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This official electronic version was created by scanning
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This is the 19th 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
A, Johnson
R.

K.
G. 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 ir-
radiated materials will be'examined as requested by the
Fuels and Materials Branch of DRDT. Capabilities are
estahlished 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 analysis under transient conditions.

Analytical chemistry methods that have been mod-
ified and mechanized 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 maero 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
LMF BR 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.

o, EQUIPMENT DEVELOPMENT

A, Inert Atmosphere Systems
(D. D, Jeffries, P, A, Mason, R. F. Velkinburg,
L. A, Waldschmidt)

1., Disassembly Cell.

The inert atmosphere

in the disassembly cell was maintained continuously dur-
ing this quarter by a purifier system capable of removing
02 and H20 from the gas stream. Typical concentrations
during the report period were < 10 ppm 02 and < 3 ppm
H20. Minimum concentrations of 2.8 ppm 02 and 0.6
PPmM H20 were achieved numerous times. Both manipu~
lator boots were replaced during March due to increased
leak rates.

2, Metallography Cells and "Blister", The

metallography cells were maintained on an Ar purge un—
til replacement tanks for the gettering chemicals for 02
could be fabricated. The original stainless steel tanks
were severely damaged by corrosion described in LA~
4595~-MS, New tanks were designed and fabricated of
1/8-in, thick copper with externally mounted heaters.
Installation was completed early in March and the puri~
fier system has performed satisfactorily since that time.
Typical concentrations of < 5 ppm 02 and < 5 ppm H20
are being achieved in both cells. Minimum concentrations
of 2,6 ppm 02 and 0.6 ppm H20 have been observed.

The metallograph blister was operated on an Ar
purge throughout the report period, with concentrations
of < 15 ppm 02 and < 8 ppm H20 being maintained. Min-~
imum concentrations of 5.5 ppm 02 and 2.5 ppm H20

were achieved,



8. Miscellaneous Jtems,  Equipment was in-
stalled in the two chemistry cells to permit an Ar purge
of alpha boxes in these areas when required.

Fabrication of the 7~in, -alpha~can, 'inerting' sta-
tion was completed and installed. Several modifications
were made to improve the reliability of the unit.

The SPI-10 analyzer was returned to the factory
for repairs. Upon receipt of the unit from the factory,
tests were performed using air, Ar supply gas, and sam~
ple gas from the disassembly cell. Partial pressure
readings in the 10 ppm range were detectahle.

A new water jacket was fabricated and installed on
a purifier purge vent line to correct leaks caused by cor-
rosion after three months of service.

A vacuum regeneration system was designed and
fabricated for the U, S. Dynamics RSD purifier system
for removing moisture. Installation is planned in April
during a scheduled power outage.

B Manjpulators
(P. A, Mason, C. D. Montgomery,
R. F, Velkinburg)

Leak tests were performed on the two model "L"
manipulators received during the previous quarter. A
boot assembly was attached to the manipulator arm and
the boot purged and pressurized to 5 in. water column,
No leakage was observed through either manipulator as~
sembly using a Veeco Helium Leak Detector with a sensi~
tivity of 1.3 x 10."10 atm cc/sec. Two previously fabri-~
cated manipulator adapter sleeves were modified to in~
clude provisions for an Ar gas purge of the boot interior,
Experiments were performed on a modified boot seal~
collar assemhbly to permit gas from the recirculating
purifier to be vented through the boot and into the alpha
box.

Molds for the manipulator through~tube seals were
modified to achieve the specified diameters; some diffi-
culty was encountered in predicting the shrinkage of the
molded material,

Thirty-five-lb lead weights were installed in the
slave end of the AMF manipulators in the metallography
cells. This corrected the problem of leaks due to the im~
balance descoribed in the preceding quarterly report, LA~
4595-M8S.

Use of butyl acetate as a solvent in the metallog~
raphy cells has caused rapid deterioration of the molded
PVC gauntlets on the manipulator boots and of the neo~
prene finger pads. A complete change of boots was re~
quired in January and March. An experiment expos ing
PVC, neoprene, polyurethane, and polyethylene films to
butyl acetate vapors caused rapid and severe deterioration
Consider~
ation is being given to fabricating manipulator boots from

of the PVC and some swelling of the neoprene.

polyurethane. Inquiries are being made to locate an eco~
nomical gauntlet (or bellows) from a commercial supplier.
C. Thermal Diffusivity

The furnace has been tested to maximum power,
and a temperature of 2850°C has been attained. The sup~
plier has guaranteed a temperature of 3000°C and will
supply a transformer to boost the power of the present
unit to attain the specified temperature.

D. In-Cell Equipment
(J. W, Dahlby, F, J. Fitzgibbon, M. E. Lazarus,
J. L, Lehmann, P, A, Mason, C. D. Mont~
gomery, A, E, Tafoya, J. R. Trujillo)

1, _Sodium Distillation Apparatus, The unit
has been installed in a hot cell and is undergoing final test-

ing. It will use the vacuum system formerly attached to
the carbon evaporator.

2, Mijcrosampling System. A precision X~Y

coordinate positioning stage has been ordered for incor-
poration into the sampling system. Slo~Syn stepping
motors and a control unit have also been ordered. A new
type of rotary ultrasonic core drill head is presently
being investigated for this system.

Fabrication of the metallography mount holder
has been completed. Tests were performed on mounts
from "Noryl" plastic, Although the material withstood
l.4x 108 r gamma exposure from a 60Co source and was
resistant to the customary acid etch solutions and some
solvents, it was not compatible with the butyl acetate and
Hyprez solutions currently being used as vehicles for the
grinding-polishing operations. Consequently, other plas~
tics will be tested to find a suitable material.

3, Sealed Tube System for Chemical Dissolution,
The equipment for the dissolution of irradiated materials
by the sealed tube method has now been installed in one




of the analytical chemistry cells. Preliminary tests
were carried out satisfactorily.

4, Remote Cut-Off Saw. Modifications have

been accomplished on the new remote cut-off saw to pro-~
vide a manipulator actuation on the power feed engage~
ment. A rolling closure curtain over the table feed and
ball bushing mechanism is being incorporated to protect
the sensitive parts from dust and film accumulations.
These changes will improve the reliability and extend the
service life of the saw,

5. _Optical Gauge for Diameter Measurements. A
Bausch and Lomb DR 25 B optical gauge is being modified

for use in a beta-gamma cell for making diameter mea-
surements on capsules and pins, The device will replace
the remotely operated micrometers now being used for
these measurements. The instrument which has a re~
ported accuracy of better than + 0,0001 {n. will also be
considered as backup equipment for the Optical Profil~
ometer to be installed in the DP West Facility.

6. Improved Method for Sealing Gas Sampling

Holes, A new means of sealing the holes in capsule or
pin cladding following gas sampling was developed to as~
sure that the pin was tightly sealed with a radiation re~
sistant material. Such materials as Silicone RTV, rubber
tubing, Apiezon Q, had been considered but each had some
deficiency., The heat shrinkable silicone rubber tubing
was therefore investigated,

Hot air from a blower type heat gun was passed
over a 2-in. length of heat-shrinkable silicone rubber
tubing which had been placed on a capsule or pin cladding
in the punctured area. The heat caused the silicone
tubing to shrink uniformly onto the cladding and effect a
seal. A typical rubber tubing shrank from 3/8 in, i.d.
to 3/16 in, i.d.

A silicone tubing-stainless steel tube was exposed

t,o4x108

r with a 60Co source. Following exposure,

the silicone tubing was resilient and adhered to the stain-

less steel tubing as firmly as in the unirradiated condition.
7. Alternate Method for Removing Sodium from

Capsules.

moving sodium from a capsule entailed melting the sodi~

The method previously developed for re~

um in hot mineral ofl with the capsule maintained in a

horizontal position. Although this method was effective,
it introduced the possibility of melting and redistributing
the bonding-sodium used in some experimental mixed—~
carbide fuel pins. It is desirable to maintain the post-ir—
radiation configuration of the sodium within the pin to
comply with data preservation practices. This require~
ment is especially important if there is a possibility that
the fuel pins will be re-encapsulated for TREAT irradia-
tions.

Consequently, equipment has been fabricated and is
being tested to melt sodium in an irradiated fuel capsule
held vertically. It is desirable to remove residual sodi-
um from the fuel pin surface in an environment which pro-
tects that surface from exposure to moist air in the pres~
ence of sodium.

The procedure entails removing the bottom end plug
of the capsule using a saw and placing the capsule assem-
bly quickly in the well of the vertical heater containing
mineral oil, The temperature of the oil is raised to
about 130°C to melt the sodium which is removed through
a valve system. After cooling, the capsule cladding is
removed and the remaining sodium in the mineral oil and
on the fuel pin cladding is reacted with Dowanol EB. The
fuel pin is then removed from the bath and washed with
water and alcohol (in the same manner used with the "hor-
izontal bath" method) to remove water-soluble deposits
and films,

8, Development of Other Equipment,

remove fuel from the inner surface of a section of fuel

A tool to

pin cladding prior to density measurements and other
tests is being developed., A small-diameter, motor-
operated, wire brush is being considered as a reaming
tool for in-cell use.

A suggestion from ANL (1ll.) personnel was made
regarding the scribing of a fiducial mark on the cladding
at a known distance from the bottom of the fuel pin prior
to profilometry measurements, This mark will serve as
an accurate reference point and will be reproduced on
each profilometer chart. Various tools and fixtures are
being considered for applying the fiducial mark in an area
which will not disturb other measurements or the integ~
rity of the pin, '



E. New Metallograph Installation
(F. J. Fitzgibbon, K. A, Johnson, T. Romanik,
C. D, Montgomery, R. F. Velkinburg)

The new installation for housing the two metallo~
graphs (new Leitz unit and the Bausch and Lomb unit cur~
rently in service) is in the design and fabrication stage.

An ion etcher, which is still under development, and the
image analyzer interface are also to be incorporated into
this installation. Present status of this work is as follows:

1, Mini-Manipulator, Various tests have been

made in the mockup blister to study the coverage and ma-~
nipulating ability of the Mini~Manipulators. In an effort
to improve this coverage, the manufacturer was called
regarding the possibility of adjusting the angle of the ver—~
It was determined that this
adjustment was feasible; additional tests will be carried
out to estahblish the final conditions.
2, Alpha Conteinment Box,
tainment box is presently being fabricated. The design is

tical master-slave members.

The new alpha con-

somewhat complicated by the requirements to accommo-~
date the Leitz and Bausch and Lomb metallographs as
well as the Ion Etcher in this sealed box system, Final
modifications will have fo be made after the box is re~
ceived in order to custom-£it the penetrations, transfer
ports, and other components previously mentioned,

3, _Shielding, The design of the shielding for
the new hlister is approximately 90% complete. There is
a considerable departure from previous designs in this
shielding because of the need for thinner walls {o accom~
modate the Leitz metallograph entry. It therefore be~
came necessary to stack Pb bricks in a staggered array
for one side to provide 8 in. of Pb plus steel encasement.
The other walls will be made up of steel encased modules
12 in, thick and filled with Pb shot. The top of the blister
shielding is presently planned as a steel box filled with
Pb bricks to a 8~in. depth; additional shielding may be
added if necessary. The viewing window contains 11,5 in,
of 6.2 density Pb glass plus two 1-~in, ~thick cover plates
of cerium stabilized glass, This design provides shield-
ing equivalent to approximately 6 tenths~thicknesses
which should be adequate for an activity of 3000 curies of
1.3 MeV (assumed average fission product energy) gam~-
ma-emitting materials,

The shielding enclosure is of modular construction
which allows removal of separate sections for maintenance
of the metallographs.

4. Metallographs,
to obtain a new stage of improved design for the Bausch
and Lomb metallograph.

The Leitz unit has been checked out and is ready
for installation,

F, Scanning Electron Microscope

Special alpha-active materials have been examined
during this quarter.
to examine unirradiated LMFBR~type fuel pellets.

A design was initiated to develop the specialized

Negotiations are in progress

In the next few months it is planned

apparatus and shielding which are required for examining
irradiated fuel and clad sections with this instrument.
G, Miscellaneous Improvements

1, _Betatron Radiography.
1970 it was observed that the negatives obtained from ra-

Sometime during

diography with the Betatron were not as "sharp' as usual.
Although the exact source of the trouble was not deter-~
mined, it was concluded that the capsule was vibrating
during the 2 to 3 minute exposure to the beam, The diffi~
culty was eliminated by placing a 3/4-in, ~thick felt pad
under the lead cask and by strengthening the suppoits
which hold the 5-ft.~long positioning device above the cask,
2. _Cooling System for Top of Alpha Boxes, Ex-

cessive heat buildup, principally from the mercury vapor
lighting within the boxes, has been a cause of concern for
some time. This heat has an adverse effect on the equip~
ment within the boxes, the manipulator boots, and the pur-
ifier systems. Preliminary tests were conducted with
chilled water flowing through copper tubing attached to the
top of a stainless steel containment box., The tubing was
mechanically fastened to the box, and an overspray of
aluminum from a metal spray gun provided the contact
and thermal path for dissipating the heat. Temperature
reductions of approximately 20° were observed near the
top of the box with the system in operation.

The results of planned tests may have some influence
on the design of future alpha containment boxes.

3, Shipping Casks, Fabrication was started on
a second cask (DOT SP-5885) for shipping irradiated
EBR-I fuel capsules,



DOT Special Permit 6421 for the small cask for
shipping fuel element sections has now been received and
fabrication has been started. It is expected that both of
these casks will be ready for use early in FY 1972,

An insert and tubes have been provided for shipping
61-in, -long unencapsulated, EBR~II fuel pins in a 21~ton

Rover cask.

. HOT CELL FACILITY AT DP WEST
(F. J. Fitzgibbon, J. M. Ledbetter, J. R. Phillips,
C. D. Montgomery, J. R. Trujillo, J. W, Schulte,
M, E. Lazarus) :

Considerable delay has been experienced in com~
pleting the structural modifications at the DP West facil-
ity because of the unavailability of personnel from the
various crafts. The target readiness date for most of the
examination capabilities in the facility is July 1.

A, Structures and Building Equipment

1. The building modifications are now complete
except for electrical service to the 25-ton crane,

2. An obsolete vacuum system, contaminated with
238Pu from another operation, is scheduled to be removed
by May 1.

3. Twelve liner adapters have been installed in
the corridor storage holes.

4, Work surface tables have been installed in two
of the hot cells.

B, Hot Cell Equipment

1. Gamma Scanrning System, Modifications have

been made to incorporate positive limits of travel, to add
electrical cutout safety switches, and to reduce chatterin
the fuel pin handling system. An order will be issued to
install the base and tracks in front of the cell for accom~
modating the shielded detector.

2, Macrophotography,

This system is complete
and ready for installation. ‘

3.__Profilometer, The new lighting system has

been shipped by the vendor and should arrive withina few
days. The profilometer will then be ready for installation.
Data will be recorded on a strip chart until the high speed

data acquisition system is completed.

IVv. METHODS OF ANALYSIS

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

>

Controlled-potential coulometric measurements of
U and Pu in (U, Pu)O2 fuel having undergone 6 at.% burn-
up showed variations in uranium contents between 64.3
and 66.4% and in plutonium contents between 16.8 and
17.6% among five samples from one failed fuel pin con-
taining some coolant sodium, For the Pu titrations, the
average of the integrated currents for the coulometric
oxidation of Pu(II) to Pu(IV) and for the reduction of
Py(IV) to Pu(II) at a platinum electrode was used as a
measure of the Pu content. The integrated current for
the coulometric reduction of U(VI) to U(IV) at a mercury
electrode, following a preliminary reduction of easily re~
duced impurities, was used in calculating the U content,
As the samples were quantitatively dissolved and the pre-
cisions (1 o) of the methods were 0.3% for the U titration
and 0,1% for the Pu titration, the large ranges in contents
for the two metals indicated either variable amounts of
Na in the fuel or nonuniformity of the fuel itself,

Spectrographic measurement of Na in eight samples
from this fuel pin showed that the Na content was signifi~
cant and variable, ranging between 1.1 and 2.3%. The
observed variations in U and Pu contents probably were
the result of the large variation in Na content.

One problem that has plagued coulometric titrations
is the difficulty in detecting malfunction of the reference
calomel electrode. Two simple tests were developed for "
determining satisfactory operation of the electrode. In
one test, a solution containing exactly equal amounts of
Py(OT) and PU(IV) was prepared by coulometric oxidation
of half of the Pu in a solution originally containing only
Pu(II), and the potential was measured between the calo~
mel electrode and a Pt electrode dipping into this solution,
Under the particular conditions used, the measured poten~
tials for satisfactory electrode systems were 500 = 3 mv.
In the second test, the resistance was measured of the
calomel electrode alone and also when it was connected in
The internal resistance
of the calomel electrode, which should be less than 5000

series with a precision resistor.

ohms, was obtained from these measurements,



Electrodes which tested within the stated electrical
limits operated satisfactorily on coulometric titrations.

As a further check on the reliability of the coulo~
metric titration method, known quantities of U and Pu
will be added to analyzed aliquots of solutions of the ir-
radiated fuels, and the resulting solutions will be analyzed
again for total U and total Pu. The results will show if
the added U and Pu are being measured quantitatively
under the conditions existing in the irradiated fuel solu~
tions, In addition, samples having undergone 8.5 at.%
burnup are being dissolved quantitatively for analysis by
this method.

B, Sealed~Tube Dissolution of Irradiated Oxide Fuels
(J. W, Dahlby and G. R. Waterbury)

Refractory materials, including platinum metals
and sintered oxide fuels, are quantitatively dissolved in
HC1 at a temperature of 300°C and a pressure of 3000 to
4000 1b/in.2. This is accomplished by sealing the re-
fractory sample and a measured volume of 12M HCI in a
thick-walled silica tube, and heating the tube at 300°C in
a sealed steel shell containing a compensating pressure
of CO2 gas. Equipment was remotized and mechanized
for sealing the silica tubes and heating the samples in~
cell, A high-pressure Ar system supplied the compen-
sating pressure around the tube. Initial tests showed that
various alloys composed of Ru, T¢, Rh, Pd, and Mo, and
irradiated sintered (U, Pu)O2 were quantitatively dissolved
in 2 to 12 hr by this method. Samples of (U, Pu)O2 having
undergone 8.5 at.% burnup are now being dissolved using
this equipment,

C, _ Detection of Internal Cladding Failure in Doubly
Encapsulated Fuel Elements (J. R. Phillips,
J. W, Schulte, and G. R. Waterbury)

A nondestructive method utilizing precision gamma-~
ray soanning was developed for detecting fuel cladding
faflure in doubly encapsulated fuel elements, Detection
of fission products, in particular 13705, outside the fuel
pin envelope was used to indicate the failure, The meth~
od was tested by examining eleven fuel elements fueled
with (U, Pu)C and two fueled with (U,Pu)02. Gamma-ray
scanning indicated that six of the thirteen fuel envelopes
had failed. These results were confirmed by mass spec~

trometric analyses of the gases in the outer encapsulation

which were found to contain 1.76 to 9.31% of fusion prod-
uct Kr and 11,7 to 65.0% Xe. The cover gas from the
seventh element contained only 0,016% Xe and < 0,003%
Kr, and the presence of 137Cs outside of the fuel cladding
was not conclusively detected by gamma-ray scanning.
Gamma-ray scanning did not detect 137Cs in the outer en~
capsulation of the six other fuel elements, and mass spec~
trometric analyses confirmed that the cladding had not
failed.

D. _ Determination of 02 in Irradiated Materials
(C. S. MacDougall, M. E. Smith, and
G. R. Waterbury)

Following preliminary tests of an analysis system
for measuring Oy in various irradiated materials by sat-
isfactorily analyzing several U308 samples, testing of the
system was continued using irradiated stainless steel and
(U, Pu)O2 fuel samples. In this system, the sample was
reacted with C at 2000°C, and the CO and €O, produced
were swept from the furnace by Ar ad measured either
gravimetrically or manometrically. Consistent results
were obtained for the stainless steel samples, and no dif-
ficulties were experienced.

In the analysis of oxide fuels, the samples are
ground, blended with C, and pressed into a pellet prior
to heating to 2000°C. Initial results obtained for 02 ina
(U,Pu)o2 fuel that had undergone 6 at,% burnup were low
and erratic. It was found that this difficulty was sur-
mounted by grinding the oxide more finely in a mixer mill
before pressing the analysis pellet. Under these condi-
tions, the precision (1 o) of the method ranged between
0.2 and 0.4 relative percent as compared to the 0.1 to
0.2 relative percent for similar analyses out—of —cell.

The averages of repeated analyses on four samples
ranged between 11,86 and 11.95% oxygen,

Testing of the method by analyzing (U, 1?'u)02 and
(U, Pu)C fuels having burnups higher than 6 at,% is plan-
ned as the fuel becomes available. No difficulty because
of the higher burnup is anticipated.

E.  Spectrochemical Measurement of Na in Irradiated
gU,Pu)O2 (O. R. Simi)

A method was developed for the spectrographic

measurement of Na in irradiated (U,Pu)O2 following dis—~
solution of the fuel in HNO3-HpSO4. A PbSO4 matrix was



chosen because it was amenable to H280 . Tests showed
that 1% of total U and Pu in PbSO 4 would not interfere
with the spectrographic determination of Na. Because

the limit of detection of Na in PbSO4 is 1 ppm, a detection
limit of 100 ppm Na in (U, Pu)O2 was thus attained using
purified reagents. This limit is well below the expected
0.1 to 1% Na content of the samples. In this analysis, a
small aliquot of the (U, Pu)O2 solution was added to
enough Pb(NO3 )2 solution to produce a sample with 1%

(U, Pu)O2 in PbSO 4 when the solution was acidified with
stO 4 and dried. Dilutions of the samples with pure
PbSO , were made to reduce the Na content of the mixtures
to range between 1 and 100 ppm, which was suitable for
spectrographic measurement.

The PbSO 4 Was then mixed with graphite powder
and excited with an 8 amp d.c. arc using a 30-sec expo—
sure time, The Na content of the samples was deter-
mined from the intensity of the Na line at 5890 A which
was measured photometrically. Average deviations of
duplicate measurements ranged between 4 and 11% in ap~
plications of the method to measurements of 1,1 to 2.3%
Na in six (U, Pu)O2 fuels.

Random occurrence of sample contamination, prin-
cipally with Al, Ca, Fe, Mg, and Si, in the hot cell was
traced to dust coatings on manipulator boots. When new
boots that have been cleaned by washes with alcohol and
water are installed, further tests of sample contamination
will be made.

V. REQUESTS FROM DRDT

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

Argonne National Laboratory (Illinois).  Eighteen
samples of stainless steel cladding from irradiated fuel

elements, following cleaning at ANL to remove surface

contamination, were analyzed in-cell for oxygen by an
inert-gas-fusion method.

Atomics International. The remaining sections

of irradiated UC~W fuel pellets from NRX~-101 were re~
leased by AI personnel for disposition in the contaminated
waste pits at LASL.

Los Alamos Scientific Laboratory: OWREX-16
OWREX~16, irradiated in the Omega West Reactor
(thermal) at LASL, was received during this period. The

examinations and tests conducted on this assembly are
shown in Table 401-I,
TABLE 401~
Post-~Irradiation Examination of OWREX-16

Examinations and Operations

Visual Inspection and Photography
. Measurements of Contamination and Radiation
. Radiography

Gamma Scanning (3 gross and 2 multispectral scans)
Na and Clad Removal
Na Distillation from the Fuel-Clad Sections

\‘IQU\PWNH

Sectioning

Operations 5 through 7 were conducted in an Ar
atmosphere.

Microstructural examinations consisting of macro~
photography, alpha and beta-gamma autoradiography, and
optical microscopy were completed on two samples each
of fuel-clad, clad, and stainless steel end pellets from
the OWREX~16 assembly.

LASL 36-B. Nondestructive tests were completed
on this mixed-carbide capsule in the preceding quarter.
The capsule is currently being stored for possible re-in-
sertion in the EBR~II,

LASL 42-B. A two-dimensional measurement of
distributions of fission products was made by gamma
scanning a 0,050~in, ~thick cross section from this irra-
diated mixed=-carbide fuel element, Three metallographic
specimens from this same element were examined in the
shielded electron microprobe.

Nuclear Materials and Equipment Corporation:

A-Series Pins,

formed on NUMEC pins are listed in Table 401-1I.

The examinations and tests per-

The following program of examination was agreed
upon by representatives of ANL, LASL and ORNL and ap-~
proved by DRDT.

1. Nondestructive and destructive tests will be
conducted at LASL on pins A-5, A-8, A-9, A-10, and
A-11; the residual fuel will be shipped to ORNL,



TABLE 401-0
Post-Irradistion E. of NUMEC
—  _ NUMECA-Sorfes PlgNo, _

—Tosts 1 2z S 4 5 6 7 8 9 103}
1, Betatron Radiography X X X X X X X X
2, Gamms Soanalng” X X X X X X X X X
3. Measurements of X X X X X

Temperature
4, Centsr Point Balance X X X X b4
8, Prolilometry X X X X X

A hres diametrel and ane axial gross gammsa sckns were meds on each of
nine irradiated mixed-oxids fuel elements, In addition, multispsctral
gamma scans were made on aix of these fusl elements that are scheduled
for and more ot

2. Pins A-4 and A-7 will be shipped intact to ANL
for processing studies. (Pins A—4 and A-7 were shipped
on March 16.,)

3. Routine nondestructive tests will be conducted
on pins A-1, A2, A-3, A4, A-6, and A-T7,

United Nuclear Corporation, Examination of 24

capsules and pins from UNC were made by performing
tests shown in Table 401-II1,

TABLE 401-III
Post-Irradiation Examination of UNC Material

Tests UNC Pin Number
1. Measurement of Temperature 138, 146
(Capsule)
2. Micrometer Measurement 138, 146
(Capsule)
. Center Point Balance (Capsule) 138, 146
138, 146

. Gamma Scanning” 107, 109, 111
92, 104, 138, 146

107, 108, 109, 111,

3
4, Radiography
5
6

. Photography
7. Gas Sampling of Cover Gas

112
8. Na Removal 92
9, Clad Removal 92

10, Measurement of Temperature
(Pin)

11. Center Point Balance (Pin)

92, 96, 99, 104,
210 through 221

92, 96, 99, 104,
210 through 221

92, 96, 99, 104
210 through 221

214, 215, 216,
217, 218

12, Profilometry
13, Sectioning
14. Na Distillation

8'Gross and multispectral gamma scans were completed

on each of the three fuel elefgsnts. In addition, measure~

ments were made to locate Cs near the capsule end

plugs as a means of detecting failure of the fuel cladding.

Tests 10 through 14 were conducted in an Ar atmo-
sphere.

Microstructural examinations consisting of macro-~
photography, alpha and beta-gamma autoradiography, and
optical microscopy were carried out in an argon atmo-
sphere on fuel-clad samples shown in Table 401-IV,

TABLE 401-IV
Metallography of UNC Material

UNC Pin No. of UNC Pin No., of

Number Samples Number Samples
210 1 216 2
211 1 217 2
212 2 218 2
213 2 219 2
214 2 220 2
215 2 221 2

Specimens UNC-125-F, -126-F, -127-F and -128-F
were repolished and etched for 525X photography, Mi-
croprobe examinations were complefed on UNC-126~L
and UNC~128-H

Vi. PUBLICATIONS

1. M. E. Lazarus, 'Electro~Optical Profilometer, "
submitted for publication in the Proceedings of the
19th Conference on Remote Systems Technology,
ANS Meeting, October 1971,

2, C. E. Frantz, "Apparatus for Determining Heat
Content on Irradiated Fuels,” submitted for publica~
tion in the Proceedings of the 19th Conference on Re-~
mote Systems Technology, ANS Meeting, October
1971,

3. D. D, Jeffries and L. A, Waldschmidt, A Tech~
nique for Hot Cell Autoradiography,” Proceedings of
the Third Annual Technical Meeting of the Interna-
tional Metallographic Society, November 1970.

4, C, D, Montgomery, T. Romanik, and J. R. Trujillo,
"Equipment for Preparing Sealed Metal Tubes for
Long-Term Storage of Irradiated Uranium-Plutoni-
um Fuel Element Sections,” submitted for publica~
tion in the Proceedings of the 19th Conference on Re~
mote Systems Technology, ANS Meeting, October
1971,

5. C, Baker and K, A, Johnson, "An Etching Technique
for Some Plutonium~Based Oxides, !’ Proceedings of
the Third Annual Technical Meeting, International
Metallographic Society, Inc. (1970).




J. H. Bender and K. A, Johnson, "An Automated
Camera for Hot Cell Metallography, ' Proceedings
of the Third Annual Technical Meeting, Internation~
al Metallographic Society, Inc. (1970).

K. A, Johnson, A Minimum Error Analysis for
Automatic Image Analyzing, " Proceedings of the
Third Annual Technical Meeting, International
Metallographic Society, Inc. (1970).

P, A, Mason, C, E, Frantz, and C. D, Mont~
gomery, "Inert Atmosphere Hot Cells for Exami~
nation of Irradiated U-Pu Fuel Elements, " sub—
mitted for publication in the Proceedings of the 19th
Conference on Remote Systems Technology, ANS
Meeting, October 1971,

J. R. Phillips, J. W, Schulte, and G. R. Water—~
bury, 'The Use of High~-Resolution Gamma-Ray
Spectrometry for Detecting Failure of Cladding in
Encapsulated Fast Reactor Fuel Pins, ' submitted
for puhblication in the Proceedings of the 19th Con~
ference on Remote Systems Technology, American
Nuclear Society, October 1971,
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PROJECT 463

CERAMIC PLUTONIUM FUEL MATERIALS

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

I. INTRODUCTION

The primary objective of this program is the
overall evaluation of the most promising of the candidate
fuel systems for advanced LMFBR application. Empha-
sis currently is placed on the study of the relative mer-
its of stainless steel clad nitride and carbide fuels under
conditions that appropriately exploit the potential of
these materials to operate to high burnup at high power
densities. The major portion of the program is the
evaluation of the irradiation performance of these fuel
element systems. A continuing series of irradiation
experiments is being carried out under steady state con-
ditions in fast reactor environments to assess the effects
of damage and burnup on stainless steel clad, sodium
bonded, monocarbide 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 function of burnup and irradia-
tion conditions. In addition, experiments are being
designed to allow the study of the effects of rapid, over~
power, reactor transients on.sodium bonded monocar~

bide fuel assemblies, Contiguous efforts are necessary

in the development of fuel material preparation and fab-
rication procedures as well as the techniques required
for the characterization of fuel materials both before
and after irradiation.

A second objective in the program is the deter-
mination of thermophysical, mechanical and chemical
properties and characteristics of plutonium containing
ceramics that are required for their evaluation and use
as fuel materials. A broad range of capabilities in this
area has been developed, including the study of (1) phase
relationships using differential thermal analysis, (2)
thermal transport, (3) thermal stability and compatibil-
ity, (4) hot hardness and its temperature dependence,
(5) structure and phase relationships using high tem-
perature x~-ray and neutron diffraction, (6) thermal ex-
pansion, and (7) compressive creep rates as a function
of temperature and stress. These techniques are avail-
able for use with unirradiated material and several are
used with irradiated fuels.

1I. IRRADIATION TESTING

The objective of the irradiation testing program

is the overall evaluation of the most promising of the

candidate fuel systems for advanced LMFBR application.



The irradiation experiments are carried out under con-
ditions that appropriately exploit the potential of these
materials to operate to high burnup at high power
densities.

1. Fuel Synthesis and Fabrication
(R. Honnell, C. Baker, W. Hayes,
G. Moore, and R. Walker)

The preparation and characterization of fuel
materials for use in irradiation testing is a continuing
effort. Solid solution carbides are being prepared to
meet current requirements for irradiation assembly
fabrication. Process development is being carried out
to define the conditions necessary for the production of
the carbide fuel required for the singly encapsulated
19-pin subassembly.

Current technology for the production of solid
solution nitride fuel forms is being reviewed and evalu-
ated.

Two high temperature, W mesh, inert gas-
vacuum furnaces are being obtained for use in fuel pro-
duction. One of these is currently being installed and
the second is on order. This equipment will improve
our present capability for carbide production and will
provide for the fabrication of nitride fuel forms on the
scale which will be required for future irradiations.

2. EBR-II Irradiation Testing
(J.O. Barner)

Steady state irradiations under prototypical con-
ditions are currently being carried out in EBR-II on
high purity, solid solution carbides which are sodium
bonded to stainless steel cladding. The results of these
studies in conjunction with data from irradiation tests of
other carbide and nitride systems are continuously cor-
related to identify the most advantageous variable com-
binations for continued study.

Three series of doubly encapsulated experiments
are currently in progress. These capsules are being
irradiated under the conditions shown in Table 463-1.

Multipin EBR-II subassemblies will be used to
simultaneously test nitride and carbide systems under
identical conditions, to allow directly correlatable para-
metric studies and, eventually, the accumulation of

statistical performance and reliability data. A 19-pin

TABLE 463-1

DESCRIPTION OF EXPERIMENTS

Condition Series 1 Series 2 Series 3
1. Lineal Power, kw/ft ~ 30 ~ 45 ~ 30
2, Fuel Composition (UO. BPuo. 2)C. Single-phase, Sintered-———
3. Fuel Uranium 235y 233, 235y
4, Fuel Density 90% 95% 95%
§. Smear Density 80% 80% 80%
8. Clad S{ze 0,300-in, -1,d, x 0.010-in, wall——
7. Clad Type 316 S8 316 S8 316 S8
8. Max Clad Temp. °F (°C) 1260 (677) 1275 (690) 1250 (677)
9. Max Fuel Centerline

Temp. °F (°C)* 2130 (1165) 2550 (1399) 2100 (1149)

10, Burnup 3at. %208 at. %

*Caleulated for solid fusl pellet.

subassembly is currently being designed which will con-

tain both carbides and nitrides. The major variables
will be fuel type, smear density and cladding strength.
Results

During this quarter, destructive examination of
capsule 42B from Series 1 was completed. This cap-

sule operated without failure at 29-30 kW/ft in EBR-II

to a calculated peak burnup of 5.0 at.%. The peak burn-

up determined by Idaho Nuclear Corporation was 4.4 at.%.

Four metallographic sections were taken from
the regions of the element which represented extremes
in both temperature and burnup. A section from the
high fuel temperature, high burnup region is shown in
Fig. 463-1. Axial splitting and general fragmentation

of the fuel was observed in all sections, but was more

severe in the high fuel temperature, high burnup region.

Due to fragmentation, irradiated fuel density measure-
ments could not be made. "Necklaces” of small diam-
eter pores around fuel grains were observed to have
formed in regions near the reactor core midplane and
the fuel centerline. This porosity did not appear to a
significant degree in the low fuel temperature, low fuel
burnup regions. No new phases were observed in the

etched fuel sections.

11
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Fig. 463-1, As-polished mosaic of high fuel tempera-
ture, high burnup region of capsule 42B.
Mean clad temperature was 604°C.

Alpha-autoradiographs of the fuel sections indica-
ted that there was no detectable plutonium redistribution.
Beta-gamma autoradiographs of the fuel indicated that
in the low fuel temperature regions very little fission
product migration had occurred. In the high fuel tem-
perature regions, a significant depletion of beta-gamma
activity was observed near the fuel centerline. This de-
pletion occurred in the same region that contained the
bubble "necklaces.” These observations indicate that
the high burnup, high temperature regions operated at
temperatures significantly higher than ealculated for
uncracked fuel pellets.

Microprobe analyses for U, Pu, and fission
product distributions were prevented by a surface stain
on the metallographic specimens which occurred on the
outer one-half of the fuel section. Presumably this
stain was due to sodium reaction products which seeped
out of porosity in the sodium logged portion of the fuel.
Sodium was present in the stained areas but was not
detected on unstained surfaces.

Microprobe examination of the cladding from the
high burnup, intermediate clad temperature region sec-
tion indicated a general nickel depletion of up to 4.3 um

from the inner surface. In the same section, a thin

nickel deposit was observed on the inside cladding sur-
face in isolated areas.

In general, the low burnup sections showed no
depletion of Fe, Ni, or Cr, although in some isolated
areas Fe and Ni depletion was observed to depths of up
to 5um. No evidence of reactions between the cladding
and uranium, plutonium or fission products was observed.

A slight surface reaction, presumably due to
carburization, was observed on the inner surface of the
etched cladding sections. The degree of the reaction in-
creased with increasing cladding operating temperature.
The surface reaction had penetrated to a depth of approx-
imately 6% of the wall thickness in the high temperature
cladding section. Grain boundary precipitation of car-
bides was also observed in the clad sections.

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 currently being irradiated
in the EBR~II subassembly X086 at approximately 30 kW/ft.
The current maximum burnup in these capsules is 1.5 at.%.

Three capsules from Series 2, designated K-49,
K-50 and K-51, and two additional capsules from Series
3, designated K-45 and K-46, are at EBR-1I for assem-
bly into subassembly X119. The assembly of X119 is
pending the evaluation of unusual eddy current test re-
sults on several nitride-fueled BMI capsules.

New sodium-bonding and hot eddy current testing
equipment has been designed and currently is being
fabricated.

3. TREAT Irradiation Testing
(J. F. Kerrisk, R. E. Alcouffe, D.G. Clifton,
K.L. Walters, and J.O. Barner)

In order to assess the behavior of carbide and
nitride fueled elements under fast reactor accident con-
ditions, transient irradiations will be conducted in the
TREAT facility.
irradiated and unirradiated fuel pins to determine (1) the

Investigations will be conducted on both

threshold power levels at which damage or failure occurs,
(2) the effect of bond and cladding defects, and (3) the
failure propagation mechanism in multipin assemblies.

A cooperative effort has been initiated with the
United Nuclear Corporation in the area of TREAT testing.
Four unfiltered experiments are planned, Two sodium



bonded pins prepared by UNC will be tested, one irradi-
ated and one unirradiated. Also, two UNC helium bond-
ed pins will be examined; again, one irradiated and one
unirradiated. Neutronic and heat transfer analysis of
these experiments is being carried out.

The first experiments utilizing LASL fabricated
fuel pins will be directed toward defining the threshold
conditions at which boiling occurs in the sodium bond,
and also determining the behavior of the thermal bond
after the onset of boiling. These tests will be run in a
pressure vessel assembly incorporating a thermal neu-
tron shield to provide for power generation and tempera-
ture distributions in the fuel that are more typical of
fast reactor systems.

Neutronic Analysis
(R.E. Alcouffe and K. L. Walters)

Neutronic analysis of experiments in the TREAT
reactor environment are being conducted in order to
determine the fission profile in the experimental fuel
pins. The experiments are to be shielded from the ther-
mal neutron flux by an appropriate filter. The ratio of
power produced in the pin to that produced in the reactor
is being computed.

For this work, a 29-group library of microscop-
ic cross sections was generated from ENDF/B data,

The broad group library emphasizes the epithermal
region (up to the sodium resonance) in order to accur-

ately account for the effects of the neutron filter. Also,

TABLE 463-]1

TREAT EXPERIMENT BROAD GROUP STRUCTURE

Upper Lower Upper Lower
Group Energy (ev)  Lethargy Group  Energy (ev) Lethargy
1 1.0 x 107 0.0 16 61.0 12.0
2 3.0x 10* 1.20 17 87.3 12.6
3 1.4 x 10° 1.97 18 22.6 13.0
4 9.0 x 10° 2.41 19 13.7 13.5
5 4.0 x 10° 3.22 20 8.3 14.0
6 1.0 x 108 4.61 21 5.0 14.5
7 1.7 x 104 6.38 22 3.1 15.0
8 3.4x10 8.0 23 1.9 15.5
] 2.0 x 10° 8.5 24 1.1 16.0
10 1.2 x 10° 9.0 25 0.77 16.37
11 7.5x10% 9.5 26 0.28 17.39
12 4.5x 10 10.0 27 0.12 18.22
13 2.8 x 10 10.5 28 0.048 19.18
14 1.7 x 102 11.0 29 0.018 20.12
15 1.0 x 10 11.5

for the preliminary one-dimensional transport computa-
tions, five thermal groups are included. The details of
the group structure are presented in Table 463-1I,

Preliminary computations on the TREAT reactor
including the experimental pin (0,666 cm diam) and cap-
sule have been performed using the 29-group library.
The purpose of these calculations is to investigate the
influence of filters on the spatial power distribution in
the pin. Also, the effect of the filter on the reactor sys-
tem is estimated as a function of position in the capsule.
The effect of the filter on the so-called figure of merit
(ratio of power density in the experimental pin to the
total power produced in the reactor) is estimated, al-
though absolute values will have to wait on two-dimen-
sional calculations of the system. The results obtained
to date are summarized in Table 463-1I1I,

From these results and those of previous experi-
ments, it appears that a filtered experiment can be de-
signed which will not degrade the performance of TREAT
and also will significantly flatten the power distribution
in the pin, At the same time, sufficient power can be
generated in the pin by a TREAT transient to accomplish
the objectives of the experiment.,

Heat Transfer Analysis
(J. F. Kerrisk)

Heat transfer calculations on the (U, Pu) C fuel
pin-h