 stainless steel for the end plugs
is a portion of the batch of bar stock fabricated for the
FFTF control rod structural components and complies
to RDT-M-7-23T. Hold-down springs will be made from
0.031 in. diam, Type 302 stainless steel, FFTF driver
fuel element spacer wire material.

Shroud tubes with perforated slots are planned for

use as a fuel fragment restraint mechanism in about 10 of



the Series K-4 fuel elements. The actual number of ele-
ments that will use shrouds will depend on the analysis of
the results for the sodium-bonded elements from the en-
capsulated experiments currently being examined. The
suggested shroud tube geometry was selected after con-
sidering several wire restraint systems, tubular restraint
systems, and packing restraint systems.

shroud tube is:

The suggested

1. perforated with slots,

2 slot axial pitch, 0.125 in.,

3. slot length, 0.100 in.,

4. slot width, 0,020 in.,

5. twenty-four slots per tube revolution,
6

adjacent circumferential rows of slots stag-
gered axially by 1/3 the axial pitch,

7. circumferential ligament between slots,
0.015 in.,

8. axial ligament between slots, 0.025.,
9. tube dimensions, 0.2675 in. x 0.2615 in. ,
10. slot area, 43.8%,

11. tube material, 25% cold-worked Type 316
stainless steel,

12, method of slot fabrication, Electro Discharge
Machine (EDM).

In addition to the experiments described above, two
nitride fueled thermal irradiation experiments from ORNL
(43N1 and 43N2) and eight carbide fueled EBR-II experi-
ments from Westinghouse will be examined. Results and
status will be reported in future reports pending receipt
of experiment description and history.

Engineering Test Plans have been prepared in order
to satisfy the Quality Assurance requirements for the ir-
radiation and examination for the experiments in the K1,
K2, K3, U1300, U1850, U1930, U1960, U5100, B-1, B-2,
B-3, C-5 and O-N1 series tests. A major effort is cur-
rently being expended in the overall evaluation of all of the
high performance irradiation experiments under LASL
direction. All available data on each experiment is being
cataloged and evaluated with respect to both technical
characterization and quality control completeness.

C. TREAT Irradiation Testing
(J. F. Kerrisk, D. G. Clifton, R. E. Alcouffe)

In order to assess the behavior of (U,Pu)C and

(U,Pu)N fueled elements under fast reactor accident

conditions, transient irradiations will be eonducted in the
TREAT facility. Investigations will be carried out on both
irradiated and unirradiated fuel pins to determine (1) the
threshold power levels at which damage or failure occurs,
(2) the effect of bond and cladding defects, and (3) the
failure propagation mechapism in multipin assemblies.

1. Series UL Tests. A cooperative effort has

been carried out with Gulf United Nuclear Fuels Corpor-
ation in the area of TREAT testing. A series of four
tests, designated LASL Series UL, will determine the ef-
fect of irradiation on the behavior of helium and sodium
bonded advanced fuel elements (fabricated by GUNFC) un-
der possible LMFBR accident conditions. Table 463-XI1I
describes the fuel elements and test objectives. LASL
has assumed complete responsibility for these tests in

fiscal year 1973.

a. Test LASL-UL-1 and LASL-UL-2. The TREAT
capsules for these tests were shipped to the TREAT reac-
The capsule for test LASL-UL-1was

tor in early October.
loaded into the reactor and a calibration transient (TREAT

transient nﬁmber 1476) was run on November 15. The ob-
ject of the calibration transient was to experimentally de-
termine a figure of merit for these tests by the heat balance
method. The figure of merit is defined as the ratio of the
power density in the fuel to the reactor power. This quan-
tity is calculated from the total reactor energy deposited in

TABLE 463-X1I

LASL SERIES UL TESTS

TEST

LASL-YL-] LASL-UL-2 LASL-UL-) LASL-UL—

Fuel Elemu. 263 |136 A) 264 (146 A) 265 (138) 266 (146)
b

Fuel Materlal™ 90 vald |U, Py JC + 10valB 1T, Puy 100,Cy
Fuel PeUet 0.246 0,240 0,246 0.240
o.d., ia.
Bood Mater)al He Na He Na
Bood Thickxnesa
|Racdtal), ta. 0. 005 0,015 0,005 0.015
Clad Material 316Ss 304SS 31688 30488
Clad Thicimeaa, 0. 022 0,015 0. 022 0.015
in.
Smear Deasity,
% Tbeoretical 90 " 80 n
Fuel Caumsn
Leogtt, 1, e 13,75 £ 0,125 e
Buroup, e
MWD/MTM 0 0 45,000 45, 000
‘Teat Objective Fuel Fuel Same Tran- Same Tran-

Melting Melting slest as 263 sicat as 264

*Fuel element numbers reassigned by GUNFC, Old sumbera shown in
pareathesea.

l,Urlm\nm enriched to 607 in 235(}.
%rradisted tn EBR-II at 10 10 15 Kw/lt {n subassembly X-055.
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the fuel and inner capsule as determined by the tempera-
The TREAT capsule-in-

ner capsule system is designed so that the inner capsule

ture rise of the inner capsule.

loses little heat over a time period required to equilibrate
temperatures radially in the inner capsule over the fuel
column length.

The inner capsule thermocouples indicated spurious
signals during this calibration transient. These thermo-
couples have ungrounded junctions and these signals were
traced to the fact that these thermocouples had not been
externally grounded prior to the I:ransient.4 The thermo-
couples were grounded and a second calibration transient
(TREAT transient number 1477) was run. This calibra-
tion transient generated 82 MW -sec of reactor energy
using a computer controlled transient. Figure 463-1
shows a plot of reactor power as a function of time for
this transient. The temperature rise of the inner capsule,
adjusting for heat losses, was 152°F. The energy de-
posited in the inner capsule was calculated from the heat
capacity of the inner capsule components as 467.5 cal/cm
of length. If all this energy were generated in the fuel the
figure of merit would be 7.75 x 10™° W/(cc fuel) (W reac-
tor power). This estimate would ignore y heating in the
nickel heat sink and stainless steel capsule components
which must be considered to accurately estimate the figure

of merit due to fission heating in the fuel. Using an
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Fig. 463-1. TREAT reactor power as a function of

time for calibration transient for Test UL-1.
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estimate of ¥ heating as 2.51 x 1078 W/(cc) (W reactor

power)5 , the figure of merit due to fission heating in the
fuel was calculated as 7.34 x 10™° W/(cc fuel) (W reactor
This is 20% below the calculated value of 9. 17 x

5 reported previously. 2

power).
10°
Test UL-1 (TREAT transient number 1478) was run
shortly after the calibration transient. The total reactor
energy requested was increased over that originally re -
quested to account for the lower figure of merit determin-

ed during the calibration transient.
totaled 159 MW-sec.

The reactor energy

Figure 463-2 shows a plot of reactor
power as a function of time. The temperature rise of the
inner capsule, accounting for heat losses, was 284°F. A
calculation of the figure of merit from this transient (fis-
sion heating only) results :n 7.38 x 10_5 W/(cc fuel) (W

reactor power), which is excellent agreement with the re-

sult obtained from the calibration transient. The response

of the fuel element and inner capsule to the reactor power
shown in Fig. 463-2 was calculated using the CINDA heat
transfer code. Figure 463-3 shows the results for three
selected temperatures, the fuel center (curve 1), the clad
inside surface (curve 2), and the inner thermocouple
location (curve 3). The data points are measured thermo-
couple temperatures for the inner thermocouple located at
The break in

the fuel center temperature at 4.0 and 4. 8 sec corresponds

the axial center of the fuel column (TC-~4).

oo _ e EXSTRE 2 R% B I Yors
Clal 3 _ r S s as -
! 1 |
I R | L L.
. “ L 4
Fig. 463-2. TREAT reactor power as a function of time

for test transient for Test UL-1,
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Fig. 463-3. Temperature as a function of time for Test
UL-1.

Legend: Curve 1 = calculated fuel center,
Curve 2 = calculated clad inside surface,

Curve 3 = calculated ther mocouple location,
* = measured inner thermocouple tempera-
ture.

to the start of fuel melting and the end of fuel melting

(complete resolidification) at the fuel center. The maxi-

mum clad temperature of 1435°F occurs at 4.3 sec.
Figure 463-4 shows an expanded plot of the calcula-

ted and measured thermocouple temperatures. Since the
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Fig. 463-4. Inner thermocouple temperature as a func-

tion of time for test UL-1
Legend: Curve = calculated temperature,
* = measured temperature.

thermocouples in the inner capsule have ungrounded junc-
tions, the actual location of the thermocouple junction rel-
ative to the end of the thermocouple sheath and the response
time of the thermocouple junction must be considered.
Thermocouple structure (junction location, junction size,
sheath thickness, insulation thickness, and wire thickness)
was determined from radiographs of the actual thermo-
couples used. The calculated thermocouple junction tem-
peratures shown in Figs. 463-3 and 463-4 were obtained
from numerical heat transfer calculations on a model of
the thermocouple using dimensions and properties of the
sheath, insulation, and wires. Sheath surface tempera-
tures were assigned as the temperature of the surrounding
medium (NaK in the inner annulus or nickel in the heat
sink) at that radial location. The time constant of the
model thermocouple was calculated as approximately 300
psec which is in good agreement with measurements on
similar thermocouples. 6 Spare thermocouples are being
obtained from Gulf United so that actual measurements of
the thermocouple response time may be made.

Neutron radiographs of the TREAT capsule taken be-
fore and after test UL-1 have been compared. No signifi-
cant change in the fuel can be seen after the test. This
TREAT capsule is awaiting shipment back to LASL for
further examination.

The TREAT capsule for test UL-2 was loaded into
the reactor on November 17 but the test was not run owing
to unfavorable weather conditions through November 27.

At that time the capsule was unloaded from the reactor and
placed in storage because of higher priority tests at TREAT.

b. Tests LASL-UL-3 and LASL-UL-4. The as-

sembly of the inner capsules for tests 3 and 4 of the UL
Series was done by GUNFC up to the point of insertion of
the fuel elements into the inner capsules. Since the fuel
elements were pre-irradiated in EBR-II, the completion
of the assembly of the inner capsules and the assembly
of the inner capsules into the TREAT capsules requires
hot cell facilities. LASL, in conjunction with RDT, has
arranged for the completion of the assembly by the Radio-
metallurgy Group of Hanford Engineering Development
Laboratory. LASL is continuing a discussion of the as-
sembly of these tests with HEDL. Welding samples for
use at HEDL during the assembly of the capsules have

been fabricated,
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2, Series 1 Tests. A group of eight tests using

LASL fabricated fuel elements has been designated LASL
Series 1 tests, The tests are designed to determine if
any significant safety related behavioral problems exist
for sodium bonded, stainless steel clad (U,Pu)C and
(U,Pu)N fuels by defining failure thresholds and the types
of failure experienced by these fuels. Table 463-XII1
summarizes the test parameters and objectives. Approv-
al-in-principle has been received from the AEC for this
series of tests. Design work for the modification of
TREAT capsules to incorporate a thermal neutron filter
and calculations for a preliminary safety analysis are
continuing. A preliminary Engineering Test Plan for the
Series 1 test has been prepared.

3. Post-drradiation Disassembly Facilities.

Facilities for a post-irradiation disassembly of TREAT

tests are being prepared. These facilities will allow the
disassembly of TREAT capsules and inner capsules con-
taining fuel elements with no other irradiation except the
TREAT irradiation. Two existing evacuable glove boxes

will be modified to allow the transfer of failed capsules

TABLE 463-XII

LASL SERIES 1 EXPERIMENTS

Fuel a TREAT

Test Mater{al Burnup Translent Test Objective
1A-1 (Uo aPuo 2)C 0 Fast Na bond efection-

° ° inclpient fuel

melting
1A-2 (UO. aPuo. 2)C 0 Sow Same as 1A-1
1B-1 (Y, s, 2)c 0 Fast 50% Fuel melting
d

1B-2 (Uo. °Puo.z)N ] Fast Same as 1B-1
1B-3 (Uo_ aPuo.z)c . 0 Slow Same as 1B-1
184 (U, gPup N o Sow Same as 1B-19
1C-1 (Uo_aPuo_z)C % ] Same as 1B-1

N d
1c-2 (Uo.aPuo.z)N % ] Same as 1B-1

#rhe fucl will be pellcts. contained in 0.310 in. o.d. by 0,012-In. wall
316 stainless steel cladding at 80% smear density. The uranium is
enriched to 93% tn 230y,

bFut transients will deposit energy in time periods of the order of
1 sco while slow transleats will be on the order of 10 sec.

Ot type of transicnt to be used will be determined by the results of
the unirradiated element tests.

dSlx:ce (U, Pu)N docs not melt, but decomposes to metal and nitrogen.

the tcat objectlves are described In terms of the energy required to
produce a given melting in (U, Pu)C.
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between boxes and disassembly through sectioning of the
fuel element in preparation for metallography. Drawings

for the modifications of the two boxes are in preparation.

III. FUEL PROPERTY MEASUREMENTS

Differential Thermal Analysis
(J. G. Reavis, R. Basinger)

A sample of irradiated U02—25% PuO2 supplied by

G.E. -Sunnyvale was examined recently by differential
thermal analysis techniques. The sample was described
by G.E. as having an O/M ratio of 1.97 and a burnup of
7.6 atomic percent. It was sealed in a tungsten DTA cap-
sule by TIG welding, using a 0. 004-in.-thick tantalum

shim between the lid and capsule wall to reduce grain
growth during welding.

Thermal arrests observed for this sample are list-
ed in Table 463-XIV. The capsule apparently remained
intact through three partial or total melting cycles, but
ruptured after the fourth melting. The arrests indicate
major sample melting begins on heating through 2700°C
and freezing begins on cooling through 27600. The degree
of accuracy of these results has not been established. The
temperatures were obtained by applying the same correc-
tion curve as has been used during the past two years. A
recent observation of an Ir standard sample has indicated

TABLE 463-XIV

THERMAL ARREST TEMPERATURES OBSERVED FOR
IRRADIATED 002-25% Puo2 SAMPLE E1H-29A

Cycle Ma.x.o Arf'est Temp. ,OC
_No. Temp, C Heating Cooling
5 2745 2705 > 2745\
6 2880 2730 2770
7 2835 2685 2755
8 2785 2685 (b)
Avg. -- 2700 2760

(a) The thermal analysis curves indicated melting was
not c%mpleted at the maximum temperature reached
(27457) in Cycle 5.

(b) The ca%sule apparently leaked and the furnace arced
at 2785 so that no cooling curve was obtained.



The corrections used to obtain these temperatures should
o, . .

be about 20 higher, i.e,, the best average values in Table

463-XIV should be 2720°C and 2780°C. Additional calibra-

tion standards willbe observedto check the correction curve,

IV. ANALYTICAL CHEMISTRY

1, X-ray Fluorescence Spectrometric Deter mina-
tion of Ta in Stainless Steel

(G. B. Nelson, J. M. Hansel, R. E. Smith, and

E. A. Hakkila)

Chemical characterization of stainless steels for
FFTF Program applications requires reliable measure-
ments of several specified impurities including Ta. Mod-
ifications were made to an existing solvent extraction
method for separation of Ta from stainless sl:eel7 to per-
mit final measurement of Ta by x-ray fluorescence. This
separation involves extraction of Ta into hexone from a
6M HC1-0.8M HF mixture, followed by a second extrac-
tion from 6M H2804—0.41\_/[ HF. Relative standard devia-
tions ranged between 6 and 29 percent for the determina-
tion of 110 to 13 ug of Ta in 250-mg samples of stainless
steel. When separations were attempted using 500-mg
samples of stainless steel to improve sensitivity, re-
coveries of Ta were erratic because of coextraction of
Fe. To minimize coextraction 5M H2804—HF systems8
were investigated for both extractions. A study of the
effect of HF concentration during the first extraction on
the recovery of Ta showed that optimum recovery was

obtained at approximately 1M HF. (Table 463-XV).

TABLE 463-XV

EFFECT OF HF CONCENTRATION ON EXTRACTION
OF Ta FROM STAINLESS STEEL (50-mg SAMPLES)

Rel. Std.
HF, M Ta, ug - Ta Recovery, % Dev., %
0.4 500 90
1.0 500 100 4
2.0 500 95 6
4.0 500 86 15

At lower HF concentrations the fluoride ion is apparently
complexed by Fe and Cr and reduced in concentration be-
low the level needed to extract Ta quantitatively. At
higher HF concentrations, appreciable amounts of Fe
and Cr are coextracted with the Ta and interfere with

the final x-ray measurements. For these reasons, the

extraction procedure was modified to use 5 M H2804—1M
HF in the first extraction and 5 M H2804—0. 4M HF in the
second extraction.

The relative standard deviation of the measurement
was determined for amounts of Ta between 500 and 1000
ug to be 4.6%. The data indicate that as little as 5 or 10
ug of Ta can be measured. The precision at lower Ta con-
centrations and the effects of possible interfering elements
are being determined.

2. Analytical Chemistry Quality Assurance Program
(J. W. Dahlby)

Changes were made in the Analytical Chemistry
Quality Assurance Plans to increase the assurance that
all reported results are completely documented and trace-
able to certified chemical and physical standards. The
Analytical Chemistry Quality Assurance Procedures were
revised and new procedures written to comply with the ad-
ditional requirements in the Quality Assurance Plans.
These revised and new procedures will be incorporated
into our present quality assurance system during next
quarter.

All measuring and testing equipment has been label-
ed and the equipment on a fixed calibration schedule has
been calibrated and added to the Quality Assurance Man-

agers recall system to ensure recalibration as scheduled.
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L INTRODUCTION

Necessary to the development of the high quality
fuels and control rods required by the LMFBR program
are highly reliable analytical methods for the chemical
characterization of the source materials and the pellet
products, and for the measurement of burnup and fission
gases on irradiated fuels. Objectives concerned with en-
suring the production of these high quality reactor mater-
ials are: (1) the continued preparation of carefully char-
acterized calibration materials for the various analytical
methods; (2) the preparation of quality control samples
used for surveillance of analytical chemistry laboratory
operations during periods of production; (3) continued as-
sistance and guidance of quality assurance programs for
chemical specifications sampling and analysis; (4) the de-
velopment of more reliable methods of chemical analysis
with emphasis on O/M measurement; (5) the preparation
of continuously updated compilations of analytical methods
for these materials; (6) the analysis, as a reference lab-
oratory, of those samples in dispute between a vendor and
a purchaser. For the immediate future, these objectives
are centered on the FFTF. Later, they will be ex-
tended to the LMFBR demonstration and large production
plants.

Objectives concerned with irradiated LMFBR fuel
examination are: (1) the development of burnup methods
based on conventional mass spectrometry measurements
and later by spark source mass spectrometry; (2) the de-
velopment of faster burnup methods using chemical analy-
ysis techniques; and (3) start development of analytical

methods for the determination of gases on pre and post-

irradiated fuels and control rod absorber materials to
provide data on gas retention properties and cladding
stability.

. ANALYTICAL CHEMISTRY PROGRAM FOR BORON
CARBIDE

A program equlvalent to that established for the pro-
duction of FFTF mixed oxide fuel is being set up for the
production of FFTF boron carbide pellets.

A. Status of Analytical Methods and Qualification of
Analytical Laboratories
(R. K. Zeigler, J. E. Rein, G. R. Waterbury)

The second round robin with vendor participation
for the chemical analysis of boron carbide was completed.
Participating laboratories were three industrial compan-
ies (Carborundum Company, Eagle-Pitcher Industries,
Inc., and GTE Sylvania, Inc.) and two AEC contractors
(HEDL and LASL). Analytical measurements were eval-
uated for seven specifications: (1) total boron, (2) hydro-
chloric acid soluble boron, (3) nitric acid soluble boron,
(4) soluble carbon, (5) chloride, (6) fluoride, and (7)
metallic impurities.

A detailed report covering the statistical evaluation
of the results and technical discussions of the analytical
methods was issued November 13, 1972. The general con-
clusion was that the within-laboratory measurement stan-
dard deviations for the seven measurements were satis-
factory for FFTF specification use. It is expected that
the between-laboratory differences will decrease to ac-
ceptable levels by the use of common calibration materi-
als (see next section) in the vendor and HEDL analytical

laboratories.
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The first round robin with vendor participation in-
dicated that the measurements for total carbon and the
10B/llB isotopic ratio were acceptable. As analyses for
the additional seven specifications listed above are now
satisfactory, all chemical measurements for the specifi-
cation analysis of FFTF boron carbide are considered ad-
equate.

B. Preparation of Calibration Materials and Quality

Control Samples
(J. V. Pena, O. R. Simi, H. J. Kavanaugh,

J. E. Rein)

Further round robins are not planned at this time.

The preparation of these materials, in amounts con-
sidered adequate for use by vendor and HEDL laboratories
for the production of 150,000 FFTF boron carbide pellets,
was completed. Chemical analyses verified makeup val-
ues and homogeneity of all materials. All thc materials
were sent to HEDL accompanied by a detailed report that
listed concentration for all materials and the recommend-
ed control value limits for quality control materials.

C. Status of RDT Standards
(J. E. Rein, R. K. Zeigler, W. H. Ashley,
O. R. Simi, G. R. Waterbury)

The draft of RDT Standard F11-2 "Analytical Chem-
istry Methods for Control Rod Absorber Material" was re-

viewed by RDT with relatively minor editorial changes re-
quested. HEDL submitted RDT Standard F2-8 "Qualifica-
tion and Control of Analytical Chemistry Laboratories for
Control Rod Absorber Material Analysis" for RDT review.

D. Studies and Improvements of Analytical Methods
(W. H. Ashley, R. G. Bryan, R. D. Gardner,
A, L. Henicksman, and C. H. Ward)

1. Determination of F and Cl. The pyrohydrol -

ysis of B4C and subsequent analysis of the distillate for F
by specific ion electrode and for Cl by spectrophotomectric
measurement were investigated to determine the effect of

adding H3 BO 3

The H 3B03 did not affect the determination of Cl, but it

caused a negative bias of 40 to 50% in the measurement of

to the H20 in the pyrohydrolytic receiver.

F. This negative bias was much larger than the -14% bias
that resultcd when known amounts of F were pyrohydroly-

zed from U308

containing known amounts of F added directly to H20. If

the H3B03

receiver, the results for F were high by approximately

into H20 and measured relative to solutions

was then added to saturate the solution in the
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80% when measured relative to saturated H3B03 solutions

to which known amounts of HF were added directly. Ad-

dition of H3B03 to the distillate did not affect the measure-

ment of Cl.

Pyrohydrolysis of known amounts of F and Cl from
U308 plus 1 g of H3 BOS into H20 also did not produce
satisfactory results for F. Analyses of the distillates for
F was low by approximately 48%. In similar experiments
it was found that known amounts of F and Cl pyrohydroly-
zed from U308 plus 1 g of B4C were recovered more
quantitatively. The F measurement had a negative bias
of only 19%, and the Cl recovery was 108%.

These results indicated that F can be separated sat-
isfactorily by pyrohydrolysis from either U,O_ or U,O

3°8 378

plus B, C, but not from U,O_ plus H_BO,, and can be

4 378 373’
measured with reasonable accuracy in H20 receiver sol -

utions. These results also indicate that the F specie that

pyrohydrolyzes from B, C may not form HSBOS in the re-

4

ceiver and may differ from the specie that pyrohydrolyzes
from HSBOS'
2. Soluble Carbon.

is oxidized by H20r04 to CO2 and swept by N2 carrier gas

The uncombined C in B4C

to the measurement section of the apparatus. It was found
that differences were as great as + 40% In the measured
values when the configuration of the reaction vessel was
changed. The differences were apparently caused by var-
9 stream. The
LASL observations are being checked by HEDL, and also

at LASL.

iations in the stirring produced by the N

3. Nitrogen. The recent interest in N2 in B4C
has led to initiation of investigations of analysis methods
at HEDL and LASL. At LASL, the alkali fusion method,
Dumas method, and the use of a LECO Nitrox-6 analyzer
are being tried first. Although the Dumas method scems
to be satisfactory in initial tests, the analysis requires a
very prolonged treatment to release the nitrogen. For
this reason, fusion with NaOH in a LECO induction furnace
and titration of the NH

3
to offer more promise.

produced with standard acid seems
A 3-min fusion seems sufficient,
and 1 100-mg sample yields enough NH3 for reliable mca-

surement. More work will be done, particularly in estab-

lishing thc rccovery, using BN as a reference material.



Initial tests with a LECO Nitrox-6 show that N2 is
liberated from B4C. Tests will be continued using BN as

a reference material.

0. ANALYTICAL CHEMISTRY PROGRAM FOR FBR
MIXED OXIDE FUEL

A, Qualification of Analytical Laboratories
(R. K. Zeigler, J. E. Rein, G. R. Waterbury)

HEDL reports that the two vendor laboratories and
its own laboratory have essentially completed qualification

tests.

B. Calibration Materials and Quality Control Samples
(J. V. Pena, H. J. Kavanaugh, L. A. Maestas,
C. J. Martell, W. M. Myers, C. E. Collier,
J. E. Rein)

A series of specially packaged mixed oxide pellets
was gent to HEDL as quality control samples for the O/M
ratio measurement. The pellets were individually sealed
in glass ampoules at a very low air pressure. Sealing
was accomplished with a specially fabricated resistance
heated apparatus.

The preparation of additional batches of calibration
materials and quality control samples at an accelerated
rate is under way. The reasotis for the increase were pre-

1
sented in the previous report.

C. Status of RDT Standards
(J. E. Rein, R, K. Zeigler, G. R. Waterbury)

HEDL submitted RDT Standard F2-6 '"Qualification
and Control of Analytical Chemistry Laboratories for
Mixed Oxide Fuel Analysis'' to RDT for review.

D. Development of Analytical Methods

1. Determination of Burnup
(S. F. Marsh, J. E. Rein)

a. Improvement in Mass Spectrometry Method.

The chemical separation procedure previously developed2
to obtain separated fractions of Nd, U, and Pu for mass
spectrometric analysis involves two sequential ion ex-
change columns. The composition of the 0.0078M HNOS—
90% methanol elutriant for Nd must be maintained within
very close limits in this inethod. The high volatiliiy of
methanol leads to an unacceptable concentration of the
HNOS unless this elutriant is metered out in many small
increments during the 2-h elution of Nd.

The neodymium-elution step of the procedure has

been modified to provide an automated continuous addition

of the elutriant in which a constant liquid-head is main-
tained in the column reservoir. This, inturn, provides
a constant flow rate of the elutriant. Evaporation of meth-
anol is prevented by operating the columns in an enclosure
with a methanol -saturated atmosphere. The modifications
described have resulted in 2 h of automatic operation,

freeing the analyst for other work during this period.

b. Development of Method Using Conventional Low-
Cost Apparatus.

In preliminary experiments in separating rare earths from

trivalent actinides, ethanol-HCl solutions of Eu or Am
tracers were batch-contacted with cation-exchange resin.
Erratic results were obtained. These poor results were
attributed to (1) variable moisture content of the air-dried
resin, (2) unattained equilibrium of the ions between the
solution and resin phases even though the reaction tubes
were manually shaken periodically for periods up to 1 wk,
and (3) insufficient fraction of the total activity remain-
ing in solution after the contact to provide acceptable
counting precision. Experimental conditions were re-
vised to correct these problems as follows: A Kahn-type
mechanical shaker was purchased and used for 18- to 20-h
contact periods. Macroporous cation-exchange resin was
used in place of conventional resin to obtain rapid equili-
brium with even highly nonaqueous solvents. Higher lev-
els of ion activity, and a corresponding i mprovement in
counting precision,were obtained by using one-tenth as
much resin in the contact experiments. The macropo-
rous resin was dried before use at 65°C for 3 days in a
well -ventilated oven to achieve constant weight, which
corresponded to 55% loss of the initial weight. The dried
resin, when exposed to laboratory air of ~ 55% relative
humidity, regained about 20% of the lost weight. Appar-
ently, the as-received resin contains 45 wt% "unbound”
water.

The revised batch-contact experiments yielded ac-
ceptable agreement. Separation factors (Eu relative to
Am) ranged from 50 to 115 over a wide range of ethanol
percentages and HCl concentrations. These factors are
about tenfold higher than previously reported for acid-
alcohol mixtures. Experiments are planned with columns
to select the HCl-ethanol composition that provides the
most suitable combination of separation factor and
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kinetic effects. Dried resin will not be required for col-
umn experiments as macroporous resin is reported to
equilibrate rapidly with mixed solvent.

Arsenazo III has been tentatively selected as the
chromogen to be used for the spectrophotometric deter-
mination of the separated rare earth group. A major ad-
vantage of Arsenazo I is the nearly equal molar absorp-
tivities for different rare earth elements. Average values

at 656 nm are:

La 31,700 Sm 35,200
Ce 32,400 Eu 33,600
Pr 33,000 35,000
Nd 34,300 Y 30,500

The proposed chemical separation consists of fum-
ing the HF—HCIO4 solution of the sample to volatilize
RuO "
rare earths are adsorbed on a cation exchange resin col-

The residue is dissolved in ethanol-HCl and the

umn. The rare earths are eluted later with HCl. The ac-
tinides pass into a coupled anion exchange resin column
where they are retained. The Am and Cm are subsequent-
ly eluted with 12M HCl, the Pu with 12M HC1-0. 1M HI,

and the U with 0.1M HCl. The total rare earths, U, and
Pu are measured spectrophotometrically as the respect-
ive Arsenazo [II complexes.

A solution of mixed rare earths and Y has been pre-
pared in proportions which simulate fission products from
FBR U-Pu mixed oxide. This mixture will be used for in-
itial evaluations of the procedure. If satisfactory data are
obtained, dissolved fuel samples will be processed next.

2. Determination of O/M Atom Ratios
(G. C. Swanson and G. R. Waterbury)

Thermogravimetric methods for determination of the oxy-
gen-to-heavy metal atom ratio (O/M) for mixed oxide fuels
are capable of great sensitivity and precision. The prin-
ciple of these methods is to weigh the oxide, subject it to
conditions "known" to produce stoichiometry (O/M =
2,000), reweigh, and calculate the initial stoichiometry.
Highly pure U_,O
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of the respective metals have been used at LASL to deter-

and PuO2 prepared by careful ignition

mine the conditions producing stoichiometry for U02,
Pu02, and mechanical mixtures of the two. These cali-

bration data may not apply directly to solid-solution
28

(U.Pu)O2 because of expected differences in chemical po-
tentials of the mechanical mixtures and the true solid
solutions.

The crystal defect structure theory of Krb‘ger3 as
modified by Tripp, Vest, and Graham4 provides a basis
for determination of the conditions of stoichiometry for
solid solution mixed oxides without knowledge of initial
material stoichiometry. The theoretical development re-
sults in the relationship:

JAW _
(alnP ) T = 0 at stoichiometry.

0Oy

Apparatus has been developed and installed to allow
the measurement of sample weight (A w) at constant tem-
perature while varying O2 pressure greater than four
orders of magnitude. A Mettler recording thermoanaly-
zer with high vacuum system and DTA amplifier, an auto-
matic digital data logging system, and a gas handling
manifold in which O2 potential is controlled by coulometric
generation of O2 from a high-temperature, solid-state
electrochemical cell, have been installed and some com-
ponents calibrated. Development work is continuing on a
high-temperature, solid-electrolyte O2 concentration cell
to allow confirmatory O2 potential measurement of the

oxide sample at temperature.
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