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ABSTRACT

This is the 28th quarterly report on the Advanoed Plutonium Fuels

Program at the Los Alamos Scientific Laboratory.

Most of the investigations discussed here are of the continuing type.

Results and conclusion described may therefore be changed or augmented

as the work continues. Publiehed 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.

●

✎

iii



.

. PROJECT 401

EXAMINATION OF FAST REACTOR FUELS

Person in Charge: R. D. Bafcer
Principal Investigators: J. W. Schulte

K. A. Johneon
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 DRRD. 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 pine at a rate commensurate with schedules es-

tablished by DRRD.

Characterization of unfrradiated 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 fission gas constituents, c hero-

ical 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 microstructure and its relationship to fabrication

and irradiation parameters. New etihing ~d mounting

techniques will be developed for high burnup matertals.

II. EQUIPMENT DEVELOPMENT

A. In-Cell Equipment
(R. W. Basinger, F. J. Fitzgibbon, M. E. Lazarus,
P. A. Mason~F; H. Newbury, W. T. Wood)

1. Electro4ptical Profilometer

A new thermocouple assembly ie being installed

on the profilometer. This will allow a temperature pro-

file to be obtained from any fuel element within the capac-

ity of the profilometer. The earlier thermocouple could

only he used on smooth surfaces where there were no

undercuts or protrusions on the surface.

Many of the fuel elements we are now receiving are

badly bowed. In a few cases the bow was great enough to

disengage the profilometer centering assembly during the

profiling operation. Several design modifications are now

betng made to the profilometer positioning stand which

will allow the ends of the fuel element to “float.’1

2. Fission Gas Sampl”mg System

In order to improve the accuracy of the void vol-

ume meaeurementa obtained from fuel pine, a new drilling

system was designed for pins up to O.375 in. in diameter.

The improved device utilizes a smaller chamber to house

the drill. The preceding unit had the flexibility of punt-

turing capsules or pins from O.125 to 1.25 in. in diameter,

and thus the drill housing had to be large. The new device

has been used successfully on several fuel pins.

3. Pulsed Eddy Current Scanner

An indexing mechanism has been incorporated into

1



the Pulsed Eddy Current Scanner to permit the rotational

orientation of fuel pins 1

4. System for Obtaining Weight and Density of
Fuel Pin

A system has been partially tnstalled to mea-

sure in air or in a suttable fluid the weights of irradiated

fuel pins up to 61 in. in length in a vertical position. Us-

ing the weighta in air and in a fluid, the density of irra-

diated fuel pina will then be determined. Dry weights

have been taken of a dummy fuel pin, and a procedure is

presently being writtan. A method for taking weights of

submerged pine will be developed when the plumbing for

filling and draining the system has been completed.

The system consists of a 1000~ analytical bal-

ance, with a senaitivtty of O.1 mg, mounted on a cell roof

plug dtrectly above a small hole through the plug. A

piano wire is attached to the balance and hangs into the

operattng cell. The fuel ptne are weighed by attaching

them to a holdtng device on the end of the piano wire and

suspending them into a 6-in. -diameter tube installed in the

cell. The tube will be filled with a suitile liquid for ob-

taining fuel pin weighta during immersion.

5. Miscellaneous Equipment

Modifications were designed for the ewingtng

arm mechanism of the 7-t.n. Transfer Systems to prevent

disengagement of the drive gears. The necessary new

hardware has been fabricated for the five units in opera-

tion. The modifications have been installed on the Disas-

sembly Cell unit. The remaining units will be completed

when personnel access is permitted.

A collapsible holder for photographing full

length breached pins in the disassembly cell was designed

and fabricated.

The Veeco MS-90 Helium-Leak Detectors used

with the Fission Gas Sampling Systems have been modified

to insure all radioactive gases vented by the detector

vacuum pumps are ducted to the cell venting system.

B. Inert Atmosphere Systems
(R. W. Basinger, P. A. Mason)

A new assembly for sealing the interior of the

through-tube of the AMF Manipulators has been developed

with considerably improved sealing characteristics (> 10

times AP for given boot purge rate) over the previous

2

design. The seal assemblies have been installed tn the

maqjpulators of the Disassembly Cell and in two additional

spare manipulator. A total of ten manipulators is sched-

uled to be modified for use in all of the inert atmosphere

cells.

A special assembly has been designed for sealing the

exterior of the through-tube of the AMF Manipulators to

the alpha box penetration porta. Fabrication and testing

are presently in progress.

c. Process” mg of Data from the Electro+pttcal
Profilometer
(M. E. Lazarus, T. R. Wilson)

Two computer programs are now available for pro-

cessing profilometry data. The first provides trace out-

pute on 35-mm ftlm and on Calcomp graph paper, and a

magnetic tape output of corrected data. It also provides

a printout of data averaged over any specified length of

fuel element together with the standard devtation of the

numbers averaged. The second program was developed

specifically for HEDL. It utilizes the magnetic tape gen-

erated by the first computer program to perform the fol-

lowing operationa:

a)

b)

c)

d)

e)

f)

13)

h)

i)

Averages 0°, 45°, 90°, 135°, and 160° outputs.

Subtracta the 160° run from the 0° run (this

gives an indication of instrument drift and of

errors introduced tn the data by element bow

in the 0°- 160° plane).

prints the maximum at each O. l-tn. length

average.

Prtnts the minimum at each O. l-in. length

average.

Subtracta the minimum from the maximum.

Subtracts a pretrradiated constant, provided by

Experimental, from the average.

Obtains percent change of (f).

Subtracts a postirradiated plenum average

from the average.

Obtains a percent change of (h).

The above data processing wcs requested by HEDL

together with Calcomp plota of 0°, 45°, 90°, 135°, and

180°. The Calcomp plots were obtained by modifying

the first computer code.

.
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Further changes will be made, as time allows, to

permit accurately referencing the fuel element length

positions to either the bottom of the fuel element or the

fuel element location slot in the bottom end plug. The

bottom of the fuel element is a better reference point

than the top since the bottom is fixed with respect to the

reactor core and the top position will vary with fuel ele-

ment expansion.

D. Shipp”w Casks
(F. J. Fitzgihbon, J. W. Schulte)

The T-2 casks have been successfully unloaded

several times at ML using special fixtures to aid in

removing the inserts.

One of the two LASL vertical casks having a capac-

ity for handling 19 irradiated EBR-LI pins (40 in. long) is

being modified. The minor changes, as discussed pre-

viously, will permit handling at the HFEF north and south

facilities. The first unit will be completed by November

1, 1973; it will be scheduled to return an irradiation ex-

periment from EBR-11 to LASL.

The small (2000 lb) “Analytical Sample” cask was

used during this report period for shipping an irradiated

fuel pellet to HEDL for burnup analysis.

m. ANALYTICAL CHEMISTRY

A. Gamma SC-
(J. R. Phillips, T. K. Marshall,
J. R. Netuschil, J. N. Quintana)

The axial burnup profiles of six low burnup (< 1%)

(U, PU)02 fuel pins were determined by measuring non-

destructively the relative axial iostopic distributiona of
95

Zr (724 and 756 keV) and ‘5Nb (765 keV). The 95Zr

and 95Nb isotopes were selected because of their relative

gamma-ray activities, uncomplicated gamma-ray spectra,

and tendency to remain with the fuel material. The two

tsotopes did not migrate axially as has been noted before
1

under certain circumstances. The fuel pina were re-

cently discharged from the EBR-11 reactor; therefore the
95

relatively short half-lives of the two isotopes ( Zr,

65. 5d; 95Nb, 35. Id) did not adversely affect the calculated

burnup profiles.

A nonlinear least squares fitting routine2 was used

to calculate the smoothed
95

Zr and ’51W axial isotopic

distributions. The calculated axial burnup profile of a

(U,Pu)02fuel region (Fig. 401-1) is superimposed on the
95

Nb axial distribution. Several levels of numerical fil-

ters were applied to determine the effect of the interpel-

let gaps, indicated by the periodic dips in the activity,

upon the resulting smoothed functions. The inclusion of

the interpellet gap values did not alter substantially the

computed burnup profiles of the six fuel pins.

The sxia.1burnup profile shown in Fig. 401-1 illu-

strates the effect of the axial reflector in EBR-11 upon the

axial neutron flux profile for this particular fuel pin. Five

burnup samples have been excised at specffied axial loca-

tions. These samples will be analyzed mass spectromet-

rically for comparison with the gamma scanning results.

The principal data processing computer codes for

the presentation of gross gamma and isotopic distributions

are being converted to the International System (S~ of

Units.

B. Determination of Fission Gases Retained in
Irradiated Fuels .
(R. M. Abernathy, J. W. Dahlbv,
‘R. R. Geoffrion)

Measurement of the quantity of gaseous fission

products in the fuel pin plenum relative to that trapped or

retained in the (U, PU)02 fuel matrix is necessary in stud-

ies of the gas-release mechanisms. The measurement

of the gaseous fission products in the fuel pin is routinely

done at IASL in postirradiation examinations of fuel pins.

Specialized equipment was assembled to collect and mea-

sure the retained fission gases in irradiated (U,Pu)02

% - s,, k.”

‘“’~

, ?..1,1” OS.>

Fig. 401-1. The calculated axial burnup profile of a
(U, PU)02 fuel region superimposed on
the 95Nb axial distribution.
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fuel materials. The total quantities and isotopic com-

positions were determined by isotope dilution mass

spectrometry.

In this determination, the (U, PU)02 fuel sample is

dissolved remotely in a HN03-HF acid mixture to re-

lease the retained fission product gases from the fuel.

Known amounts of Kr and Xe enriched in nonfission prod-

uct isotopes are added to the gases which are carried by

He out of the hot cell through a purification system that

removes acid fumes, H20, N2, 02, and C02. A silica

gel trap maintained at 77°K is used to collect the fission

product gases. This trap has advantages as compared to

the conventional molecular sieve trap of quantitative re-

covery and fast resorption. The desorbed gases are pu-

rffied using a gas chromatography with a charcoal column,

and the I@ and Xe fractions are analyzed mass spectro-

metrioally for total quantities and isotopic distributions.

The gas collection system was tested by injecting

known quantities of natural Kr and Ze, then determining

the recovery factor. Repeated determinations showed the

average recovery was 95%. In the isotope dilution tech-

nique, losses up to 10% are considered insignificant be-

cause the spike and sample which are collected and mea-

sured concurrently have essentially the same recovery

factor.

Five 2-g cross-sectional samples of (U, PU)02 fuel

with < 1% burnup were excised at specified axial locations

along the fuel column and were analyzed using this method.

An interesting finding was the different isotopic distri-

butions for the retained fission gases relative to the gSS-

eous fission products in the pin plenum. The 83Kr, “+e,

and 132Xe isotopes were higher in abundance in the re-

tained gases. The precursors of the Kr and Xe isotopes

fn these chafns have the longest half-lives and tend to

preferentially remain in the fuel matrix.

Iv. MICROSTRUCTURAL ANALYSIS

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

A photo darlmoom trailer has been acquired and

will be installed. It will provide an autoprocessor for

negatives and films. This unit when installed will help

us shift more photographic work to roll and cut film

away from tbe limitations of instant type film-prints in

-w wlicatio~.

The results of the grinding experiments and develop-

ment have been applied to the bot cell metallograpbic

grinding with a significant increase in throughput rate

at this step.

\ Ion gun etching development has continued this

quarter with the solution to the small etched spot problem

being achieved through a combination of a mf.nor gun de-

sign change and somewhat different operating conditions.

v. REQUESTS FROM DRRD

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

During the First Quarter of FY 1974 eeventeen ir -

radiated capsules were reoeived. The distribution is as

follows: GE-5; HEDL-10; and LASL-2.

General Electric Company: Examinations performed

on twenty-six irradiated fuel capsules received on March

21, 1973, April 7, 1973, and September 1, 1973,are listed

in Table 401-1.

Hanford Engineering Development Laboratory

Examinations performed on eighteen irradiated fuel cap-

sules received on February 1, 1973, April 7, 1973, and

August 31, 1973, are listed in Table 401-11.

Dried fuel solutions from four pins and one 6.4-mm

cross-section sample from another fuel pin were sent to

HEDL as part of a burnup correlation study.

Seventeen irradiated fuel pins were shipped to HEDL

following nondestructive (and some destructive) testf.ng at

LASL.

Los Alamos Scientific Laboratory. TMs section

contains carbide and nitride fuel pins, the technical eval-

uation of which is being carried out by LASL personnel

under the Advanced Fuel Program.

1. BMI Experiments -- Examinations on one BMI

irradiated fuel capsule received on February 16, 1973,

are shown in Table 401-IU.

2. LASL Experiments -- Examinations performed

on three LASL irradiated fuel capsules received on Octo-

ber 11, 1973, and September 6, 1973,are listed in Table

401-IV.

.

,

.
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TABLE 401-1

POSTIRRADfATION EXAMINATIONS OF CAPSULES

Examination

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Visual Inspection

Preliminary Measurements

Profilometry, Optical

Radiography

Gamma Scana

Gsa t%xnPlics and Ana.lysis

Na Removal

Clad Removal

Profilometry,
(Capsule Cladding)

Photography, Full Length

Photography, Maximum BOW

Photography, incremental

Wire Wrap Removal

Photography, Incremental
W1OWire

Eddy Current

Length Measurement

Sectioning

Photography
(Sectioned Faces)

,Cajldes

4

14

22

13

24

8

4

4

4

5

5

5

3

--

--

--

--

--

AND PINS FROM GE

No,
of

Pins

5

3

4

1

-.

2

--

--

--

5

3

5

5

1

3

3

2

2

a Ninety-six gross gamma scans, 24 complete spectral
scans, and ME distributions of isotopes were calculated.

3. WARD Experiments -- Examinations performed

on two WARD irradiated fuel capsules received on Feb-

ruary 16, 1973, are shown in Table 401-V.

4. Gulf United Experiments -- Examinations Per-

formed are shown in Table 401-VI.

w. QUALITY ASSURANCE

(L. E. Lanbam)

General: The CMB-RRD QuaIi@ Assurance Msn-

ual has been revised to incorporate changes required to

comply with the findings of the AEC audit team. Audit

checklists and supporting documents for corrective action

procedures have been prepared.

Tbe quality assurance organisation has revtewed

and commented on changes in plans and procedures

TABLE 401-If

POSTfRRADfATION EXAMINATIONS OF CAPSULES

1.

2.

3.

4.

5.

6.

‘i.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Examination

AND PINS FROM HEDL

Visual Examination

preliminary Messurementa

Profilometry, Optical

Radiography

Gamma Scanb

photography, Full Length

Photography, Maximum Bow

Photography, fncrement.al

Gas Sampling and Analyais

Na Removal

Clad Removal

Wire Wrap Removal

Eddy Current

Sectioning

Na Melting and Pressurizing
Testa

Electron Microprobe

Burnup

Microstructural Analysis
Optical Microscopyc

Prepsration for EMX

No.
of

Capsules

1

-.

--

8a

10

9

9

9

1

1

1

--

--

--

--

--

No.
of

~

10

10

2

10

--

10

10

10

.-

--

--

2

2

6

1

3
(8 Samples)

-- 4
(4 samples)

-- 11
(22 Longit.
Samples)
(16 Trans.
Samples)

4
(9 samples)

aGETR Capsule Assembly is included.

bGross gamma scans, 10 multispectral scans, and 68
distributions of isotopes were calculated. Also, axial
burnup profiles over the enriched fuel columns of six
capsules were determined from gamma scan data.

c
The optical microscopy includes microphotography,
alpha autoradiography, beta-gamma autoradiography,
and as-polished and etched photomicroscopy, (including
mosaics) in inert (Ar) atmosphere. Specimens from
other experimenter’s fuel pins were examined in like
manner.

5



1.

2.

3.

4.

5.

6.

‘7.

8.

9.

10.

11.

1.

2.

3.

4.

5.

6.

7.

6.

9.

10.

11.

TABLE 401-Jlf

POSTIRRADI.ATION EXAMINATIONS OF BMI
CAPSULES AND PINS

Examination

Profflometry, Optical

Photography, Full Length

Photography, Incremental

Gas Sampling and Analysis

Na Removal

Clad Removal

Profilometry, Mechanical

Ed~ Current

Sectioning

Electron Microprobe

Microstructural Analysis

Optical Microscopy

Preparation for EMX

No. No.
of of

Capsules Pina

1

-.

--

1

1

1

--

--

--

--

--

--

1

1

1

--

--

1

1

1

11 Sa~ple)

2
(6 Samples)

-- 1
(1 Sample)

TABLE 401-IV

FCX3TIRRADIATIONEXAMINATIONS OF IASL
PINS AND CAPSULES

Examination

Gas Sampling and Analysis

Photography, Full Length

Photography, Incremental

Radiography

Na Removal

Clad Removal

Na Melting and
Pressurizing Testa

Eddy Current

Profilometry, Mechanical

Electron Microprobe

Microstructural Analysis
Optical Microscopy

Preparation for EMX

aTREAT Capsule Assemblies.

6

No.
of

Capsules

1

--

--

2a

1

1

--

--

--

--

--

No.
of

Pins

1

1

1

--

--

--

1

1

1

1

1
(5 Samples)

-- 1
(1 Sample)

TABLE 401-V

POSTIRRADIATION OF WARD PINS AND CAPSULES

1.

2.

3.

4.

5.

6.

7.

1.

2.

3.

Examination No. of Pins

Photography,

Photography,

Photography,
Wrap

Photography,

Photography,

Full Length

Incremental

Full Length w/o Wire

Maximum Bow w/o Wire

Incremental, w/o Wire

Gas Sampling and Analysis

Sectioning

TABLE 401-VI

1

1

1

1

1

1

1

POSTIRRADIATION EXAMINATIONS
OF GU EXPERIMENTS

Examination No. of-Pins

Electron Microprobe 2 (2 Samples)

Burnup 4 (4 Samples)

Microstructural Analysis

Optical Microscopy 1 (1 Sample)

Preparation for EMX 1 (1 Sample)

required as a result of the findings of the AEC audit team

and the additional requirements of the latest issue of RDT

Standard F2-2. Procurement packages have been review-

ed and surveillance has been performed to determine com-

pliance to shipping requirements and procedures.

Microstructural Analysis: An audit of bficrostruc -

tural Analysis was conducted by the Quality Assurance

Manager, and an audit report has been prepared.

A position description for a Quality Assurance Repre-

sentative has been made a part of the Quality Assurance

Plan and member of the Microstructural Analysis Section

has been designated as the Quality Assurance Representa-

tive. The requirements of the latest issue of RDT Stan-

dard F2-2 have been included in the Quality Assurance

Plan.

Chemical Analysis: An audit was conducted by the

Quality Assurance Manager of all Chemical Analysis oper-

ations and a report has been prepared.

.
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All procedures are being reviewed and will he re-

vised as required. The numbering system for prmedures

has been changed and a common Chemical Analysis desig-

nation will be used. This will eliminate the need for du-

plication when a procedure is used for more than one pro-

ject. The Chemical Analysis Quality Assurance Plan has

been revised to meet the requirements of the current is-

sue of RDT Standard F2-2.

Hot Cell Examinatioxx An audit was conducted by

the Quality Assurance Manager of the Hot Cell operations

and a report has been prepared. Corrective actions are

being taken on the findings of this audit.

The Hot Cell Quality Assurance Plan hss been re-

vised to fnclude the requirements of the current issue of

RDT Standard F2-2. A position description of a Quality

Assurance Representative has been included to meet one

of the findings of the AE C audit team. The traveler is

being reviewed and will be revised to include the new

numbers for the Chemical Analysis procedures, and a

more visible method of documenting the independent over-

check of inspection data.
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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 ma-

terials 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 conditions in fast reactor

environments @ assess the effects of damage and burnup

on stainless steel clad, carbide and nitride fuel elements.

These experiments are designed to investigate fuel swell-

ing, 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 burn-

UPand irradiation conditions. b addition, experiments

are being considered which would allow the s&dy 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 proper-

ties and characteristics of plutonium-containing ceramics

that are reqtired for their evaluation and use as fuel

materials. A broad range of capabilities in this area has

8

been developed including the study of (1) phase relation-

ships using differential thermal analysis, (2) thermal

transport, (3) thermal stabili~ and compatibility, (4)

vapor pressure using mass spectrometry, (5) heat con-

tent using drop calorimetry, (6) elastic properties using

sonic modulus measurements, (7) hot hardness and its

temperature dependence, (8) structure and phase rela-

tionships using high temperature x-ray and neutron dif-

fraction, (9) thermal expansion, and (10) compressive

creep rate as a function of temperature and stress. Sev-

eral of these techniques are available for use with irradi-

ated fuels.

II. IRRADIATION TESTING

The objective of the irradiation testing program is

the overall evaluation of the most promisiug 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. Fuel Synthesis and Fabrication
(K. W. R. Johnson, J. G. Reavis, H. G. Moore,
R. W. Walker, C. Baker)

1. Carbide Fuel Production

A special 250-g batch of U. *puo 2C was pre-
. .

pared as a critical test of the carbide synthesis proce-

dures and equipment relative to the requirements of the

RRD Quality Assurance Program. The deficiencies dis-

covered were principally related to the procedures used

to document the preparation. The problem areas were

eliminated with no alteration to the technical procedures.

Fuel specifications have not been finalized for the L4SL
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Series K-4 irradiation experiments, but the produot from

this preparation will be used if possible.

2. Carbide Grain Growth Studies

Grain size may be one of the factors influencing

the behavior of reactor fuels during irradiation. U grain

size is to be investigated as an experimental parameter,

a method must be developed to produce various controlled

grain sizes in UO ~PuO ~C.
. .

A series of experiments has been started to de-

termine the effectiveness of additional si.ntaring to in-

crease grain size. The starting material for this series

was a batch of U~ ~PuO ~C pellets which were originally
.

sintered 8 h at 18~O°C and annealed 4 h at 1400°C. Small

batches of these pellets were thermally cycled. The den-

sities of the pellets were then measured and the mioro-

structures were examined. Average grain sizes of the

original and the thermally cycled pellets were estimated

by use of the comparison procedure described in ASTM

Procedure E-112. The thermal cycles used and the grain

size and density of the initial and product pellets are

listed in Table 463-I.

TABLE 463-I

EVALUATION OF THE EFFECT OF ADDITIONAL

Expt .
No.

o

1

la

2

2a

3

3a

4

5

6

SINTEIU.NGOF U. 8Puo #
. .

Estimated
Grain

Additional Thermal Cycle Size, Urn

None 36

0.1 hat 2100°C 37

0.1 h at 21000C + 16 h 41
at 1400°C

0.5 h at 20000C 38

0.5 h at 2000°C + 16 h 34
at 1400°C

2 hat 1900°C 32

2 h at 1900°C + 16 h at 1400°C 38

Cycled 1400-1800°C, 9 cycles 37

24 h at 1600°C

24 h at 1600°C

Density
% T.D.

93.1

93.1

93.0

93.2

92.4

92.6

92.5

93.3

93.6

93.3

The results shown in Table 463-I indicate that little

or no change of either grain size or demity was produced

by the thermal cycling in this series of experiments. The

precision of this method of grain size estimation is approx-

imately * 5 ~m, and none of the grti size c-es ob-

served are greater than this. Similarly, it does not ap-

pear that significant changes in density have occurred.

Grain sizes produced in experiments 5 and 6 will be mea-

sured in the near future.

3. Nitride Fuel Development

The primary aim of experiments in this effort

is the development of a method of production of high puri~”,

high density, single phase Uo 8Pu0 2N fuel pellets on a
. .

250~ scale. Also of importance is the development of a

method of production of ~ insulator pellets of the same

high quality. Equipment to synthesize, grind, press, and

sample nitrides has been set up in an inert atmosphere

glovebox, and the sintering furnace has been pu~ into op-

eration in another inert atmosphere glovebox. Exploratory

experiments performed in this equipment were made to

produce UN pellets.

Two batches of UN were prepared on the 100-g

scale by reaction of chunks of U metal with N2 in the

temperature range 800-1065°C. This reaction was found

to be slow. Consequently, two additional batches of ~

were prepared by first breaking down the chunks of

uranium to a fine powder by forming the hydride in the

temperature range 25-300°C, and decomposing it by heat-

ing above 4000C in vacuum. This reaction is rapid (after

a variable and somewhat unpredictable induction period),

se is the reaction betsveen N2 and the metal powder pro-

duced. The optimum temperature range of nitride forma-

tion appears to be 400-600°C. This two-step process re-

quires much less time for completion than did the direct

reaction between N2 and chunks of metal. Weight changes

indicated that the product of this process was U2N3.

The U2N3 was pressed into pellets and heated

in vacuum to the temperature range 1350-15 OO°Cto con-

vert it to UN. Continued heating of some of these pellets

through a 2100°C sintering cycle produced pellets having

densities in the range 77-85% of theoretical, and having

widely variable diameters. For the remaining material,

9



the process included grinding and pressing. The ~ pro-

duced in the vacuum decomposition was ground 3-5 min @

an oscillatory mill, and the resulting powder was pressed

into pellets which were sintered 16-18 h at 21000C under

-78 KPa N2. The pellete were cooled to -1500°C under

N2, then in vacuum to room temperature.

Although chemical characterization of the pel-

lets produced is incomplete, the available information is

listed in Table 463-II. The high oxygen concentrations

found in these pellets is attributed to reaction during trans-

fer of green and sintered pellets in air. The glovebox

atmosphere in which the sintering furnace is located will

be changed to Ar in the near future, so exposure to air

will be avoided, and lower oxygen concentrations can be

expected.

Metallographic examination showed no detect-

able second phase was present, and the porosity observed

is in qualitative agreement with measured immersion

densities.

4. Equipment Development

The original gas handling system for the hydride-

nitride furnace was cumbersome and could not readily

be modified to meet new safe~ standards. A new mani-

fold was designed, fabricated, and installed and proved to

be superior to the original installation. On completion

and approval of a standard operating procedure, this sys-

tem was used in the previously described nitride develop-

ment work. After a brief period of operation, the drive

motor on the new centrifugal mill used to grind nitrides

TABLE 463-II

RESULTS OF PARTIAL CHARACTERIZATION
OF UN PELLETS

Oxygen
Concentration in No. of Density a

Batch Product, ppm Phases % of T.D.

3 550 1 92

4 650 1 84

a
Based on T.D. = 14.32 I& m-3.

failed to function properIy. Special silver-doped graphite

brushes designed for use in an inert atmosphere were

ordered and installed to correct the problem. Preliminary

observations suggest that considerable time may be saved

by using the centrifugal mill rather than the older grinding

equipment. Data are not yet available on potential con-

tamination of the powder by the mill components.

The nttride sintering furnace was tested at

temperature according to recommended procedures using

a purified nitrogen atmosphere in the chamber. Furnace

and glovebox windows were calibrated for temperature

corrections using an optical pyrometer comparator appa-

ratus. The inert recirculating atmosphere glovebox con-

taining this furnace was sealed and, as soon as minor

piping alteration are complete, wfll be tested and placed

in service.
All measuring and test equipment was brought

into the Q. A. recall system by completing calib~ationa

and calibration procedures. Preventative maintenance

activities and routine replacement of components due to

normal attrition were continued. The fuel synthesis and

fabrication operationa were audited by the LASL Quality

Assurance Manager. All suggestions and recormnenckd

corrective actions stemming from the audits were ac-

complished.

B,. Fuel Element Fabrication
(K. W. R. Johnson, D. G. Clifton, H. E. Strohm,
L. L. Marriott)

1. Pro~ammable Welder

Future fuel element welds will be made using

a programmablewelder for a power supply. A Pgrammable

welder has been installed and all associated data gathering

devices have been calibrated using standards traceable

to the U. S. Bureau of Standards. A new gas manifold

to control the introduction of spectroscopic grade Ar to

the welding head was fabricated and leak tested. Gas lines

supplying the manifold were modified to permit evacuation

and flushing. As a precursory operation to developing a

welding procedure for the new system, two capsules con-

taining archival fuel pellets were hand welded closed

using a manual power supply. Data were gathered during

the operation to provide a potnt of departure for the de-

velopment of the programed welding procedure.

.

.
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2. Grinding Facility

In the event that it becomes necessary to pro-

vide fuel pellets with extremely small diametral toler-

ances, a facility for grinding pellets is being inatallet.

A centerless grinder has been fabricated and tested and

will be installed in a vacuum-inertable recirculating

glovebox. The glovebox has been lccated at the fuel ele-

ment fabrication facility. During this quarter the pump-

ing system, recirculation unit, gas supply manifold, and

exhaust filter were installed and leak tsX.ed. With the

replacement of window gaskets and installation of atmo-

sphere monitoring instrumentation the tit will be ready

for testing.

3. Xenon Tagging Device

A xenon tagging device was fabricated, leak

tested, and is currently being calibrated. The device pro-

vides a means of adding a controlled amount of xenon

having a known isotopic composition to the atmosphere in

the plenum of fuel elements being fabricated and a mech-

anism for insertion of the top end plug into the fuel ele-

ment. Essential to the operation of this device is a

knowledge of the pressure in the element at various stages

during tagging. Volumetric limitations preclude the use

of precise Bourdon type gauges, so a pressure transducer

was incorporated into the system. The first pressure

transducer employed utilized vacuum as a reference point.

In the range of pressure where measurement were

critical, the sensitivi~ of this transducer had decreased

noticeably. Replacement of this transducer by one with

an atmospheric-pressure reference point appears to have

improved sensitivity in the pressure range of tnterest.

4. Associated Activities

Spring wire to be used in the next series of ele-

ments was received and sampled for chemical verification

of composition. Cladding tubing was shipped to Carpenter

Technology, Im. for ultrasonic testing and returned. Cut-

ting oil was sampled for the presence of halogens, sulfur,

and phosphorus and was fcund to be acceptable. These

activities were performed in accordance with QA pro-

cedures.

Document&tion associated with the fabrication

of fuel elements under the C/A program was reviewed,

and modification of the existing dcamentation was begun.

The fuel element fabrication facility and personnel were

audited by the QA Manager; however, no report of findings

has been received.

c. EBR-11 Irradiation Testing
(J. O. Barrier, J. F. Kerrisk, T. W. Latimer)

The purpose of the EBR-11 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.

1. Experiment Description and Statue

Fourteen series of experiments have been origi-

nated. The description and status of these series are

summarized in Tables 463-fIf to 463-X. In order to bet-

ter define the status of those experiments which are under-

going postirradiation examination, the following steps are

referenced in the tables:

a. Capsule Examination

a. 1 Visual Examination

a. 2 Preliminary Measurements
(radiation measurements, etc. )

a. 3 Profilometry

a. 4 Photography

a. 5 Radiography

a. 6 Eddy Current Test

a. 7 Gamma Scan

a. 8 Cover Gas Analysis

a. 9 Deencapsulation

I

I
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TABLE 4i%-fII

SERIESKi, X2, AND X2 ENCAPSULATEDCARBIDEEXPERIMENT

E.xpmt..
Xo-

K-36B

K-37B

K-3aB

K-39B

K-42B

K-49

K-50

K-5 1

K-43

K-44

K-45

K-43

Fuel
D.msity,

Fuel Tvpea %CZh!2%

(u
O.8PU0. 2)C

90

‘UO.8m0. 2)C 90

(“0. 8mo. Z)c 90

(Uo.~puo.# 90

(U. ~puo Z)c 90
. .

K$.ffuo.cy 95

(u Pu
0.8 0.2)C

95

(Uo. 8PU00# 95

‘U0.8PU0.2
)C 04

(U. 8PU0 Z)c 94
. .

(u
O.8PU0. 2)C

94

(L!
o. Smo. 2)C

94

. Max.

Bond ond Cldd Linear

Diametral Cladh O.D. x I.D..g Power,
Gm, fn. Tvm in. J&.&

SerieeK1

Na-O. 015 SA-318SS 0.300 X0.280 2’7

Na-o. 015 SA-316SS 0.300 X0.260 27

Na-O. 015 3A-31683 0.300 X0.280 ,27

Na-O. 015 3A-316SS 0.300 X0.280 27

Na-O. 015 sA-3161W 0.300 X0.2S0 27

SK2

Na-O. 020 BA-316SS 0.300 X0.280 4146

Na-O. 020 5A-31658 0.300 X0.260 41+6

Na-O. 020 SA-316SS 0.300x 0.260 41-46

Series K3

Na-O. 020 3A-31635 0.300”x 0.260 27

Na-O. 020 5A-31638 0.300 X0.280 27

Na-o. 020 6A-31658 0.300 X0.280 27

Na-O. 020 6A-31633 o. 300x o. 2s0 27

Current
Maximum Goal Peak
&mterlf:e Burnup, Burnup,
Temw. c-- StStus

1165

11G5

1165

1165

1165

1400

1400

1400

1150

1150

1150

1150

6

6

6

loi

6

5

6.5

s

6

8

5

5

5. S5*

2.9

5.6

5.8

4.6

3. 74*

3.6

3.5

5.6

7.1

2.7

2.39*

Exam, b. 8e

Exam, a.7b’e

Exam, a. ‘l”’e

EBR-fI, Un-
assigned

Completedd

Exam, b. 6e

Exam, a. 9e

Exam, a. 9e

Exam, a. 8e

EBR-11,
X182

e.
Exam, b.6

~X-, b.8e

aSerie.? 1 and 3 experiments are 83% enriched fn
1.

235U. Series 2 experiments are s7% enriched in 233U. All fuel is single phase.
‘K-37B was damaged during reconstitution of XlS2 to tbe extent that it cannot be irradiated further.

CK-38B was damaged during reconstitution of X152. Additional irradiation was completed.

%@mrted in LA-IG69-MS

‘Element cladding failure indicated.

f
B!umup values marked with * were measured using the 148Nd methd. Remati@ w+lues were computed USing
an E BIt-11 power adjustment fsetor of 0.91.

‘Dimensions are nominal.
h
S.4 = solution ann~aled.

i
Original goal burnup was 6 at.%. Naw Alp request for further irradiation in preparation.

j Corrected using an EBR-11 power adjustment factor of 0.91,

b. EIement Examination b. 13 Report Preparation

b. 1

b.2

b.3

b.4

b.5

b. 6

b.7

b.8

b. 9

Visual Examination

Profilometry

Photography

Eddy Current Test

Fission Gas Analysis

Sectioning

Autoradiography

Metallography

Burnup

All hot cell examinations are done by Project 401 personnel

under the guidance of Project 463 personnel.

Table 463-IfI describee the K1, IG2, 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 ltnesr power ratings of the capsules are rel-

atively high (approximately 27 Kw/ft). Three tests at very

high power (> 40 Kw/ft) were included to determine the

b. 10 Clad Density effect of high thermal stresses and high fuel temperatures

b. 11 Special Tests on fuel element behavior. Indications of element cladding

b. 12 Data Reduction failure were found at EBR-11 in several experiments from
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TABLE 463-IV

SERIES U1300 ENCAPSUIu4TllD CARBfDE EXPERIMENTS

.M2x.

Fuel Bocd a~d clad Linear

Dcnsitv Diametxal Clsdd O.D. X I. D., Power,

Current
Peak

BUIYN!P,

GLx?s .— Status

9.64* Exam, b. 8

Maximum
Centerline
Temu.. Oc

1760

Goal
BurnuP ,

a

11

.
Fuel TWS=

MO+5% M2C3

% The;.’ Gap, in. Twe fn. -f

u

83

84

64

76

75

96b

9Gb

96b

He-O.004

He-O.007

He-O. 004

He-O.007

He-O. 008

He-O. 009

He-O. 014

He-O. 010

He-O. 007

8A-31655 0.302 X0.248

SA-316SS 0.305 X 0.274

SA-INC-800 0.299 X0.245

SA-INC-600 0.299 X 0.269

SA-XNC-800 0.300 X 0.248

SA-INC-800 0.S04 X0.274

SA-INC-6CQ 0.304X 0.274

SA-INC-800 0.300 X 0.246

SA-INC-800 0.304X 0.274

16.4

19.9

16.4

19.9

13.7

18.0

19.9

15.4

20.1

9,42* Rxam, b.6NKY5% M2C3

MC+S% ~C3

MOt5% ~C3

MC+5% k$c3

1680 11U94

1750 11 10.0 Exam, b.6W7

9.6 Exam, b. 6C1660 11U96

g,Eg* Exam, b.8U105 1900 11

11

10

11

10

9.9 Exam, a. 6CMC+5% M2C3

‘HIW ‘2C3

1625U106

1960 9,2 Exam, a. 8U1l o

‘&lw ‘2C3
1880 10.0 Exam, a.8m13

9.s Ex&m, %.ScU114 MOF1O% I(12C3 1575

b
Cored pellet with nominal

cElement cladding failure indicsta~,

0.080 fn. diameter axfal hole.

d
5A = Solution annealed

‘13urnup values marked with * were measured uefng the
148Nd metid

Remaining values i~ere computed ua@g an EM-II power adjustment factor of 0.91.
.
‘ Corrected using an EBR-11 power adjustment factor of 0.91.

these series (five in subassembly X119B, one from X142, failure for three experiments were found at EBR-If using
133X8 ~x

and two from X152), UEf.ngy-scanning for . -

aminatione of these experiments in the LA.SL hot cells

confirmed the failures. Complete postirradiation exami-

nation of the failed experiments is currently under way.

One unfailed experiment, K-44, is undergoing irradiation

in subassembly X182, while a second unfailed experi-

ment, K-3 9B, is at EBR-If awaiting further irradiation

pending preparation of a request for approval in principle

to extend the goal burnup.

Table 463-IV describes the Series U1300 experi-

ments. These experiments contain two-phase, uranium-

plutonium carbide fuel pellets which are helium bonded to

either Type 316 stainlees steel or Incoloy 800 cladding.

Two methods for the accommodation of fuel swelling were

investigated in thie seriee, i.e. , the introduction of inter-

nal porosity by the use of either low-density solid fuel pel-

lets or high~enaity cored pellets. These experiments

reached their goal burnup of 10 at. % in subassembly X142

after operation at moderate linear power ratings (approxi-

mately 18 Kw/ft). Indications of element cladding

133
y-scanning for Xe. These element failures have been

13’7
confixmed by y-scanning for Cs at LASL. All of the

capsules in the series are currently undergoing nonde-

structive or destructive examination in the LASL hot celle.

The Series U1950 experiments are described in

Table 463-V. In these experiments, either two-phase or

single-phase carbide fuel ie helium bonded to Type 304 or

316 stainless eteel or to I.IIcoloy 800 cladding. Fuel den-

sities range from 75 to 9~ theoretical. These experi-

ments are currently at about three-fourths of their goal

burnup after operation at low linear power (11 to 14

Kw/ft). During interim examination at EBR-fI after run 58,
137

Cs wae detected by y-scanning in the sodium reser-

voir of capsule U136. Release of fission gas from a

breached helium-bonded element would be expected. How-
133ever, no Xe was detected in the capsule plenum. The

lack of fission gas in the capsule and the presence of
137

Cs in the capsule sodium present a contradictory pic-

ture and the failure of the element in capstde 136 can only

be considered tentative and of a low degree. None of the

13
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TABLE 463-V

SERIES U1950 ENCAPSULATED CAI&DE EXPERIMENTS

Fuel
Expmt. Density

k’o. Fuel Tvpea % Theo-

u129

u13o

UI.31

U132

U133

Ui34

U13.5

u138d

U137

U13SAb

UI.39

U14o

U141

U142

U143

u144

U145

u14GAb

U147

Mc+s%lM c
23

MCX5% M2C3

MC+5% M2C3

MC+5% ~C3

MC+5% IV$,C3

‘e’% ‘$C3
M&5% ?d2C3

Mews% M2C3

MC+1O% ~C3

MC+l(% M2C3

Mc?I1O% ~C3

MC

Mc

MC

MO+lC% M2C3

MC+1O% ~C3

MC

MC+1O% ~C3

MC+l(% Nqc3

94

75

34

64

84

54

84

84

99

99

99

93

93

93

99C

89°

93

99

99

—

MaK.
Bond snde clad Linear

Dinmctmd Cld O.D. X I.D., Power
Gap, in. TYPS ~ &.@!!

He-o. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

He-O. 022

Ns-O. 030

Na-O. 030

Na-O. 030

SA-S16SS

5A-31635

6A-31655

5A-31625

5A-21636

5A-31655

SA-INC-SOO

SA-INC-SOO

5A-31655

5A-21655

SA-INC-800

SA-INC-SOO

5A-31655

5A-3 16SS

SA-INC-800

.8A-31633

5A-3 04SS

5A-3 04sS

SA-INC-SOO

bCapsules 138 and 146 werb removed at 45,000 MWD/MT
for Treat testing. Duplicate replaced the orfgfnals.

‘Rdlew cored with nominal O.OSO-in.-dfarn axial hole.
d

Possible element claddhg fatlure fndicated.

other capsules indicated fuel slement failure during the

examinations at EBR-IL All 19 capsules were reconsti-

tuted into subassembly X055B which is currently being

irradiated.

The Series U1930 and U1960 experiments are de-

scribed in Table 463-VI. Experimental parameters in-

clude fuel type, fue’1density, bond type, and cladding type.

The operating linear power ratings for the experiments

are relatively high (2’7-31 Kw/ft). Nondestructive ex-

amination of the eleven experiments listed in part A of

Table 463-VI was completed several months ago. The

results of these examinations showed that fuel elements
U194 and U200 had failed. Destructive examination of

this group of experiments has been completed. Data

reduction and interpretation are continuing.

The experiments listed in part B of Table 463-VI

are currently undergoing irradiation to their goal burnup

in subassembly X182. No element cladding failures have

been indicated in this group of capsules.
The experiments listed in part C of Table 464-VI
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0.3&3x 0.260

0.303 X 0.260

0.303 X 0.260

0.303 X 0.260

0.303 X 0.260

0.303 X 0.260

0.302 X 0.260

0.302 X 0.260

0.303 X 0.260

0.293 X 0.260

0.304 X 0.260

0.302 X 0.260

0.303 X 0.260

0.304 X 0.260

0:302 X 0.260

0.304x 0.260

0.305 X 0.270

0.300 X 0.270

0.304 X 0.270

11.6

11.9

11.6

11.6

11.6

11.6

11.6

12.1

12.2

13.5

13.5

12.6

13,0

13.2

11.6

11.9

12.2

12.5

12.9

Maximum
Centerline
Temp.. ‘c

1755

1500

1495

1495

1495

1495

1475

14’75

1440

1440

M4 o

1460

1460

1460

X395

1395

820

810

810

Ooal
BurnuP,

J!!&

11

11

11

11

11

11

11

11

10

8

10,

10

10

11

11

11

10

8

10

Current
Peak

Burnup,
nt.% g 6tatus

S.e

5.5

5.7

6.6

5.4

8.4

6.7

8.2

7.3

4.2

7.4

6.0

7.9

S.o

8.2

8.3

7.8

4.2

7.9

‘All cladding I.D. end gap messuremente are nomfnal.

EBR-11, X056B

EBR-11, X055B

EBR-11, X055B

EBR-11, X055B

EBR-11, X05SB

EBR-11, XCG3B

EBR-11, X055B

EBR-11, X055B

EBR-11, X055B

E BR-11, X055B

E BR-11, X055B

EBR-X, X055B

EBR-11, X055B

EBR-”~, X055B

EBR-11, X055B

EBR-IL XIH5B

EBR-11, XOS5B

EBR-E, X055B

EBR-11, X055B

f
5A = Solution annesled.

gcomputed ~~ ~ EBR-11 pewer adjustment fmtor of o.91.

h
Corrected using an EBR-11 power adjustment factor of 0.91.

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 postir-

radiation examination is planned for these elements. Non-

destructive examination of the experiment is complete.

The experiments listed in part D of Table 463-VI 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 anmdus.

Table 463-VII describes the Series WF experiments.

These sodium-bonded, carbide capsules were designed to

evaluate the effects of (1) various amounts of sesquicar -
bide in the fuel, (2) linear power rating, and (3) cladding

cold work on element performance. The amount of ses -

quicarbide reported to be in the fuel varies from Oto 24

vol%. Results from y-scanning for 133Xe at EBR-I.I indi-

cate that the element cladding for all of these experiments

is intact. TWOof the eight capsules are currently befng

destructively examined at I.ASL. Three experiments are

.

.



TABLE VI

SERIE13U1930 AND U1960 ENCAPSULATED CARBIDE EXPERIMENTS

Max. . Current
Fuel Bond and clad Linear MsXimum Goal Peak

Expmt. Density, Dinmetralf Clsdd O.D. xI.D.: Power% Centerline Bumup, BurnuP

* Ftiel TYPOa % Theo- Gno. in. ~ fn. l@z.L ~emp. .“c J&& Q@ status
--------------------------------------------------------- A----------------------------------------------------------
U187 Mc+s%~c~ 64 He-O. 007 5A-31686 0.;04X0.2S4 2’7.3 1935 5 4. 60* Exam, b.12

U189 kfot5% ~cg 64 He-O. 907 EA-INC-SOO 0.302x0.262 27.3 1935 5 4.80* . Exam, b.~

U191 MC 92 Na-O. 030 SA404SS 0. S04X0.276 2S.6 1146” 5 4.50* Exam, b.13

U193 MC 93 Na-O. 020 SA-204SS 0.306x0.277 3S.8 1146 6 4.30* Exam, b.12

u194 ?dC+l@ ~C3 98 Na-O. 030 SA-3048S 0.305x0.277 30.1 1X32 5 ~. 6 Exam, b.12°

U195 M0t10%M2C3 98 Na-O. 030 sAi3048S 0.305x0.276 30.1 11s2 5 4. 84* Exsm, b.13

U197 MOtlo% M2C3 98 Na-O. 030 SA-INC-8CQ 0.305x0.277 30.4 1122 5 4. 90* Exam, b.12

U126 MC+U3% ~C3 98 Na-O. 030 SA-INC-8Wl 0.305x0.277 30.4 IJ.22 5 4.78* Exam, h.12

U200 MC+5% ~C3 66 Ks-O. W8 sA-304SS 0.266x0.260 26.0 2042”5 4. 72* Exam, b.13°

U2”06 ?dc+5% ~c3 90 He-O. 008 &+ 16SS 0.266x0.252 26.7 20s4 5 4. 96* Exam, h.12

U206
-_-----:-?:?-3_c2_----:::-------------------------- ---:-.--:::._---1:-u------!----::0:--?-::-'-!:-:_-

He-O. 009 SA416SS 0.293x0 257
B

U188 MC+5% ~C3 8A He-O. 007 SA+16SS 0.304x0.264 27.3 1935 11 9.6 EBR-U, X182

U190 MC+5% b$C3 e4 He-O. 007 SA-INC-800 0.302x0.262 27.3 1935 n 9.6 EBR-11, X162

UI.83 Mc 92 Na-O. 030 8A-3 04ss 0.305x0.277 28.6 1148 11 9.6 EBR-If, X182

U196 MC+lC% M2C3 98 Na-O. (I3O 6A-3 04ss 0.305x0.277 29.7 1132 11 9,5 EBR-U, X182

U189 M&l@% ~C3 96 Na-O. 020 SA-INC-600 0. S05X0.277 30.5 1132 11 6.9 EBR-11, X162

U201 MC+5% b$C3 85 He-O. 006 SA-304SS 0.28 SX0.260 27.3 2042 11 6.5 EBR-U, X182

U207 MO+5% b$C3 90 He-O. 008 SA-616SS 0.293x0.257 28.8 2086 Ii 6.6 EBR-~, X182

U209 MC+lU% l&CO 97b He-O. 009 SA-316SS 0.293x0.257 28.1 la 09 11. 6.6 EBR-11, X162

U185 Mctlw M2C3 96 He-O. 011 SA-216SS 0.hxO.264 27.3 2185 .9 2.7 Exam, s.7

U166 MC+1O% M2C3 96 He-O. 011 8A-31663 0.304x0.264 27.3 2185 3 2.7 Exam, a. 7

L? 02 MC+5% qC3 85 Hc-O 5A-31688 0.269x0.251 28.8 1270 3 2.5 Exam, a.’?

U203 MC+5’% M2C3 85 He -O 8A-21686 0.286x0.252 28.4 3260 3 2.5 Exeii, a 7

U204 MO+1O% N$,C3 97b He-O 8A-31686 0.266x0.248 29.3 l!131 3 2.6 Bxam, a.7

isos
b

0.2 S4X0,246
_------?-y-:2-y-c:a------::_------:----_--?::k!E-----_&_-------_:-::-------::?:__--z___2:----E::-:::-_

G260 MC+1O% iv~C3 98 He-O. 015 20CW-316SS 0.26 6x0. 264 31.0 2590 ls ---
EBR-11, un-

U261e MC+l@JM2C3 86 He-O.015 5A-61686 0.290x0.260 31.0 2590 12 --

U262
1

a.sdgned
Mo+llxl~c3 97 He-o. 016 ~-INC-800 O.290x0.260 31.0 2590 12 --

aM = (U. 65Pu0 ~,-) -
. .

bCored pellete with nominal O.080-fn.-diam axial hole.

cE:ement cladding for 184 and 200 has failed .

h= Solution annealed; 20cW = 2M cold-worked.

‘Eddy current test at EBR-11 indicated capsule bond discent.inufty.

continuing irradiation in subassembly X182. It is planned

that the remaining three capsules will be reinserted into

the reactor. Further irradiation is pendf.ngthe prepara-

tion and approval of a request for approval-in-principle

from the AEC to extend the burnup limit to 10%.

Table 463-VII.I describes the Series B-1, B-2, and

B-3 experiments. These capsules are fueled with single-

fAll claddtng I. D. and gap messuremente are nominal.

‘Burnup values marked with * were measured UfJtig the 148Nd
methed. Remaining valuee were computed usfng en EBR-XI
power adjustment factor of 0.91.

h
Corrected using an ERR-II pewer adjustment faator of 0.91.

phase, uranium-plutonium mononitride. All the element-s

in Series B-1 and B-2 are sodium-bonded and clad with

either Type 304 or 316 welded stainless steel tubing. 0P-

erating linear power ratfngs for the experiments are rel-

atively high (24-34 Kw/ft). Capsules B-l-4 and B-2-5

have been examined using y-scanning techniques for the

detection of
137

Cs, and both elements are apparently

15



TABLE463- ti

SERIES WF ENCAPSUIJi~ED CfiBIDE EXPERIMENTS .

Mex.
Linear
i$ower,
WJAt_”

24.6

Current
PeakFuel Bond and “ad

Expmt. bensfty, Diametral Cladb Of). x~.D.,

& Fuel Tymaa !l@E?!2 Cap, in. Type fn.

W9F MC+6-15% ~C3 91 Na-O. 025

.
Nfaxfmum
&mterline
Tomv., ‘c

1075

Goal
BurnuP ,

Jk!&!&

10°

Burnup

d Stati9

6A-31636 0.800x0.276

SA-S16SS 6.300x0 .!276

SA416SS 0.250x0.2S0

SA-316SS b.i!31xo.231

20CW416SS 0.866x6. 276

20CW-9i6~ 0.~~x&276

SA-316SS 0.25uo.2T3i

SA-316SS 0.251x0.~91

5.5 EBR-11, Un-
aebfgned

W4F MC-+7-17% WC3 93 Na-O. 027

W5F M@?-l@ ~C3 69 Na-O. 010

25.5

16.2

1100

975

6

lo”

5.6 Exam, 1.7

4.3 EBR-11,
Xl@

W6F hfC+9-l@%JM2C8 69 Na-O. 011 16.2 975 6 4.3 EBR-11,
X162

10°W7F MC+5% M2C3 89 NcL-O.027 24.6 107s 6.5 EBR-11, Un-
aligned

10°

10$’

W6F MC+3-6% rw$c3 93 Na-O. 025

W1OF MC+O-3% ~C3 88 Na-& 012

25.5

18.2

1100

975

6.0 Exam, 2.1

5.4 EBR-11, Un-
essigoed

Wlx? MC+19-24% M2C3 95 Na-O. 61S

a.w = U. ~l%o ~ .

b“”
2A = Salution ennealed, 20 CW - 2M oeld worked,

‘Origbutl goal burnup wae 6 at.%. I.few AIP r~est for further irrdation ih preparation.

d
Computad usItYsan EbR-11 power adjustment factor of 0.91.

e correetid using an EBR-11 power adjustment faetbr of 0.81.

10°19.1 1000 4. s EBR-11,
X162

intact. Fiither irradiation of these two capsules is plan-

ned. The remaining experiments from this series were

recently removed from subassembly X152. During the

interim examination, capsties B-1-l, -1-2, -2-2, -2-6,

and -2-7 were found to have fafled as indicated by y -
133

scanning for XE at EBR-IL The elements in capsules

B-2-1 and B-2-3 were found to be intact. Cap#ule’ B-2-3

is continuing irradiation in Subassembly X182. Further

irradiation of capsule B-2-1 is planned, but reinsertion

is pending the preparation and approval of a request to

the AEC to extend the burnup limit to 10 at.%. The failed

Nondestructive examination of the failed elements is cur-

feritly under way. The three unfafled helium-bonded ex-

pe-~hnenta are continuing irradiation fn subassembly X182.

The Series u51OOsingly-clad ekperirnents are de-

scribed in Table 463-IX. In this group, either sin@e-

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

304 or 316 stainless steel or to Incoloy 800. In seven of

the elements, a shroud is incorporated prixnarily to test

the retention of fuel fragments by close fitting tubes. A

secondary objective of tie shroud is to study the effective-

ness of the shroud alloy se a carbon getter. These ele -

mehts are currently being i.rradfated in subassembly X156.

The first interim examination wfll be made at a burnup of

2.5 at.%.

The C-5 and O-N1 series of sfngly-clad experi-

ments are descrl%ed in Table 463-X. Single-phase ni-

tride fuel is sodium bonded to 20% cold-worked Type 316

stainkss steel cladding in all of the fuel elements fn this

group. Profilometry measurements of the c-5 series

experiment f.nthis group has been nondestructively

examined and destructive examination is under way.

Series B-3 is similar to the B-1 and B-2 series ex-

cept that three helium bonded experiments are included

and the average operating linear power ratings are sHght-

ly higher. Gamma-scans made at EBR-11 for 133xe ~

dicated that the four sodium-bonded elements have failed,

while the three helium-bonded elements have not failed.

.

.
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TABLE 463-VIII

SERIES B-1, B-2 AND B-2 ENCAPSULATED NITRIDE EXPERIMENTS

Msx. Current

Fuel Bond and clad Linear Maximum goal Peak

Expmt. Density, IXametrsl Clsde O.D. X I. D:, Pewer
& Fuel TVDS !&&?% Gag, in. TYIE in. ~tf. 5::$; ‘y%~ ‘yyl! Status

'------------------------------------------------------*ties B-l--------------------------------------------------
B-l-1 (U ~ ~puo JN 80 Na-O. 018 5A-3 04SS 0.290x0.250 “ 35.4 1125 5 5.9 Exam, b.~b

. .
B-1-2 (Uo. *Pu0.2)N 81 Na-O. 018 SA-304SS 0.290x0.250 24.7 1125 9 5.7 Exam, a. lb

B-1-l (U. 8Pu0.2)N ~~ Na-O. 032 SA-304SS 0.290x0.250 26.0 1150 lof 2.7 Exam, a. 7°

'---------:--------------------------------------*fies B-2 ——-----------—---—--—--I---—-—---------------
B-2-1 (U

O.8PU0.2)N 82 Na-O. 021 SA-316SS 0.318s0.275 29.8 1230 10 5.7 EBR-U, un-
assigned

B-2-2 (Uo. sPuo-2)N 82 Na-O. 020 SA-316SS 0.216x0.275 29.6 1230 9 ‘ 5.6 Exam, a. 8b

B-2-3 (U. 8Pu0 2)N S1 Na-O. 020 SA-316S8 0.315x0 .2’75 29.5 1230 ls 7.5 EBR-11, X182
. .

B-2-5 (U
o.8ho.2)N

76 Na-O. 026 SA416S3 0.3 Mx0.284 29.5 1230 12 2.7 Exam, a. 7°

B-2-6 (U. Spuo 2)N 82 Na-O. 021 SA-318SS 0.318x0.295 33.3 1230 “6 5.6
. .

Exam, a. ?b

Exam, a. 7bB-2-7 (Uo. 8Pu0.2)N 82 Na-O. 020 SA-316SS 0.316x0.295 33.4 1230 ~ 5.6

'----------------------------------------------------- series B-2 -----------------------------------------.-----------x--
B-3-2 (U0.8PU0.2)N 88 Na-O. 009 SA-316SS

B-3-3 (Uo. sPuo.2)N 91 Na-O. 010 sA-316SS

B-3-4 (Uo. 6Pu0.2)N 94 Na-O. 013 SA-316S8

B-3-5 (Uo. 8Pu0. JN 90 Na-O. 010 SA-316S8

B-3-6 (u
o. 8R0. z)~ 956 He-O. 005 5A-31622

%3-l (uo. SPU0.2)N 88 He-O. 005 2A-91688

B-3-8 (Uo. ~Puo.2)N 9Oa He-O. 005 SA-316SS

0.315x0.264 34.3 1250 9 2.78” Exam, b.8 U

0.315x0.264 35.4 1280 12 2.8 Exam, &7b’d

0.316x0.284 35.4 1280 12 2.70* Exam”, b. 12b

0.318x0.295 37. s 1310 6 2. s Exam, b. 12b

0.31.5x0.275 31.1 1925 6 4.4 EBR-11, X182

0.915X0.275 31.1 1825 6 4.5 EBR-fI, X182

0.315x0.275 28.5 1875 6 4.4 EBR-11, X162

aPellets are aumdar with a 0.07 O-in. -diem axial hole.
b

Element cladding failure indicated.

c Available for further irradiation.
d
Nondestructive examination completed. Capsule stored for posstble
irradiation of failed element.

‘ClsddtnS in weldedtubing. 8A = Solutionannealed.

elements have been made using the same equipment that

will be used for the postirradiation examination. Eddy

current examination of selected elements indicates that

there are large sodium bond defects. Af.1elements will

be rebonded. Shipment of selected elements to EBR-11

is pending LASL review of the experiments tlom a quality

aesurance standpoint.

The 0-. series of singly clad experiments is

similar to the C-5 series. The elements are fueled with

‘UO. 8PU0. 2)N which ie sodium bonded to 20% cold-worked

Type 316 stainless steel cladding. Three elements have

been rejected because of large fuel chips in the sodium

anmdue. The diameters of the elements have been mea-

sured on the same profilometer that will be used after

irradiation. The status of the sodium bond in these ex-

periments to EBR-If is the same as for the C-5 seri&.

f
Origioal I?oal burnups wmw 3 to 5 at.%. New AIP reauest
for &tb& irradiation in prepsratiOn.-

‘~&vmp VSIUCSmarked with* were heasured usfng the
Nd method. Remaining values were computed using

en ERR-II power adjustment factor of 0.91.
h

Correoted using an EBR-If power adjustment factor of 0.91.

It is planned that four of the fuel elements from Series

O-N1 will be irradiated with selected elements from

Series C-5.

Possible deeign parameters for a new group of ex-

periments, Series K-4, have been described in previous

quarterly reports. The final design of this subassembly

has been deferred pending the analysis of the irradiation

experiments currently being examined.

In addition to the experiments described above, two

nitride fueled thermal irradiation experiments from

ORNL (43N1 and 43N2) will be examined. Results and

statue will be reported in future reporta.

2. Postirradiation Examination Results

As indicated in the previous section, most of

the elements undergoing posttrradiation examination are

in the intermediate etsges of their examination. As a

17



/

TABLE 463-Dc

SERIES US1OO~LY CLAD CARBfDE EXPERIMENTS

Excmt.
& Fuel TVD8a

U241

U242

U243

U244

U245

U246

U247

U248

U249

U250

U251

U252

U253

U254

U256

U257

U258

U259

Mc

MC

Mc

. MC

MC

Mc

MC

MC

MC

MC

Mc

Mc

Mc

MC

MC+1O% ~C3

nmm% 3~c3

Mc+lm M2C3

MC+lM M2C3

Ftml Bond endb clad
Dcn.sity, DIametrnl Clad” ().D. xI.D.,

= GaP, (n. Type in.

92

92

92

92

91

92

92

91

92

91

92

92

92

92

95

35

9s

95

Na-O. 018

Na-O. 017

Na-O. 031

Na-0: 017

Na-O. 032

Na-O. 017

Na-O. 032

Na-O. 032 “

Na-O. 017

Na-O. 022

Na-O. K31

Na-O. 024

Na-O. 024

Na-O. 024

Na-O. 024

Na-O. 024

Na-O. 024

Na-O. 024

5A-304SS

SA-304S8

SA-31MS

sA-3 0433

5A+ 04SS

SA-316SS

6A-31688

SA-316W

SA-INC-800

SA-INC-800

5A-36488

SA-304SS

SA+04SS

BA+04S9

5A-3 IMSS

SA-INC-800

5A-3 04SS

SA-INC-800

0.31 M0.281

O.31OXO.281

0.310s0.281

0.310s0.281

0.310s0.281

0.310s0.281

0.310s0.281

O.31OXO.281

0.308x0.281

0,308x0.26J

O.31OXO.281

0.310s0.281

0. S10s0.281

O.31OXO.261

0.308x0.281

0.308x0.281

0.31&0.281

0.308x0.281

Max.
Linear
Power,
~“

32.6

32.6

30.8

32.6

30.8

33.1

30.6

33.1

33.1

33.1

33.1

33.1

30.8

30.6

30.9

30.5

30.5

31.5

Msxfmum
Centerline

Temm. ‘c

1175

1175

1150

1175

I.Mo

1190

1150

1140

E21O

1145

1145

1140

114s

1140

1140

11$5

1146

11so

, Current
coal Peak .

Burnup, Burnup,

J&!&d status

6 1.8 EBR-11, X166
.

8 1.8 EBR-11, X166

8 1.7 EBR-LI, X158

9 1.8 EBR-11, XM8

Is 1.7 EBR-11, X156

6 1.9 EBR-11, XM6

6 1.7 EBR-LI, XL56

Is 1.8 EBR-11, X156

8 1.9 EBR-11, X156

6 1.9 EBR-11, X156

12 1.9 EBR-11, X1.66

la 1.9 EBR-11, X156

u 1.7 EBR-11, X156

Is 1.7 EBR-~, X166

12 1.7 EBR-11, X156

E? 1.7 EBR-11, X156

6 1.7 EBR-11, X156

12 1.8 EBR-U, XlS6

.
aMC= U. .= Pun ,=.

b
Elements U-252, -253, -254, -256, -257, -258, and -259 .havo shrouds P O.003S in. thick made from V, Fe,

“.O.J “.40
904SS, 304SS, V, Ta, 304SS, and 304SS, respectively. The shrouds are slotted.

‘5A = Solution Annealed d computed u,ving MI EBR-11 power edj~ed factor of 0.91.

e
Corrsetad using an EBR-11 prover adjustment fsetcr of 0.91.

compromise between reporting piecemeal results on all

elements as they are obtained and waiting for complete

results on a related series of experiments before report-

ing, this section will report significant trends in exami-

mtion results es they become apparent. These trends

should be considered as preliminary, when reported in

progress reports, since additional examination results

may alter initial ideas. Final examination results will

be reported in topical reports.

Sufficient data are now available to calculate fis-

sion gas release for 16 elements that are currently under

examination. The element data used included 1) a mea-

surement of the number of moles and an isotopic analysis

of the fuel element plenum gas and the capsule plenum

gas, 2) a mees spectrometrio burnup determination from

a sample taken at a known axial location along the fuel

element, 3) fabrication data which specifies the amount

of fuel, the fuel column length, and the isotopic content

18

of the uranium and plutonium in the fuel, and 4) data

~ffying the element location in EBR-11 and the reactor

runs during which it was irradiated. Fission product

yields were obtained from the 1972 compilation of Meek
1

and Rider. Relative fission rate data including axial
235U 238U 239PU ~d 240h

and radial variation for , , s

were obtained from the EBR-11 irradiation guide. z The

fission rates of other fissionable isotopes were estimated

as ratios to known fission rates:

233UF35U = 1.65,

241
PuP39Pu = 1.75, and

242PU739PU = 0.1. .
The variation of fiiwion rate data with changes in the

EBR-11 core configuration was also used. Since the
.

information in the EBR-11 irradiation guide is only approx-

imate, the results of the calculations presented here must



,

L

TAB LE 463-X

~RD19 C-5 AND O-N1 SINGLY CLAD &RIDE EXPERIMENTS

Max.

Fuel Bond and clad Linear Maximum Gold C&nt

Expmt. Density, Diametral Clada O.D, X I. D., Power, centerline BurnuP, BurnuP,

& Fuel Tm % Theo. Gap, in, Type in. J@!& Temp. .“C - at. % Status

----------------------------------------------------- Series C-&------------------------------------------L-:---

C-6-1 (uoo6puo.2)N
C-5-2 (Uoo#u0.2)N

C-5+ (Uo.*puoo2)N
c-5-4 (Uoo*W ~o._#

c~~ (uom*puoo2)N

C-6+ (Uo.#uoo2)N
C-5-7 (Uo.#u002)N

c-5-8 (Uo.*PUO. JN

C-5-9 (U008PU002)N

C-5-1O (Uo, *Puo.2)N

C-6-11 (Uo- ~Puo.2)N

C-5-M (Uo. ~Pu ~JN

C-5-13 (Uo. *PuO. JN

C-5-14 (u
0.8m0.2)N

C-5-15 (Uo. ~Puo.2)N

C-5-16 (Uo. ~Puo.2)N

C-5-17 (Uo. &o.2)N

C-5 -18 (Uo. ~Puo.2)N

C-5-19 (Uo. *Pu0.2)N

C-5-20 (U
O.8pu0. 2)N

------------------- -----

93

93

94

95

95

93

94

94

94

94

94

94

96

96

95

96

96

94

94

95

Na-O. 020

Na-O. 020

Na-O. 020

Na-O. 021

Na-O. 020

Na-O. 021

Na-O.020

Na-O. 030

Na-O. 020

Na-O.030

Na-O. 020

Na-O. 030

Na-O. 030

Na-O.020

Na-O. 030

Na-O. 030

.Na-O. 030

Na-O. 021

Na-O. 021

Na-O. 031

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

20CW-316SS

2OCW-316SS

20CW-316SS

20CW-316SS

20CWi316SS

20CW-316SS

2OCW-316SS

20CW+1GSS

20CW-31GSS

O.31OXO.26O

O.31OXO.26O

O.31OXO.26O

O.31OXO.26O

0.31 G%0.260

O.31OXO.28O

O.31OXO.26O

0.310x0.260

O.31OXO.28O

O.31OXO.28O

O.31OXO.28O

O.31OXO.28O

O.31OXO.28O

O.31OXO.26O

O.31OXO.28O

O.31OXO.28O

O.31OXO.28O

O.31OXO.28O

O.31OXO.26O

O.31OXO.28O

-- --

-- --

-. --

33.2 1156

--–---Spare ----

33.3 1158

33.1 1164

32.7 1127

33.5 113s

32.6 1105

33.4 1121

32.5 1121

32.1 1113

32.0 1142

32.1 1113

-------Spare ------

-- --

32.6 1115

33.0 1123

32.4 1107

--

--

Is 0

Is “o

la 0

12 0

2.2 0

X2 0

Is 0

X2. 0

E! 0

ls 0

12 0

12 0

32 0

--

12 0

12 0

u 0

Reject”’”
b,c

Reject
b, O

Reject.,

At LASLd

At LASLd

At LASLd

At LASLd

At LASLd

At LASLd

At LASLd

At LASLd

At LASLd

& LASLd

At LASLd

At LASLd

At LASLd

Rejectc

At LASLd

At LASLd

At LASLd

‘-----—----------— --------— Series O-N1 -------------------------------------------------------
O-N1-1 (Uo. 8Pu0.2)N 90 Na-o. 020 20CW-31GSS O.31OXO.28O 32.9 1140 K’ o At LASLa

O-N1-2 (Uo. 8Pu o .JN so Na-O.020 20CW-316&S O.31OXO.28O -- -- Rejectb

O-N1-3 (Uo. 6puo.2)N 90 Na-O. 020 20CW-316SS 0.31 W0.2E0 32.6 11s4

O-N1+ (u

u o At LASLd

o Spuo 2)N 90 Na-O. 020 20CW-316SS O.31OXO.28O 32.6 1184 u o At LASLd
. .

O-N1-5 (Uo. 8Pu0.2)N 90 Na-O. 020 20CW-316SS O.31OXO.28O -- ~-- -- Rejectb

O-N1-6 (Uo. 6Puo.2)N 69 Na-O.020 20CW-316SS O.31OXO.28O - Rejeotb

O-N1-6 (Uo. 8Puo.2)N 90 Na-O. 020 20CW-216SS O.31OXO.28O 9s.1 1117 la o At LAaLd

% OCW = 2C% oold worked. bcidpe in bond. ‘Air in pleaum. d
QA evaluation h progrssa.

be considered as preliminary, until accurate run data

are available.

Table 463-XI summarizes the fission gas release

and burnup results. The peak burnup and axial average

burnup were calculated from the measured burnup and

its axial location. ‘llvo methods were used to calculate

the amount of fission gas released from the fuel. In

t!Method A,’1 the measured number of moles Of gaS ~ the

fuel element plenum and in the capsule plenum, and the

gas analyses, were used to calculate the amount of fis-

sion gas released from the fuel. This method uses

direct experimental data without any subsidiary

assumptions, but it is subject to error if fission gas is

lost during sampling or is trapped in sodium voids. “Meth-

od Bt! assumes that the element and capsule were loaded

with only He and Ar during fabrication under local atmo-

spheric pressure and at 25°C. The total number of moles

of gas in each plenum can be calculated using this as-

sumption, in addition to the measured plenum volume of

the element and capsule, and the He and Ar content of

the gas after irradiation. Thus the two methods differ

only in the way the amount of fission gas is determined.

An estimated uncertainty in the measured number of moles

of gas is * 20%. Considering this uncertainty, there is
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TABLE 453-Xf

FISSIONQAS RELEASE SUMMARY

Element

He BondedCarbldcq

U 187
u 189
u 200
U 206
U208

Na BeadedCarbides

K-36B
K-46
K-49
u 191
U 192
u 19s
U 187
U 198

Na BondedNitrldee

B-3-2
B-3-4
B-3-6

Burnup,at.%
&* Average

4.60 4.1s
4.80 4.33
4.72 4.28”
4.96 4.48
5.00 4.51

5.85 5.29
2.38 2.18
2.74 2.71
4.50 4.06
4.20 2.88
4.94 4.46
4.80 4.42
4.78 4.22 ..

2.98 2.65
2.70 2.57
2.3S 2.21

$ nfFisaicmGas Iieleased a
hiethadA Metbrd ~

22.1 20.4
20.6 16.7
16.9 18.1
9.6 8.6
10.6 10.3

16.3
8.8
97.8
3.2
11.6
10.6
8.2
10.9

16.2
13.1
97.1
3.2
10.0
8.1
15.2
8.5

6.9 7.1
5.8 11.5
8.4 6.6

‘C&dcuhtfonmethcdsdescribedfntekt. .

good agreement between thk two methods except for four

elements, K-46, K-49, U 19’7, and B-3-4. For all four

elements the calculation using the measured number of

moles (Method A) is low, indicating a possible loss of

gas. For *O of these elements, a calculation of the fuel

premure using the measured ‘number of moles and plenum

volume results in a pressure below the initial loading pres-

sure. This also points to a loss of gas. For these four

elements the Method B resuIt Is cunaidered the better

estimate.

The five He bonded carbide elements were all ir-

radiated in tbe same subassembly at approximately 30

Kw/ft. The variation in fission gas release correlates to

some extent with fuel denaily since U 187 (84% TD), U 189

(84% TD), and U 200 (85% TD) show larger releases than

U 206 (90% TD) and U 208 (97% TD cored pellet).

Of the 11 sodium bonded elements, K-49 requires

special consideration. ‘l%is element operated at approxi-

ma@lY 45 Kw/ft and was a severe failure which showed

evidence of fuel melting over much of the fuel column

length. ThuB the high gas release determined is not un-

expected comidering the operating history. The other 10

Na bonded elements showed fission gas releases from 3

to 16%. Sufficient data are not available at this time to

attempt a correlation between fission gas release and

parameters such as linear power, fuel denei~ and burnup

Table 463-XII presents a detailed tabulation of the

fission gae release results for the individual ~ and Xe

isotopes. These results are from the “Method B“ calcu-

lation. The
85

Kr (10.8 year half-life) results are not

corrected for decay during or after irradiation. The sys-

tematic variation of the releaee fraction for some isotopes

(83fi and 85Kr are always lower than
84= and 86Kr) is

probably due to differences in actual fission yields from

tabulated values. The tabulated yields used are not rep-

resentative of the actual EBR-11 neutron spectrum so that

some differences can be expected. The data presented

in Table 463-XI represent weighted averages of the data

in Table 463-XII, with each release percentage betng

weighted by the amount of that isotope present.

D. TREAT Irradiation Testinr
(J. F. Kerrisk and D. C. Clifton)

The four Series UL TREAT tests (see Table 463-

~, which were designed to determine the effect of ir-

radiation on the behavior of helium and sodium bonded

(U,Pu)C fueled elements, have completed the transient

irradiationa in the TREAT reactor. No further examina-

tions have been performed on the capsules from tests

UL-1 and UL-2.

TABLE 4G2-XII

F18810NGAS RELEASE OF mDxvmuAL xmropEs
METHOD B CALCULATIONS

%02 Ffl19i0n Gas Released
Kr

Element a —838485
~

& M. J??i __

He BnndedCnrbich

U 187 IS.1 20.9 16.7 21.0 19.3 20.2 21.0 20.8
U 189 18.C 18.7 15.7 19.8 17.6 18.4 19.1 18.8
u 200 16.1 17.5 14.1 17.9 17.2 17.8 18.9 18.3
U 206 8.6 9.2 7.56 9.5 9.1 9.5 9.9 9.7
U 208 8.3 10.1 8.2 10.3 9.8 10.3 10.7 10.5

Na BondedCarbfdes

K-36B 14.9 16.2 12.4 16.5 15.1 16.2 16.9 18.5
K46 - 12.1 13.1 10.8 13.4 13.O 13.1 13.8 13.3
K-49 88.1 92.0 80.7 98.6 92.7 83.7 102.7 100.7
u 191 3.2 3.5 2.9 3.6 2.8 3.1 s.3 s.2
u 192 8.5 10.4 8.5 10.8 9.3 9.s 10.3 10.1
u 195 8.7 9.5 7.7 9.6” 8.4 9.0 8.4 9.2
u M? 12.O 15.2 12.4 15.5 14.3 16.o 15.8 15.5
U 188 7.8 8.5. 6.9 S.7 7.9 8.4 S.9 8.7

Na Bmded Nhides

B-3-2 6.8 7.4 6.1 7.6 6.0 7.0 7.4 7.4
B-3-4 10.8 11.7 9.7 11.9 10.3 11.4 11.8 11.8
B-3-5 8.2 8.8 7.S 9.0 7/9 8.5 8.8 8.6

“Notcorrectedf..decay.

,

.
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TABf.JE 463-XUI

LASL SERIES UL TESl?S

Fuel Elementa

Fuel Materialb

Fuel Pellet
O. D., in.

Bond Material

Bond Thickness
(Radial) , fn.

Clad Material

Clad Thickness,

Smear Density,
% Theoretical

Fuel Column
Length, in.

Burnup,
MWD/MTMc

Test Objeetive

TE~
LASL-UL-1 LASL-UL-2 LASL-UL-3 LASL-UL-4

263 (138 A) 264 (146 A) 26S (138) 266 (146)

90 Vii% (Uoe 85mo. 15)c + 10 Vcll% (u ~ 85PU0 ~) 2C3
. .

0.246 0.240

He Na

,0.005 0.015

316SS 364ss

in. 0.022 0.015

90 77

-----------------------

o 0

0.246 0.240

He Na

00005 0.015

916SS 304ss

0.022 0.015

90 77

12. 75* o. m ------------------------------

45,000 45,000

Fuel Melting Fuel Melting Same Transient Same Transient
as 263 aa 263

aFuel element numbers reassigned by Gulf Unfted. Old numbers shown in parentheses.
235U

bUranium enriched to 6U%fn .

cIrradiated in EBR-11 at 10 to 15 Kw/ft in subassembly X055.

As8embly work on the capsules for tests UL-3 and

UL-4 was completed by the Radiometallurgy Group of

Hanford Engineering Development Laboratory (HEDL) and

the capsules were shipped to TREAT in early July 1973.

Both testa were performed in mid-July. A preliminary

review of the capsule temperatures and reactor power

indicates that the tests were performed as requested.

Both capsules were shipped to the LASL hot cell facility

in mid-sepbmber. Since these capsules contain elements

preirradiatad in EBR-11, all examination work will re-

quire the hot cell facility. The inner capsules were re-

moved from the TREAT capsules and preparationa for

initial nondestmctive examinations are in progress.

m. QUALITY ASSURANCE
(L. E. Lanbam)

General: The quality assurance organization has

reviewed Work Instructions and addendum changes to

travelers and has conducted surveillance activities to

check for their inclusion in the basic traveler and their

application by the operator to the appropriate procedure.

Pmxmrement packages have been reviewed. Shipping re-

quests and shipping inspection reporta have been reviewed

and items released for shipment.

Fuel Preparation An audit was conducted by the

Quality Assurance Manager of the Fuel Element Prepara-

tion operation while prototypical fuel elements were being

prepared. An audit report has been prepared. Additiond

surveillance of this operation was conducted by quality

assurance and the dcaunent package is being reviewed.

Some problems were encountered in the areaa of com-

plete and timely documentation and the use of calibrated

instruments. The review point and quality control re-

quirements used in the procedures are effective in con-

trolling the quality of the product.

The required corrective sotione are being taken\
which include informal on-the-job QA instructions
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followed by a formal

and supervisors.

training session for all operators Iv. REFERENCES

1. M. E. Meek and B. F. Rider, “Compilation of Fis-

Fuel Pin Fabrication: The inspection and over-
aion Product Yields, Vallecitos Nuclear Center,
1972, ” General Electric Report NEDO-12154 (1972). ‘

checking of materials scheduled for use in Pin Fabrica-
3. ~?Guidefor h-radiation Experiments in EBR-U, ”

.

tion has continued. An outside laboratory is being used Argonne Natioml Laboratory, Chicago, Illinois,
for the ultrasonic examination of cladding material. Appendix C.

.

.
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PROJECT 472

FBR ANALYTICAL QUALITY ASSURANCE STANDARDS AND METHODS
RESEARCH AND DEVELOPMENT

Person fn Charge: R. D. Baker
Prfncipal Investigator: G. R. Waterbury

I. INTRODUCTION

Necessary to the development of high quality fuels,

oontrol rods, end tier reaotor components requfred by

the FBR program are highly reliable analytical methode

for the ohemical oharaoteriaation of the aouroe materials

and products, and for the measurement of lnwnup, O/M

ratio, and various gases on Irradiated fuels. Tasks for

ensurfng the production of these materials are: (1) the

contfnurd preparation and dtatrfbution of carefully char-

aoterfzed oalfbration materials and quality control sam-

ples for use by the vendors and purchasers and for the

survefllenoe of vendors and purohaeers durfng perfods of

production, (2) the preparation and gufdanoe in the use

of qualfty assuranoe programs for ohemioal epeoifioation

samplfng and anslyais, (9) the development of improved

methods of analysis, as required, (4) the preparation of

owMmaUy updated oompflationa of analytical methods,

and (5) the analysis, in a referee oapaoity, of samples

in dfspute between vendors and purohasera. For the near

future, these tasks are dedioated to the FFTF. They will

be extended, as appxwprlate, to the LMFBR demonstration

and large production faoilitfes.

Taska ouxxwned with irradiated FBR fuel examina-

tions are: (1) the development of burnup methods based

cm conventional mass speetrometry, on ohemfoal analyses

~- h~PenSiVe OhemiOSl ftppWItUe, end on spark souw

mass speotromet~ for rapfd, preoise measurements, (2)

the prooftesting cd developed methods for burnup jofntly

with the Allied Chemioal Coqxmatbn (Idaho), (S) the de-

velopment of methods for the measurement of the O/M

ratio, and (4) the development of methods for the mea-

surement of gases inoludfng techniques to measure the

release rataa of varfoua gaaea as a funotfon of temper-

ature-time cyclfng.

As a high priority item, a program has been initi-

ated to estaliish a quality assuranoe program and tmde-

velop analytical methods, as necessary, for the chemical

characterization of low-friotfon, hard surfaoes to be ap-

plied to varfous FFTF oore components.

If. ANALYTICAL CHEMISTRY PROQRAM FOR LOW-
FRICTION, HARD SURFACES

In August of this year, LASL joined HEDL in a oo-

operatlve effort to establish a program for the chemical

oharaoteriaatfon of hard surfaoes that are to be applfed

to wear areas on FFTF components. The planned hard

aurfaoe is Cr3C2 applied as a molten blend cd Cr3C2 and

niohrome wwder binder.

In meetings at LASL ad at HEDL, responsibilities

end priorities have ken delineated for analytfoal melhod

development, round robin evaluations, and quality aseur-

anoa aspeots.

A. &atus and Development of &alvtl Od Methods
(W. H. Ashley, J. E. Rein, G. R. Waterbury

Methode used by a potential vendor for the ohemi-

oal charaoteriaation of Cr3C2 and niohrome powders and

the hard surface pxmduntare befng evaluated inoluding

laboratory teete when deemed advisable. In general, the

vendor~s wet ohemioal methods for the major components



of ohromium, hiokel, and cmrbon and f or impurity slIicon

appear basioally sound. Modffioations are being added to

improve throughput rates and measurement previsions.

The potential vendor has been oharaotarfzing the two pow-

ders and the produot for impurity metals iron, oobalt, end

manganese. R is expeoted that apeoifioation limits wffl

be established for a greatar number of metal impurities

and for o~en and nitrogen, dependent on oharaoterlza-

tion data obtained on representative samples of the pow-

ders and hard eurfaoe produot supplied by the potential

vendor. In any oaee, analytical methods for euoh obarao-

terizatione must be available.

The hard surfaoe sample prepared for ohemiotd spec-

ffioation overobeok analyses is planned to be a th~-wal.l

metal oylfnder thti will have a relatively thiok layer of

hard eurfaoe applfed durfng periode when reaotor compo-

nents are tsurfaoed. The recommended metal for the oyl-

fnder is pure aluminum whfch does not interfere with the

analytical md,hode used for chetiidal ohar&icterization and

whioh is most uzdikely to be M the list of speoffication

impurities.

Until the end of this qwirter, the only materlsls avail-

able for investigative purpdses were one lot eaob of Cr3C2

and niohrome powders. The information given in the fol-

lowing sections Was obtained with these powders. At the

end of the quarted, a limited qushtity of about 6 g af hard

surface was obtained.

1. Dissolution of Samples
(R. D. Gardner, R. E. Perrin, G. C. Swanson)

The potential vendor dfesolvee samples of Cr3C2

powder and hard eurface by fusion with Na202. Tbie op-

eration requires close attention by a skilled analyst to

achieve complete solubilization of the sample and quanti-

tative recoveries of all components. Acidio dissolutions

are being investigated under reflux condition, end at el-

evated temperatures end pressures in sealed, f used-eili-
1 2

ca tubes and in a Teflon-container apparatus.

Complete dissolution of Cr3C2 and recovery of chro-

mium was effected under reflux condition using HC104

alone or with a small quautfty of HN03. In the sealed

fused-silica tube, 12h_fH2S04 et 623°K completely dis-

solved Cr3 C2 without loss of chromium. At higher

aoidities and higher temperatures, the reaotion wae in-

complete due to formatica of fnsoluble Cr2(S04)3. At ●

lower tempersturee and acid strengths, the dissolution

rate beoame impractioelly low. With the Teflon-mmtain-

er apparatus, Cr3 C2 powder diesolved completely with a

HC104-HCl mixture at 648°K. Based on experiment
51

using radioactive Cr traoer, there was no diffusion of

any obromium through the Teflon.

It is expected that the hard surface, which is applied

at temperature above 2900°K, will have refractory char-

acteristics and, benoe, will be more diffioult to dissolve

than Cr3C2 powder. Because complete sample dissolu-

tion is a requirement for accurate chemioal analysis, a I

major and hfgh priority effoti will be testing of the dissol-

ution procedure on the hard surface test material.

2. Determination d Chromium
(R. E. Perrin, R. D. Gardner)

The dire~ion of method development for determin-

ing chromium was guided by the premise that the hard

surface sample would be dissolved by HC104 under reflux

(or elevated temperature-pressure) conditicme. This ox-

idizing acid produced Cr(Vl), tbe desired oxidation etate

for redax titration. However, free chlorine formed as a

reaction prcduct had ta be removed to prevent a positive

bias. Thfe was accomplfehed by adding AgN03 and boiling.

This reaction partially reduced Cr(Vl) which was deoxi-

dized by adding (NH4)2 S208 and boiling. After cooling,

a known quantity of Fe(II) was added fn excxms, and the

excess was titrated with etandard Ce(IV) eolution using

potentiometric end point detection. For nichrome sam-

ples and for hard surface samples, manganese oxidizes

to Mn(VQ which interferes. Followfng the (NH4)2 S208

oxidation, the Mn(VII) ie reduced to noninterfering Mn(ll’)

by boiling with HC1.

3. Determination of Nickel
(R. E. Perrin, R. D. Gardner)

The gravimetric method of the potential vendor,

based on precipitation of nickel dimethyglyoxfmate, has

been ueed successfully with no significant changes for the

ntchrome powder sample and a mixture d nichrome pow-

der and Cr3 C2 powder.

4

.
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4. Determination of Silicon
(R. E. Perrin, R. D. Gardner)

Silicon is determined gravimetrically as Si02 in the

residue remaining from the acidic dissolution.

5. Determination of Carbon
(R. E. Perrin, R. D. Gardner

Two methods have been applied successful.ly to the

determination of carbon in Cr3C2. The first uses ouetom-

ized equipment in which the sample is heated at 147S°K fn

a stream of oxygen, and the generated C02 is measured

gravimetrically after absorption in Ascarite. The seoond

method uses a commercial combustion analyzer (LECO

WE-12 apparatus). The two methods gave results on a

batch of Cr3C2 powder that were statistically indistinguish-

able. This fact and the fact that the method using the

commercial combustion analyzer had been calibrated with

NBS sflicon carbide (SRM 112) indicate that both methods

gave unbiased results. The prooftest for the methods

will be the analysis of hard surface samples.

6. Determination of Oxygen
(M. E. Smith, D. E. Vance)

.
A method” used for the determination of oxygen in

UC2 samples was used on samples of Cr3 C2 powder and

hard surface. The samples were heated to> 2773°K fn a

graphite crucible. A flowing argon stream carried the

generated CO through 1205, snd the C02 formed was mea-

sured manometrically.

7. Determination cf Nitride Nitrogen
(R. E. Perrin)

Two methods4 for the determination of nitrogen f.n

B4C will be evaluated for analyzing the hard surface ma-

terial. Should the sample dissolve completely in HC104

under reflux conditions, the simplest method is to add

NsOH, distill the nitrugen as NH3 into a H3B03 solution,

and titrate with standard acid. This same basic scheme

can be used for samples dissolved at elevated tempera-

tures and pressures. E the material is not dissolved in

acid, the LiOH fusion method will be evaluated.

8. Determination c1 Metal Impurities

(O. R. Simi, D. W. steinha~)

The potential vendor analyzes only for Fe, Co, and

Mn by atomic absorption. For informational purposes

and to gufde the selection of additional metal impurities

method is required. This method wfll be used for sam -

plea of the two powders and the hard surface product.

Development of an emission s~otrographic method has

been initiated.

B. Analysis SummaW ‘f cr3c2 ‘d ‘ichm me Powders

The lots of Cr3C2 and nichrome powder have been

analyzed for Cr, Ni, and C and for traces of Fe, Mn, O,

and Si. The results are listed in the followSng takie:

Niobrome Cr3$ -Nicbrome
Element Q3C2 Powder Powder PowderMixture

Chromium 86.62 20.16 78.96

carbon 12.89 0.0s 11.91

Nickel o.Ooola 77.05 8.24

h-on 0.43 0.17 0.s1

Manganese o.Coa 0.61 0.11

Sflfcon Negl. 0.76 0.04

oxygen 0.1 0.47 b

LossofIgaftion o.0s

sum 100.08 99.35 99.57

~~m~:redsemfq.antitatlveemfs.km spmtm.copy.

C. Round Robin Evaluations of Analvt.ical Capabilities
(J. E. Rein, R. K. Zeigler, G. R. Waterbury)

Cooperatively with HEDL, plans have been formulated

for a round robfn evaluation of analytical methods wfth

participating laborstories of the potential vendor, HEDL,

and LASL. HEDL wfll oktain kilogram-plus quantities of

a nichrome powder lot, a Cr3C2 powder lot, and a hard

surfaoe lot to be used as the round robfn test materials.

The time goal for the start of the round robin is mid-

December 1973.

D. Reference and Quality Central Materials

Based on discussions with QA and other HEDL pm-

sonnel, a plan has been formulated for the characteriza-

tion and use of reference ad quality control materials.

For the first two FFTF cores, appropriate NM Standard

Referenee Materials have been selected and supplemented

by designated high-purity materials. These materials, to

be designated reference materials, will serve as the ref -

erence basis for the chemical analyses of the Cr3C2 and

nicbrome powders by the vendor, HEDL, and LASL (if

neoessary for referee purpoeea). Use of quality control

samples is not contemplated for the hard surface program

for the first two FFTF cores.

for specification purposes, a broader speotrum analytical
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The expected reference materials for long- use

will be the lots of Cr3C2 powder, nichrome powder, and

hard surface used for the round-robin evaluation provided

they become efficiently well characterized. Quallty con-

trol samples are to be prepared from various lots of hard

surface with varying proportions of the Cr3C2 and ni-

chrome powders.

IfI. ANALYTICAL CHEMISTRY PROGRAM FOR BORON
CARBIDE

A. Satus of Analytical Methods and Qualification of
Analvtfcal Laboratories
(J. E. Rein, R. K. Zeigler, W. H. Ashley,
G. R. Waterbury)

The evaluation of the data reported by HEDL, LASL,

Snd three potential vendor laboratories for the nitride ni-

trogen analytical method indicates that both the wfthin-

laboratory measurement precision and the between-labo-

ratory precision are satisfactory for FFTF specification

use. This completes the evaluation of analytical methode

with the analytical measurements for the ten specified

components all deemed satisfaotory.

B. Preparation of Calibration Materiala and Qualitv
Control Samples
(J. V. Pena, H. J. Kavanaugh, L. A. Maestas,
J. E. Refn)

Because the pellet batches that were to be used as

quality control samples for the nitride nitrogen determin-

ation had large between-pellet heterogeneity, they were

pulverized to -200 mesh powders. Overcheck analyses

of the powders verified homogeneity. Samples were

packaged and sent to HEDL along with a detsfled report

that lists recommended control limits.

The calibration matetial previously specified for

the total boron determination was NBS H3B03, only f or

the purpose of standardizing the titrimetric reagent.

Sfnce a major source of error in the method is considered

to be the solubiLization of the sample (by a fusion with

Na2C03), a preferred calibration material is a boron car-

bide pellet. Various batches of pellets were tested for

consistent boron contents and one which had satisfactory

homogeneity characteristics was selected as the calibra-

tion material. Pellets were packaged and sent to HEDL.

All quality assurance materials for analytical labo-

ratory use, deemed adequate for the”production of about

150,000 FFTF boron carbide pellets, have now been cent

to HEDL.

C. statue of RDT Standards
(J. E. Rein, G. R. Waterbury)

A supplement to RDT Standard F2 -8 ‘Qualification

and Control of Analytical Chemistry Laboratories for

Control Rcd Absorber Material Analysis” was prepared

to provide coverage for the determination of nitrfde ni-

trogen. A revision to the section dealing with the total

boron determination was prepared to provfde for the use

of the boron carbide pellets as the calibration materfal.

These writings have been reviewed by HEDL personnel

and processing has started to incorporate them in F2-8.

Cooperatively with HEDL, the analytical method for

nitride nitrogen has ken written as a supplement to W

added to RDT Etandard F1l-2 “Analytical Chemistry

Methods for Control Rod Absorber Material. ”

D. Studies and Improvements of Analytical Methods

1. Determination of Total Boron
(R. E. Perrin, R. D. Gardner, A. L. Henicksman,
W. H. Ashley)

The use of a Plattner mortar to pulverize boron car-

bide pellets -- a necessary operation preoeding the pres-

ent technfque of fusion with Na2C03 to solubilize the ma-

terial -- is known to introduce as much as O.6% by weight

of iron ccmtamfnation from the mortar. 4 Since the sam-

ple taken for fusion is a weighed fraction of the pulverized

product, a negative bias is introduced proportional to the

amount of iron contain ination.

An alternate solubilization treatment has been de-

veloped in which pieces of heron carbide pellets are die-

solved in sealed fused-silica tubes wfth 12NJ H204 at

773°K. The maximum quantity of sample that can be pro-

cessed with the routine 15-ml volume tubes is 300 mg.

The RDT F 11-2 method for total boron recommends that

an amount of boron is determined equivalent to 60 mg of

koron carbide sample. With this size sample, shorter

fused-silica tubes can be used such that four fit into a

single metal shell.

The solubilfzation treatment was tested with Carbor-

.

1

undum Lot 3 Naval Standard bcron carbide. The average
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weight percent boron and standard deviation for six anai- for this task have been done so that wmpletion will be ex-

yses was 79.24 & 0.08 whioh is net significantly different

than the stated value of 79.32. It aiso was tested with the

boron carbide pellet calibration material (see previous

Section III-B). The average weight percent boron and

standard deviation for sfx analyses was 77.15 + 0.11,

which is not significantly different than the value of 77.00

+ 0.16 determined using the Na CC) fusion.
23

Advantages of the sealed tube procedure are: (1)

deletion of the pulverization opertion and its low bias,

(2) complete retention of the sample guaranteeing that

boron is recovered fully, and (3) no introduction of salts.

This latter advantage alludes to a subsequent treatment in

the hcmn determination method in whfch impurity metals

that interfere in the titrimetric measurement are separa-

ted on a cation exchange column. The hfgh sodium levels

from the Na2C03 fusion hinder the cation exchange sepa-

ration.

2. Determination of Nitride Nitroren
(R. E. Perrin, A. Zerwekh, A. L. Henicksman,
W. H. Ashley)

The method developed about 6 months ago5 for this

determination was modified slightly to give expanded ap-

plicability. In this methcd, the sample is dissolved with

12~ E$.S04 in a sealed fused-silica tube, and the solution

is made basic with NaOH. The nitride nitrogen, converted

to NH3, is distilled, absorbed in a solution of H3B03, and

titrated with standard acid. The modification is an in-

crease in the dissolution temperature from 643°K to 773°K.

Some kmron carbide materials did not completely dissolve

at the lower temperature.

IV. ANALYTICAL CHEMISTRY PROGRAM FOR FBR
MIKED OKIDE FUEL

A. Calibration Material and Qualit~ Control Samples
(J. V. Pena, H. J. Kavanaugh, L. A. Maestas,
J. E. Rein)

Materials on hand are being packaged for quarterly

shipments scheduled for December 1973 and April 1974.

Because of htgher priority tasks, HEDL has not completed

the preparation of mixed oxide and plutonium oxide matrix

materials that are required for the preparation of biends

for these shipments. All operations that could be done

pedited upon receipt of the matrix materials.

B. Development of BurnuP Method UsinP Conventional

Low-Cost Apparatus
(S. F. Marsh, M. R. Ort.iz, J. E. Pena)

Development was continued on the method involving

spectrophotometric measurements of uranium, plutonium,

and total rare earths as the fission product monitor. Pre-

viously, a two-wlumn ion exchange procedure was de-

veloped4 which provided separated fra&tioqa of these

three components. The dissolved fuel sample, fumed

with HC104 to oxidize plutonium (and uranium) to the +6

oxidation state, was passed through an anion exchange

column b a 12~ HCI medium. The rare earths, trfva-

lent actinides, and most other fission products that were

not retained were fed to a peliicuiar cation exchange re -

sin in an ethanol-HCl medium. The rare earths were

sorbed while the trivalent actinides and extraneous fission

products passed through. From the first column, pluton-

ium was eluted with O.~ HI - 12~ HCl and then the ur-

anium wfth O.1~ HCI.

Spectrophotometric measurements of the three sep-

arated components are being investigated using Arsenazo

III as the chromogenic reagent. Difficulty has been en-

countered with the measurement of the separated total

rare earth fraction. An organio substance that bleeds

from the pellicular resin has a broad absorbance band at

the wavelength of the rare earth-Arsenazo complex peak.

Fuming with HN03 and HC104 has reduced but not elimi -

nated the interference. Other means of treatment are

being investigated.

C. Determination of O/M Ratio in Solid Solution (U, Pu)O
(G. C. Swanson, G. R. Waterbury)

Two techniques are being investigated for calibrating

the thermogravimetric method for the determination of the

O/M ratio in (U, PU)02 fuels. The first involves correla-

ting the measured oxygen potential of a gas in equilibrium

wit~ solid solution (U, PU)02, cycled through a range of

O/M ratios, with a model predicted from crystal defect

theory. The second technique involves the preparation

of (U, PU)02 powders with known O/M ratios.

For the measurement of the gas oxygen potential, an

oxygen electrode is berng developed for operation close to
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the sample surface fn a Mettler thermobalance. To date,

ten electrode configurations have been tested. Because

none has given a usable response, an alternate technfque

is being evaluated fn whfch oxygen potentials will be cal-

culated from gas compositions measured by mass spec-

trometry.

A possible preparation d solid-solution (U, PU)02

materials with known O/M ratios is to melt together the

two pure metale to form an afloy which then is oxfdized

under ccatrolled conditions. The O/M ratio is computed

from the measured weight change. In preliminary exper-

iments, 1 g of chemically polfshed uranium metal was

melted in an alumina crucible in the thermobalance uncler

a MgMY pure argon atmosphere. Aft8r the metal h~

coaled, an argon-oxygen atmosphere was introduced, the

temperature wav raieed, and the uranium was oxidized to

‘3°8” The metal melted with no change in weight sug-

gesting that U-PU alloys can be prepared in the apparatus.

Also promfeing wee no discernible reaction between the

melt and the contafner.

D. Development of Gas Measurement Technique
(R. M. Abernathy, J. E. Refn)

An apparatus is being assembled with an end capa-

bility to measure gas components on a real time basis as

they are released from samples of fuel, boron carbide,

or &her materials as a function of temperature. The

major apparatus components are a furnace with control-

lable atmospheres including vacuum, an induction heater,

a gas processing train, and a mass spectrometer. All

components have been received ami finalassembly of the

apparatus is expected by November 1973.

v. QUAIJTYASSURANCE
(L. E. Lanham)

A que.lity assurance procedure for the preparation,

packaging, and shipping of FBR calibration and quality

control material has been prepared. This document, to-

gether with the procedures for the preparation, overcheck

and verification of materials, has been revfewed by the

Quality Aseuranoe Manager.

w. MEETINGS

M. Carlson and R. St.romatt“metwith LASL per-

eonnel at LASL on Angust 2, 1973, to discuss hard eur -

faoing of reactor ducts.

J. Rein and G. Waterbury discussed all aepects

of this prcgram (07472) with HEDL personnel at HEDL on

September 20 and 21, 1973.

,
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